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Preface

Chlamydia – Secret Enemy from Past to Present is written by a group of distinguished 
clinicians, scientists, and educators from different countries. The book examines 
chlamydial infections using a comprehensive multidisciplinary approach. The micro-
biology, clinical presentation, and current approaches in the diagnosis and treatment 
management of chlamydial infection are presented from the viewpoint of differ-
ent clinics, accompanied by recent literature. We believe this book will be a useful 
resource for researchers and clinicians.

The book consists of twenty-one chapters organized into five sections: “Chlamydia 
as a Bacterium and Current Approaches in Diagnosis”, “Chlamydia as a Zoonosis and 
the Treatment of Chlamydial Infection”, “Multidisciplinary Approach to Chlamydial 
Infection”, “Chlamydia as a Sexually Transmitted Disease”, and “Pediatric and 
Adolescent Chlamydial Infection”.

Section 1 describes the characteristics of chlamydial bacteria, the laboratory tests that 
play an important role in infection management, molecular developments in the diag-
nosis of chlamydial infection, and the latest innovations in chlamydia immunology. 

Section 2 presents chlamydia as a zoonosis and discusses treatment approaches and 
antibiotic resistance in chlamydial infection.

Section 3 examines the clinical presentations of human chlamydial infection in dif-
ferent disciplines and explains the broad range of treatment approaches to chlamydial 
infection. This section updates the management of chlamydial infection from the 
perspectives of cardiology, neurology, gastroenterology, cardiovascular surgery, and 
ophthalmology. 

Section 4 presents chlamydial infection from the andrological and gynecological per-
spective as a sexually transmitted disease (STD) and discusses the effect of chlamydial 
infection on fertility. It also explains the importance of chlamydial infection as an STD 
in terms of public health.

Section 5 evaluates chlamydial infection in the pediatric and adolescent period, its 
association with pediatric asthma, and its social impact on adolescents.

I would like to thank my wife Pınar Sarıer and my children Nil and Alp, who have 
added meaning to my life and were always supportive during the preparation of this 
book.



I also extend my condolences to everyone affected by the devastating earthquake that 
occurred earlier this year in Turkey and Syria. I wish a speedy recovery to all those 
injured. Thanks as well to our publisher IntechOpen, who contacted us after the 
earthquake and offered their sympathies.

Mehmet Sarier M.D. 
Assistant Professor,

Department of Urology,
Medical School of Istinye University,

Istanbul, Turkey
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Chapter 1

Chlamydia: The Secret Enemy from 
the Past to Present, and Future
Saurabh Krishna Misra and Ankita Pundir

Abstract

Chlamydia was discovered in 1907 by Halberstaedter and Von Prowazek in con-
junctival scrapings from an experimentally infected orangutan. Once being thought of 
as symbiont in plant like unicellular amoebae to intracellular parasites of vertebrates 
to viruses to currently as obligate intracellular bacteriae. Chlamydia is able to survive 
indefinitely as viable but non cultivable altered forms being a bacteria. It’s a supremely 
adaptable microorganism as seen with the emergence of it’s Swedish New variant 
(nvCT) in 2006, which was not a product of mutation or recombination but due to 
losing a short segment of DNA from it’s plasmid. The disease expression of Chlamydia is 
due to the interplay between the differences in the plasticity zone of it’s genome and the 
host factors. Despite the recombination of genes and emergence of new variants there 
is no evidence of circulating genomic resistance in Chlamydia trachomatis. The ‘seek and 
treat’ Chlamydia control strategy shortens the genital infection yet it’s rising sequelae of 
tubal infertility, the evidence of neoplastic change in cervix via modulation of caveolin-1 
and c-myc RNA expression and it’s under investigated role in pathogenesis of atheroscle-
rosis and ischemic heart disease is a sign of how exponentially this organism is evolving.

Keywords: evolution, future, diagnostics, treatment, vaccine

1. Introduction

Humans have bravely faced this magically cloaked organism since the past till 
present; and their efforts to deal with it in the future are still going on strong. They are 
dwelling worldwide among livestock, humans and free-living animals. The true color 
of Chlamydia will be discussed as how secretively it has spread its roots among humans 
playing constant hide and seek with us without our suspicion. One chapter is never 
enough to talk about Chlamydia and how it might soon get the status of being omni-
present. Our hope is not only to touch upon its journey from past to present as concisely 
as possible, but also to express our views about conjoined future with us. Before talking 
about the present scenarios, we need to understand about the organism first.

2. Chlamydia: the organism

The phylum of Chlamydiae has obligate intracellular, Gram-negative bacteria. 
They consist of the following four groups (Simkania, Waddila, Chlamydiaceae and 
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Parachlamydia family) with five added Candidatus families (Parilichlamydiaceae, 
Clavichlamydiaceae, Rhabdochlamydiaceae, Criblamydiaceae, and 
Piscichlamydiaceae) [1]. Literature search tells us that chlamydia like caused diseases 
in the eye have occurred in ancient Egyptian papyri (1555–1553 BC) and Chinese writ-
ings (2700 BC). The associates of Albert Neisser, von Prowazek and Halberstaedter, 
noticed inclusions within the cytoplasm of cells in the scrapings of conjunctiva, from 
patients with trachoma in 1907. Chlamydiae was isolated by Levinthal, Cole and 
Lillie between 1929 and 1930 while they were studying psittacosis. It was described 
as a virus by Bedson an Bland in 1932 [2]. Earlier chlamydiae were considered to be 
protozoa in 1997 as chlamydia-like microorganisms were first found in single-celled, 
free-living environmental acanthamoebae [3]. Then as they passed through filters 
of 0.45 μm diameter and had a biphasic intracellular development cycle, they were 
thought of as viruses. However, as it had- both RNA and DNA, the ability to synthe-
size nucleic acids, proteins and lipids, the susceptibility to antibiotics; hence they 
were concluded as bacteria. However, as they are obligate intracellular pathogens, 
they are cultivated only within living cells, unlike free living bacteria [2].

At present there are 16 species put forward in the Chlamydiaceae family, which 
infect a broad range of hosts and different anatomical sites. Out of which humans 
are primarily infected by C. trachomatis and C. pneumoniae, with C. psittaci having 
proven zoonotic potential in humans [4].

C. trachomatis remains an elusive human infecting species constantly under 
focus. It consists of four ocular serovars A, B, Ba, and C that cause endemic tra-
choma, with at least eight serovars, D to K, that cause infections of the genital tract. 
In addition three L serovars are also included that cause lymphogranuloma venerum. 
Genome sequencing helped in knowing this enigmatic organism more. An early 
study on genomic phylogeny described the “trachoma clade” in which C. trachomatis 
is divided into two distinct clades of LGV and the ocular and genital tract isolates 
[5]. This clade has two lineages (T1 and T2). Clade T1 includes more common 
urogenital isolates, whereas T2 contains rarer urogenital isolates and ocular strains, 
that makes this cluster, making one suspect that these ocular isolates could have 
emerged from a urogenital ancestor. It is suspected that chlamydiae spread further 
from a urogenital niche to infect the eye, resulting in trachoma [6]. This notion 
evolves from the ability of urogenital isolates to utilize indole and synthesize tryp-
tophan that is abundant in the vagina due to it’s microbiome, but ocular strains lack 
this ability. Hence, urogenital strains can flourish both in the eye and genital tract, 
whereas ocular strains fail to thrive in the genital tract [7]. Myths like, C. trachomatis 
is a parasite as it derives energy from the eukaryotic host cell have been quashed 
with the help of genome sequencing with the discovery of all the required genes for 
the biosynthesis of ATP [8].

Over the years Chlamydiacae family evolved to give rise to new variants, 
serovars and species and humans have discovered new species as well while 
studying this organism over the years. The process of Lateral gene transfer (LGT) 
influences bacterial ecology and pathogenesis of diseases, evolution of Chlamydia 
and the propagation of antibiotic resistance across different species. Also known as 
Horizontal gene transfer, it involves genetic material (DNA) transfer between the 
cells followed by it’s integration into the recipient cell’s genome. Mutation is not the 
only adaptive strategy of C. trachomatis to evolve. High recombination rates among 
the strains seen using phylogenetic analysis of genomes, tell us otherwise. The 
overall average recombination rate seen has been around 26% (5–32%) [9]. The 
phenomenon of intrastrain recombination among C. trachomatis was first reported 



5

Chlamydia: The Secret Enemy from the Past to Present, and Future
DOI: http://dx.doi.org/10.5772/intechopen.110902

in literature, in the 1990s. It was based on gene-specific sequence analysis of gene 
ompA, that is responsible for synthesis of major outer membrane protein (MOMP). 
A wide range of such regions with high recombination rates are present in C. 
trachomatis and C. pneumonia like ompA, tarp (the translocated actin-recruiting 
phosphoprotein encoding gene), the polymorphic membrane protein-encoding 
genes (pmps), and incA, as well as the plasticity zone (PZ). Studies show that 
recombination events keep occurring across the complete genome leading to 
evolution of C. trachomatis as well as other chlamydial species such as C. pneu-
moniae, C. suis and C. psittaci. Cross-species and intraspecies genetic transfer vary. 
Intraspecies LGT maintains wild-type genomes within the cell, that otherwise 
might be considered stressful and mutagenic [10]. Whereas interspecies recom-
bination leads to replication termination. It is now possible to genetically modify 
the organism, as evident in knockout mutants where the genes that are involved in 
LGT are inactivated [11].

The more we write about it and understand this organism, more is the number of 
doors we see that take us forward to amazement.

3. Chlamydia and it’s rainbow spectrum of diseases

Chlamydia was recognized as STI in the 1970s, became notifiable in the year 1988. 
New cases were reported routinely in the STI statistics 1990 onwards. After 1995 the 
noted cases then began to rise steeply [12]. More number of couples started seeking 
infertility treatment. It became a disease which was turning into a direct threat for 
the propagation of life on earth. How could the human attention not go towards this 
gram-negative bacterium then, that has made humans err a lot in its identification as a 
bacteria. Gradually, more research has unveiled a lot of diseases where intensity of the 
role of chlamydia is still under constant scrutiny.

Table 1 is known hosts and their corresponding infective species of the 
Chlamydiaceae family.

The information in Table 1 is an established limited knowledge. Multiple reports 
and research are continuing to highlight the involvement of Chlamydia.

Chlamydia has not spared the newborns. Many infants infected with C. tracho-
matis at birth have remained so for long period of time without appropriate anti-
microbial therapy. This may misdirect us to sexual abuse. The cumulative infected 
proportion of infants at 1 year of age has been noted to be 35% [13]. The account 
of longest persistence of infection in one child, in the conjunctiva, nasopharynx, 
and oropharynx, has been around 866 days (28.5 months), until treatment cured it. 
Same serovars of C. trachomatis were reported in specimens from infants and their 
respective mothers and the serological tests in all infants pointed to the acquisition of 
infection during birth only [13].

Genital Chlamydia infection: In women it encompasses mucopurulent cervicitis, 
urethritis, and endometritis. Mucopurulent cervicitis can complicate into—salpingitis, 
pelvic inflammatory disease (PID), tubal pregnancy, chronic pelvic pain, Fitz Hugh 
Curtis Syndrome; premature rupture of membrane during pregnancy, chorioamnion-
itis, premature delivery, puerperal and neonatal infections (like conjunctivitis and inter-
stitial pneumonia) and recurrent spontaneous abortions due to its immune reactions in 
human body. It’s considered to be the leading cause of infertility. Around 20–30% of PID 
cases have been accredited to C. trachomatis in USA [14]. A study from India reported 
the prevalence of C. trachomatis infection around 23% in gynecology OPD (outpatient 



Chlamydia – Secret Enemy from Past to Present

6

department) [15] and around 19.9% of total STD patients [16]. In a systematic litera-
ture review from India, the rate of prevalence among infertile women was reported as 
9–68% based on PCR results which took into account mostly the urban metro cities with 
only two studies from rural settings [17]. The reason that Chlamydia is an intense threat 
because, a large reservoir of unknown infected transmitting sources exist while leaving 
everlasting sequelae. Around 70–80% of females and up to 50% males carry asymp-
tomatic infection [18]. Urethritis and epididymitis is on the male spectrum of genital 
chlamydia. An uncommon complication of untreated chlamydial infection is Reiter’s 
syndrome, that is more common in females. Intra-articular C. trachomatis infection has 
been found in seronegative spondyloarthropathies using PCR [19].

In the past there has been a huge buzz around female infertility caused due to it, 
continuing till present. What about male infertility? C. trachomatis can lead to male 
infertility because it causes epididymitis and, consequently prostatitis and orchitis in 
them. According to Sonnenberg et al., Chlamydia infection can directly damage the 
sperms as well [20]. It can also cause testicular atrophy and obstructive azoospermia.

STIs are generally known to have good camaraderie with each other. 
Chlamydia is no exception here to our dismay. C. trachomatis infection increases 
risk of acquiring Human Immunodeficiency Virus infection, it’s transmission by 
3 to 4 fold and flourishes as co-infection with human papillomavirus (HPV) as 
well [21, 22]. But this is not a synergistic association. In study done by Martinelli 
et al., no association was observed between presence of C. trachomatis and 
abnormal Pap smear. In the study, C. trachomatis and HPV co-infections were 
seen in 4.9% and 9.3% of patients with and without cervical cytology abnormali-
ties respectively [23]. This prevalence figure is in line with the rates previously 

Primary host Species Disease site

Human C. trachomatis Urogenital, ocular

Bird C. psittaci Respiratory and placenta

Human C. pneumonia Respiratory

Pig C. suis Urogenital, ocular

Cat C. felis Urogenital, ocular and 
respiratory

Livestock C. abortus Placenta

Mice C. muridarum Urogenital

Guinea pig C. caviae Urogenital, ocular and 
respiratory

Bird (pigeon) C. avium Respiratory

Marsupials, livestock C. pecorum Urogenital and conjunctiva

C. ibidis

C. gallinacean

Snake C. serpentis Cloacal, choanal

C. poikilothermis

C. corallus

Table 1. 
Host, Chlamydia infective species & their disease sites.
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reported in the literature. The prevalence of chlamydia was more in the normal 
cytology ones. But one cannot deny that, the co-existence of the C. trachomatis 
and HPV 16 might increase the risk of cervical carcinoma [24]. The carcino-
matous changes are more profound with co-infection as compared to mono-
infection in various studies. It’s intriguing that, the load of C. trachomatis DNA 
has been found to be significabtly higher in cases of co infection as compared 
to mono infection. This points out to how the relationship between Chlamydia 
infection and the host immune response makes the foundation to understanding 
the disease process.

Chlamydia has been implicated in the causation of diseases where its role is still 
under question and research. Extragenital manifestations of chlamydia have come up 
with changing societal behavior and acceptance, as compared to the limited data and 
prevalence in the past. Most extragenital infections in women remain asymptomatic, 
estimated at—100% of pharyngeal chlamydia, 36–100% of rectal chlamydia, 93% 
of pharyngeal gonorrhea and 53–100% of rectal gonorrhea [25]. Rectal gonorrhea 
or chlamydia without history of anal sex has been reported in a significant number 
of women. Extragenital infections are higher among MSM. The prevalence in MSM 
(Men who have Sex with Men) ranged from 2.1 to 23% for rectal chlamydia (median 
8.9%), 0.2 to 24% for rectal gonorrhea (median 5.9%), 0 to 3.6% for pharyngeal chla-
mydia (median 1.7%) and 0.5 to 16.5% for pharyngeal gonorrhea (median 4.6%) [26]. 
The prevalence of extragenital infections among MSW (HIV positive Heterosexual 
Men) in the studies reviewed ranged from 0 to 11.8% for rectal chlamydia (median 
7.7%), 0 to 5.7% for rectal gonorrhea (median 3.4%), 0 to 22.0% for pharyngeal 
chlamydia (median 1.6%) and 0.4 to 15.5% for pharyngeal gonorrhea (median 2.2%) 
[26]. C. pneumoniae has been shown to have synergistic association with development 
of Coronary Artery Disease, with higher rate of positivity for C. pneumoniae IgA 
than IgG in positive PCR of CAD patients [27]. C. pneumoniae antibody positivity has 
been found to be independently associated with ischemic stroke in elderly patients 
without altering stroke outcome [28]. Chlamydia pneumoniae also has role in child-
hood asthma. In a study, anti-C. pneumoniae IgM was positive in 25% of patients with 
uncontrolled and partly controlled bronchial asthma [29]. Also duration of hospital 
stay was found to be longer in patients of uncontrolled asthma who had anti-Cp IgM 
positive [29]. C. pneumoniae IgG antibody has been found to be independently associ-
ated with migraine in Indian patients [30]. C. trachomatis has been proposed to play a 
role in photosensitive dermatoses and melasma, with variable positivity for IgA, IgM 
and IgG antibodies to C. trachomatis [31, 32].

Chlamydia has risen like a huge eagle from past to the present and humans are yet 
counting the feathers. Mankind does not know the extent but indeed it will be and it 
has to gear up to face chlamydia.

4. The journey of diagnostics for chlamydia

The diagnostic methodology of chlamydia has undergone a transformative change 
over the last two decades spanning from the traditional culture to high throughput 
NAAT (nucleic acid amplification test)/NGS (next generation gene sequencing). 
Testing for chlamydia infection is indicated for patients having ocular, urogenital 
and anorectal symptoms. Close contacts of such patients should also be tested for 
chlamydia and other sexually transmitted infections along with medico legal cases 
destined for such testing.
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Laboratory investigations include both direct and indirect methods. Direct 
methods depend on detection of the antigen or nucleic acid. It includes culture, 
antigen tests (Enzyme Immune Assay, direct fluorescent antibody (DFA), and 
immune chromatographic RDTs), nucleic acid hybridization and amplification tests. 
Indirect methods detect antibodies against CT and have a role in diagnosing chronic 
and invasive infection like pelvic inflammatory disease (PID), lymphogranuloma 
venerum (LGV) and post infectious complications, like sexually acquired reactive 
arthritis (SARA) [33]. As C. trachomatis crosses the epithelial barrier and may no 
longer be detectable in swabs in these chronic/invasive infections. However, serology 
is not recommended for diagnosis of acute genitourinary infections, as the antibody 
response comes into play only after weeks to months of infection and the titers are 
usually insignificant.

4.1 Individual methods

4.1.1 Cell culture

“Cell lines for isolation of C. trachomatis include Mc Coy, HeLa 229 or Buffalo 
Green Monkey Kidney cells” [33]. Swabs are taken from different anatomical sites 
(endocervix, urethra, anal canal, conjunctivae) and inoculated. However, swab 
collection requires special collection device and transport media as culture can detect 
only viable organisms. “The detection rate is around 60–80%, in reference laborato-
ries with experienced technicians” [33]. Limiting factors for culture include extended 
turn-around time, intensive labor requirement and difficulties in standardization. 
Hence cell culture is remotely used nowadays, however it has an important niche in 
reference laboratories and in few conditions like to monitor antibiotic susceptibility 
and change in virulence.

4.1.2 Nucleic acids amplification tests (NAATs)

NAATs have replaced culture as the diagnostic gold standard as they have high 
sensitivity and specificity and are currently the standard of care in diagnosing CT 
infections. With introduction of dual-target assays which incorporates a 2nd target 
region in NAATs the detection of new variants with deletions or recombination in one 
of the target regions is possible. Use of coated magnetic beads for nucleic acids isola-
tion in the pre analytical steps also enhances the diagnostic sensitivity [34]. “These 
bead-based extractions systems allow simultaneous testing of chlamydia and gono-
cocci with high sensitivity and specificity, can be automated and are used in several 
high-output systems” [33].

4.1.3 Clinical specimens required for CT testing

NAAT can analyze any clinical material like vulvo-vaginal, anorectal, urethral, 
cervical, ocular swabs, first void urine (FVU), sperms or living tissues. FDA approved 
NAAT’s are available for first void urine, urethral, vaginal and cervical swabs. For 
screening asymptomatic individual’s noninvasive specimen like first void urine is pre-
ferred. In contrast to collection of urine for routine culture sensitivity for other organ-
isms where mid-stream sample is preferred, for chlamydia detection first void urine is 
recommended as the concentration of chlamydia sharply decreases during urination. 
Genital swabs are preferred in women as the CT concentration is comparatively 
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higher when compared to urine. “A study analyzing urine, vaginal and cervical swabs 
taken simultaneously from asymptomatic women showed that the NAAT detection 
rate was highest in self-collected vaginal swabs. Hence, vaginal swabs (self-collected 
or clinician-collected) are the recommended sample type for women. Endocervical 
swabs may also be used, especially when a pelvic examination is indicated” [33].

For detection of extra genital infection like conjunctivitis, pharyngeal or anorectal 
infections, testing of corresponding swabs or tissue samples is recommended.

4.1.4 Recent developments

Proteomics are also being deployed in CT detection with encouraging results. 
These results might be used to characterize antibodies specific to detect different 
stages of infection.

“The Management of Chlamydia Cases in Australia (MoCCA) study is a new initia-
tive to address gaps in chlamydia management in Australian general practice through 
implementing interventions shown to improve chlamydia management in specialist 
services. MoCCA will focus on improving retesting, partner management including 
patient-delivered partner therapy) and PID diagnosis” [35].

“Accelerated partner therapy contact tracing for people with chlamydia 
(LUSTRUM): a crossover cluster-randomised controlled trial results suggest that 
accelerated partner therapy can be safely offered as a contact tracing option and is 
also likely to be cost saving” [36].

5. Treatment and control: how far have we come?

Well we have come far in understanding Chlamydia. Once surprised humans 
by its lack of peptidoglycan in its structure yet being sensitive to penicillin [37]. 
Years later research revealed that unlike other bacterial species, members of the 
Chlamydiacae do not synthesize Peptidoglycan (PG) in their cell wall or “sacculus” 
but their PG is maintained in a narrow band that corresponds to the plane of septal 
division [38]. This PG “ring” has an active role in cell division of Chlamydia [39]. It 
is therefore included in the group of ‘peptidoglycan-intermediate’ organisms. Other 
such organisms are the Wolbachia, Orientia tsutsugamushi and Anaplasma marginale 
[40]. Peptidoglycan is a potent stimulator of the immune system and Chlamydia has 
perfectly cloaked it once to be a mystery for quite some time.

Treatment was targeted using the initial available antibiotics such as penicillin, 
amoxicillin in 1970s. Penicillin did not eradicate C. trachomatis but did inhibt its 
inclusion formation in in vitro studies when added within 1 h [41]. Amoxicillin 10 day 
course did eradicate it (unpublished observations of W. R. Bowie, E. R. Alexander, 
and K. K. Holmes). Gentamicin, Streptomycin, metronidazole and nalidixic acid were 
inactive against C. trachomatis. Tetracycline and erythromycin exhibited poor effects 
clinically, with good in vitro activity. In vitro under all tested conditions, doxycycline, 
minocycline and rifampin were more efficacious than tetracycline. The emerging 
most effective antimicrobial agent was turning out to be doxycycline [42].

In 1990s a new azalide antibiotic azithromycin was found effective both in vitro 
and in vivo; with ability to block formation of elementary bodies [43]. Azithromycin 
and doxycycline were then extensively investigated various studies and experiments. 
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Studies reported Single dose azithromycin superior to 3 days course of doxycycline for 
various species of chlamydia [44]. Mass drug administration (MDA) of single dose 
of Azithromycin began to be employed widely for trachoma as part of its elimination 
strategy. Later studies emerged which reported that single round of MDA brought 
down the overall active trachoma prevalence but had no influence on ocular C. 
trachomatis infection [45]. MDA of azithromycin has shown to be inadequate when 
encountered with heavy infection load, and this leads to persistence of infection 
post MDA. There is concern that MDA can lead to development of resistance in other 
organisms, notably Streptococcus pneumoniae. This is not after single round of MDA, 
but multiple rounds [46]. The first report of persistent or relapsing infection due to 
multidrug-resistant C. trachomatis came forward in year 2000. All 3 isolates in the 
report demonstrated resistance to azithromycin, ofloxacin and doxycycline at con-
centrations >4.0 μg/mL [47].

Azithromycin rapidly rose as the choice of treatment because of its less frequent 
dosing and high efficacy, was incorporated in trachoma elimination strategy. In 1998 
Centers for Disease Control recommended Azithromycin as the first-line therapeutic 
regimen to treat genital infections in women and men. But then came growing emer-
gence of resistance to it in urogenital and rectal isolates. Its detailed pharmacokinetics 
study unearthed the reasons for its new challenges. The action of azithromycin being 
pH dependant, unionized at high pH and only unionized form can go intracellular. It 
needs polymorphonuclear cells to be transported to the site of inflammation. More 
bacterial load is reported in rectoanal samples than endocervical. Higher MIC values 
have been found for Azithromycin in these samples, almost 2 fold higher.

A double blind RCT (2021) in 177 participants reported a “1-week course of doxy-
cycline was significantly more effective than a single dose of azithromycin for the 
treatment of rectal CT in MSM” [48]. It is a conundrum that a significant proportion of 
women, with no history of anal intercourse, have asymptomatic rectal chlamydia infec-
tion. In what way this will influence the treatment in women is still unfolding. There is 
a theory that this rectal infection might be a “reservoir for reinfection of the vagina and 
sexual transmission” [49]. Hence antibiotic that tackles the rectal Chlamydia trachoma-
tis is the need of the hour [50]. For the same STI, same antimicrobial or same regimen 
of dosing might not be the answer for different sites of infection in the body.

More research and trials, and the limitations with azithromycin are taking us back 
to Doxycycline when it comes to C. trachomatis. Doxycycline is promising even when 
used as a prophylaxis to prevent bacterial STIs as seen in short term RCTs and clinical 
studies, but robust evidence is still in need for this [51]. The target population for this 
need of prophylaxis is MSM, which would also help in less transmission of HIV by 
maintaining the mucosal integrity that gets broken which allows easy transmission of 
HIV and vice versa.

But the challenges are increasing each day when it comes to fight with CT. In a 
study from India that investigated isolates from females with recurrent chlamydial 
infection, decreased susceptibility to the present first line antibiotics (doxycycline 
and azithromycin) was noticed [52].

There is indeed a compelling need to research more about the antimicrobial resistance 
mechanism. There are two types of resistance that have been seen in Chlamydia species- 
homotypic and heterotypic. In homotypic resistance the organisms mostly survive above 
MIC (Minimal Inhibitory Concentration) of the antibiotic, whereas in heterotypic less 
than 1% of the organisms can survive above MIC [53]. “Azithromycin resistance of C. tra-
chomatis is often a result of the mutations in the peptidyl transferase region of 23S rRNA 
genes, tetracycline resistance is usually linked to the presence of foreign genomic islands 
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integrated in chlamydial chromosome, a predominant mechanism of fluoroquinolone 
resistance is a point mutation in the gyrA quinolone-resistance-determining region. A 
nucleotide substitution in rpoB gene is responsible for rifampin resistance” [54].

As we have no effective new antimicrobials for STI on the horizon, there is a dire 
need to optimize the use of available antibiotics with respect to their dose, regimen of 
dosing and their simultaneous use with other antibiotics.

Humans have been devising new control strategies continuously. SAFE has been 
able to decrease the load of trachoma very well. But when it comes to urogenital and 
rectal Chlamydia, the screening approaches have their pros and cons. It’s still a debate 
whether universal screening or targeted screening is the solution. Universal screening 
is indeed obviously more effective, but the question is- is it cost effective?

Who to screen and how is still being subjected to multiple studies and reviews in 
order to frame the best pronged guidelines. Among 18–31 years old women, Mehta 
et al. observed that a greater number of PID cases were prevented by screening 
(universal and selective) using Ligase Chain Reaction (LCR) in urine for chlamydia 
and gonorrhea as compared to the usual practice of treating only self-reported or 
symptomatic cases [55]. Combining both standard procedure and screening turned 
out to be more cost effective in women, as the sequelae affect them for their future 
lives. Whereas in men the standard method of treating detected cases was better with 
respect to the cost involved, when compared to enhanced screening [55].

Mass Drug Administration has proven quite useful in control of trachoma, but the 
frequency of it depends on the prevalence and transmission rates in the area targeted. 
In high prevalence areas with trachoma annual MDA is not enough, quarterly MDA 
has been thought as a better control strategy. When it comes to urogenital and rectal 
Chlamydia control, the acceptability of MDA is not established. Pre-exposure pro-
phylaxis in population at risk e.g. MSM has reduced transmission in pilot studies [56]. 
Also the impending threat of antibiotic resistance always prevails.

While talking of control practices one thing that should never be missed is safe 
sexual practices and stress over sex education from early adolescent life can be the 
best cost effective strategy.

6. The future of chlamydia

The past had unfolded to become the present and the present will continue to 
unfold into the future. Hence looking at the evolution of different aspects related to 
chlamydia from past to present, let us see what we might see at the forefront in future.

With rapid discoveries of new chlamydial species, there is definitely increasing 
risk of zoonoses in humans. Chlamydia psittaci—the causative microorganism of 
ornithosis, is the most well-known zoonotic pathogen. Chlamydiae are quite prevalent 
microorganisms in the animal kingdom. Constant human exposure via research keeps 
us always on the verge of contracting zoonoses.

Despite more than 20 years of screening programme and chlamydia testing in 
many countries and regions, chlamydia control strategies still rely on assumptions 
rather than robust evidence. The trend is shifting from the approach of diagnose and 
treat to more focused management of patients and their partners [57]. The focus is 
on management of disease rather than management of infection. A wide array of 
approaches are being proposed and tested for chlamydia control.

On one hand there’s this notion developing regarding early antibiotic interven-
tion programme and pre exposure prophylaxis in at risk population. A randomized 
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study under “Ipergay trial” done in the MSM group used doxycycline prophylaxis that 
consisted of two doses of the drug administered after the sexual encounter within 
a period of 72 h. It reported that Doxycycline Post Exposure Prophylaxis decreases 
the incidence of a first symptomatic bacterial STI in at risk MSM [58]. Yet on other 
hand early antibiotic intervention strategy may have undesirable impact of reducing 
the herd immunity as it eliminates “bottlenecks to Chlamydia transmission” among 
humans [59].

Macrolides, quinolones and tetracyclines are the usual antimicrobials used to treat 
acute Chlamydial infections. However, Chlamydiae can develop “persistent forms 
(atypical reticular bodies)” that remain uninfluenced by usual available therapies 
[60]. This is not genetic resistance, but actually is phenotypic resistance. Persistent 
infections can turn to have clinically chronic courses.

So many questions and doubts revolve around antibiotics. One answer is leading 
us to the next new question. Hence there was a need to look at other options to battle 
with chlamydia. The focus is around a vaccine, alternative therapies for chlamydia 
and educating humans for being responsible for their sexual behavior. A vaccine for 
chlamydia carries the hope of an ideal protective strategy. Why is there an evolving 
urgent need of vaccine against chlamydial infection? An infection that has acces-
sible antibiotic treatment but behaves exactly like its name—a cloaked organism. A 
magical cloak that allows it to spread rapidly, create new variants, have high rates of 
re-infection, be asymptomatic so often yet lead to drastic sequelae that has potential 
to change the nature’s human anatomy and physiology by rendering it infertile or 
play a probable role in carcinogenesis! Accessible treatment, screening programmes 
and awareness programmes leading with—“Chlamydia is not a flower” have not been 
enough! The quest for an effective vaccine has utilized multiple chlamydial species 
and their different antigens. The trajectory of different antigens has included whole 
cell and subunit vaccines—utilizing Major Outer Membrane Proteins, Polymorphic 
Membrane Proteins, Plasmid antigens etc. MOMP has shown promising results. 
The challenge in the vaccine development has been it’s mucosal protective immunity 
and robust immune response. After more than 70 years of several vaccine tri-
als, first in human vaccine trial via both intramuscular and intranasal routes, has 
reported good immunogenicity with good tolerability. “Antigen CTH522 with either 
CAF01 liposomes or aluminium hydroxide (AH)” as adjuvants were studied, where 
liposomal adjuvant formulation had a better profile [61]. A variety of alternative 
therapies are also being utilized to derive whatever benefit they might provide. 
Non antibiotic approaches include synthetic drugs like “Broad-Spectrum Antiviral 
Compound ST-669”, a “small-molecule inhibitor of type III secretion INP0400”, 
“Lipopolysaccharide-Binding Alkylpolyamine DS-96”; polyphenols like “Baicalin, 
luteolin and catechins”. Peptides like “Transferrin”, “WLBU2 Peptide”, “Cecrotin 
peptides”, “Cathelicidin peptides”, “Spider venom peptides” etc. have also shown slow 
therapeutic effect. The hurdle with these alternative therapies is that they are needed 
in high concentrations where they have unpredictable efficacy [62]. Vitamin E supple-
mentation has shown increased humoral response towards chlamydia [63]. Interferon 
and interferon inducers have shown reduced growth of chlamydiae in vitro, when 
subjected to it six or eighteen hours prior to infection, and when treated early (within 
four hours) after infection reduced yield was detected in the cell cultures [64].

Recently the interest has spiked in anti-infective drugs that disarm the organism 
and help the host immunity in clearing infection. This surpasses the hurdle of antimi-
crobial resistance. For example—small-molecule LpxC inhibitors blocks the syn-
thesis of lipopolysaccharide in Chlamydia due to which it replicates within vacuoles 
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intracellularly, but cannot transition into the invasive form—“the elementary body”. 
Yet there is time for further development of such drugs and whether they can be com-
mercially viable therapeutics [59].

Single measures or a few combined measures are not what will help control 
Chlamydia. Impeccable efforts to develop a plan with designed steps, is the need for 
any major success. An “Integrated Care Model with Implementation Roadmap to 
Improve C. trachomatis Management and Control” has been developed in India [65]. It 
focuses on 4 key areas- Awareness, timely and effective management, aggressive fol-
low up, and prevention. In developing countries the barriers to Chlamydia control nar-
row down to two main categories—Logistics & Resources and Culture & Education.

It is seen that younger age has higher association with C. trachomatis infection 
prevalence, due to more risky sexual behavior. Hence the role of timely sex education 
in pre-adolescence or adolescence with sufficient information about such STIs and 
the protection measures could lead to a more responsible and informed young adult 
population. This could culminate into a healthier thriving young population over the 
years [66].

7. Conclusions

Humans have come forward extensively from past to the future; when it comes to 
knowing the organism Chlamydia as discussed in the chapter, the range of diseases it 
causes, the development of diagnostic techniques we have to detect it and understand 
it further, the journey of finding the best treatment options to tackle it, the realization 
of the need of a preventive strategy before treatment strategy, the celebrated steps 
towards developing a vaccine, the development of comprehensive plans to instill an 
inclusive programme that aims to control the spread of chlamydia and hence to stop 
the further sequelae and it’s impact on human race with a little peek window into the 
expected future of chlamydia and humans.
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Chapter 2

Virulence Factors of Chlamydia 
Spp. Involving Human Infections
Panagiota Xaplanteri, Nikiforos Rodis and Charalampos Potsios

Abstract

Chlamydia spp. are the culprit of many human infections with severe complications, 
especially involving human eye, reproductive system, and lungs. The scope of the project 
is to delineate the virulence factors of the bacterium that facilitate invasion in human 
tissues, their mechanism of action, the ability to hide from immune system and the com-
plications of infection. Chlamydia spp. are obligate intracellular pathogens that in their 
evolution, they use multiple mechanisms to enter host cell, to form the inclusion body, 
and to promote intracellular replication and survival. The T3SS effectors, the inclusion 
membrane proteins (Incs), are not only structural components of the membrane but 
also interfere with the host cell pathways. They also have an atypical mechanism of cell 
division. Description of the mechanisms of pathogenicity may lead to the development 
of new ways to face this major pathogen.

Keywords: Clamydia spp., virulence factors, human infections, chlamydial proteins, 
virulence factors

1. Introduction

The order Chlamydiales, family Chlamydiaceae comprises obligate intracellular 
bacteria, classified as Gram-negative bacteria due to the cell wall structure but are 
difficult to stain. The cell wall has no peptidoglycan but contains an outer lipopolysac-
charide membrane. Instead of peptidoglycan it contains proteins which confer the 
same functional properties as peptidoglycan. Those proteins are rich in cysteine. Due 
to this unique cell wall structure, the microorganism can divide intracellularly and 
survive extracellularly. The shape is coccoid or rod-shaped. Both survive intracel-
lularly in aerobic conditions and are not able to synthesize its own ATP or grow on an 
artificial medium [1, 2].

Chlamydiae are not metabolically active outside the host cell. This is a unique 
characteristic of Chlamydiae and in contrast with other intracellular bacteria [3]. The 
life cycle of Chlamydia is biphasic and is characterized by a succession between the 
infectious inactive elementary body which does not replicate and represents the dis-
persal form of the microorganism, and the noninfectious reticulate body which can 
replicate [1]. Upon contact with the host cell, the bacterium provokes endocytosis by 
injecting chlamydial proteins into the epithelial cell it attacks. Those injected proteins 
force the epithelial cells to endocytose particles they would never do otherwise [4]. 
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Once inside the host cell, the interaction with glycogen drives the elementary body to 
germinate and take its reticulate form [4]. The microorganism survives intracellularly 
into a protective parasitophorous vacuole [1]. To do so, the microorganisms act on 
host cell cytoskeletal structures and endocytic pathways so as not to fuse the parasi-
tophorous vacuole with the infected cell lysosomes [4]. In those vacuoles, the microbe 
uptake nutrients and energy and simultaneously alter host cell transcriptional 
pathways to prevent apoptosis and hide from host defense mechanisms [4]. Some 
proteins of the bacterium are secreted into the inclusion membrane. Those proteins 
are called inclusion membrane proteins and their role as virulence factors still needs 
to be elucidated [4]. The reticulate form has an incubation period of about 7–21 days 
in its host as it divides every 2–3 hours. When division is complete, in about 48 hours, 
it takes the elementary form and is released from the host cell via exocytosis to infect 
new cells [1].

Chlamydophila (Chlamydia) pneumoniae is a main culprit of community-
acquired pneumonia, bronchitis, and adult-onset asthma. They are also linked in the 
literature to atherosclerosis and multiple sclerosis [2, 5]. Chlamydia psittaci causes 
infection in birds and can cause severe pneumonia in humans who inhale the feces 
of those birds [1].

Chlamydia trachomatis, depending on the disease they induce and different tissue 
tropisms, are divided into biovars. Depending on the humoral response they provoke 
are divided into serovars (genovars) [1, 4, 6]. Based on antigenic variation of the 
major outer membrane protein (MOMP), C. trachomatis is classified into 15 serovars 
[6]. The genital strains of C. trachomatis serovars D through K cause the sexually 
transmitted disease chlamydia (cervicitis in women and urethritis in men) [1, 6]. 
The microbe infects squamocolumnar or transitional epithelial cells. Ascending 
infection causes Pelvic Inflammatory Disease in women and epididymitis and reac-
tive arthritis in men. In women, infection may lead to infertility, ectopic pregnancy, 
and chronic pelvic pain [6]. Serovars L1–L3 cause the invasive lymphoma granuloma 
venereum (LGV), also sexually transmitted infection [1, 6]. The ocular biovar that 
causes Trachoma includes the serovars A through C [1]. Trachoma is a state directly 
linked with blindness. The disease is transmitted via infected secretions of the genital 
urinary tract or through ocular discharge or contact with eye-seeking flies. The micro-
organism binds to the mucosal membranes of the cervix, rectum, urethra, throat, and 
conjunctiva [1].

Chlamydia gallinacea is an obligate intracellular bacterium and an opportunistic 
human pathogen. In human, it is known to cause pneumonia in poultry slaughter-
house workers [7].

The genome of Chlamydial microorganisms has significant similarities that make 
it difficult to comprehend the way they provoke so diverse diseases [1]. Comparing 
the genome structure of C. trachomatis to Chlamydia pneumoniae may lead to better 
understanding of the ways those microorganisms act. The genome of C. trachomatis 
is described to be 1,042,519, while the respective of C. pneumoniae is 1,230,230 base 
pairs long. There are clear differences between the two: 186 genes on the C. pneu-
moniae genome are not present on the C. trachomatis genome, and seventy genes on 
the C. trachomatis genome are not represented on the C. pneumoniae genome [8]. The 
C. trachomatis genome is considered small. Nonetheless, there have been specified 
900 coding sequences on the chromosome and the plasmid of the microbe. The over 
200 open reading frames encode proteins their function still needs to be elucidated 
and are all responsible for the virulence, intracellular survival, and replication of the 
bacterium [9].
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2. Virulence factors

Chlamydia can evade both intra- and extracellular host defense [1]. Further under-
standing of the virulence factors they possess, and elucidation of the mechanisms of 
action can provide essential tools for prevention and treatment.

2.1 The cell wall structure

The C. trachomatis LPS is a genus-specific antigen. It is a “rough” type molecule 
provoking weak macrophage activation. Lipid A portion is pentaacylated with more 
than C14 fatty acids. The cell wall of C. trachomatis inhibits phagolysosome fusion in 
phagocytes [10].

2.2 Type III secretion systems

Intracellular pathogens secrete contact-dependent protein products of conserved 
secretory genes [3]. Those proteins promote the viability and multiplication of the microbe 
within the host cell and are well-described virulence factors. Their role is to intercept 
host signaling pathways in favor of the intruder [3]. Type III secretion systems serve as a 
conduit to promote the delivery of pathogen-effector proteins into the cytoplasm of the 
host cell. Via this apparatus, the microorganism can inject proteins directly into the host 
cell and avoid lysosomes [10]. Chlamydiae have a unique life cycle where the elementary 
body is metabolically dormant and therefore expresses no contact secretion. This contrasts 
with other intracellular pathogens, where contact-dependent secretion begins before they 
have been internalized in the host cell [3]. In Chlamydiae contact secretion is triggered 
from within by the intracellular metabolically active reticulate body. Therefore, charac-
terization and description of Chlamydiae contact-dependent secretion mechanisms are of 
great interest [3]. The product of scc1 gene has homology to chaperone proteins of other 
intracellular pathogens. Cds1 and cds2 locuses are acquired by horizontal transfer and thus 
are included in a classical pathogenicity island. They are expressed during the intracel-
lular life cycle of the bacterium and are related to the translocation of the pathogen across 
the cytoplasmic membrane [3]. Effector protein IncA of C. trachomatis mediates inclu-
sion fusion and is related to strain-dependent disease severity [10]. Another chlamydial 
phosphoprotein is delivered into host cell cytoplasm and promotes actin recruitment in 
favor of the pathogen. This so-called Translocated Actin Recruiting Phosphoprotein causes 
internalization of the microbe and is related to disease severity [10, 11].

2.3 Chlamydial proteins present in the cytosol of infected cells

Many chlamydial proteins have been described in literature to be present in the cytosol 
of infected cells, but their distinct role as virulence factors still needs to be elucidated. Those 
proteins are CPAF, cHtrA, CT621, CT622, CT311, CT795, C. trachomatis glycogen synthase 
(GlgA), the C. trachomatis outer membrane complex protein B, and Pgp3 [12]. Identification 
of these proteins can elucidate further the mechanism of pathogenic activity of the bacte-
rium [12]. Bacterial antigens present in host cell cytosol are more immunogenic [4].

2.3.1 CPAF

CPAF factor responsible for chlamydial protease/proteasome-like activity is highly 
conserved [1]. It acts as a zymogen, which means it can self-activate and auto-process 
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via vicinity-dependent homodimerization [1]. It is a secreted serine protease known 
to cleave a large amount of host proteins. Its role has been described in attacking 
certain host mechanisms to evade the immune system and to survive and replicate 
intracellularly. Their targets are the host transcriptional factors USF-1 23, RFX5 24, 
NF-κB, and HIF-1, the proapoptotic BH3-only proteins, the DNA repairing Poly-
ADP-ribose polymerase, cyclin B1, cytoskeleton proteins involved in cell structure 
like keratin 8, keratin 18 and vimentin, and proteins involved in repairment of Golgi 
apparatus, proteins involved in cell adhesion like nectin-1 [1, 13]. The secreted CPAF 
into the cytoplasm of the infected cell degrades the transcription factors RFX5 and 
USF-1 that are responsible for MHC gene activation. In this way, the microorganism 
reduces immune recognition by affecting antigen presentation and suppressing IFNγ-
inducible MHC class I expression [1, 13]. BH3-only proteins like Puma and Bim that 
act as intracellular stress sensor molecules via migration to the mitochondria induce 
apoptosis. The mechanism involves the activation of the multi-domain proapoptotic 
Bax and Bak to suppress the antiapoptotic function of BcL-2. CPAF degrades the 
BH3-only domain proteins and acts in favor of antiapoptotic activity. This mechanism 
still needs elucidation [1, 13]. Another distinct role of CPAF is cleavage of cytoskeletal 
proteins that lead to depolymerization of the cytoskeleton surrounding the inclu-
sions. In this way the microbe uses the lack of ability of the infected host cells to 
maintain their cytoskeletal structure, to expand the chlamydial inclusions in favor 
of their rapid replication [1, 13]. The microbe uses Golgi-derived lipids like sphingo-
myelin and cholesterol via the chlamydial proteases. Cleavage of golgin-84 leads to 
recruitment of Golgi fragmentation to acquire nutrients [1, 13].

2.3.2 Chlamydial HtrA

Chlamydial HtrA (cHtrA) is a hexamer with proteolytic activities. It is a periplas-
mic protein. It acts as a protease that acts on the endoplasmic reticulum of host cells 
and cleaves the transcription factors ATF6 and SREBP that are involved in cholesterol 
biosynthesis [14]. It also releases the sE-factor to activate stress response genes and 
is essential for the survival of the microorganism under high temperature [14]. HtrA 
is present in the chlamydial inclusion and is secreted in host cell cytosol, a unique 
property of chlamydial cells.

2.3.3 CT621 and CT622

Chlamydial cells use the type III secretion system to secrete CT621 and CT622 into 
the host cell cytoplasm [12, 15]. The presence of CT622 and CT621 in host cell cyto-
plasm should be involved in the pathogenetic mechanism of chlamydial infection, 
although their role needs to be further studied and elucidated. They seem to follow 
the same path but different kinetics in expression and secretion, meaning they play 
different roles in the survival and replication of the bacterium intracellularly [12].

2.3.4 CT311

Protein CT311 of C. trachomatis is secreted out of chlamydial inclusion into the cyto-
sol of the infected cell and it enters host cell nucleus, thus it is a sufficient component 
for nuclear targeting [16]. The presence of this chlamydial component in the nucleus 
during the late stage of intracellular infection means that it can interact and modulate 
signal transduction pathways. This is an important tool to induce infection [16]. The 



25

Virulence Factors of Chlamydia Spp. Involving Human Infections
DOI: http://dx.doi.org/10.5772/intechopen.109742

most possible role of CT311 is alteration of host cell mechanisms to facilitate exiting of 
host cell and spreading [16].

2.3.5 CT795

The Chlamydia-specific protein CT795 is detected in the cytoplasm of infected 
host cells via a sec-dependent mechanism and not by a type III secretion pathway [4].

2.3.6 C. trachomatis glycogen synthase (GlgA)

In recent studies, chlamydial GlgA seems to appear in host cell cytosol and 
chlamydial inclusion lumen among all C. trachomatis serovars and is immunogenic 
in women urogenital infections. Its specific role in the pathogenicity of chlamydial 
infections still needs to be elucidated but seems to interfere with the accumulation 
of glycogen, within the inclusion lumen [17]. Glycogen is a nutritional source but 
also a TLR2 ligand. In Chlamydia muridarum infection plasmid dependent TLR2 
activation is related to the promotion of infection and the chronic pathology of 
oviduct inflammation [18].

2.3.7 The C. trachomatis outer membrane complex protein B

The C. trachomatis outer membrane complex protein B (OmcB) is a well-described 
antigen as far as chlamydial infections are concerned. It is an abundant outer mem-
brane protein, highly conserved among Chlamydia species that acts as an adhesin for 
chlamydial invasion into epithelial cells. It seems to provoke robust antigenic response 
via the release of the C-terminal region of the molecule (OmcBc) to host cell cytosol 
[4]. The fragment OmcBc is present in host cell cytosol. The fragment OmcBn stays 
in the chlamydial inclusions. OmcBc proved to be highly immunogenic in women 
infected by the microbe. OmcB is therefore a target for the development of diagnostic 
tools and vaccines [19].

2.4 Chlamydiae-induced antiapoptotic activity of infected host cells

Infected cells seem to express antiapoptotic mechanisms like inhibition of caspase 
3 activation, blockade of mitochondrial cytochrome c release, inhibition of Bax/Bak 
NFκB activation. In this way the microbe detours apoptosis, a well-described mecha-
nism of infected cells by intracellular pathogens. CPAF has been described to have an 
important role in this direction [13].

2.5 Chlamydial cryptic plasmid

The removal of the chlamydial cryptic plasmid in the murine equivalent model 
of C. trachomatis, C. muridarum, has led to reduced bacterial load and upper genital 
tract and ocular pathologies [1]. The possible mechanisms include the action of 
two plasmid genes involved in the formation of the antigen Pgp3, a secreted protein 
component of the outer plasmid membrane, and Pgp4 which is a regulator of both 
plasmid and chromosomal genes [1]. The products of these genes are related to 
glycogen production and accumulation, a contributor to virulence [9, 18]. Pgp4 
acts also as a transcriptional regulator of both plasmid and chromosomal virulence-
associated genes [18]. Both pgp3 and pgp4 genes are essential for in vitro growth of 
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the bacterium, which enforces the aspect that their products are virulence factors 
[18]. This aspect is enforced by the fact that pgp4 is expressed only three hours post-
infection [10, 18]. In mice, pGP3 promotes ascending infection and tubal inflamma-
tion. The mechanism seems to be via neutralizing the host antimicrobial peptides, like 
human alpha-defensins, human neutrophil peptide 2, human beta-defensin 3, and 
cathelicidin LL-37. Host antimicrobial peptides are trapped by pGP3 to form stable 
complexes. In this way the progeny Elementary Bodies released can safely evade the 
next host cell [20]. The plasmid-encoded protein CPSIT_P7 of C. psittaci via Toll-like 
receptor 4 and TLR4/Mal/MyD88/NF-κB signaling axis, triggers the expression of 
interleukin-6, interleukin-8, and monocyte chemoattractant protein-1 [21].

2.6 Protein CT135

Protein CT135 is responsible for persistent urogenital infection in mice and 
prolonged time to clearance in vivo [1].

2.7 Silencing the NF-κB inflammatory pathway

Chlamydiae seem to suppress NF-κB activation in infected cells. This is in contrast 
with the production of proinflammatory cytokines that are induced during infection. 
It appears that the microbe activates MAP kinases in its favor to acquire the needed 
nutrients for survival. The mechanism seems to be cleavage of NF-κB p65 into the 
fragments p40 and p20 by a chlamydial protein called tail-specific protease. The over-
expression of p40 leads to interaction of the fragment with the cytoplasmic inhibitor 
of NF-κB I-κBα and blockage of NF-κB pathways [13]. SINC protein of C. psittaci 
targets the inner nuclear membrane of infected host cells. As a result, it is involved in 
controlling of nuclear structure and gene silencing [7, 22].

2.8 Translocated actin recruiting protein (TarP)

Upon attachment of the elementary body to the host cell, TarP is injected into the 
host cell. This translocation is made via a chlamydial type 3 secretory system. TarP has 
three binding sites for vinculin [23]. Additionally, TarP is reported to interact with 
focal adhesion kinase (FAK) and thus be able to alter cell adhesion signaling [23]. 
In this way, Chlamydiae use extracellular matrix and cell-to-cell junction for their 
benefit to promote entry to the host cells [23].

2.9 Chlamydial polymorphic outer membrane proteins (Pmps)

Chlamydial polymorphic outer membrane proteins are surface proteins that 
serve as adhesins, but also have antigenic role. They are present in all chlamydial 
species. They act as autotransporters that is they can translocate. These proteins are 
considered virulence factors. Chlamydiae in contrast to other Gram-negative bacteria 
possess more autotransporter proteins. PmpB, C, D, and I of C. trachomatis are known 
to induce strong humoral immune responses in infected patients. Women patients 
suffering from pelvic inflammatory disease and proved positive for anti-PmpA 
specific antibodies had a significantly high infertility rate in comparison to women 
negative for anti-PmpA antibodies. C. pneumonia Pmp20 and Pmp21 induce IL-6 and 
monocyte chemoattractant protein-1 production in human umbilical vein endothelial 
cells (HUVECs) by activation of NF-kB. The production is dose-dependent and the 
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two Pmps do not act synergistically. C. trachomatis PmpD induces strong and dose-
dependent IL-8 production from the human monocyte cell line THP-1 [10, 24].

3. Conclusion

Chlamydia spp. are the culprit of many human infections with severe compli-
cations, especially involving human eye, reproductive system, and lungs. Many 
virulence factors of the bacterium have been described in literature. Those virulence 
factors facilitate invasion in human tissues and provide the microorganism with the 
ability to hide from immune system and use the host cell mechanisms in its favor. 
The cell wall structure, Type III secretion systems, chlamydial proteins present in 
the cytosol of infected cells, induction of antiapoptotic activity of infected host cells, 
chlamydial cryptic plasmid, protein CT135, silencing of the NF-κB inflammatory 
pathway, Translocated actin recruiting protein (TarP), chlamydial polymorphic outer 
membrane proteins (Pmps), are some of them. Elucidation of the mechanisms of 
pathogenicity may lead to the development of new ways to face this major pathogen.
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Chapter 3

The Laboratory Diagnosis of 
Chlamydia Infections
Özlem Koca

Abstract

Bacteria of the genus Chlamydia belong to the order Chlamydiales, within the  
family Chlamydiaceae. These intracellular parasites have a different biphasic repro-
ductive cycle than other bacteria. The important Chlamydiaceae are Chlamydia tracho-
matis, Chlamydophila pneumoniae and Chlamydophila psittaci. Chlamydia trachomatis 
and Clamydophila pneumoniae are primary human pathogens. Chlamydia trachomatis 
is transmitted by sexual contact. It is the causative agent of LGV (lymphogranuloma 
venoreum) and ocular trachoma in humans. Chlamydophila pneumoniae causes 
bronchitis, atypical pneumonia, sinusitis, pharyngitis, and inflammatory atheroscle-
rosis. Chlamydia psittaci is the causative agent of psittacosis (pneumonia). It primarily 
causes infection in birds and domestic animals, and sometimes in humans. Chlamydia 
trachomatis laboratory diagnosis is based on cytological examination (Giemsa), 
antigen detection (with enzyme-linked immunosorbent assay and direct immuno-
fluorescence staining), nucleic acid-based tests (nucleic acid probe tests and nucleic 
acid amplification tests—NAAT), cell culture (in vivo and in vitro), and detection of 
antibodies (especially microimmunofluorescence—MIF and enzyme immunoassay—
EIA, for the diagnosis of LGV). The most specific test in diagnosis is cell culture, and 
the most sensitive is nucleic acid-based test. NAAT and MIF tests are successful in the 
diagnosis of C. pneumoniae infections. The diagnosis of psittacosis is usually made by 
serological testing, and species-specific MIF testing should be performed to confirm.

Keywords: C. trachomatis, C. psittaci, C. pneumoniae, Labaratory diagnosis, chlamydia 
infections

1. Introduction

Chlamydiae are nonmotile, gram-negative, cocci [1]. They are obligate intracellular 
microorganisms with a biphasic life cycle. They can only grow in live cell cultures [2]. 
Chlamydias belong to the Chlamydiaceae family, from the order Chlamydiales. Species 
that cause disease in humans are Chlamydia trachomatis, Chlamydophila psittaci, and 
Clamydophila pneumoniae [3, 4]. Among them, C. trachomatis is among the most com-
mon sexually transmitted diseases (STIs) in the world today [5]. According to the World 
Health Organization (WHO) data, around 90 million new cases of chlamydial infections 
occur worldwide every year [6]. Chlamydia trachomatis has been included in the group D 
notifiable diseases as a sexually transmitted disease agent in our country since 2005 [7].
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There are many diagnostic tests used in the diagnosis of sexually transmitted dis-
eases. Laboratory tests are critical because most of the patients are asymptomatic [8]. 
Developing countries need cost-effective, fast, reliable, sensitive, and specific labora-
tory services. The high sensitivity of the tests is important in preventing transmission 
and complications, directing treatment, and controlling infection [9]. Chlamydia 
testing is indicated for patients with STIs who have urogenital, anorectal, and ocular 
symptoms, people who have had sexual contact with patients with STIs, and people 
who are screened for chlamydia [10].

2. Structure, life cycle

Chlamydia cell wall is rich in lipids like gram-negative bacteria. It does not contain 
typical bacterial peptidoglycan. It contains N-acetylmuramica acid. They exist in two 
forms in their life cycle. Elementary body (EC) is the form that is metabolically inac-
tive, resistant to environmental conditions and infective. Reticular Body (RC) is the 
metabolically active, intracellular proliferative and non-infective form. Elementary 
bodies show a high affinity for host epithelial cells. Bacterial major outer membrane 
proteins (major outer membran protein-MOMP, OmcB, PmpD), on the surface of 
Chlamydia trachomatis interact with host cell receptors (heparan sulfate, proteogly-
cans, mannase-6-phosphate receptors, and growth factor such as receptors) and enter 
the cell rapidly. They are then taken up into the cell by receptor-mediated endocytosis 
or pinocytosis. Meanwhile, they are protected from the environment by inhibiting 
lysosome fusion. In the cell, the EC transforms into a reticular body. The reticular 
bodies are larger in size and multiply by dividing each into two, forming an intracyto-
plasmic inclusion. They leave the cell to infect new cells. This cycle takes 24–48 h [10].

3. Staining properties

Chlamydia has different staining characteristics. Elementary bodies are stained 
purple on blue-stained host cell cytoplasm with Giemsa stain. Reticular bodies are 
stained blue. Chlamydia stains with gram-negative or variable staining. Therefore, 
the gram stain is useless in identification. Chlamydia particles and inclusions (with 
group-specific, species-specific, or serovar-specific antibodies) are stained bright 
yellow-green by the immunofluorescence dye method. In culture, McCoy cells are 
stained with iodide when growth occurs. C. trachomatis appears with brown-stained 
inclusions on a yellow background [11].

4. History

Trachoma has been described in BC China and Egypt. The role of chlamydia in 
genital infections was understood at the beginning of the twentieth century. Inclusion 
bodies were first demonstrated in 1909 in the conjunctival cells of infants with non-
gonococcal ophthalmia neonatorum, in the cervical epithelial cells of their mothers, 
and in the urethral epithelial cells of male patients. In the samples, they showed intra-
cytoplasmic inclusion bodies with the Giemsa method. Thinking they were protozoa, 
they named them Chlamydiazoae. In Greek, “chlamys” means a curtain that covers 
the environment and describes the inclusions that surround the cell nucleus [12]. 
Lymphogranuloma venereum was first described by scientists in 1913. An epidemic 
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was studied in Switzerland in 1879 and was named pneumotyphus. Later, in a study 
on parrots in 1892, the term psittacosis was used. The term psittacosis comes from 
the Greek “parrot.” The psittacosis agent, C. psittaci, was first produced in fertilized 
chicken eggs in 1935 and in cell culture in 1941 [4, 12].

Chlamydia pneumoniae was first isolated from a conjunctival swab of a child 
participating in the trachoma vaccine trial in Taiwan. It was named TW-183. The 
agent AR-39, isolated from the throat swab of a student with pharyngitis at Seattle 
University in 1983, was named. The name TWAR (TW + AR) was formed from the 
first conjunctival strain and the respiratory strain. C. pneumoniae strain was defined 
by morphological examinations and DNA sequence analysis performed in 1989 [4, 12].

5. Classification

The genus Chlamydia has been described in the Chlamydiaceae family of the 
order Chlamydiales. Chlamydiae are classified according to their antigenic structures, 
sulfonamide resistance, host differences, and the diseases they cause. Characteristics 
of three species infecting humans have been identified:

Chlamydia trachomatis has intracytoplasmic inclusion bodies containing glycogen. 
They are inhibited by sulfonamides. They cause eye and genital infections in adults 
and conjunctivitis and pneumonia in infants.

Chlamidiae (Chlamydophila) pneumoniae have intracytoplasmic inclusion bodies 
that lack glycogen. It is generally resistant to sulfonamides. It causes respiratory tract 
infections in humans.

Chlamidiae (Chlamydophila) psittaki, contain dense intracytoplasmic inclusions 
devoid of glycogen. It is generally resistant to sulfonamides. It causes psittacosis in 
humans and ornithosis in birds [11].

6. Chlamydia trachomatis

Clinic: Chlamydia trachomatis causes trachoma, adult inclusion conjunctivitis, 
neonatal conjunctivitis, infant pneumonia, LGV, and urogenital infections. Infections 
in newborns are directly related to sexually transmitted infections [4].

It is the most common cause of nongonococcal urethritis (NGU) in the sexu-
ally active and young population [13]. Although its distribution varies according to 
region, its prevalence is 20–50% [14]. Chlamydia trachomatis is an exclusively sexually 
transmitted pathogen and has been more isolated in developing countries. Clinically, 
it usually causes cervicitis in women, and epididymitis and infertility in men. It 
should be noted that it can be asymptomatic in both men and women. Azithromycin 
should be considered in the treatment [15].

7. Diseases by serotype

Chlamydia trachomatis, has 15 serotypes due to antigenic variations in MOMP 
encoded by ompA [16].

1. A, B, Ba, C serotypes: It is the cause of endemic trachoma. Hand-eye contact is 
transmitted by flies.
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2. D, E, F, G, H, I, J, K serotypes: Causing inclusion conjunctivitis, nongonococcal 
urethritis, cervicitis, salpingitis, proctitis, epididymitis, neonatal pneumonia, 
and conjunctivitis. Hand-eye contact, sexually and perinatally transmitted.

3. L1, L2, L3 serotypes: Sexually transmitted L1, L2, L3 serotypes cause LGV [7].

8. Trachoma

Clinic: The incubation period of trachoma is 3–10 days. It is a chronic disease 
that starts in early childhood and progresses insidiously. Chlamydia trachomatis 
serovars A, B, Ba, and C are associated with trachoma. It often accompanies a bacte-
rial conjunctivitis and composes the clinical picture together. Trachoma is chronic 
keratoconjunctivitis involving the conjunctiva and cornea. At the onset of the disease, 
lacrimation, mucopurulent discharge, and conjunctival redness are the first findings 
[11]. It is characterized by advanced ocular signs of trachoma, lymphocyte infiltration 
in the corneal epithelium, granulations in the conjunctiva, eyelid deformities, and 
complications that progress to blindness [2].

9. Laboratory diagnosis

Culture: Conjunctival scrapings are taken from the upper tarsal conjunctiva, 
where inclusion bodies are most common. Conjunctival scrapings taken are inocu-
lated into McCoy cell cultures. Usually, McCoy cell cultures were treated with 
cycloheximide. The adequate number of viable infectious particles and the applica-
tion of the centrifugation method increase reproduction. Diagnosis can be made by 
detecting inclusion bodies by one of the staining methods with fluorescently labeled 
antibodies against Giemsa, iodine, or chlamydia antigens (LPS or MOMP) after 
48–72 hours of incubation of the first passage. Detection by staining with MOMP-
specific antibodies is highly specific. The disadvantages of the culture method are 
the need for a long time, the high workload, and the difficulties in standardization. 
However, some reference laboratories require a culture method to monitor antibiotic 
susceptibility or when a highly specific test, such as suspected sexual assault, is 
required [10, 11]. If cultures are to be cultivated from the samples within 24 hours, 
they can be kept at +4°C. If it is to be kept for a longer period of time, it should be 
stored frozen at −70°C. The specificity of the culture is 100% and the sensitivity is 
below 100% under appropriate conditions. In legal cases, the infectious agent should 
be determined by culture [17].

Morphological detection of inclusions: In the presence of a large number of 
chlamydial inclusion bodies, a preliminary diagnosis can be made if the preparations 
are stained with the Giemsa or Gimenez methods. Inclusions are found in the cyto-
plasm of epithelial cells, usually in the perinuclear space. The incidence of inclusions 
in preparations prepared from specimens is the highest in neonatal conjunctivitis, 
lower in inclusion conjunctivitis and trachoma in adults, and rare in urethritis and 
cervicitis. Detection of inclusions is a rarely used method in diagnosis. Difficulty in 
the application, low sensitivity, and specificity are the reasons for not using it [18].

Serology: Among the diagnostic methods other than culture, immunofluores-
cence and enzyme-based immunological methods (enzyme immunoassay, EIA) 
are the main ones [18]. Both group antibodies and serovar-specific antibodies are 
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frequently found in the serum and eye secretions of infected patients. Antibodies 
formed against the cell wall structure of the organism are detected. The microim-
munofluorescence method is a sensitive method for measuring antichlamydial 
antibodies [11].

Molecular methods: Polymerase chain reaction (PCR) and other molecular 
diagnostic methods are not widely used in the diagnosis of trachoma. In developing 
countries where trachoma is endemic, there are insufficient resources to perform PCR 
or other molecular tests. In developed countries, which have the opportunity to apply 
the tests, trachoma is rare and tests are not needed. These methods are generally used 
in research studies on trachoma [11].

Treatment and prevention: The primary source in endemic areas is children with 
ocular infections. Transmission occurs between infected children and their caregivers 
by hand-eye contact and by the feet of black flies. Hygiene rules such as facial clean-
ing and reducing flying insects are important in protection [11].

Azithromycin is used in the mass treatment of endemic trachoma. After 
6–12 months of treatment, clinical manifestations are greatly reduced. It has replaced 
erythromycin and doxycycline. Topical therapy is of little value [19].

The World Health Organization initiated the S-A-F-E program to eliminate or 
reduce trachoma (Surgery-Azithromycin-Face-Environmental). It is a program that 
covers the treatment of trachoma with surgery and azithromycin, facial cleaning, and 
environmental cleaning by reducing black flies [11].

10. Chlamydia trachomatis genital infections and inclusion conjunctivitis

Clinic: Chlamydia trachomatis D-K serovars cause sexually transmitted diseases 
and eye infections (conjunctivitis with inclusion). Inclusion conjunctivitis in adults 
is follicular conjunctivitis involving the lower eyelid. In the first two weeks, there 
are purulent-mucoid discharge and signs of hyperemia in the eye. It is accompanied 
by keratitis, indistinguishable from ocular trachoma. It usually heals spontane-
ously. However, if left untreated, it may become chronic and deformities may 
develop [20].

In newborns, 20–60% are infected as they pass through the birth canal. 
Conjunctivitis with inclusions (15–20%) and respiratory system infections (10–40%) 
may develop in infected infants. Neonatal inclusion conjunctivitis begins 7–12 days 
after birth as mucopurulent conjunctivitis. It tends to improve within weeks to 
months, either spontaneously or with erythromycin or tetracycline therapy, rarely 
can become chronic [11].

Most chlamydial endocervical infections are asymptomatic or have mild 
symptoms such as dysuria, mild abdominal pain, bleeding, and vaginal discharge. 
Mucopurulent discharge is seen in cervicitis. In women, it causes urethritis, cervicitis, 
endometritis, pelvic inflammatory disease, and its complications. Ectopic pregnancy, 
spontaneous abortion, tubal infertility, and chronic pelvic pain are the main com-
plications. Pelvic inflammatory disease can progress to a widespread disease that 
progresses to perihepatitis and ascites [21].

In men, it causes nongonococcal urethritis and epididymitis. It is the most 
common cause of nongonococcal urethritis, up to 50% in men and women [22]. 
The incubation period is 7–14 days. It has clinical signs such as dysuria, non-puru-
lent discharge, and frequent urination [23]. Infected adults infect their conjunctiva 
by autoinoculation and inclusion conjunctivitis resembling acute trachoma may 
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develop. The most common cause of epididymitis in men over 35 years of age is 
Escherichiae coli, and those under 35 years of age are C. tachomatis and Neisseria gon-
orrhoeae. Azoospermia can be seen in the acute phase in the chlamydial epididymitis. 
It is not known whether it causes infertility or not. It is the most common cause of 
proctitis and proctocolitis in both men and women, more often in gay men [24]. 
Patients with proctocolitis have fever, tenesmus, and rectal pain. Asymptomatic 
rectal carriage can occur in neonates and adults [11, 12]. However, since infections 
are often asymptomatic, diagnosis cannot be made in most cases [6]. Chlamydial 
infections trigger reactive arthritis and some of them develop Reiter’s Syndrome. 
Reiter’s Syndrome is a disease with urethritis, conjunctivitis, arthritis, mucocutane-
ous lesions [5, 6]. In addition, chlamydial infections can cause cancerous lesions such 
as cervical dysplasia [4, 25].

11. Laboratory diagnosis

Taking samples: When taking samples, dacron, rayon (artificial silk), cotton, 
or calcium alginate swabs with plastic handles should be used. Wooden-handled 
swabs are toxic to chlamydiae. Because chlamydiae are obligate intracellular bacteria, 
samples should contain both extracellular material and infected human cells. While 
collecting samples of the vagina, urethra, endocervix, and conjunctiva, firstly the 
discharge and secretions are cleaned and then the epithelial cells are scraped with the 
help of a swab. Samples taken for culture should be placed in chlamydia transport 
media. It should be kept in the refrigerator until it goes to the laboratory. Urine can be 
tested to detect the presence of chlamydia. The first 20 ml urine sample can be used 
for the detection of chlamydia nucleic acid. It may not be detected as it may be diluted 
in subsequent urine.

12. Molecular methods

Probe tests: There are commercially available hybridization-based tests to detect 
Chlamydia trachomatis directly from clinical specimens. In these tests, a single-
stranded DNA probe labeled with a chemiluminescent substance that is complemen-
tary to the ribosomal 16sRNA of the target organism can be used. The sensitivity and 
specificity of this test are good [11].

Nucleic acid amplification test: These tests use molecular methods such as poly-
merase chain reaction (PCR), chain removal, and transcription-based amplification. 
NAATs have very high specificity like culture, but differently, it is not dependent on 
the viability of the causative microorganism and so sample transfer is easier. Today, 
the results have been accelerated by the use of fluorescent labeled probes and auto-
matic nucleic acid extraction. The use of two target gene regions in NAATs enabled 
the detection of new variants. Bead-based extraction systems further increased 
the specificity and sensitivity of the test. Therefore, NAATs have become the gold 
standard in the diagnosis of C. trachomatis infections [10]. For these tests, first urine, 
vagina, cervix, and urethra swab samples are suitable. Approval studies are ongoing 
for non-genital (conjunctiva, oropharynx, and rectum) specimens [11]. There are 
also multiplex real-time PCR tests where other sexually transmitted infectious agents 
(Mycoplasma genitalium, Tricomonas vaginalis, Neisseria Gonorrhoeae vb.) can be 
detected [24].
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Drekt fluorescent antibody (DFA) tests: These tests are used in newborns, 
conjunctival samples. They are stained with labeled monoclonal antibodies devel-
oped against species-specific antigens on chlamydia major outer membrane protein 
(MOMP). Stained preparations are examined by fluorescence microscopy and 
samples containing fluorescent smooth-sided round or oval elementary bodies are 
considered positive [26].

Enzyme immunoassay (EIA): The enzyme immunoassay detects genus-specific 
antigens in elementary bodies and is less sensitive than NAAT and is not widely used [26].

Culture: Compared to NAATs, culture is a difficult, costly, delayed, and less 
sensitive method. Swabs from the endocervix, anal canal, urethra, and conjunctiva 
are suitable specimens for culture. Swab samples are inoculated into McCoy, HeLa229, 
and Buffalo Green Monkey Kidney cell lines [10]. Samples are incubated at 35–37°C 
and 48–72 hours. A second inoculation is performed to increase sensitivity. Intra-
cytoplasmic inclusions are examined by direct immunofluorescence [11].

Serology: An increase in serum antibody titers is observed in acute genital chla-
mydia infections. Antibodies are raised against the infecting immunotype. Serum 
antibodies are higher titer than trachoma. In societies with a high prevalence of 
genital chlamydia infection, there is a high background of antichlamydial antibodies. 
Therefore, serology is not useful and common in diagnosis [26].

Treatment: In chlamydia infections, simultaneous treatment of sexual partners 
to prevent reinfection is the basic principle. Tetracyclines (such as doxycycline) 
are widely used in nongonococcal urethritis and in non-pregnant infected women. 
Azithromycin is effective and can be used in infected pregnant women. Topical 
treatment is not helpful in eye infections due to chlamydia so systemic treatment 
is preferred. Treatment with doxycycline and erythromycin for 2–3 weeks is 
 recommended [16].

13. Chlamydia trachomatis and newborn pneumonia

Chlamidia trachomatis can be passed from an infected mother to her baby during 
birth. In pregnant women, the incidence of chlamydial infection is between 2 and 
24% [7]. Infants born to infected mothers may develop inclusion conjunctivitis and 
pneumonia in the first few weeks after birth. Infants with inclusion conjunctivitis 
have mucopurulent discharge and conjunctival edema. It can also be asymptomatic 
[5, 20]. Neonatal pneumonia begins at 3–11 weeks with nasal congestion, tachypnea, 
and cough. Interstitial infiltrates may be seen in the lungs. If left untreated, respira-
tory failure may develop. Obstructive lung diseases may be more common in these 
infants later in life [20].

The first choice in diagnostic methods is the isolation of C. trachomatis in respira-
tory secretion cultures with McCoy or other cell lines. Detection of anti-chlamydia 
IgM antibodies at higher levels or at titers higher than 1:32 is diagnostic.

Treatment is the same for neonatal inclusion conjunctivitis and pneumonia. Oral 
erythromycin is effective for 14 days. It also eliminates the carrier [7].

14. Lymphogranuloma venereum

Clinic: Lymphogranuloma venereum is a sexually transmitted disease 
with  suppurative inguinal lymphadenitis and is common in tropical climates. 
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The first sign of LGV, which is a systemic disease, is a painless papule that can ulcer-
ate at the inoculation site. Later, painful and unilateral regional lymphadenopathy 
develops and may fistulize. In men, lymph nodes above and below the Poupart 
ligament are frequently involved. Involved lymph nodes become suppurative, 
purple, and painful over time. Adhesions may occur in the genital area. Perirectal 
lymph nodes are mainly involved in homosexual men and women. The disease leads 
to proctitis and bloody mucopurulent anal discharge. Systemic symptoms such as 
fever, nausea, vomiting, conjunctivitis, skin rashes, arthralgia, and muscle pains are 
also accompanied [6].

15. Laboratory diagnosis

Culture: Infected lymph node samples are inoculated into McCoy cell cultures. 
It can be treated with aminoglycoside to prevent bacterial contamination. The agent is 
then identified by morphology or serological tests [11].

Serology: Sex-specific antibodies are demonstrated by the complement coupling 
(CF) test. The test becomes positive 2–4 weeks after the onset of the disease. An 
increased antibody titer or a single titer greater than 1:64 in a patient with clinical 
findings is a strong indication of active infection. A decrease in CF titer is observed in 
patients receiving treatment [11].

Treatment: Treatment with tetracyclines and sulfonamides, especially in the early 
period, yielded successful results. A significant reduction in complement-binding 
antibodies was observed in most drug-treated patients. This may indicate that the 
infectious agent has been eradicated from the body. Surgical treatments may be 
needed in the late stages [27].

16. Chlamydia pneumoniae and respiratory infections

Clinic: Chlamydia pneumoniae is known as the TWAR agent. A serotype has been 
identified. It is pathogenic in humans. It is transmitted by respiratory secretions. 
They are causative agents of upper and lower respiratory tract diseases, most of which 
are asymptomatic. They cause atypical pneumonia and inflammatory atherosclerosis 
and cardiovascular diseases [28]. The seropositivity rate is quite low under the age of 
five. The incidence begins to increase in school-age children. The incidence in adults 
and the elderly is around 50–75% [29]. The sex-related seropositivity rate in children 
is equal. However, it is significantly more common in males than adults. Today, stud-
ies are still ongoing to explain this difference [30].

Laboratory diagnosis: Many laboratory tests have been developed for the diagno-
sis of Chlamydia pneumoniae. However, serological tests are frequently used.

Culture: For Chlamydia pneumoniae, oropharyngeal swab samples should be 
transported with a chlamydia transport medium (sucrose phosphate glutamic acid 
buffer solution). Sputum samples are not suitable. It should be kept in a refrigerator 
at +4°C before being sent to the laboratory. They die quickly at room temperature. C. 
pneumoniae grows better in HL and Hep-2 cells. They are incubated for three days at 
35°C. They are usually detected by fluorescent antibody staining with monoclonal 
antibodies specific for C. pneumoniae [11, 31].

Serology: Microimmunofluorescence (MIF), a serological test method, is the 
most sensitive method. It is species-specific. IgM increases 2–3 weeks after primary 
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infection and IgG increases 6–8 weeks later. In reinfections, there may be no increase 
in IgM and after 1–2 weeks there may be an increase in IgG [3].

Nucleic acid amplification methods: The PCR method is used to determine 
the agents in the pharyngeal swab, bronchoalveolar lavage, and sputum samples. 
This method is a sensitive and rapid diagnostic test [32].

Treatment: Chlamydia pneumoniae are sensitive to macrolides, fluoroquinolones, 
and tetracyclines. Treatment success is good in patients treated with doxycycline, 
azithromycin, or clarithromycin. However, after some routine treatments, symptoms 
of the disease continue or reinfections are observed. Therefore, drugs should be used 
for 10–14 days [11].

17. Chlamydia psittaci and psittacose

Clinic: Chlamydia psittaci is the causative agent of psittacosis. It is transmitted 
by contact with birds and by breathing. Human-to-human transmission is rare. 
It can survive for months at room temperature. Therefore, environmental cleanli-
ness is important [33]. It can be asymptomatic and pulmonary involvement is seen in 
humans. It can cause sepsis with severe pneumonia and high mortality. It is accompa-
nied by systemic symptoms such as fever, nausea, vomiting, and muscle aches [34]. 
In birds, liver, kidney, and pericardium involvement is typical [33].

Laboratory diagnosis: For the isolation of Chlamydia psittaci in culture, blood, 
sputum, and lung tissue samples are suitable. Clinical specimens can be produced by 
inoculating tissue culture cells, embryonated eggs, and mice. They can be identified 
by examining them under a microscope. Culture can be dangerous. Molecular and 
serological tests may be preferred. Antigen detection by DFA or immunoassay (MIF) 
methods is common and PCR tests are used [11, 34].

Treatment: Since the laboratory diagnosis of Chlamydia psittaci infection is dif-
ficult, it is usually treated with clinical findings. According to several clinical studies, 
azithromycin, clarithromycin, and erythromycin (doxycycline in adults) treat most 
C. psittaci infections. Clinical improvement is achieved [11, 33].

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 4

Molecular Approaches to the 
Diagnosis of Chlamydia
Elçin Yenidünya Konuk

Abstract

Chlamydia trachomatis is known as the most common bacterial infection agent to 
pass with sexual transition. This microorganism is an obligatory intracellular parasite. 
A variety of infections are caused by C. trachomatis, including trachoma, pneumonias 
in newborns, genital and urinary tract infections, and lymphogranuloma venereum 
(LGV), which is caused by LGV strains. The diagnosis of Chlamydia trachomatis can be 
made by cultures and isolations, antigens and antibodies (direct fluorescence, enzyme 
immunoassays), hybridization, or polymerase chain reaction (PCR). Each year, infec-
tion and diagnosis rates increase in the developed world. Since Chlamydia is mostly 
asymptomatic, screening, and treatment are a key to detecting cases. Polymerase chain 
reaction (PCR), ligase chain reaction (LCR), and nucleic acid sequence-based amplifi-
cation (NASBAa) molecular methods can be used for the detection, low concentration, 
quantification, and identification of organisms. While the traditional PCR method 
confirms its existence, it can quantify real-time PCR (RT-PCR). This method (RT-PCR) 
may have low sensitivity among variants of the same species. Also, PCR scans, which 
receive urine service, offer great advantages. PCR from initial void urine (FVU) 
samples is highly sensitive in detecting the organism. Urine Chlamydia screenings are 
more acceptable in large populations and asymptomatic detections.

Keywords: Chlamydia, molecular identification, characterization, chlamydia 
trachomatis, chlamydia diagnosis

1. Introduction

The Chlamydiaceae family is an obligate intracellular bacterial member. Only the 
genus Chlamydia has 9 species distributed in vertebrates that cause serious effects on 
human health. The history of Chlamydia infection in humankind dates back to 4000 years 
[1]. Chlamydia trachomatis is one of the most common sexually transmitted pathogens 
worldwide. A C. trachomatis infection can cause urethritis, cervicitis, proctitis, and 
conjunctivitis, depending on the anatomical site of the infection. 50% of men and 70% 
of women are asymptomatic [2]. When CT infection is not treated, it can cause infertil-
ity in men and women, such as epididymitis and pelvic inflammatory disease [3]. If C. 
trachomatis infection increases, it can cause endometriosis of the female upper genital 
tract, pelvic inflammatory disease and tissue scarring, infertility, ectopic pregnancies, and 
fibrotic disorder and is also potentially associated with cervical and uterine cancers [4].
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Culture methods were first allowed as standards in the 1970s and were developed 
using McCoy cells. The specificity of this method, originally developed for trachoma 
and lymphogranuloma venereum (LGV), was 100%, but the overall sensitivity 
was estimated to be 40–85% lower due to laboratory sensitivity, sampling errors, 
and variable laboratory standards. In the 1980s, there was a return to the fashion 
for microscopic identification without culturing using a technique known as direct 
fluorescence testing, and testing was performed by binding specially produced 
antibodies to specific sites on the outer membrane of Chlamydia. It was used because 
it was quick and relatively inexpensive, with results being more variable compared to 
other methods, influenced by many factors, including the recognition of three strains 
or serotypes of C. trachomatis. Because of the revolutionization of the laboratory 
diagnosis of all diseases using monoclonal antibodies, thanks to many of the advances 
in molecular biology developed by new biotechnology companies, there are new 
tests for antibodies (complement fixation and microimmunofluorescence) and new 
antigen tests (direct fluorescence test and enzyme immunoassay). All were compared 
to the gold standard of cell culture, but there was growing doubt that this was better 
than any of the newer tests. In the 1990s, new assays using new DNA technologies, 
particularly the polymerase chain reaction (PCR) technologies, became available 
to develop nucleic acid amplification assays (NAATs). In these tests, fragments of 
Chlamydia DNA extracted from clinical samples were amplified in repeated cycles 
to produce samples large enough for colorimetric evaluations. The first such test was 
introduced by Roche in 1993. AMPLICOR C. trachomatis. An evaluation by doctors in 
Bordeaux the following year found it to have a sensitivity of 95.3% and a specificity of 
100%, concluding that it was superior to culture methods. This was followed by other 
tests from other companies [1, 5].

Recent taxonomic developments based on 16S and 23S rRNA gene sequences, 
along with the development of molecular tests, have divided the Chlamydiaceae fam-
ily into two genera and nine species, including 5 species found to infect humans [6]. 
Over time, new variants of C. trachomatis have emerged, and new test techniques that 
are inexpensive and easily applicable may emerge to identify them [7]. Chlamydia is 
the most commonly diagnosed bacterium among sexually transmitted diseases [8].

Infection diagnosis rates continue to increase in the developed world. Because 
Chlamydia is largely asymptomatic, screening is the most basic way to detect cases 
and reduce transmission [9].

2. Target genes used in the identification of chlamydia

Recent methods for typing Chlamydia have used the Chlamydiaceae 16S and 23S 
rRNA gene sequences. The gene targets most frequently used in the identification of 
Chlamydia are omp 1 (the gene encoding the major outer membrane protein-MOMP), 
cryptic plasmid, and 16S and 23S rRNA genes. The omp2 gene has been identified in 
all Chlamydiaceae except C. pecorum strains [6, 10, 11].

3. Molecular techniques used for diagnosing Chlamydia

Chlamydia, obligate intracellular bacteria, requires tissue culture techniques to 
isolate and propagate. Culture in permanent cell lines or embryonated chicken eggs is 
still widely accepted as the gold standard for chlamydial diagnosis, as it is necessary to 
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demonstrate the viability of a strain of a field and facilitate detailed characterization 
by molecular and biochemical methods [12].

Culture methods were first allowed as standards in the 1970s and were developed 
using McCoy cells. This method, originally developed for trachoma and LGV, was 
approximately 100% specific, but laboratory sensitivity was estimated to be only 
70–85%, and overall sensitivity was less than 40–85% due to sampling errors and vary-
ing laboratory standards. There are two main approaches to diagnose Chlamydia and 
Chlamydophila spp. infections in mammals and birds. The first involves directly detect-
ing its agent in the tissue, and the second includes serological screening of blood samples 
with anti-chlamydial antibodies [13]. Individual methods of detecting antigen character-
istics in sample types sent to the diagnostic laboratory may affect the performance. Tests 
such as the use of DNA-based PCR offer particular advantages. In the 1980s, there was a 
return to the fashion of microscopic identification without culturing using a technique 
known as direct fluorescence testing, where the test was performed by binding specially 
produced antibodies to specific sites on the outer membrane of Chlamydia. Compared 
to other methods, the results were more variable, and this method was used because it 
was fast and relatively inexpensive, although it was observed to be influenced by many 
factors, including the recognition of three strains or serotypes of C. trachomatis.

Advances in molecular biology have revolutionized the laboratory diagnosis of 
all diseases, many of which have been developed by new biotechnology companies 
and monoclonal antibodies. There are new tests for antibodies (complement fixation 
and microimmunofluorescence) and new antigen tests (direct fluorescence test and 
enzyme immunoassay). All were compared to the gold standard of cell culture, but 
there was a growing suspicion that it was better than any of the newer tests. In the 
1990s, new assays using new DNA technologies, particularly the polymerase chain 
reaction (PCR) technologies, became available to develop nucleic acid amplification 
assays (NAATs). In these tests, fragments of Chlamydia DNA extracted from clini-
cal samples were amplified in repeated cycles to produce samples large enough for 
colorimetric evaluations. The first test of this type was introduced by Roche in 1993. 
Abbott Laboratories from Illinois mediated ligase chain reaction and transcription 
and Gen-Probe, whereas La Jolla from California mediated amplification. A review of 
the new tests found that although they were based on different molecular strategies, 
they had equivalent specificity and sensitivity to Roche Amplicor [14].

In recent years, there has been a revolution in diagnostic methodology with the 
introduction of nucleic acid amplification tests (NAATs). These tests are much more 
sensitive than the previous non-culture tests [15].

For the first time, diagnostic laboratories have a more sensitive technology in 
tissue culture than in isolation (TC). While TC, which has long been considered the 
gold standard for the diagnosis of C. trachomatis, is considered to have a specificity 
approaching 100%, NAAT offers more sensitive tests than culture [14].

In a study published in 1997 where the old enzyme immunoassay methods 
found a prevalence of 1.6% (0.8–2.7%), 60% sensitivity and 100% specificity and 
the prevalence of ligase chain reaction was found to be 2.5 (1.5–3.9%) in relation to 
the improvement offered by new DNA-based techniques; a sensitivity of 90% and 
specificity of 99.8% were indicated. New technologies not only offer greater specific-
ity, sensitivity, and accuracy but also are cheaper and easier [16].

Therefore, it has become possible to go beyond diagnostic testing to screen for 
asymptomatic chlamydial infection in both men and women. Paradoxically, NAAT 
technologies may be responsible for the continued increase in new cases reported, as 
they enable more testing and greater precision [4].



Chlamydia – Secret Enemy from Past to Present

46

C. trachomatis infections can be detected using cell culture, immunofluorescence 
(IF), enzyme immunoassay, direct DNA hybridization, and PCR (identifiable). 
Laboratory diagnosis of chlamydial infection by culture is limited by the fact that col-
lection of urethral swab specimens is unacceptable for many asymptomatic men. PCR 
applications using various gene targets, such as various cryptic plasmids, omp 1 (the 
gene encoding major outer membrane protein-MOMP), and rRNA genes, are more 
sensitive than culture [3, 4, 6, 9–11, 17–19]. Conventional PCR enables real-time PCR 
quantification, while it identifies most chlamydial species for the presence and absence 
of a particular pathogen with the ompB gene, a gene specific to the chlamydia family.

Recent taxonomic advances based on 16S and 23S rRNA gene sequences have 
divided the Chlamydiaceae family into two genera and nine species, five of which 
have been found to infect humans. There are several simple methods for detecting 
and identifying all species precisely and specifically. In this study, the omp2 gene was 
demonstrated as a target for the molecular identification of suitable Chlamydiaceae. 
Phylogenetic analysis accepts partial omp2 gene sequences from all nine species based 
on recently published taxonomic changes. The use of a family-specific PCR primer 
pair capable of amplifying the 5-end on ribosomal genes is described for the omp2 
gene from all Chlamydiaceae, except for some strains of Chlamydophila pecorum. The 
identification of all nine species was obtained using restriction fragment length poly-
morphism analysis with the Alu I enzyme, which was confirmed by DNA sequencing. 
A PCR enzyme-linked oligonucleotide assay can be developed that can identify mixed 
human chlamydial infections or a lone chlamydial genome analysis [6].

Another method used for rapid detection of pathogenic bacteria is the DNA 
microarray method, which is based on DNA hybridization. There are studies examin-
ing nine species belonging to the Chlamydiaceae family with the help of probes devel-
oped to identify species-specific regions such as the ribosomal RNA opreon region. 
Identification was made both in culture and direct clinical tissue bacteria samples [5].

Isothermal amplification assays such as loop-mediated isothermal amplification 
(LAMP) are of great utility in the development of rapid diagnostics for infectious 
diseases, as they have high sensitivity, pathogen specificity, and application potential. 
However, eliminating nonspecific amplification remains a major challenge for the 
optimization of LAMP assays [20].

Ocular infections are more difficult to diagnose and confirm than systemic infec-
tions or infections of other organs due to their delicate anatomy and fewer sample types 
and volumes that can be safely collected from the eye. Next-generation sequencing 
(NGS)-based approaches are revolutionary molecular diagnostics, also called high-
throughput. NGS-based approaches can amplify tens to hundreds of samples contain-
ing limited genomic content and transcriptomes, allowing characterization of all of 
them. This technique is of particular interest in clinical diagnosis in ophthalmology, as 
the sample quantity is limited and difficult to obtain. NGS needs to be developed for 
clinical applications in ophthalmology by making its use more convenient [14, 17].

The third widely used nucleic acid target amplification method in the United 
States is isothermal TMA (commercial nucleic acid amplification) based on C. 
trachomatis. Within two hours, the RNA amplification rate increased 109-fold. 
Within four hours, the DNA amplification rate increased 106-fold. Nucleic acid 
amplification assays have been used for verification in previous years because of 
their high sensitivity, but in recent years, they have been used for screening various 
samples. Consequently, as nucleic acid-based diagnostic assays continue to evolve, 
such tests need to be established in both small- and large-scale clinical laboratory 
settings. Commercial nucleic acid hybridization is nucleic acid hybridization using 
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oligonucleotide sequences designed to bind to the complementary sequence in the 
target nucleic acid. It is used in conjunction with cell culture methods to provide opti-
mal conditions due to its low sensitivity. Target and oligonucleotide probe nucleic acid 
concentrations do not change. It contains target-specific chromosomal and cryptic 
plasmid sequences for detecting C. trachomatis [19].

Due to the lack of a genetic transformation system, studying the molecular biology 
of Chlamydia, an obligate intracellular bacterium, has been difficult. With genome 
sequencing, knowledge of the biology of these pathogens has greatly increased. 
Comparing the seven sequenced genomes of the Chlamydia genome provides an 
overview of gene content and gene diversity. Genome sequences have allowed gen-
eral investigations in terms of both transcript and protein content throughout the 
evolution of the Chlamydial cycle. Chlamydiae form chlamydial inclusions, and the 
proteins released from this inclusion can interact with host cell proteins and produce 
changes in the host cell’s response to infection. The identification of these proteins is 
difficult because the cytoplasm of the host cell infected with Chlamydia cannot be 
purified. This problem has been overcome by comparative proteomics [21].

Ligase chain reactions (LCVs) are among the noninvasive nucleic acid amplifica-
tion tests and are among the amplification tests that can be used in low-prevalence 
populations because they are likely to give false positives and need confirmation [22].

4. Use of molecular techniques in chlamydia diagnosis and screening

Since the late 1990s, chlamydia has been the most commonly reported sexually 
transmitted infection (STI) in Europe and the United States. The infection is caused by 
the bacterium C. trachomatis (C. trachomatis), and its common name was given in the 
late nineteenth century after an infection-causing pathogen. In 2017, there were just 
over 203,116 new diagnoses in the UK. In contrast, 7137 syphilis and 44,676 gonorrhea 
and more than 3,126,000 chlamydia diagnoses were made by the National Chlamydia 
screening program. The disease was equally prevalent in men, and although similar 
effects on the seminal vesicles are expected, there is as yet no evidence of a strong asso-
ciation between infection and male infertility. The program began in 2004, and the 
reported incidence of chlamydia has skyrocketed, with journalists warning of “a time 
bomb for fertility” from these reports. Chlamydia was first recognized as a specific 
sexually transmitted infection in the 1970s, but in 1988, it became reportable.

There are different types of screening options for chlamydial infections. It has the 
highest rate of spread on the scale of infectious diseases among youth and late adults. 
Chlamydia is easily transmitted sexually and can also be transmitted to newborns. A 
large number of infectious individuals may be overlooked in screening because they do 
not have symptoms. Although chlamydia can cause serious infections, it can be easily 
diagnosed with various new tests with high sensitivity. The new urine tests are rapid 
and noninvasive and give rapid results. It has been shown that scans reduce the rates 
of pelvic inflammatory disease (PID) and improve birth outcomes when pregnant 
women are screened and treated. Cost studies, on the other hand, show that screen-
ing for women is more cost-effective than no screening. The evidence for screening 
in men is quite limited. Little is known about how often any of these groups will be 
screened. Worse health outcomes, such as recurrent infections, PID in women, and 
ectopic pregnancies, should be followed by conventions, which are currently largely in 
the domain of public health programs, not clinical practice. As the responsibility for 
these tasks shifts to public health organizations, clinicians may become more involved 
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in these secondary preventive measures [23]. Increasing evidence suggests that the 
rate of progression of endocervical chlamydia to pelvic inflammatory disease is lower 
than previously thought. Population-based studies consistently estimate the incidence 
rates of pelvic inflammatory disease to be lower than that by clinical-based studies. 
Therefore, infections detected by screening asymptomatic individuals may have a bet-
ter prognosis than that of symptomatic infections due to differences in the burden of 
the organism. However, descriptions of chlamydial infection and its consequences and 
models of the impact of screening almost always refer to higher estimates [14].

Compared to nucleic acid amplification tests, the sensitivity of conventional 
methods is very low [19].

Commercial polymerase chain reaction (PCR) uses multiple amplifier product 
line-based methods to target DNA. This is a cryptic plasmid DNA of 207 nucleotides, 
which is highly conserved among serotypes for C. trachomatis.

Chlamydia species are the leading cause of bacterial STDs, important respiratory 
pathogens, and the etiologic agent of endemic blinding trachoma, a zoonotic threat. 
In the last decade, molecular genetic analyses of Chlamydia species have advanced 
rapidly [24]. C. trachomatis (Ct) is the most common sexually transmitted disease 
worldwide. A Ct infection can cause urethritis, cervicitis, proctitis, and conjunctivitis 
depending on the anatomical site of the infection. It is asymptomatic in 50% of men 
and 70% of women. When C. trachomatis infection is not treated, it can cause infertil-
ity in men and women, such as epididymitis and pelvic inflammatory disease [3].

In the study using DNA enzyme immunoassay (DEAI) and reverse hybridization 
assay techniques, 19 serovar typing was performed by distinguishing it from other 
bacteria and chlamydia species or commensal microorganisms in the genital tract 
with very high sensitivity as a result of the identification of C. trachomatis. First, PCR 
products were hybridized with the probe mixes for the cryptic, plasmid, and omp 
1 genes, and C. trachomatis was detected [18]. C. trachomatis is the most common 
sexually transmitted bacterial infection in the United States, usually by asymptomatic 
individuals. FDA-approved molecular methods for diagnosing urogenital C. trachoma-
tis include nucleic acid hybridization, signal amplification, polymerase chain reaction, 
chain displacement amplification, and transcription-mediated amplification [25].

Molecular methods are both rapid and reliable for screening genital species in 
areas with high disease prevalence. The clinical and analytical sensitivity of some 
tests is seriously reduced when testing from urine samples. In vitro experiments 
have shown that transcriptional origin amplification is more sensitive than other 
molecular-based assays [19].

In the detection of C. trachomatis, screening tests without amplification include 
the direct fluorescent antibody test (DFA), optical immunostaining (OIA), and rapid 
solid-phase enzyme immunoassay (EIA). The accuracy in the diagnosis of C. tracho-
matis using nonmolecular methods confirms the quality of the reference tests [26].

Commercial nucleic acid hybridization is nucleic acid hybridization using oligo-
nucleotide sequences designed to bind to the complementary sequence in the target 
nucleic acid. It can be used in conjunction with cell culture methods that do not provide 
optimal conditions due to low sensitivity. In commercial signal amplification, neither 
target nor oligonucleotide probe nucleic acid concentrations change. It contains target-
specific chromosomal and cryptic plasmid sequences for detecting C. trachomatis [19].

C. trachomatis infections can be detected using cell culture, immunofluorescence 
(IF), enzyme immunoassay, direct DNA hybridization, and PCR (identifiable). 
Laboratory diagnosis of chlamydial infection by culture is limited by the fact that the 
collection of urethral swab specimens is unacceptable for many asymptomatic men. 
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PCR applications using various gene targets, such as cryptic plasmid, omp 1 (the gene 
encoding major outer membrane protein-MOMP), and rRNA genes, are more sensi-
tive than EIR, IA, and culture [10].

C. trachomatis is the most common sexually transmitted bacterial infection in 
the United States, usually by asymptomatic individuals. FDA-approved molecular 
methods for diagnosing urogenital C. trachomatis include nucleic acid hybridization, 
signal amplification, polymerase chain reaction, chain displacement amplification, 
and transcription-mediated amplification. Molecular methods are both rapid and 
reliable for screening genital species in areas with high disease prevalence [27]. The 
clinical and analytical sensitivity of some tests is seriously reduced when testing from 
urine samples. In vitro experiments have shown that transcriptional origin amplifica-
tion is more sensitive than other molecular-based assays [19].

Commercial nucleic acid hybridization is nucleic acid hybridization using oligo-
nucleotide sequences designed to bind to the complementary sequence in the target 
nucleic acid. It can be used in conjunction with cell culture methods that do not pro-
vide optimal conditions due to low sensitivity [19]. Samples isolated from 40 patients 
with C. trachomatis infection were transferred to the laboratory, and the methods 
obtained from the culture method with chlamydial nucleic acids were compared. By 
PCR, either the characteristic 7.5 kb plasmid DNA or the 16 Cyclic r RNA gene seg-
ment was used for identification. All PCR results were validated in Sothern or dot blot 
format. As a result, 5 C. trachomatis were isolated from 6 samples that were PCR posi-
tive. More samples (9) were found to be positive, as nucleic acid sequencing showed 
rRNA-PCR-amplified products in variants. These data showed that C. trachomatis 
infections in patients were either unrecognized or detected variants carrying the C. 
trachomatis plasmid [28].

Epidemiological studies on molecular typing have been conducted since ancient 
times. Molecular typing and serotyping of 150 C. trachomatous specimens isolated 
from genital sources of 10 different serovars were compared. The most common omp 1 
genotypes, E (51.7%), F (17.3%), D (8.8%), and G (8.4%), were determined from the 
samples collected over 29 months. Molecular biology methods that require molecular 
biology techniques and equipment allow typing as well as immunology techniques [29].

A different study used rapid antigen identification to identify C. trachomatis infec-
tions and compared it with direct fluorescent antibody staining and tissue culture. In 
a study conducted on 507 patients, the sensitivity was found to be 75%, whereas the 
specificity was 99% [30].

Chlamydia detection and screening methods made from urine samples are commonly 
used. Sample supply is easier as noninvasive methods are used for sample collection.

However, PCR can also be used because urine specimens are more convenient to 
collect and more acceptable to patients. Studies have shown that the application of 
restriction fragment length polymorphism (RFLP), which is another technique in 
addition to PCR, facilitates the identification of many serovars that are difficult to 
identify using PCR [31].

PCR is more sensitive and accurate than other methods in chlamydia samples 
isolated from endocervical swabs. Cell culture PCR results obtained from urine samples 
as well as the samples collected from the cervix were compared, and the sensitivity was 
87% in culture, 92% in cervix PCR, and 95% in urine PCR. Culture from endocervical 
and urethral swabs is the gold standard for diagnosing chlamydia. However, its sensitiv-
ity is affected by many factors, such as conditions during transportation. Recently, PCR 
amplification methods and ligase chain reactions have been shown to be more sensitive. 
In recent years, PCR scans from the urine cervix have offered great advantages. Urine 
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PCR culture is more sensitive than specific culture. Urine chlamydia screenings are 
more acceptable in large populations and for asymptomatic detection [32].

C. trachomatis (Ct) is an atypical agent for developing acute, subclinical, and 
chronic conjunctivitis. The chain reaction (PCR) procedure was used for the con-
junctivitis test and enzyme-linked fluorescence assay (IFA and ELFA) and molecular 
analysis of Ct DNA search (Ct DNA) with polymerase among a total of 3520 patients 
who visited the examination room of the G. d’Annunzio University Eye Clinic 
between 2006 and 2008 in the study formed with the records of 171 patients with 
occasional mild, moderate, or severe illness from Chieti, Italy, in a prospective open 
three-arm study using conventional assays such as immunofluorescence in order to 
evaluate the presence of C. trachomatis against trachoma.

Molecular tests such as the GeneXpert CT/NG test are highly sensitive. However, cost 
constraints prevent these technologies from being implemented in environments with 
limited resources. Pooled testing is a strategy to reduce the cost per sample, but the extent 
of the savings depends on the prevalence of the disease. One study used a pooling strategy 
based on the identification of sociodemographic and laboratory factors associated with 
the prevalence of CT/NG in a high-risk area of Zambian female sex workers. Factors 
associated with positive testing for CT/NG through single mothers’ logistic regression 
modeling conducted from 2016 to 2019 included city, young age, low education, and 
long-acting reversible contraception. Based on these factors, the study population was 
divided into high-, medium-, and low-prevalence subgroups. Trichomonas vaginalis 
infection was tested in pools of 3 or 4, respectively, according to bacterial vaginosis and 
syphilis infection. The fee was reduced from $18 to $9.43 per sample in the low-prevalence 
subgroup. The described checklist tool and pooling approach can be used in a variety of 
ways. This is especially valuable in areas where resources are limited. It is also important in 
treating asymptomatic CT/NG infections missed by traditional syndromic management.

The most attractive DNA amplification methods can be recommended for screen-
ing trachomatis infections because of their excellent sensitivity and good perfor-
mance. This scan has been shown before in the FVU (first-void urine) samples. PCR 
testing with FVU is cost-effective in a low-prevalence population. A side risk factor 
for C. trachomatis infection is infection exceeding 3.9%. Recent research has shown 
that neoplasia is a risk factor for pregnancy outcomes other than ectopic pregnancy 
and possibly for cervical development. The cost-effectiveness of screening the sexu-
ally active population with DNA amplification methods can be reassessed.

Pathogens were compared using multiplex real-time polymerase chain reaction 
(PCR) in men with acute urethritis. Test results were compared in 83 patients using 
urethral swab samples, multiple real-time PCR, and A.F. Genital System tests in 
men diagnosed with acute urethritis. The pathogen of urethritis was detected in 
69 patients with PCR and in 15 patients with AF. Compared with AF genital tract 
multiplex PCR, its sensitivity is low in male patients with previous acute urethritis 
[33]. Urethritis in men is one of the most common sexually transmitted diseases, 
and although there have been important developments in treatment and diagnosis in 
recent years, the most common method is the use of polymerase chain reactions [34].

Highly conserved Chlamydial proteins can be used as specific markers in the 
diagnosis of chlamydial and constitute new targets of drugs specific to these bacteria. 
In total, 59 Chlamydia proteins, 79 Chlamydiaceae proteins, 20 both Chlamydia and 
Chlamydophila, and 445 ORFs were found to be specific to Protochlamydia [18].

Studies have been conducted using tandem mass spectrometry and affinity 
chromatography methods for Chlamydia infections, which do not have an effective 
vaccine yet and have resulted in significant deaths worldwide [35].
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Chapter 5

Immune Response to Chlamydia
Gül Aydın Tiğlı

Abstract

Following the chlamydial exposure, a series of events occur in the host belonging 
to the innate and adaptive immune systems. The first line of defense against chla-
mydial infections is mucosal secretions contain various antimicrobial peptides. The 
complement system that can be part of defense is triggered by elementary bodies of 
Chlamydiae. Chlamydiae that escape from the complement system infect the epithelial 
cells. Chlamydiae are protected from phagolysosome fusion by generating inclusion 
formation. However, they are recognized by pattern recognition receptors (PRR), 
mainly Toll-like receptor 2. Chlamydia-PRR interaction can be resulted by cytokine/
chemokine secretion. The first innate immune cells that reach the infection site are 
natural killer (NK) cells and neutrophils. The most important contribution of NK 
cells to this pathogen is the production of high levels of IFNγ. Neutrophils are effec-
tive in reducing the load of Chlamydia and shortening the duration of infection. The 
relationship of neutrophils with pathology is also discussed. Recognition of MHC class 
II-restricted Chlamydia peptides presented by dendritic cells via CD4 T cells initiates 
an adaptive immune response. IFNγ-mediated Th1 immune response is essential for 
Chlamydia clearance. CD8 T cells, which are fewer in numbers, have been suggested 
that they are the main cause of infection-related immunopathology. B cells and anti-
bodies were found to be particularly effective in preventing reinfection.

Keywords: chlamydial infections, innate immunity, adaptive immunity, chlamydial 
immunology, immune response

1. Introduction

Chlamydia genera belong to the Chlamydiae phylum, Chlamydia class, 
Chlamydiales order, and Chlamydiaceae family according to phylogenetic classifica-
tion. Chlamydiae are Gram-negative non-motile obligate intracellular bacteria 
with biphasic developmental cycle. They appear in two different forms called the 
elementary body (EB) and the reticulate body (RB). EB in the extracellular environ-
ment infects susceptible cells. After cell invasion, the disulfide bonds of EB are 
reduced and the bacteria transform into the RB form. This intracellular form, which 
is responsible for the persistence of the disease, is metabolically active, replicative, 
and non-infectious [1–4]. Many species of chlamydia occur as disease agents in 
humans and animals. The two main species responsible for disease in humans are 
Chlamydia trachomatis and Chlamydia pneumoniae. In addition to these two species, 
which are strictly human pathogens, Chlamydia psittaci, whose natural host are birds, 
also causes infection as a result of transmission to humans [5, 6]. C. pneumoniae is 
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primarily associated with bronchitis and pneumonia. Acute infections are usually 
asymptomatic or mildly clinical. Reinfection is common. In recent years, there has 
been evidence that C. pneumoniae causes some inflammatory diseases. Chronic 
bronchitis, asthma, atherosclerotic cardiovascular diseases, and cerebrovascular 
diseases are among the diseases associated with chronic C. pneumoniae infection 
[7]. C. trachomatis is grouped into various serovars according to its outer membrane 
genotype. Serovars A, B, Ba, and C mainly infect the conjunctival epithelium, causing 
trachoma defects. Recurrent infections can result in corneal damage and blindness 
[8]. Serovars D, Da, E, F, G, Ga, H, I, Ia, J, and K are causative agents of urogenital 
chlamydial infection [9]. It causes proctitis and urethritis in men. In women, it causes 
urethritis, cervicitis, endometritis, and salpingitis. Chronic pelvic pain, ectopic 
pregnancy, and infertility are common complications, accounting for 20–50% of non-
gonococcal urethritis cases [10, 11]. L1, L2, L2a, and L3 serovars spread to the inguinal 
lymph nodes and cause lymphogranuloma venereum (LGV) [12]. Although sensitive 
tests such as PCR can be used for the diagnosis of chlamydial infections, their asymp-
tomatic nature delays their diagnosis and increases their spread in the community. 
Sequelae increase in the long term as a result of not applying timely and appropriate 
antibiotherapy [13]. Chlamydial infections continue to be an interesting research 
topic due to their impact on public health. The necessity to understand all aspects of 
chlamydial infections necessitates the examination of host responses. Various stages 
of the innate and adaptive immune response have been studied in numerous studies, 
both in humans and in animals. In this topic, immunological events that occur in the 
host after chlamydial transmission are summarized based on the literature.

2. Innate immune response

2.1 Physical barriers

Mucosal barriers are physical barriers that form the first line of defense against 
Chlamydial invasion. They are formed by epithelial cells and the substances they 
secrete. Mucosal secretions contain various antimicrobial peptides [14].

2.2 Complement system

The complement system, which forms the humoral arm of native immunity, is 
activated by being stimulated by the EBs. While opsonins such as C3b, which are 
formed as a result of complement activation, contribute to the removal of EBs, it has 
been shown that C3a has an immune modulatory effect [15].

Chlamydia that escapes the effect of complement infects epithelial cells. Thanks 
to the inclusion, they escape phagolysosome fusion, but they cannot avoid being 
recognized by pattern recognition receptors (PRRs) [16]. The PRRs are an important 
part of the innate immune response against chlamydia. PRRs are proteins that recog-
nize conserved motifs associated with pathogens called pathogen-associated molecu-
lar patterns (PAMPs). More than 20 types of PRRs have been identified in humans, 
found in epithelial cells as well as innate and adaptive immune cells. PRRs can be 
located in the cytoplasm or surface of cells [17]. Chlamydial PAMPs are recognized by 
both intracellular and extracellular PRRs since chlamydia is found in the host cell in 
the form of reticulate body (RB) and released out of the cell in the form of EB. After 
PRR activation, soluble antimicrobials, chemokines, and proinflammatory cytokines 
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are secreted from the related cells. The prominent PRRs in chlamydial infections are 
TLRs, especially Toll-like receptors 2 (TLR2) [18], nucleotide-binding oligomeriza-
tion domain-like receptors or NOD-like receptors (NLRs) [19], stimulator of inter-
feron genes (STING) [20] and CD14 [21].

TLRs recognize chlamydial components such as lipopolysaccharide (LPS), 
lipoprotein, Heat Shock Proteins (HSP) [22, 23]. TLR2 is located around inclusion 
during chlamydial infection. Intracellular signal transmission occurs after recogni-
tion of its ligand (LPS, HSP60). In a study demonstrating the role of TLR2 and 
its adapter myeloid differentiation primary response protein 88 (MYD88), LPS 
isolated from C. trachomatis has been known to activate nuclear factor-kB (NF-kB) 
via TLR2 [24]. Studies in human embryonic kidney 293 (HEK293) cells revealed 
that TLR2 and its adapter protein MyD88 are required for interleukin-8 (IL-8) 
production [25]. Darville et al. showed that macrophages from TLR2 knockout mice 
secrete significantly less IL-6 and TNF-α in response to infection than those from 
wild-type mice [26].

Where TLR2 is most common in the female genital tract in the uterine tubes and 
inside the cervix. TLR4 is frequently encountered in the uterine tubes and endome-
trium [27]. In the study by Bulut et al., it was shown that TLR4-mediated recognition 
of chlamydial LPS and chlamydial HSP60 during C. pneumoniae infection is associated 
with dendritic cell (DC) maturation and cytokine release [23]. STING, a cytosolic PRR, 
is activated by recognizing dsDNA, cyclic di-AMP, or di-GMP. STING activation leads 
to the production of type-I interferon (IFN) [9]. It has been shown that cyclic di-AMP 
produced by C. trachomatis activates STING and causes IFN-β production in infected 
cells [28]. However, the roles of type-I IFNs in chlamydial infections are not yet clearly 
understood. In Chlamydia muridarum genital infection of genetically deficient mice 
with type-I IFN receptors, chlamydial shedding and duration of infection were found 
to be reduced, and there was less chronic oviduct pathology [29]. Type-I IFNs have also 
been associated with PID and infertility in human studies [30]. These findings suggest 
that type-I IFNs have a negative effect on chlamydial infection.

CD14, a PRR found in monocytes and macrophages, acts as a receptor for bacterial 
LPS [21] and mediates the secretion of proinflammatory cytokine during infection 
with C. trachomatis.

NOD-like receptors interact with the LPS and PGN of intracellular bacteria [19]. 
In a study using HEK293 cells, it was shown that dead C. pneumoniae was unable to 
activate the NOD1 or NOD2 PRRs, indicating that live bacteria are necessary for their 
stimulation [31].

2.3 Innate immune cells

2.3.1 Neutrophils

Neutrophils are the first immune cells to reach the site of infection [32]. Although 
they cannot clear the infection on their own, it is predicted that they have effects 
that reduce the burden of Chlamydia and limit the spread in the initial period of the 
infection [33]. Studies reporting that neutrophils inactivate C. trachomatis in vitro 
support this view [34]. Some studies do not confirm this assumption. In one study, 
C. muridarum load in the genital tract of neutrophil-depleted mice was 10 times 
higher than in wild-type mice, while C. trachomatis was shown to be eliminated in 
the same time period in both groups [33]. It has been found to increase chlamydial 
replication through MYD88-dependent signaling [35].
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The relationship of neutrophils with pathology has also been the subject of 
research. In animal model studies, neutrophils are found to be associated with the 
development of tissue damage as well as contributing to the development of adaptive 
immune response [36, 37].

Neutrophils are very short-lived cells compared to other immune cells. They survive 
for about 5 hours before spontaneous apoptosis. How Chlamydia can persist in such 
a short-lived cell has been the subject of research. Although uninfected granulocytes 
become apoptotic within 10 hours, survival of infected granulocytes for up to 90 hours 
has revealed that Chlamydia can delay neutrophil apoptosis [38]. In a study in which 
primary human neutrophils were infected with C. pneumoniae in vitro, it was reported 
that the infection activates the ERK1/2 and PI3K/Akt survival signaling pathway, delay-
ing neutrophil apoptosis, and thus prolonging their survival [39]. It has also been shown 
that granulocyte-macrophage colony-stimulating factor, which supports neutrophil 
activation and survival, is secreted from epithelial cells infected with C. trachomatis [40].

It is thought that the prolongation of neutrophil lifespan may have a negative effect 
on the outcome of chlamydial infection due to the cytokines they secrete causing tis-
sue damage [41]. In a study performed with human fallopian tube tissue culture, the 
addition of an IL-1 receptor antagonist prevented tissue damage due to C. trachomatis. 
This study provides evidence that IL-1, a cytokine released mainly by neutrophils and 
monocytes, causes tissue damage in the genital tract [42].

One of the many mechanisms that Chlamydia spp. uses to break innate immune 
responses and ensure their persistence is that it causes neutrophil dysfunction. The 
chlamydial protease-like activity factor (CPAF) affects defense mechanisms such as 
oxidative burst and formation of extracellular traps by targeting the neutrophil sur-
face receptor formyl peptide receptor 2 [43]. As a result, it is suggested that neutro-
phils with prolonged lifespans but weakened functions contribute to the pathogenesis 
of chronic chlamydial infections.

2.3.2 Natural killer cells

Natural killer (NK) cells are a group of innate cells involved in the response against 
cancer, viral infections, and intracellular bacteria [44]. Their role during chlamydial 
infection has been studied in various studies [32]. In mice inoculated intravaginally 
with C. muridarum, Tseng and Rank determined that NK cells reached the site of 
infection within 12–24 hours after inoculation [32, 45].

NK cells produce high levels of interferon-γ (IFN-γ). Hook and colleagues showed 
that interleukin-18 released from human epithelial and IL-12 produced by dendritic 
cells after being stimulated by C. trachomatis cell (DC) stimulate IFN-γ production 
in NK cells in vitro [46]. IFN-γ is important for the inhibition of Chlamydia growth, 
as well as one of the main cytokines important for the induction of a Th1 immune 
response. Animal studies in which NK cells have been experimentally destroyed 
highlight the importance of these cells. In the study by Tseng and Rank, antibody 
responses were investigated after intravaginal C. muridarum inoculation in mice 
and wild-type mice treated with anti-NK-cell antibody. In the humoral response to 
Chlamydia in NK cells depleted mice, Th2-associated antibody IgG1 was found to be 
significantly higher, while Th1-associated IgG2a antibodies were dominant in mice 
that did not receive anti-NK-cell antibody treatment. In conclusion, the absence of 
NK cells was associated with decreased TH1 response and exacerbation of the course 
of infection [32, 45]. In another study, it was shown in vitro that IL-12 secretions were 
decreased and their CD4 T cell-stimulating capacity decreased in DC obtained after 
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intranasal inoculation of C. muridarum in mice with NK cells depleted. In addition, 
DC cells transferred from NK cell-depleted mice to naive mice failed to induce Th1-
mediated immune response against intranasal C. muridarum infection [47]. These 
findings indicate that IFN-γ secreted by the NK cell in the early stages of infection 
shifts the immune response toward Th1 instead of Th2.

2.3.3 Macrophages

Studies show that macrophages migrate to sites of chlamydial infection [48]. They 
are attracted to the infection site by chemokines and cytokines secreted from infected 
epithelial cells [49, 50]. They recognize chlamydial PAMPs through the PRRs they 
carry, primarily TLR and NOD-like receptors. Chlamydia enters macrophages via 
phagocytosis or receptor-mediated endocytosis [51, 52] and proinflammatory cyto-
kines are secreted [22, 53]. Degradation of ingested bacteria with lysosomes ensures 
the elimination of bacteria. M66 Host cell autophagy, a process by which cells degrade 
cytoplasmic proteins and organelles, also makes bacteria the target of lysosomes. 
There are studies showing that autophagy is important for the clearance of C. tracho-
matis [54, 55]. Far fewer forms of chlamydial RB have been detected in macrophages 
compared to epithelial cells. Although chlamydia infects macrophages, it does not 
create a niche for intracellular replication. The reasons for this may be the failure 
of C. trachomatis to inhibit phagosome-lysosome fusion and autophagy [54, 56]. 
Furthermore, autophagy indirectly enhances cell-mediated and humoral responses 
against Chlamydia by increasing antigen presentation to T cells as supports [57, 58]. It 
is also important to note that IFN-γ both enhances autophagy and causes upregulation 
of MHC class II molecules [59].

2.3.4 Mast cells and eosinophils

After infection of mast cells with Chlamydia, cytokines such as TNF-α and IL-4 
are released. As a result of these cytokines opening tight junctions, infiltration of the 
airways with immune cells occurs. This situation has a negative effect on the spread of 
Chlamydia [60, 61].

Eosinophils secrete IL-4 in the upper genital tract during genital C. trachomatis 
infection. It has been reported that this cytokine indirectly promotes the prolifera-
tion of endometrial stromal cells. In addition, it is thought that IL-4 may regulate the 
development of Th2 immune response after C. trachomatis infection [62].

2.4 Cytokines of the innate immune response

In various animal and human studies, it has been shown that proinflammatory 
cytokines such as TNF-α IL-8, IL-1, and GM-CSF are associated with the develop-
ment of tissue damage during the innate immune response to C. trachomatis  
infection [27, 29].

2.5 Dendritic cell

The DCs, which are professional antigen presenting cells (APC), have been 
shown to activate both CD4 and CD8 T cells through MHC class I/II presentation in 
Chlamydial infections [63, 64]. In a murine model, DCs appear to harbor infectious 
C. muridarum but can still present antigen to T cells. TLR2, STING, and NLRs in DC 
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lead to the production of proinflammatory cytokines such as IL-6, TNF-a, CCR7, 
CXCL10, IL-1a, and IL-12 after uptake of Chlamydia. These cytokines ensure DC 
maturation and optimal antigen presentation [65]. Cytokines produced by DC and 
process of processing and presenting antigens to T cells determine the Th1/Th2 bal-
ance of the adaptive response during chlamydial infection. Upon preferential antigen 
uptake, preferential production of IL-12 from DC occurs. IL-12 activates naive CD4 
T lymphocytes and enables them to differentiate toward the Th1 subgroup [66]. In a 
study, when DCs stimulated with recombinant chlamydial proteins were adoptively 
transferred to mice, the predominantly produced antibody became Th2-associated 
antibody IgG1 [65]. In the study by He et al., Th1 cells were highly activated when 
Th2-associated cytokine IL-10 knockout DC was stimulated and adoptively trans-
ferred [67]. In another related study, Lu and Zhong incubated bone marrow-derived 
DCs with heat-killed C. trachomatis and showed that a Th1 response developed after 
nasal infection of mice with live C. trachomatis [68]. DCs provide a link between 
innate and adaptive immunity in the control of chlamydial infection. Chlamydiae 
limit MHC class I/II expression in antigen presenting cells to cope with the immune 
response at this stage [69]. Chlamydial protease-activating factor (CPAF) released 
into the cytogel by C. trachomatis has been shown to inhibit MHC molecules by 
degrading the MHC class I transcription factor RFX-5 and the MHC class II transcrip-
tion factor USF-1 [70, 71].

3. Adaptive immune response

3.1 T cell

Research by Rank et al. in athymic mice demonstrated the importance of T lym-
phocytes for chlamydial immunity. In this study, after inoculation of C. muridarum 
intravaginally in mice, chronic infection occurred in athymic mice, while wild-type 
controls were able to eliminate the infection within 20 days [32].

T cells cannot recognize pathogen antigens without MHC molecules. MHC II 
molecules are only found on professional antigen presenting cells, including DC, 
macrophage, B cell, while MHC I molecules are expressed on the surface of all nucle-
ated cells. CD4 T cells recognize antigens presented in MHC class II and CD8 T cells 
are activated by MHC class I antigen complexes [72]. In fact, both T cell subsets have 
been shown to recognize C. trachomatis antigens such as outer membrane protein 2 
(Omp2), polymorphic outer membrane protein D (POMP-D), MOMP, heat shock 
protein 60 (HSP60), chlamydial protease-activating factor (CPAF), PmpG, PmpF, 
and RpIF [58].

4. CD4 t cell

CD4 T cells recognize extracellular antigens from proteins endocytosed by APCs 
and degraded by endosome proteases. During chlamydial infection, APCs such as 
DCs and macrophages acquire exogenous chlamydial antigens by phagocytizing EBs 
in the extracellular space or by capturing infected cells harboring RBs. After phago-
cytosis, APC cleaves chlamydial components and the peptide-MHC II complex is 
assembled. This complex is then transferred to the cell surface, where it is recognized 
by the TCR in CD4 T cells [72].
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T cells are detected at the site of infection in mice and humans. The recruitment 
of CD4 T cells to the infection site occurs by the release of various chemokines as well 
as the regulation of some surface and adhesion molecules [49, 73–75]. Post-infection 
APCs also migrate to regions of CD4 T cells. Here, clonal expansion of CD4 T cells 
recognizing chlamydial antigens is achieved (S. G. [48]).

CD4 T cells play a critical role during chlamydial infection. Evidence from murine 
non-MHC II models has demonstrated the importance of CD4 T cells in clearing the 
disease (R. P. [76]). Gondek et al., in their study of murine upper genital C. trachoma-
tis infection model studies, suggested that CD4 T cells are necessary and sufficient for 
clearance of Chlamydia and protection against reinfection [77].

When the cellular immune response against C. pneumoniae was examined, pro-
liferation and activation of both CD4 and CD8 T cells were detected during primary 
infection. However, only the activation of CD4 T cells was detected in the later stage 
of the infection [78].

CD4 T cells differentiate into subtypes as a result of upregulation of tran-
scription factors that increase the production of specific cytokines after antigen 
recognition [79]. For example, Th1 cells, which are characterized by the pro-
duction of large amounts of proinflammatory cytokines, especially IFN-γ, are 
particularly important for clearance of viral infections and intracellular bacteria 
[80]. In the context of infection by intracellular bacteria such as Chlamydia, the 
predominant T cell subset expected to be present is Th1 cells. As stated earlier 
in the relevant section of this article, Th1 subtype differentiation in CD4+ cells 
occurs following the production of IFN-γ and IL-12 by innate immune cells early 
during infection [47, 81].

4.1 T-helper1 responses

Evidence from mouse models indicates that the Th1 subtype is of particular 
importance in Chlamydia clearance [48]. Observation of increased susceptibility to 
chlamydial infection in the absence of IL-12 [82, 83] or IFN-γ receptor [84] empha-
sizes that IFN-γ-producing CD4 T cells are protective against Chlamydia. However, 
some evidence suggests that a polyfunctional response involving IFN-γ as well as 
TNF-α can increase immunity [85].

Th1 cells not only activate phagocytic macrophages, but also direct humoral 
immunity. At the end of the process in which B cells are activated, Th1-related anti-
bodies such as IgG2a and IgG3 are secreted by plasma cells [25, 86, 87]. In addition, 
the cytotoxic effect of CD4 T cells has also been demonstrated [84].

Th1 responses against C. pneumonia predominate, especially during reinfection. 
Even in mice genetically predisposed to Th2 responsiveness during primary infection, 
Th1 responses were elicited during reinfection and increased IFN-γ production [88].

4.2 Other T-helper responses

Although the predominant CD4 cells are Th1 in chlamydial infection, other 
T-helper types such as Th2, Th17, Th22, and Th9 have also been detected. However, 
the role they play during chlamydial infection cannot be definitively determined [80]. 
For example, the production of IgG1 antibodies is induced by Th2 cells. However, 
there is evidence that the Th2 response is not protective and even associated with 
pathology. The Th2 response during human ocular infection has been associated with 
disease progression and pathology [89]. Transfer of chlamydia-specific Th2 clones 
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failed to protect mice from genital infection [90]. Another T-helper (Th17) is thought 
to contribute to the formation of Th1 immunity, but has been associated with both 
protection and pathogenesis in the mouse model [91, 92].

4.3 Memory CD4 T cells

Memory CD4 T cells are traditionally grouped into two groups: central memory 
(Tcm) and effector memory (Tem), while CD4 Tcm cells are primarily found in the 
circulation and lymphatic tissues; peripheral, non-lymphoid tissues host CD4 Tem 
cells [93]. Therefore, CD4 Tem cells are thought to play a dominant role in clearing 
genital chlamydial infections. Recently, it has been discovered that a third subset of 
memory T cells is important in tissue-specific immune responses. Unlike TEM, which 
recirculates into the lymphatics and blood after pathogen clearance, these cells that 
remain in non-lymphoid peripheral tissue after pathogen clearance are called tissue 
resident memory T cells (Trms). Even in the absence of persistent antigen, Trms per-
sist in peripheral tissues for a long time [93]. These cells are found in epithelial tissues 
in areas that interface with the environment, such as the gut, lungs, skin, reproduc-
tive system [94]. They act as the first line of defense when re-exposure to pathogens. 
They can respond to pathogenic attack faster than other subsets of memory T cells 
that need tissue traffic.

During secondary C. trachomatis infection in mice, memory T cells coming from 
the circulation to the upper genital tract mucosa together with the CD4 Trm cells 
present in the tissues provide optimum clearance. Circulating memory T cells con-
tribute to the clearance of secondary infection. However, it has been shown that they 
cannot clear secondary C. trachomatis infection alone without Trm cells [95]. Studies 
have shown that memory T cells proliferate more rapidly in response to antigen dur-
ing secondary infection [8, 96].

5. CD8 T cells

CD8 T cells are associated with MHC I. MHC I is expressed in all nucleated cells. 
Cytosolic proteins, which may originate from intracellular pathogens, are degraded by 
the proteasome. The degradation product peptides are loaded into the binding groove 
of MHCI at the end of the process involving TAP and a chaperone protein, tapasin. 
The MHC I-peptide complex is then exported to the surface of the cell [72]. TCRs on 
CD8 T cells recognize the endogenous antigen presented on MHC I. The results of this 
recognition are the expression of various effector cytokines, including IFN-γ, and the 
release of cytotoxic granzyme and perforin molecules that can lead to target cell death 
[97]. Because they can kill infected cells, CD8 T cells are thought to play an important 
role in the immune response to intracellular pathogens.

The role of CD8 T cells in chlamydial infections is controversial. While a broader 
CD8 T cell response was expected against Chlamydia, an intracellular pathogen, it was 
determined that the CD8 T cell response against C. muridarum in the genital tract was 
much lower than CD4 cells in mouse experiments. Despite their small number, CD8 T 
cells are known to migrate to the site of infection, and both human and mouse CD8 T 
cells have been shown to destroy Chlamydia-infected cells [98]. It has been shown that 
CD8 T cells recognizing trachomatis proteins class I accessible protein-1 (Cap1) and 
cysteine-rich protein A (CrpA) can kill target cells in an antigen-dependent manner 
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[99, 100]. However, there is evidence to suggest that CD8 T cells are not essential 
for clearance of Chlamydia. It has been observed in past studies that CD8−/− and 
perforin-deficient mice clear the infection at the same rate as wild-type mice [82, 84]. 
Murthy and colleagues have also shown in a more recent study that CD8 T knockout 
mice exhibited similar clearances of C. muridarum as wild-type mice following vagi-
nal exposure. In the same study, less hydrosalpinx formation in CD8 T knockout mice 
is remarkable in terms of the relationship between pathogenesis and CD8 T [101]. 
It has been suggested that they are primarily responsible for the immunopathology 
associated with chlamydial Infection [102]. The association of CD8 T cells with patho-
genesis has also been reported in a macaque model [103]. Although CD8 T cells are 
not critical for C. trachomatis elimination and may even cause chlamydial sequelae, 
antigen-specific CD8 T cell clones can localize to the genital tract and contribute to 
clearance of infection through IFN-γ production [98].

During C. pneumoniae infection, it is observed that the infection progresses 
rapidly in the absence of CD8 T cells. Unlike C. trachomatis infection, CD8 T cells have 
been suggested to play a very important role in protection against C. pneumonia [104].

5.1 Memory CD8 T cells

The memory T cell population formation process of CD8 T cells during C. tracho-
matis infection differs from the responses detected against acute infection agents. 
Some expansion of CD8 T cells is observed during primary infection in mouse 
models. However, the fact that C. trachomatis CrpA antigen-specific CD8 T cells does 
not proliferate in the expected number and rate during secondary infection with C. 
trachomatis indicates insufficient formation of memory CD8 T cells [105]. While the 
elimination of the infected cell will deprive the organism of its intracellular niche, 
with the deterioration of the adaptive immune response, both the infections cannot 
be cleared and permanent immunity is not formed.

Differential programming of memory CD8 T cells when stimulated by agents such 
as C. trachomatis that cause persistent infection is attributed to the environment at 
the onset of infection. Namely, for the activation of Chlamydia-specific naïve T cell 
clones, both T cell receptors must recognize Chlamydia-derived peptides presented 
by dendritic cells, and co-stimulatory molecules on the dendritic cell must interact 
with those on the T cell. Interactions of some of these co-stimulatory molecules 
cause upregulation of the T cell response, while others cause downregulation of the 
T cell response [81]. One of the inhibitory interactions is the binding of programmed 
death ligand 1 (PD-L1) on the dendritic cell with PD-1 on the T cell [106]. A study 
of murine infection with C. trachomatis found PD-L1 upregulation in the uterus 
and PD-L1 upregulated in in vitro infected cells. As a result, CD8 T cell expansion is 
impaired and the development of CD8 memory responses is inhibited. This upregu-
lation leads CrpA-specific CD8 T cells to the Tcm phenotype, which is found in 
secondary lymphoid organs and lymphatic vessels but has limited effect in peripheral 
tissues, instead of the Tem phenotype, which contributes to clearance of pathogens 
in peripheral tissues. When antibodies that block the interaction of PD-1 with 
PD-L1 were used during primary infection, or when knockout animals were used 
in both molecules, there was a marked increase in the number of T cells responding 
to secondary C. trachomatis infection, with more IFN-γ producing CD8 T cells. The 
memory CD8 T cell population shifted toward the Tem phenotype, resulting in faster 
clearance of infection [105].
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On the other hand, there are studies suggesting that C. muridarum CD8 T cell 
response contributes to the pathology [101, 107, 108]. For this reason, it has been 
suggested that PD-L1-mediated inhibition may be a mechanism that prevents cell-
mediated uterine pathology by CD8 T cells [101]. In the study by Peng et al., immuno-
inhibitory molecules TIM3 and PD-L1 were blocked in C. muridarum-infected mice. 
As a result, it was observed that uterus and oviduct pathology increased [109]. This 
finding reveals that immunoinhibitory molecules regulate inflammation by prevent-
ing T cell activation and cytokine production.

5.2 Interferon-gamma

IFN-γ, which is released from both innate cells such as macrophages and NK cells 
and CD4 and CD8 T cells in response to chlamydial infection, is a critical cytokine for 
inhibiting chlamydial growth [104]. Gamma interferon is responsible for the upregu-
lation of some interferon-induced genes that may help control intracellular bacterial 
replication in infected epithelial cells [110]. As a result, some protective mechanisms 
emerge in infected cells. Iron metabolism, a critical mineral for Chlamydia, is 
blocked [111, 112]. Expression of the tryptophan-decyclizing enzyme indoleamine-
2,3-dioxygenase (IDO) is induced, which breaks down tryptophan necessary for the 
survival of most Chlamydia species. Also, IFN-γ enhances the phagocytic abilities of 
macrophages and also ingestion and destruction of C. trachomatis [71, 113].

The effect of IFN-γ on tryptophan metabolism was reviewed by Vasilevsky 
et al. during C. trachomatis infection in humans and the IFN-γ signaling cascade 
leads to upregulation of the IDO enzyme in genital tract epithelial cells. The 
enzyme catalyzes the breakdown of tryptophan to N-formylkynurenine and 
kynurenine, thereby disrupting intracellular tryptophan stores [58]. C. trachomatis 
deprived of this essential amino acid has been shown to die due to tryptophan 
starvation. There are also chlamydia species that have adapted to tryptophan 
starvation by transforming into the non-replicating persistent form. After IFN-γ 
removal and subsequent tryptophan production, these persistent forms rapidly 
become replicative [76, 114, 115]. Since some genital tract strains also express 
tryptophan synthase, they can overcome tryptophan depletion by producing their 
tryptophan using exogenous indole [116]. In addition, kynurenine, a by-product 
of tryptophan catabolism, inhibits host CD4 T cells, thus reducing IFN-γ produc-
tion and ultimately limiting its overall production. It has been reported that it can 
lead to the re-activation of C. trachomatis [110].

6. B cells and antibodies

B cells support the immune response in a variety of ways. Effector mechanisms 
such as antibody-mediated neutralization and opsonization [117], antibody-depen-
dent cellular cytotoxicity (ADCC) [118], induction of phagocytosis, and antigen 
presentation to CD4 T cells by binding of antigen-antibody complexes to Fc receptors 
in APC [102] have been identified.

The role of B cells in the immune response against Chlamydia has been the 
subject of many studies. It is known that many C. trachomatis proteins, including 
the major outer membrane protein, induce the formation of specific antibod-
ies [119]. It has also been shown in vitro that anti-chlamydial antibodies are 
neutralizing [71, 117]. However, there is evidence to suggest that B cells play 
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an important role in the secondary memory response rather than the primary 
infection. It was determined that primary genital infection with C. muridarum 
in mice lacking B cells did not show a different course than in wild-type mice 
[120], while mice with B cell deficit were more susceptible to reinfection [121]. 
Mice that cleared primary genital tract infection were found to be resistant to 
reinfection even after experimental depletion of CD4 and CD8 T cells. It was 
observed that B cell-deficient mice were unable to resolve the secondary infection 
after CD4 T cell depletion [122]. It has been reported that passive immune serum 
transfer to naïve mice does not provide protection, but CD4 T cells prepared 
from antigen-experienced mice and immune serum together provide optimum 
protection [123]. The protective effects of the antibodies are likely due to their 
ability to activate Th1 cells and enhance cellular immune responses [124]. The 
detection of high antibody titers associated with infertility rather than infection 
control in epidemiological studies indicates that the humoral response may also 
have negative effects [125]. However, data on pathogenic antibodies are limited. 
One of the antibodies discussed in relation to its contribution to pathology is 
anti-HSP antibodies. HSPs are a group of chaperones, proteins that ensure the 
correct folding of intracellular proteins: They are found in both eukaryotic and 
prokaryotic organisms. Its levels increase when cells are exposed to temperature 
rises, oxidative stress, and inflammation. HSPs, mainly HSP60, are produced 
by C. trachomatis during infection. HSP60 has high immunogenicity. It is quite 
similar to human HSP60. Therefore, it is suggested that it may trigger an autoim-
mune response that leads to pathology. High antibody titers against HSP60 were 
found to be associated with pelvic inflammatory disease, ectopic pregnancy, and 
trachoma scar [126].

The effects elicited by the response to HSP60 during C. trachomatis infection are 
thought to be similar in C. pneumonia infection. It has been suggested that HSP60 
released from infected epithelium and macrophages during recurrent and persistent 
infection with C. pneumonia produces immunopathological results [127].

Antibodies against C. pneumonia are also used in seroepidemiological studies 
investigating the relationship between C. pneumoniae infection and inflammatory 
diseases. It has been suggested that IgA levels are a better marker than IgG, especially 
in terms of detecting chronic infection [128].
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Chapter 6

Chlamydias as a Zooonosis 
and Antibiotic Resistance in 
Chlamydiae
Gül Banu Çiçek Bideci

Abstract

Chlamydiosis is a disease that can be seen in different forms in the animals. In the 
genus Chlamydia, two species have been reported in the studies. The first is C. tracho-
matis, which is responsible for infections in humans and C. psittaci, which has a wide 
host distribution, including many animals and humans. C. psittaci is usually transmit-
ted from poultry to humans. Along with causing flu-like conditions in humans, it has 
also caused abortions in pregnant women by contact with sheep and goats that have 
been infected and have offspring. The likelihood of pregnant women contracting the 
Chlamydia pathogen through contact with sheep and goats increases the zoonotic 
importance of the disease. There are few reports documenting antibiotic resistance 
in Chlamydiae. Furthermore, there are no examples of natural or permanent antibi-
otic resistance in strains that cause disease in humans. In some strains, the detected 
antibiotic resistance cannot be identified in vitro, which hinders the recognition and 
interpretation of antibiotic resistance.

Keywords: chlamydias, zoonoz, ovine enzootic abortion, psittacosis, antibiotic 
resistance

1. Introduction

The most important characteristic that distinguishes Chlamydia genus bacteria 
from other bacteria is their biphasic growth cycle and their status as obligate intra-
cellular pathogens. The Chlamydia genus belongs to the Chlamdiaceae family within 
the Chylamdiades order. In classification, their antigenic structures, intracellular 
inclusion bodies, sulfonamide sensitivity, and disease presentations are taken into 
account. Their three-layered outer membrane makes them resemble Gram-negative 
bacteria because they have a non-peptidoglycan envelope. The proteins they encode 
are referred to as major outer membrane proteins, which all Chlamydia species 
produce. Chlamydia’s reproduction is unique to itself, and in its growth cycle, it has 
infectious and reproductive forms known as EC: Elementary Body and RC: Reticulate 
Body. The Chlamydia genus includes C. pneumonia, C. Trachomatis, C. pisittaci, and 
C. pecorum [1, 2].

In previous years, the Chlamydiaceae family was divided into several classes, but 
recently, it has been assessed that it may be separated into two possible genera. Genus 
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1 includes Chlamydia trachomatis, Chlamydia suis, and Chlamydia muridarum. Genus 
2 includes Chlamydophila abortus (Chlamydia psittaci serotype 1), Chlamydophila 
caviae, Chlamydophila felis, Chlamydophila pecorum, Chlamydophila pneumoniae, and 
Chlamydophila psittaci [3].

C. pneumoniae is involved in respiratory tract infections such as sinusitis, pharyn-
gitis, bronchitis, asthma, pneumonia, and atherosclerotic diseases in the heart, brain, 
and peripheral arterial system. It also plays a role in most cases of acute ischemia [4]. 
The bacteria C. trachomatis causes psittacosis/ornithosis in humans, urogenital infec-
tions, and lymphogranuloma venereum (LGV) [5].

Serological tests are often used for the diagnosis of the disease because the 
causative agent can only be produced in vitro environments. This requires living 
environments such as cell culture and embryonated eggs, which are difficult and 
time-consuming. This is the main reason why serological tests are used in the diagno-
sis of the disease [3, 6].

The tests used in the diagnosis of the disease are immunofluorescence assay (IFA), 
enzyme-linked immunosorbent assay (ELISA), and complement fixation test (CFT). 
The IFA is used to diagnose and differentiate Chlamydia species, as its sensitivity 
and specificity are high. However, ELISA and CFT have limitations in diagnosis and 
species identification [3, 6].

2. Potential Danger Chlamydia family

The Chlamydiaceae family is made up of bacteria that can only survive inside 
other cells and are unable to survive outside of them. These Gram-negative bacteria 
can cause various illnesses in humans, animals, and birds infections in animals can 
lead to a variety of negative effects on reproductive health, such as causing abortions 
or infertility. It can also cause issues with the digestive system, such as enteritis, and 
can affect the brain and nervous system, resulting in encephalomyelitis. Additionally, 
it can cause eye inflammation, known as conjunctivitis, inflammation in the joints, 
arthritis, and respiratory diseases [7–9].

Chlamydiae are a type of bacteria that can cause a variety of health problems in 
humans, including preventable blindness, sexually transmitted diseases, respiratory 
infections, and potentially cardiovascular disease. They are a common cause of pre-
ventable blindness and sexually transmitted diseases. They also can cause respiratory 
infections and have been linked to cardiovascular disease [9, 10].

3. Discovery of chlamydial organisms from past to present

Chlamydial organisms, first described by Halberstaedter and von Prowazek in 
1907, were isolated from human trachoma. During isolation, conjunctival cells were 
injected into orangutan cells, and intracellular inclusion bodies were identified in this 
way [11, 12]. These organisms were classified as protozoa, not bacteria, and given the 
name Chlamydozoa. The Greek word “chlamys” means a cloak, referring to the red 
elementary bodies (EBs) embedded in a blue matrix in bacteria [13].

Psittacosis, a zoonotic disease, was first described by Ritter in 1879. In 1985, Harris 
and Williams identified respiratory disease in people who had contact with tropical pet 
birds, which was found to be psittacosis [13]. The disease was named Psittokos after an 
outbreak in parrots in 1892. The etiologic agent was isolated in 1930, and research was 
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carried out on lovebirds. In the same year, Chlamydia, the etiologic agent of lympho-
granuloma venereum (LGV) in humans, was isolated, and the two agents, which had 
similar characteristics, were known as psittacosis-LGV group viruses [5, 13].

Until the 1930s, Chlamydia psittaci was known to cause disease only in exotic and 
psittacine birds. With the reporting of new cases, it was discovered that the agent 
could also cause disease in other birds, including fulmar petrels, domestic pigeons, 
and ducks. The term ornithosis was used to describe the disease that developed in 
non-psittacine birds. By the 1950s, the zoonotic importance of Chlamydia was further 
understood, as outbreaks of human psittacosis-related ornithosis were seen in people 
in contact with ducks and turkeys [14].

The first notable case in farm animals occurred in 1936 when researcher Greig 
observed reproductive disorders and abortions in a flock of sheep, which he called 
enzootic abortion of ewes. He argued that the disease was caused by nutritional disor-
ders, as he could not identify the etiologic agent. However, in the 1950s, it was proven 
by Stamp et al. that the etiologic agent of this disease was the psittacosis-LGV group 
organism. In addition, a respiratory disease seen in cats was also associated with this 
group of organisms in later years [13].

After all these developments, it was proven that Chlamydia was not a virus. They 
had a cell wall containing RNA and DNA, their cell wall structure was similar to 
Gram-negative bacteria, their reproductive cycle was different from viruses, and they 
had ribosomes sensitive to antibiotics. These characteristics classify them as part of 
the prokaryotic family [13].

4. Taxonomy of Clamydiae

The taxonomy used for classifying living organisms was discovered by Carl von 
Linne (Linnaeus) in 1735. This system, which is used by all biologists, still remains the 
basis for classifying living organisms today. In this classification, Chlamydiae, which 
have a prokaryotic cell structure, were initially considered as bacteria-like organisms. 
In the taxonomic classification, Chlamydiae belong to the domain bacteria and the 
order Chlamydiales [2].

Classification Old Last

Order Chlamydiales Chlamydiales

Family Chlamydiaceae Chlamydiaceae-
Simkaniaceae

Parachlamydiaceae; 
Waddliaceae

Genus Chlamydia Chlamydia Chlamydophila

Species C. trachomatis C. trachomatis C. pneumoniae

C. pneumoniae C. muridanum C. psittaci

C. psittaci C. suis C. abortus

C. felis

C. pecorum C. caviae

C. pecorum

Table 1. 
Chlamydial taxonomy [2, 13].
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Until the molecular studies conducted by Everet, Bush, and Anderson, Chlamydiae, 
considered a single family, was divided into four different families and included 
in the classification (Table 1). These families are Chlamydiaceae, Simkaniaceae, 
Parachlamydiaceae, and Waddliaceae within the Chlamydiales order. Within the 
Chlamydiaceae family, based on the sequence analysis of the 16S and 23S rRNA genes, 
two genera (Chlamydia and Chlamydophila) and nine species were reclassified [15].

The truth is that the changes in the taxonomic classification of Chlamydia pro-
posed by Everett and Everett et al. (1999) are not accepted by many. The fact that this 
new classification is not used in studies conducted in the field of human medicine 
is an indication of this. The use of more molecular markers in classification can 
eliminate these uncertainties. However, there is no confusion in the classification of 
Chlamydia agents in animals [13].

5. Animal diseases

Chlamydia, as a host, selectively infects humans, other mammals and birds by 
colonizing certain systems and causing various health issues. Some of these species 
are zoonotic and can cause human and animal diseases. In this regard, C. abortus and 
C. psittaci are essential. C. abortus causes abortion, while C. psittaci causes a respira-
tory disease known as psittacosis [13].

The Chlamydia diseases in animals that have been confirmed to be transmitted 
to humans to date are Ovine Enzootic Abortion, and Avian Chlamyiosis. All disease 
factors are listed below.

1. C. abortus: Causes abortion in animals and pregnancy-related diseases such as 
endometritis and placentitis in humans.

2. C. psittaci: Causes psittacosis, a respiratory infection.

3. C. trachomatis: Causes a sexually transmitted infection in humans and can cause 
conjunctivitis in animals.

4. C. pneumoniae: Can cause respiratory infection in humans and animals.

5. C. suis: Causes swine enzootic pneumonia, a respiratory infection in pigs.

6. C. caviae: Causes guinea pig enzootic abortion, triggers abortions in cavy.

7. C. muridarum: Causes murine pneumonitis, a respiratory infection in mice.

5.1 Clamidya abortus at Ovine

C. abortus is responsible for causing Ovine enzootic abortion, a disease that is 
encountered in almost every region of the world. It is a major factor in lamb losses in 
sheep herds. Countries that engage in sheep breeding, particularly in Europe, have 
recognized C. abortus as one of the responsible factors for these losses [7, 8].

After 1 or 2 weeks of sheep contracting the disease, discharge related to birth 
disappears. Pregnant animals that have had a miscarriage due to this disease will 
not be affected by the disease again. They will not encounter another abortion due 
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to Chlamydia. Animals that are infected but have not had an abortion do not fully 
develop immunity to this agent, so they spread the agent to their surroundings dur-
ing other breeding seasons and lambing periods. Sheep flocks can always be infected 
with Chlamydia, but the most vulnerable period for them to the disease is during 
lambing [16]. Clamydia can survive for weeks or months at low temperatures but has 
a shorter lifespan at higher temperatures and in harsher environments. There is no 
evidence that sheep can get infected through sexual transmission [9, 13]. However, 
if a sheep encounters infection during mating season, the resulting low-weight 
live offspring or abortion during lambing season suggests sexual transmission. 
Experimental studies have shown that infection with C. abortus did not result in 
abortion when sheep were artificially inseminated with infected semen or mated 
with infected rams. However, the infection was still detected in the flock even though 
it did not result in abortion [15].

Male animals are thought to contribute more to the spread of the disease, as they 
are not always housed with female animals. Experiments have shown that an infected 
ram can infect a healthy ewe and her offspring [16]. The presence of C. abortus has 
been detected in the semen of infected 12-month-old rams. When C. abortus enters a 
flock, the first symptoms are not necessarily abortions; general discomfort and dis-
charge from the genital organs within 48 hours are more common. Later on, abortions 
2–3 weeks before normal birth indicate that the flock is infected [17]. The waste mate-
rial is either normal in appearance or has swelling in the umbilical area. The placental 
membranes have thickened and become reddened. Seven to 10 days after the waste 
is produced, the infected ewe may have a dirty pink vaginal fluid, which spreads the 
disease. If the agent remains in the birth canal, it can lead to general discomfort and 
metritis. Secondary infections result in death. In goats and cattle, vaginitis, endome-
tritis, and placental retention are most commonly seen [15].

The fleece of a lamb that has been aborted may be discolored with a pink-brown 
substance from placental secretions. In addition to abortion, premature or full-term 
delivery of stillborn, sickly, or weak lambs can also occur, and most weak lambs do 
not survive more than 48 hours, even with nursing. Some infected ewes may give 
birth to healthy lambs, and it is not uncommon for an infected ewe to deliver both 
a dead and a weak or healthy lamb [16]. The normal pattern of infection in a previ-
ously unaffected flock is that a small number of abortions occur in the first year, 
usually due to the addition of infected replacement female sheep, followed by a 
sudden increase in abortions in the second year, affecting 30% or more of the female 
sheep population [7, 8].

The pattern of infection in a previously unaffected flock usually begins with 
a small number of abortions in the first year, caused by the addition of infected 
replacement female sheep. In the second year, there is a sudden increase in abortions 
affecting 30% or more of the female sheep population. Then, in the third year, there 
is a final enzootic phase in which younger ewes are mainly affected and are generally 
in their second year of lambing after becoming infected in their first [16]. If adequate 
control measures are not introduced, the annual incidence of abortion is likely to be 
around 5–10% [7]. In flocks with an extended lambing season, this pattern may be 
different, as infected ewes can infect other pregnant ewes later in the same season. In 
general, the current pregnancy is not at risk unless more than 3–4 weeks remain until 
lambing [15].

It is believed that the primary infection in sheep is initially established in the 
tonsils and then spreads to other organs via blood or lymph. In non-pregnant ani-
mals, a latent infection is formed, likely in lymphoid tissue, through a process that 
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is influenced by cytokines, especially the pro-inflammatory cytokine interferon-
gamma (IFN-g). IFN-g produced in response to infection with C. abortus restricts the 
organism’s growth in living organisms and in the laboratory by inducing the enzyme 
indolamine 2,3-dioxygenase, which breaks down tryptophan. The Chlamydia static 
effect can be reversed by adding exogenous l-tryptophan [16].

Latently infected sheep do not show any signs of having chlamydial organisms 
[16]. During pregnancy, the immune system may become weakened, allowing the 
organisms to multiply and cause a low-grade chlamydaemia, leading to placental 
infection. In sheep, the placenta is structured with cotyledons, is non-deciduous, and 
has a syndesmo-epitheliochorial design [16]. Around day 60 of gestation, the mother 
develops haematomas at the interface between the mother and fetus in the hilus of 
each placentome these haematomas are believed to allow the Chlamydiae to come into 
contact with the chorionic epithelium and infect the fetus. No significant changes 
occur until after day 90 of gestation [13]. The Chlamydiae invade the fetal tropho-
blastic cells in the hilus of the cotyledon and replicate, causing visible cytoplasmic 
chlamydial inclusions [8, 13]. Once the infection has taken hold in the trophoblastic 
cells in the hilus of several placentomes, it spreads to the peri-placentome and 
intercotyledonary regions of the chorion, causing inflammation, edema, and dam-
age to the epithelial cells and resulting in red, thickened placental membranes. Not 
all placentomes will become infected, and the degree of inflammation and necrotic 
damage to the cotyledons and intercotyledonary membrane can vary. In the fetus, the 
primary pathological changes occur in the liver and can also occur in the lung, spleen, 
brain, and lymph nodes, although less frequently [16].

The mechanisms behind abortions in sheep infected with Chlamydia abortus are 
not well understood. However, it is believed that the destruction of the chorionic 
epithelium and related damage may be the cause. A partial impairment of the 
placentomes can affect the transfer of oxygen and nutrients between the mother 
and fetus, leading to fetal death [13]. Examination of the infected placental tissues 
shows a mixture of inflammatory cells, with inflammation and blood clots in the 
intercotyledonary membranes. The infected tissues also have high levels of TNF-
alpha, which is not present in normal ovine placentas. This TNF-alpha is believed 
to cause damage to the placenta and contribute to abortion or premature birth. In 
vitro studies have shown that the infected trophoblast cells produce PGE2, which 
may be induced by chlamydial lipopolysaccharide (LPS) through TNF-alpha. The 
levels of hormones like progesterone, 17b-estradiol, and PGE2 change during chla-
mydial infection of the placenta and may also play a role in triggering premature 
labor [13].

5.1.1 Effects on people

Compared to the human infections caused by C. psittaci, which is more com-
monly found in birds, infection with C. abortus is relatively uncommon. A study 
of 1157 cases of human chlamydiosis in Scotland from 1967 to 1987 showed that 
only 11 cases were linked to sheep and cattle, while 94 cases were linked to birds 
[1]. However, a survey of antibody levels in an area in northwest England found 
no significant difference between the frequency of chlamydial infections in adults 
working in sheep farming and those in other types of farming or non-farming [8]. 
Nevertheless, there have been reports of respiratory illness in laboratory staff and 
workers in vaccine plants and abattoirs, indicating a potential risk for those working 
in such environments [7, 13].
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Pregnancy poses the greatest risk of human infection due to the ability of C. 
abortus to settle in the human placenta. Cases of transmission have been reported in 
various countries, including the United Kingdom, France, the Netherlands and the 
United States. Although the number of cases each year is low, the potential danger to 
the pregnant woman and her unborn baby is significant. In the first trimester of preg-
nancy, human infection will likely lead to spontaneous abortion, while later infections 
can result in stillbirths or premature labor. These conditions usually follow several 
days of flu-like symptoms. Pregnant women with the infection may also experience 
kidney failure, liver problems, and a spreading blood clotting disorder, which can be 
fatal. Diagnosing C. abortus infection can be done through tests such as cell culture or 
PCR of swabs and fetal samples [7, 8].

Humans can experience abortion caused by C. abortus due to exposure to infected 
sheep or goats, usually transmitted through oral contact, such as handling infected 
animals or contaminated clothing. Other causes include contaminated food, smok-
ing with unwashed hands, or mouth-to-mouth resuscitation of weak lambs, as well 
as inhaling contaminated air, for instance from infected lambs placed in front of fan 
heaters [13].

5.1.2 Diagnosis

The early and correct identification of the reason for an abortion during preg-
nancy is essential to implement appropriate measures to limit or stop the spread of 
the infection. If an abortion occurs in the final two to three weeks of pregnancy and 
is accompanied by inflamed and necrotic placental membranes, it suggests a poten-
tial chlamydial infection, although other microorganisms such as Coxiella burnetii, 
Campylobacter fetus ssp. fetus, and Toxoplasma gondii may also lead to placental 
 damage [7, 8].

Placentae and dead lambs should be immediately sent to a national veterinary 
laboratory for examination [13]. The process involves placing the samples into 
strong plastic bags with the use of disposable gloves. The placentae are examined for 
necrotic placentitis, and stained smears of infected cotyledons are analyzed under a 
microscope for chlamydial organisms. In case of a possible delay, a piece of affected 
placental tissue containing an infected cotyledon should be removed and placed in 
a Chlamydia transport medium called SPG. This medium contains 10% fetal calf 
serum and antibiotics such as streptomycin and gentamicin, but not penicillin. If the 
placenta is not available, swabs should be taken from the vagina and the moist coats of 
the lambs to detect any organisms. Suitable staining procedures include Macchiavello, 
Giemsa, or MZN, with MZN being the preferred choice for routine use. Positive MZN 
staining, under high-power microscopy, should reveal many small, round, coccoid 
EBs, either individually or in clusters, stained red against a blue background of cel-
lular debris. Under dark field illumination, the organisms will appear as bright, pale 
green, round objects [7, 8].

C. abortus can be grown from samples of infected tissues, such as eggs from infected 
hens, endocervical swabs, intercervical membranes, fetal liver, vaginal tampon 
samples, embryonic eggs of laying hens, and cell cultures. It is important to avoid gut 
contamination, as there is evidence of enteric C. abortus non-pathogenic or commensal 
strains in ovine infections, and another chlamydial species, C. pecorum, is frequently 
found in feces. Tissue samples or tampons should not be preserved or dried in SPG. C. 
abortus can be isolated from many cell types, but the most commonly used are McCoy, 
L929, and baby hamster kidney cells [6, 7]. The growth of C. abortus in cell culture can 
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be improved by the presence of cycloheximide in the infection inoculum, pre-treatment 
of cells with emetine, or exposure of cells to 5-iodo-2-deoxyuridine. After growth, 
Chlamydiae can be detected by staining smears made from infected yolk sac mem-
branes with Giemsa or staining growing cells in culture with MZN or Giemsa [8, 10].

5.1.3 Control and prevention

It is necessary to isolate sheep immediately after abortion. As the lambing process 
continues, attention should be paid to promptly identify and isolate all affected 
sheep, particularly those giving birth to live lambs instead of stillborns. All dead 
lambs, placentas, and bedding must be properly disposed of, and lambing pens must 
be cleaned and disinfected in order to reduce the risk of contamination. It is crucial 
to thoroughly clean one’s hands after handling infectious material before caring for 
other animals [7, 8].

Long-acting oxytetracycline can be given to reduce the severity of OEA infec-
tion in pregnant ewes, but it should only be used in exceptional circumstances. The 
treatment should start as soon as possible after day 95 of gestation, and multiple doses 
should be given every 2 weeks until lambing. However, it is important to note that 
this treatment will not eliminate the infection and cannot undo any damage that has 
already been done to the placenta. Controlling OEA through proper flock manage-
ment and vaccination is more effective than relying solely on antibiotics [13].

Pregnant women are recommended to avoid working with sheep, particularly dur-
ing the lambing period, and to keep away from any potential sources of infection, such 
as contaminated work clothing. People with compromised immune systems should 
also exercise caution to avoid contact with sources of infection during the lambing 
season [7, 8]. Basic hygiene practices like washing hands before eating, drinking, or 
smoking, and using disinfectants are general steps to be taken but should be strictly 
followed if an infection is suspected. Disposable gloves should always be used when 
handling placentas, and under no circumstances should mouth-to-mouth resuscita-
tion be performed on a lamb. Early diagnosis is crucial in treating the infection, which 
is responsive to antibiotics like tetracyclines and erythromycin when given early [13].

5.2 Avian Chlamydiosis (Psittacosis, Ornithosis)

Chlamydophila psittaci infections can be found all over the world and the bacteria 
has been found in a wide range of birds, both wild and domesticated, including psit-
tacine birds such as parrots and macaws, game birds, seabirds, garden birds, pigeons, 
and poultry [14]. These infections are most commonly found in psittacine birds, 
and the disease is referred to as psittacosis. In other bird species, the same disease 
is referred to as ornithosis. However, since the disease is similar in all bird species, 
the term avian chlamydiosis can be used to describe all bird infections caused by 
Chlamydophila psittaci [8, 9].

Studies by Schwartz and Fraser (1982), Bracewell and Bevan (1986), Grimes 
and Clark (1986), Dorrestein and Wiegman (1989), and Vanrompay et al. (1992) 
show that the highest incidence of C. psittaci infection occurs in psittacine birds. 
Meanwhile, according to research by Panigrahy et al. (1982), Chiba (1984), Bracewell 
and Bevan (1986), and Alexander et al. (1989), pigeons have the highest rates of C. 
psittaci infection [13]. Additionally, several economically significant outbreaks of 
chlamydiosis have been reported in turkeys, and wild birds. Human infections have 
also been linked to some of these outbreaks [9, 14].



89

Chlamydias as a Zooonosis and Antibiotic Resistance in Chlamydiae
DOI: http://dx.doi.org/10.5772/intechopen.110599

The spread of C. psittaci, a type of microorganism, occurs mostly among birds 
through breathing in dried-up excrement and secretions, including both eye and 
nose, from infected birds or by ingesting contaminated feces [13, 14]. The parent 
birds that are shedding the organism can also pass the infection to their young in the 
nest, and there is evidence that it can also be transmitted through eggs [14]. C. psittaci 
can also be spread from bird to bird through blood-sucking ectoparasites like lice, 
mites, and flies, or less frequently through bites or wounds. To avoid the spread of 
infection, contact between wild birds and poultry should be prevented, as wild birds 
can act as a potential source of infection [7–8].

Exposure to C. psittaci can lead to a variety of infections with varying symp-
toms, depending on factors like the bird species, virulence, and bird health and 
stress. The onset of symptoms can range from 3 days to several weeks. In turkeys, 
the organism can be detected within 48 hours, but symptoms may not appear until 
5–10 days later. While subclinical infections may not display symptoms, infected 
birds can act as carriers and intermittently shed the organism. Acute avian chla-
mydiosis is a serious infection that affects all major organs, causing symptoms like 
respiratory distress, lethargy, reduced appetite, ruffled feathers, diarrhea, and 
discharges from the eyes and nose. The mortality rate from this infection can vary 
greatly [13].

In summary, birds belonging to the psittacine species can display several clinical 
signs when infected with Chlamydia, such as anorexia, diarrhea, respiratory issues, 
sinusitis, conjunctivitis, yellow droppings, and central nervous system disturbances 
[7, 9]. Pigeons can exhibit anorexia, diarrhea, conjunctivitis, swollen eyelids, and 
rhinitis in acute cases and lameness, torticollis, opisthotonus, tremor, and convulsions 
in chronic cases [13, 14]. Turkeys infected with highly virulent serovar D strains can 
experience severe symptoms such as anorexia, cachexia, yellow-green diarrhea, low 
egg production, conjunctivitis, sinusitis, and sneezing, with mortality rates ranging 
from 10 to 30% [15]. If turkeys are infected with a virulent B serovar instead of a 
serovar D, the infection will run a milder course. Symptoms such as mild anorexia 
and diarrhea may be noticeable [7, 15]. Ducks can show symptoms such as trembling, 
unsteady gait, conjunctivitis, nasal discharge, and depression. Chickens tend to be 
relatively resistant to Chlamydia, but in some cases, they may develop blindness, 
weight loss, and an increase in mortality rate [13].

5.2.1 Effects on people

Psittacosis or ornithosis is a disease that can be transmitted from birds to humans. 
The largest group affected by this disease are bird fanciers and pet bird owners, as 
well as people whose jobs put them at risk of exposure such as pet shop employees, 
aviary workers, veterinarians, laboratory workers, poultry processing plant employ-
ees, farmers, and zoo workers [13]. From 1996 to 2001, there were reports of 1620 
cases of human psittacosis in the United Kingdom, 661 in Germany, and 165 in the 
United States. These figures are believed to underestimate the actual number of 
cases, as psittacosis can be difficult to diagnose. The disease is considered to be an 
occupational hazard and is recognized as a prescribed disease for Industrial Injuries 
Disablement Benefit in the United Kingdom [15]. The OIE Central Bureau maintains 
a world database of animal diseases and zoonoses, which can be accessed through the 
Handistatus web interface [13].

Infection with C. psittaci can occur through inhaling dried feces or respiratory 
secretions from infected birds, or by having direct contact with their feathers, tissues, 
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or secretions, including through mouth-to-beak contact or open skin wounds. Some 
virus strains are very contagious to humans, and even a short exposure could lead to 
infection. Although there have been suggestions for person-to-person transmission, it 
is not considered a common occurrence [7, 8].

The human disease known as psittacosis has an incubation period that is gener-
ally estimated to be between 5 to 14 days, but in some instances, it may last up to a 
month. Symptoms of psittacosis can be either mild, with flu-like symptoms such as 
fever, headache, joint and muscle pain, photophobia and sore throat, or severe, with 
symptoms of atypical pneumonia including a non-productive cough and difficulty 
breathing [14]. During the acute phase of the illness, the white blood cell count is 
often normal, although a decrease in white blood cells, known as leucopenia, can 
occur in approximately 25% of cases. The pulse rate is typically slow relative to the 
elevated body temperature, and a rash may also be present. Chest X-rays often reveal 
signs of pneumonia [14, 15].

In addition to affecting the respiratory system, psittacosis can also result in 
complications in other organs, such as myocarditis, endocarditis, hepatitis, encepha-
litis, meningitis, and kidney and neurological issues [7, 8]. Those most at risk of 
developing these complications are the very young, the elderly, and individuals with 
weakened immune systems [13].

In order to diagnose chlamydiosis in birds, it is important to detect the presence 
of the Chlamydia organism or antibodies to the infection. Symptoms such as an 
increased white blood cell count, changes in liver enzyme activity, radiographic signs 
of liver and spleen enlargement, and air sac inflammation may indicate the presence 
of chlamydiosis. However, a definitive diagnosis requires the detection of the organ-
ism or the presence of antibodies. The tests used to diagnose avian chlamydiosis are 
similar to those used to diagnose other chlamydiosis [15].

The most effective methods for detecting antigens involve the use of PCR technol-
ogy. There are several PCR tests mentioned in the scientific literature that target differ-
ent genes such as ompA (MOMP), pmp (or pomp) genes, and 16S and 23S rRNA [15]. 
These tests have been successfully used on bird samples, but more research is needed to 
fully validate their use for diagnosing psittacosis. These PCR tests and the MIF test can 
be used to differentiate infections caused by the bacterium C. psittaci [13, 15].

The methods for diagnosing human psittacosis are similar to those for birds. The 
organism may be cultured from bodily fluids such as sputum, blood, pleural fluid, or 
biopsy material, but this is not typically done. Instead, infection is usually diagnosed 
based on a serological analysis of paired sera taken at least 2 weeks apart. Chest X-rays 
can also help with the diagnosis and may show signs of lobar, patchy, or interstitial 
infiltrates. MIF assays and several PCR tests can be used to differentiate C. psittaci 
infections from other chlamydial infections like C. pneumoniae and C. trachomatis in 
human patients [15].

5.2.2 Control and prevention

In short, controlling human psittacosis requires controlling the disease in birds. 
This can be done by maintaining high standards of aviary husbandry, including daily 
cleaning and disinfection of cages with effective disinfectants such as 70% isopropyl 
alcohol, 1% lysol, or a 1 in 100 dilutions of household bleach. All waste feed and litter 
must be disposed of as they can remain infectious for several months. Minimizing 
aerosols can be done by using litter that does not produce dust, spraying floors with 
disinfectant or water, and providing sufficient exhaust ventilation [13].



91

Chlamydias as a Zooonosis and Antibiotic Resistance in Chlamydiae
DOI: http://dx.doi.org/10.5772/intechopen.110599

These measures are aimed at reducing the risk of infection with avian influenza 
or bird flu, which is a highly contagious virus that can cause severe disease in birds 
and in some cases, can be transmitted to humans [7, 8]. The use of protective clothing 
and respirators helps to prevent airborne transmission of the virus, while the use of 
biological safety cabinets and local exhaust ventilation helps to minimize the risk of 
exposure to the virus through contaminated surfaces and respiratory droplets. The 
use of detergent and water when performing necropsies helps to reduce the spread 
of the virus through aerosols, while heat-treating birds and providing respiratory 
protection in poultry processing plants helps to reduce the risk of exposure to the 
virus for workers handling infected birds [8, 14].

Treatment for avian chlamydiosis typically involves the use of tetracycline drugs, 
as recommended by Vanrompay et al. and the Centers for Disease Control [13]. 
This treatment involves the administration of CTC through medicated feed, which 
is commercially available as pellets for larger birds and millet for smaller ones. 
However, it is important to monitor the bird’s food consumption, as acceptance of 
the medicated feed may be variable. The diet should not have a calcium content 
higher than 0.07% as it interferes with the uptake of CTC. Most companion birds 
should receive the medicated diet for a minimum of 45 days, while poultry should 
receive it for a minimum of two weeks, but it should be discontinued two days 
before slaughter. In cases where the bird is severely ill, oral or parenteral treatment 
may be necessary, with doxycycline being the preferred drug for oral treatment 
with a recommended dosage of 25 to 50 mg/kg once a day on an empty crop to aid 
absorption [14]. Injectable formulations of doxycycline or oxytetracycline may be 
given intramuscularly, but the latter should only be given to stabilize severely ill 
birds as it can cause tissue necrosis. Enrofloxacin, a quinolone approved for use in 
domestic animals, is also being evaluated for the treatment of avian chlamydiosis. 
During treatment, supportive care such as intravenous fluid therapy and a heated, 
uncrowded environment may be necessary. It is important to eliminate the possibil-
ity of reinfection by thoroughly cleaning and disinfecting the environment after 
recovery [13].

Currently, there are no commercially available vaccines for avian chlamydiosis. 
However, research has been done in the past, and some promising results have been 
seen. In the 1970s, a vaccine was created using an inactivated form of the bacteria that 
causes chlamydiosis, Chlamydia psittaci, which successfully induced a cell-mediated 
immune response and protected 90% of turkeys against the disease after being 
challenged [15]. More recently, another vaccine was developed using DNA from 
Chlamydia psittaci, which has resulted in a significant level of protection in turkeys, 
generating both humoral and cell-mediated responses [13].

5.3 Other Animal Chlamydioses

In simpler terms, Chlamydia psittaci and Chlamydia abortus are both known to 
cause human illnesses, but Chlamydia felis is the only other type of Chlamydia that has 
been linked to human infections. This type of Chlamydia is commonly found in cats 
and can cause eye infections, especially in young kittens [7, 8].

In simpler terms, there have been several reports of people getting sick from being 
in close contact with cats, including eye infections, abnormal liver function, heart 
and kidney problems, and atypical pneumonia [4]. A recent study showed that a 
patient with a chronic eye infection and one of the patient’s cats had the same type of 
Chlamydia (C. felis), which suggests that the infection was transmitted from the cat 
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to the person. However, such infections are not commonly reported, which could be 
because they are rare or because they are not properly diagnosed [13].

Although we have some knowledge about the potential of C. abortus, C. psittaci, 
and C. felis to cause disease in humans, we do not know much about the disease-caus-
ing potential of other chlamydial agents in humans [13]. C. pecorum, which causes 
significant diseases in animals, affects many domestic farm animals such as sheep, 
goats, cows, horses, and pigs, causing pneumonia, conjunctivitis, polyarthritis (“stiff 
lamb disease”), inapparent intestinal infections, mastitis, metritis, and encephalomy-
elitis [8]. However, no zoonotic cases have been reported so far. C. suis in pigs causes 
conjunctivitis, enteritis, and pneumonia. C. pneumoniae, which causes disease in 
humans’ respiratory tract, has also been isolated from frogs, koalas, and horses [7, 8]. 
It has been associated with chronic heart disease, Alzheimer’s disease, reactive arthri-
tis (Reiter’s syndrome), and asthma [7]. Waddlia chondrophila, recently isolated from 
aborted bovine fetuses, belongs to the Chlamydiales order, and more data is needed to 
determine its zoonotic potential [13].

6. Antibiotic resistance in Chlamydiae

There are few reports documenting antibiotic resistance in Chlamydiae. 
Furthermore, there are no examples of natural or permanent antibiotic resistance in 
strains that cause disease in humans. In some strains, the detected antibiotic resis-
tance cannot be identified in vitro, which hinders the recognition and interpretation 
of antibiotic resistance. This is due to differences in laboratory procedures for chla-
mydial culture, low recovery rates of clinical isolates, and the unknown significance 
of heterotypic resistance observed in culture [4]. Although antibiotic resistance in 
Chlamydiae has not been reported throughout history, a few reports indicate that 
they have the ability to develop resistant phenotypes to a significant extent. In vitro 
antibiotic resistance in Chlamydiae is demonstrated by contemporary examples of 
mutagenesis, recombination, and genetic transformation. In addition, tetra-cyclone-
resistant Chlamydia strains can be isolated from pigs, producing tetra-cycline-resis-
tant genes under extreme pressure [17].

In Chlamydia infections without any complex infections present, tetracyclines 
(TETs) and azithromycin (AZM) are commonly used as they are highly effective in 
treating these diseases [8]. However, data obtained so far indicate that Chlamydia may 
develop long-term infections that are resistant to antibiotic treatment and involve 
persistence in the reproductive cycle of the microorganism, leading to a deterioration 
of the infection. Further data is required to confirm these descriptions [10].

Antibiotic treatment may fail due to the development of chlamydial persistence in 
laboratory studies, where the infection can become unresponsive to antibiotics. The 
use of penicillin, in particular, can trigger this persistence, which hinders the differ-
entiation of reticulate bodies into elementary bodies and interrupts cell division [15]. 
Distinguishing between persistence or phenotypic resistance and antibiotic resistance 
is a difficult task. However, in vivo evidence suggests that persistence is a common 
occurrence, with the presence of chlamydial RNA, DNA, and abnormal reticulate 
bodies often found in culture-negative cases [1].

In Chlamydia, there is no one-size-fits-all method to test for antibiotic resistance. 
The accuracy of antibiotic susceptibility analysis can be affected by several factors, 
including the type of cell lines utilized, the passage number of both the host cells and 
Chlamydia, the size of the inoculum, and the time at which antibiotics are added. In 
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addition, due to the bacteria’s fastidious nature, the success rate of isolating clinical 
samples for culture-based diagnostic methods can vary, making them less favorable 
when compared to nucleic acid amplification tests with high sensitivity [17].

Stable strains of C. suis that are resistant to tetracycline have been discovered in 
the United States and Italy. Researchers have identified seven isolates that contain 
genomic islands of varying lengths and compositions. These genomic islands encode 
a tetracycline efflux pump called tet(C) and a novel insertion sequence element that 
likely helps integrate the genomic islands into the chlamydial genome at specific 
sites [17].

Growing Chlamydia bacteria in conditions with sub-inhibitory or excessively high 
concentrations of six different types of antibiotics can encourage the development of 
mutations and genetic resistance in various Chlamydia strains. Some spontaneously 
occurring mutations that cause resistance have minimal impact on the chlamydial 
growth characteristics, while others may cause competitive disadvantages in resistant 
strains [6].

A technique was developed to facilitate the transfer of genes in the laboratory by 
using chlamydial strains with mutations that make them resistant to antibiotics and 
infecting them simultaneously with tetracycline-resistant C. suis strains. This process, 
which involves introducing dissimilar antibiotic-resistant markers into co-infecting 
strains, can cause genetic exchange between different species of Chlamydia and 
result in genomic rearrangement and mosaicism. Researchers demonstrated the first 
successful transformation of Chlamydia, both naturally and using electroporation, 
by introducing spontaneous mutations that conferred aminoglycoside resistance. 
However, significant limitations are still associated with the techniques used for 
Chlamydia recombination and transformation [17].

7. Conclusion

The Chlamydiales order is a diverse group of organisms that are important for 
human and animal health and have a significant economic impact worldwide. The 
zoonotic potential of these organisms requires further investigation by studying 
animal chlamydiosis and evaluating the risks to human health from contact with 
domestic, wild, and synanthropic animals. There is still much to learn about these 
organisms in terms of biology, immunology, and disease pathogenesis in order to 
improve diagnosis and vaccines to control and prevent infections in humans and 
animals. Antibiotics are also important in treating these infections, as overuse can 
lead to antibiotic resistance.
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Chapter 7

Treatment of Chlamydial 
Infections
Hande Berk Cam

Abstract

Sexually transmitted infections (STIs) are a major health problem with an 
estimated burden of disease transmission as high as one million new cases per day 
globally. Chlamydia trachomatis, a member of the genus Chlamydia, is one of the most 
common and curable causative agents of STIs. C. trochomatis infections usually affect 
sexually active young adults and adolescents; and are composed of a broad spectrum 
of diseases varying from asymptomatic infection to severe genito-urinary infection 
leading to infertility and acute or chronic ocular infection (trachoma), which may 
result in blindness and pneumonia. Among the members of the genus Chlamydia, 
there are also two pathogenic species, Chlamydia pneumoniae and Chlamydia psit-
taci which are responsible for acute respiratory tract infections and febrile illness in 
humans. The incidence, pathophysiology, and diagnostic methods are discussed in 
detail in the previous chapters. The purpose of this chapter is to elucidate the manage-
ment of infections due to C. trachomatis, C. pneumoniae, and C. psittaci including 
antibiotic susceptibility and resistance mechanisms, treatment recommendations for 
ocular infections, genito-urinary and respiratory tract infections, and management of 
sex partners, pregnant women, neonates, and children according to the latest data.

Keywords: Chlamydia trachomatis, C. pneumoniae, C. psittaci, chlamydial infection, 
antibiotic treatment

1. Introduction

Chlamydia spp. (order Chlamydiales; family Chlamydiaceae; genus Chlamydia) are 
obligatory intracellular gram-negative bacteria that cause acute and chronic infec-
tions in humans and animals. Genus Chlamydia is the sole member of the family 
Chlamydiaceae and includes nine different species. Among them, C. trachomatis 
and C. pneumoniae are primarily human pathogens, whereas C. psitacii, Chlamydia 
abortus, and Chlamydia felis mainly infect animals but occasionally cause zoonotic 
diseases [1, 2].

Sexually transmitted infections (STIs) are a major health problem with an 
estimated burden of disease transmission as high as one million new cases per day 
globally. C. trachomatis is one of the most common curable causative agents of STIs 
and usually affects sexually active young adults and adolescents. The pathogen is the 
causative agent of a disease called chlamydia, which constitutes a broad spectrum 
of illnesses varying from asymptomatic infection to severe genital infection leading 
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to infertility, especially in women. Apart from the spread by sexual activity, direct 
personal contact with shared contaminated items may also cause a chronic ocular 
infection called trachoma and result in blindness if left untreated. Finally, perinatal 
transmission of the agent is another undesired entity with adverse clinical outcomes. 
C. pneumoniae and C. psittaci are two other pathogens in the genus Chlamydia and 
are responsible for acute respiratory tract infections and febrile illness in humans. 
However, C. trachomatis draws much attention as chlamydial infections account for 
significant morbidity worldwide. The global control of chlamydia faces some dif-
ficulties such as diagnostic challenges, social stigma, and the necessity of routine 
screening programs due to the asymptomatic course of the disease also concerns 
about treatment adherence and antibiotic efficacy in extra-genital involvements. The 
incidence, pathophysiology, and diagnostic methods of chlamydial infections are 
discussed in detail in the previous chapters. The purpose of this chapter is to elucidate 
the management of human chlamydial infections in every aspect including antibiotic 
susceptibility and resistance mechanisms, treatment recommendations for ocular 
infections, genito-urinary and respiratory tract infections, and also the management 
of sex partners, pregnant women, neonates, and children according to the latest data.

2.  Antibiotic susceptibility and resistance mechanisms in human 
chlamydial infections

Chlamydiae are obligate intracellular bacteria that have a distinctive bi-phasic life 
cycle that typically lasts 40–72 hours [3]. The extracellular infectious form is called 
the elementary body (EB); however, EB does not have metabolic activity and is resis-
tant to antibiotics. On the other hand, the intracellular form, the reticulate body (RB), 
is the replicative element that synchronously duplicates every 2 to 3 hours and is the 
target for antibacterial agents [2, 3]. To achieve optimal bacterial clearance, antibiot-
ics with good intracellular penetration and preservation of antibiotic concentration 
throughout the life-cycle of the organism are needed.

Chlamydiae are sensitive to a wide range of antibiotics such as tetracyclines, 
macrolides, fluoroquinolones, rifamycins, and clindamycin, which prevent deoxyri-
bonucleic acid (DNA) and protein synthesis and have good activity against intracel-
lular bacteria. Beta-lactam antibiotics and especially penicillins may exhibit in vitro 
efficacy but are linked to the persistence of chlamydial infection and therefore are not 
recommended for treatment. However, studies revealed that amoxicillin may exhibit 
higher efficacy than erythromycin in pregnant women with chlamydia disease and 
due to the paucity of antibiotic options in this period amoxicillin might be offered as 
an alternative therapy during pregnancy [4–6]. Among other antibacterial classes, 
aminoglycosides and glycopeptides are ineffective against chlamydial infections since 
Chlamydiae are constitutively resistant. Also, trimethoprim is not effective against 
Chlamydia spp. but C. trachomatis is susceptible to sulfonamides [7].

Despite having a severely condensed genome of only about 1 megabase, Chlamydia 
spp. have a highly reserved genomic structure and evidence of horizontally acquired 
foreign DNA is scarce. Antibiotic resistance is not common in human chlamydial 
infections but significant resistance phenotypes such as heterotypic resistance, which 
is characterized by few organisms (less than 1%) that are resistant to antibiotics at 
concentrations higher than their minimal inhibitory concentrations (MIC), might 
be expressed [8]. Currently, in vitro susceptibility testing of Chlamydia spp. is not 
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methodized because resistant clinical isolates are rare; without host cells, the organ-
ism cannot be recovered; the identification and interpretation of antibiotic resistance 
are not standard; and the impact of heterotypic resistance is uncertain [3].

In vitro studies have shown that antibiotic exposure can lead to the accumulation 
of point mutations, which result in antibiotic resistance in Chlamydiae. Stable genetic 
resistance and transmission of resistance genes across strains have not been reported 
for human chlamydial infections; however, genetically stable tetracycline resistance 
has been detected in Chlamydia suis (which causes disease in pigs) isolates and 
acquired tetracycline resistance (TetR) has been shown via horizontal gene transfer 
and homologous recombination mechanisms [3, 6, 9, 10].

As mentioned above, the mechanisms that might be related to antibiotic resistance 
in human chlamydial infections are the persistence of the microorganism, heterotypic 
resistance, and antibiotic point mutations, which will be detailed as follows:

2.1 Chlamydial persistence

When exposed to stressful circumstances such as beta-lactam antibiotics, inter-
feron-gamma (IFN-γ), a lack of iron supplements, or amino acids, Chlamydia spp. 
exhibit characteristics of chlamydial persistence [3, 11]. Among them, beta-lactam 
antibiotics constitute a major problem since they are among the groups of antibiotics 
that are most frequently used for the treatment of various infections [12]. Similar to 
gram-negative bacteria, Chlamydia spp. have an outer membrane but they lack pep-
tidoglycan while having genes that code for proteins necessary for its formation [13]. 
Studies have shown that C. pneumoniae and C. trachomatis can synthesize an unusual 
truncated type of peptidoglycan, which may serve as a target for beta-lactam anti-
biotics. However, following antibiotic exposure, the pathogen enters a stage known 
as persistence in which the stressed Chlamydiae remain viable but non-culturable. 
Moreover, it was shown that the persistence of Chlamydiae may remain in culture for 
months and result in clinical treatment failure because of phenotypic resistance to 
antibiotics, which are often quite efficient [3, 14]. As an example azithromycin, phe-
notypic resistance emerged in C. trachomatis isolates after pre-exposure to penicillin 
in experimentally infected endometrial epithelial cells in vitro, rendering the patho-
gen refractory to the given medication [15]. Azithromycin and ofloxacin resistance in 
C. pneumoniae and doxycycline resistance in C. trachomatis have both been demon-
strated to increase in response to environmental changes [16, 17]. More importantly 
other than phenotypic resistance, recent data indicate that chlamydial persistence 
may potentially be associated with chronic diseases such as reactive arthritis, chronic 
prostatitis, asthma, and atherosclerosis [3, 7].

2.2 Heterotypic resistance

Although many antibiotics are effective against chlamydial infections, antibiotic 
failure rates that vary between 5 and 23% of cases have been reported in chlamydia 
disease. However, chlamydial resistance is not frequent in humans. Much of these 
failures have been connected to re-infection and antibiotic compliance issues [6]. 
In the literature, antibiotic-resistant, C. trachomatis clinical isolates are scarce and 
displayed characteristics of heterotypic resistance as previously explained [3]. It was 
hypothesized that heterotypic resistance may be due to the slow growth of the organ-
ism in certain environments or the exhibition of an adaptive response that makes the 
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pathogen resistant to antibiotics [9]. On the other hand, resistant isolates exhibited 
reduced fitness, which impaired long-term survival or led to the loss of resistance 
pattern upon serial passaging. It is considered that this phenotypic alteration seems 
to impair the transmission and therefore prevents the emergence of non-susceptible 
clones [3, 18, 19].

2.3 Genes and mutations associated with human chlamydial infections

For the treatment of chlamydial infections, tetracyclines and macrolides are quite 
effective. It is commonly acknowledged that antibiotic misuse or overuse increases the 
chance of microorganisms’ developing antibiotic resistance, which poses a critical and 
dangerous public health issue globally [20, 21]. However, human chlamydial infec-
tions have not been associated with persistent and heritable genetic resistance. In vivo 
studies have shown that Chlamydiae may acquire resistance through several mutations 
to antimicrobials [3]. Additionally, it has been demonstrated that the serial passage of 
Chlamydia spp. leads to the selection of resistant isolates if exposed to sub-inhibitory 
antibiotic doses [21].

Tetracyclines are bacteriostatic antibiotics that prevent aminoacyl tRNAs from 
binding with ribosomal 30S subunit, hence inhibiting bacterial protein production 
[3]. Doxycycline is a semisynthetic tetracycline and is recommended as the primary 
therapeutic option against C. trachomatis infections. Apart from human infections 
tetracyclines are widely used in veterinary medicine. The emergence of genetically 
stable TetR resistance is first described in the 1990s and observed in C. suis isolates 
recovered from pigs both healthy and sick. Since then, the threat of transmission of 
TetR resistance to other members of Chlamydiae is of great concern [10]. Although in 
vitro tests have shown that TetR may be horizontally transmitted from C. suis to clini-
cal isolates of C. trachomatis during co-culture; to date, antibiotic failure due to stable 
TetR has not been reported in human chlamydial infections. In a study by O’Neill 
et al., a porB gene mutation was discovered in two clinically resistant isolates but the 
isolates were reported to be phenotypically sensitive to tetracyclines in vitro and stable 
genetic resistance was not evident [22].

Macrolides are a group of antimicrobials that bind to bacterial 50S ribosomal 
subunit and impair bacterial growth due to the inhibition of protein synthesis. They 
are also effective front-line classes of antibiotics used for the treatment of chlamydia 
infections. The size of the macrocyclic lactone ring determines whether the group 
is classified as having a 12-, 14-, 15-, or 16-membered ring. Among macrolides, 
erythromycin (14-membered first generation), clarithromycin (14-membered second 
generation), and azithromycin (15-membered) are widely used for chlamydial infec-
tions [23]. The 23S rRNA gene alterations that make antibiotics less able to bind to 
the 50S ribosomal subunit, which is necessary for bacteriostatic action, usually cause 
macrolide resistance. It has been demonstrated that mutations to the 23S rRNA gene 
can cause C. trachomatis and C. psittaci to become resistant to macrolides. In addition 
by means of alterations in the rplD and rplV genes, C. trachomatis may also exhibit 
macrolide resistance [21].

Fluoroquinolones are broad-spectrum widely used bactericidal antibiotics that 
function by blocking the DNA gyrase and DNA topoisomerase IV enzymes needed 
for bacterial DNA synthesis [24]. The first-generation fluorinated quinolones include 
norfloxacin, ciprofloxacin, and ofloxacin. The usage of norfloxacin is restricted 
to the treatment of STIs and urinary tract infections because of its relatively low 
serum levels and inadequate tissue penetration. On the other hand, ciprofloxacin is 
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an effective antibiotic that is still being widely used for the treatment of a number 
of gram-negative systemic infections. The more recent fluoroquinolones, such as levo-
floxacin (an isomer of ofloxacin) and moxifloxacin, have improved efficacy against 
gram-positive respiratory tract infections [25]. Fluoroquinolones generally have good 
activity against chlamydial infections; however, in vitro experiments have shown that 
sub-inhibitory antibiotic concentrations may lead to resistance in various Chlamydia 
spp. including C. trachomatis. It was discovered that mutations in the gyrA, parC, and 
ygeD genes may cause C. trachomatis to become resistant to fluoroquinolones, while 
changes in the gyrA gene may cause C. pneumoniae to become resistant [21].

Bactericidal drugs known as rifamycins selectively bind to the β-subunit of RNA 
polymerase, which result in the inhibition of the transcription process. Although 
they have strong in vitro activity, these medicines are not the first-line treatments 
for chlamydial infections. In vitro studies have demonstrated that Chlamydia spp., 
such as C. pneumonia, C. trachomatis, and C. psittaci, rapidly establish a resistance to 
rifamycins following exposure to sub-inhibitory antibiotic concentrations [3, 26]. In 
most research, rifampin (RIF) serves as a representative of rifamycins and rifampin 
resistance mostly results from rpoB gene nucleotide mutation [21].

Resistance to lincomycin, a bacteriostatic protein synthesis inhibitor, is noted 
in in vitro-generated C. trachomatis strains exposed to sub-inhibitory antibiotic 
concentrations. It was revealed that resistant strains exhibit mutations in 23S rRNA 
genes [3, 27].

3. Management of human chlamydial infections

Management of human Chlamydial infections will be discussed as separate sec-
tions and will include the most common etiological agents: C. trochomatis, C. pneu-
moniae, and C. psittaci, respectively.

3.1 Management of C. trochomatis infections

Infections due to C. trochomatis are caused by 19 serovars, which affect the 
 ocular, genito-urinary tract, and pulmonary systems. Ocular infections mainly 
result from serovars A-C, which led to trachoma and to a lesser extent serovars 
D-K which led to inclusion conjunctivitis and sometimes infant pneumonia [28]. 
On the other hand, genito-urinary tract infections include chlamydia and lympho-
granuloma venereum (LGV), which are caused by serovars D-K and serovars L1-L3, 
respectively [2, 18, 29].

In most men and women, chlamydia maintains an asymptomatic course and 
becomes a silent reservoir for infection [5, 30]. Spontaneous clearance of the patho-
gen may occur gradually over years but if chlamydia is not treated effectively, major 
medical conditions with both immediate and long-term complications could arise 
[3, 31, 32]. These health problems include clinical or subclinical pelvic inflamma-
tory disease (PID) leading to chronic pelvic pain, infertility, ectopic pregnancy and 
Fitzhugh-Curtis syndrome in women; pre-term delivery, inclusion conjunctivitis, 
and pneumonia in the newborn; and reactive arthritis in both sexes [5, 33, 34]. It was 
also shown that untreated chlamydia may promote the spread of other STIs, such 
as human immunodeficiency virus (HIV) [35]. Therefore to prevent chlamydia-
associated diseases and to decrease the degree of transmission to susceptible popula-
tions, presumptive or guided therapy should be started in all suspected or confirmed 
chlamydia infections including asymptomatic diseases.
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3.1.1 Treatment of ocular infections due to C. trachomatis

The most prevalent infectious etiology of blindness all over the world is C. tracho-
matis, which leads to ocular illnesses known as trachoma and adult/neonatal inclusion 
conjunctivitis. Trachoma is transmitted through direct or indirect contact with objects 
such as hands, fomites, bed sheets, eye-seeking insects, and polluted towels in unsanitary 
settings [28]. On the other hand, inclusion conjunctivitis is spread by perinatal transmis-
sion in neonates or by hand-to-eye inoculation of infected genital secretions in adults.

3.1.1.1 Treatment of trachoma

Trachoma specifically targets the world’s poorest regions. According to data from 
June 2022 provided by the World Health Organization (WHO), 125 million people 
reside in areas where trachoma is an endemic disease [36]. Trachoma is initiated in 
early childhood and recurrent ocular infection leads to conjunctival scarring and 
eventually blindness. Trachoma incidents decreased as a result of general improve-
ments in living conditions, but recent predictions show that 1.9 million individuals 
worldwide are blind or have significant vision problems as a result of trachoma. The 
WHO is implementing the SAFE strategy as part of a global initiative to eradicate 
blinding trachoma. The SAFE strategy includes early surgical intervention for trichia-
sis (contact between the eyelids and the eye that results in blindness), widespread 
use of antibiotics like azithromycin to manage infections, regular facial hygiene, and 
advancements in living conditions to minimize bacterial spread.

The World Health Organization divides trachoma into five stages, with Stages 1 
and 2 characterized by trachomatous inflammation that is follicular (TF) or intense 
(TI), respectively; Stage 3 by trachomatous scarring (TS); Stage 4 by trachomatous 
trichiasis (TT); and Stage 5 by corneal opacity (CO), which results in visual impair-
ment and blindness.

Antibacterial treatment is advised in the first two stages of trachoma’s inflammatory 
phase (stages 1 and 2) and before scarring sets in, which is Stage 3 [37, 38]. The antibac-
terial drug of choice is oral azithromycin because it can be taken as a single dose, has a 
relatively long half-life, and is more concentrated in tissue than in plasma [39]. Adults 
and children are given a single oral dose of azithromycin at doses of 1 g and 20 mg/kg, 
respectively. In case of antibiotic failure, topical 1% tetracycline eye ointment, twice a 
day, for 6 weeks or erythromycin, 20 mg/kg (maximum 1 gr), orally, twice a day, for 
14 days can be given. In stages 3 and 5, no treatment option exists but in Stage 4 surgical 
treatment is advocated for the protection of the cornea from abrasion.

Because trachoma is a major public health issue, the WHO recommends wide-
spread administration of antibiotics in places with populations of 100,000–250,000 
people and when the prevalence of the active trachoma, Stage 1 (TF), is greater than 
5% in children aged 1–9 years. According to the most recent estimate of TF prevalence 
and until the percentage falls below 5%, it is advised that all inhabitants receive anti-
biotic therapy on an annual basis. It is also recommended that all inhabitants receive 
antibiotic medication annually up until the most current estimate of the prevalence of 
TF drops below 5% [40].

3.1.1.2 Treatment of neonatal inclusion conjunctivitis

Neonatal inclusion conjunctivitis is a preventable yet an undesired complication of 
active maternal chlamydial infection that affects newborns. Perinatal transmission of 
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C. trachomatis to neonates during vaginal delivery occurs as high as 60% of the cases 
[41]. Though neonatal infection may retain an asymptomatic course, the infection 
is usually progressive and mostly affects the conjunctiva, nasopharynx, and lungs. 
Among infants presenting with conjunctivitis, the likelihood of neonatal-acquired 
inclusion conjunctivitis varies between 20 and 64% [41, 42]. Conjunctivitis that is left 
untreated can last for months and cause corneal and conjunctival scarring. Also, the 
disease may spread to the lungs and cause infantile pneumonia [41]. To prevent the 
systemic spread of the agent, all infants infected with C. trachomatis should receive 
treatment even if they are asymptomatic.

The neonatal inclusion conjunctivitis incubation period is generally 5–12 days 
after birth. Conjunctivitis in newborns younger than 30 days should be investigated 
for chlamydial infection, particularly if the mother has a past history of illness. 
Infection with ophthalmia neonatorum should also be considered and ocular samples 
should be examined for Neisseria gonorrhoeae [43].

Neonatal inclusion conjunctivitis is treated with oral erythromycin base or ethyl 
succinate, 50 mg/kg/day in four divided doses for 14 days. The alternative treatment 
is oral azithromycin 20 mg/kg/day for 3 days [44]. Both antimicrobials have been 
associated with infantile hypertrophic pyloric stenosis (IHPS) in infants less than 
6 weeks of age; consequently, newborns medicated with any of these antimicrobials 
should be monitored for IHPS [45]. Compared to oral therapy, topical medication has 
been demonstrated to be ineffective in eliminating nasopharyngeal colonization and 
linked to persistent infection [46].

There is currently no effective prophylaxis for the prevention of newborn inclu-
sion conjunctivitis, and neonatal gonococcal ophthalmia neonatorum prophylaxis 
does not offer protection against chlamydial conjunctivitis. Implementing health 
policies for routine antenatal testing and treatment of pregnant women at risk for 
chlamydia is advocated as a substitute, however, due to the financial burden of the 
strategy the screening programs cannot be utilized globally [47].

3.1.1.3 Treatment of adult inclusion conjunctivitis

Adult inclusion conjunctivitis, a self-limiting condition, is brought on by the 
inoculation of the eye with infected vaginal fluids. Without treatment, the infec-
tion might resolve spontaneously in 6–18 months but more frequently the disease 
progresses to complicated/uncomplicated chlamydia or impair reproductive health. 
Also, ocular complications such as conjunctival scarring, punctate keratitis, and iritis 
may take place. To prevent morbidity and related complications, treatment should 
be given to all patients. Topical antibiotics alone are not sufficient due to the pos-
sible concomitant urogenital infection; therefore, combined therapy with systemic 
antibiotics is necessary. Systemic oral antibiotic therapy options include azithromycin 
1 g, single-dose; doxycycline 100 mg, twice a day for 7 days; tetracycline 100 mg, four 
times a day for 7–10 days; or erythromycin 500 mg, four times a day for 7 days. Of 
note, the usage of tetracycline and doxycycline during pregnancy is contraindicated 
and should be avoided. Adjunctive topical treatment of adult inclusion conjunctivitis 
includes antibacterial drugs such as erythromycin, gentamicin, tetracycline, and 
fluoroquinolones [48].

3.1.2 Treatment of urogenital and extra-genital infections due to C. trachomatis

In this section, the management of chlamydia and LGV will be discussed in detail.



Chlamydia – Secret Enemy from Past to Present

104

3.1.2.1 General approach to chlamydia disease and treatment options

The key to the management of chlamydia starts with clinical suspicion. Patients 
who have chlamydia disease may present with urinary symptoms and might be mis-
diagnosed as urinary tract infections. Also, patients who experienced sexual assault 
or sexually active adolescents may be reluctant to give the right information or may 
be unaware of the situation. Therefore in case of doubt about chlamydia, clinicians 
should immediately initiate diagnostic methods and send appropriate clinical speci-
mens to the laboratory for testing. Moreover, co-infection with other STIs including 
gonorrhea, HIV, and syphilis must be investigated [49]. Early appropriate antibiotic 
therapy is important and the patient’s age, pregnancy status, access to medication, 
and treatment compliance should all be taken into account. In case of severe PID, con-
sultation with obstetrics/gynecology and in case of ocular involvement consultation 
with ophthalmology should be performed. In order to prevent reinfection, patients 
should be informed about safe sex practices and the necessity of partner manage-
ment. Finally, a patient-based follow-up test strategy should be determined after the 
completion of treatment [45].

For treatment purposes, chlamydia is mainly categorized into two forms according 
to the anatomical site involved. Oropharyngeal and lower genital tract involvement 
(cervicitis/urethritis/epididymitis/anorectal infection) are defined as uncomplicated 
disease, whereas upper genital tract involvement [salpingitis/endometritis/pelvic 
inflammatory disease (PID), Fitzhugh-Curtis syndrome] is defined as a complicated 
disease.

The laboratory diagnosis of chlamydia has significantly improved as a result of the 
switch from culture-based to molecular-based testing procedures [50]. Because of its 
high sensitivity, high specificity, and convenience to be utilized on a variety of clinical 
specimen types, nucleic acid amplification testing (NAAT) is the most efficient 
method [45, 51, 52]. Unfortunately, NAAT may not always be available in every 
facility and patients who are at risk for STIs may sometimes be unlikely to return for 
test results; therefore, WHO recommends consideration of a syndromic approach (to 
detect and treat patients with STIs based on particular symptoms and signs, which are 
indicators of infection) in these situations [43, 53]. Also when administering single-
dose or multidose regimens to patients, medicine should be given with the first dosage 
being closely monitored on-site and in the clinic [43].

Doxycycline 100 mg, orally, twice a day for 7 days (or delayed release 200 mg tab-
let, once a day for 7 days) is the recommended regimen for non-pregnant adults and 
adolescents with uncomplicated chlamydia involving cervical, urethral, rectal, and 
oropharyngeal sites. Oral azithromycin 1 g single-dose is the alternative treatment 
regimen for uncomplicated chlamydia. Previously, single-dose azithromycin had been 
another preferred option due to its high efficacy against C. trachomatis, better adher-
ence due to once-daily usage, and similar adverse effect profiles. However, mounting 
evidence suggests that azithromycin has a lesser rate of microbiologic cure than 
doxycycline especially in treating rectal and oropharyngeal infections, and currently, 
it is accepted as the alternative treatment option [45].

According to a meta-analysis and a Cochrane systematic review that included men 
with urogenital chlamydia, a 7-day course of doxycycline achieved higher success rates 
than single-dose azithromycin regimens [54, 55]. Furthermore, as shown by two ran-
domized, double-blind clinical trials and several nonrandomized studies doxycycline 
regimen may be 20% more effective than azithromycin in managing rectal C. tracho-
matis infection in both women and men who have sex with men (MSM) [54, 56–59]. 
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Similar findings have been published from prospective, open-label research involving 
individuals with oropharyngeal chlamydia and a 7-day doxycycline regimen showed 
less treatment failure when compared with azithromycin single-dose treatment [60]. 
Urogenital C. trachomatis infections may be accompanied by concomitant anorectal 
and oropharyngeal chlamydia, which might remain asymptomatic for that reason 
doxycycline regimen should be chosen as the primary treatment regimen in adults and 
adolescents with chlamydia except in patients who are unlikely to be able to complete 
the 7-day doxycycline course and pregnant women. In such cases, azithromycin regi-
men should be considered [45, 61, 62].

Among other therapeutic options erythromycin base 500 mg, orally, four times a 
day for 7 days, is also an effective alternative regimen but gastrointestinal side effects 
are frequent and nonadherence might be observed. Fluoroquinolones are highly active 
against C. trachomatis infections and levofloxacin 500 mg, orally, once a day for 7 days 
or ofloxacin 200–400 mg, orally, twice a day for 7 days are other alternative medica-
tions yet the regimens are more expensive and cannot be offered during pregnancy 
and breastfeeding periods [43].

3.1.2.2 Treatment of cervicitis due to C. trachomatis

Chlamydia majorly presents as cervicitis in women. The majority of patients 
who have chlamydia cervicitis are asymptomatic or present with mild nonspecific 
symptoms such as irregular vaginal discharge, intermenstrual or post-coital bleed-
ing, and dyspareunia. Patients should be evaluated for PID since cervicitis may be a 
marker of upper genital tract involvement [43]. In order to prevent the complications 
that impair reproductive health and to avoid sexual and perinatal transmission to 
susceptible people, all women with chlamydia cervicitis should receive treatment 
for chlamydia. However, under the following circumstances, presumptive antibiotic 
treatment for C. trachomatis should be administered:

• The patient is prone to contracting C. trachomatis infection (e.g., women under 
25 years old, women who have a new sex partner, a sex partner with multiple 
partners, or a sex partner with an STI) and testing with NAAT/quality-assured 
rapid test with a minimum sensitivity of 80% and specificity of 90% are not 
possible.

• The patient is prone to contracting C. trachomatis infection as above and NAAT/
quality-assured rapid tests are accessible in the facility but the results are not 
obtainable at the same appointment, and patient follow-up cannot be assured 
[43, 53].

• The suggested treatment for chlamydia cervicitis in non-pregnant adults and 
adolescents is a 7-day course of doxycycline. Alternative treatment plans include 
a single dosage of azithromycin or a 7-day course of either erythromycin or 
ofloxacin [53]. Patients should also be assessed for concomitant gonococcal 
infection and other STIs.

3.1.2.3 Treatment of urethritis due to C. trachomatis

It was shown that nearly all women who have chlamydia cervicitis also have 
concomitant urethritis [63]. In men, chlamydia disease generally involves the male 
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urethra. C. trachomatis is a frequent cause of acute urethritis in young, sexually active 
individuals and is responsible for more than half of all instances of non-gonococcal 
urethritis [43, 64, 65]. Most cases of chlamydia urethritis in both men and women 
go unnoticed. In women, urinary symptoms such as frequent urination and dysuria 
are common, whereas in male patients additional complaints of urethral discharge 
and discomfort are prevalent [66]. Ideally, treatment should be given after pathogen 
detection but quick access to diagnostic data might not always be possible; therefore, 
presumptive treatment should begin for non-gonococcal urethritis (NGU) for those 
who have symptoms of urethral discharge from the penis, and patient follow-up 
cannot be assured or test results are not accessible on the same day. Evaluation and 
treatment of NGU should also include gonococci. For gonococci, a single intramuscu-
lar dose of ceftriaxone (500 mg [or 1 gr for individuals ≥150 kg]) might be considered 
but the choice of appropriate treatment regimen should be guided according to the 
local antibiotic resistance patterns [43, 53]. The recommended and alternative treat-
ment options for urethritis due to C. trachomatis are the same as other uncomplicated 
chlamydia infections mentioned above.

3.1.2.4 Treatment of rectal infections due to C. trachomatis

Acute proctitis and proctocolitis are two distinct manifestations of chlamydia 
in individuals who have anal exposure to C. trachomatis by oral, genital, or digital 
interaction. Proctitis is the inflammation of the distal part of the rectum and presents 
with anorectal discomfort, tenesmus, or rectal discharge, whereas proctocolitis is the 
extension of proctitis to the colonic mucosa above the anus and additional symptoms 
such as diarrhea or abdominal cramps may be seen [43]. Rectal C. trachomatis infec-
tion rates in MSM and women are similar and range from 1 to 18%. It was shown that 
in women, the rectal disease may accompany urogenital infection in up to 83% of 
cases and can occur regardless of receptive anal sexual behavior [61]. In MSM, the 
incidence of asymptomatic rectal infection is high and reaches above 80% [62].

Either asymptomatic or not, microbial eradication at the rectal site is crucial for 
treating urogenital chlamydia. Due to its higher microbiologic cure rates and asymp-
tomatic nature of rectal chlamydia disease, doxycycline is the recommended antibi-
otic choice for anal infections caused by C. trachomatis [54, 59].

A 7-day course of doxycycline 100 mg orally, twice a day is the suggested regimen 
for proctitis and proctocolitis due to chlamydia. Doxycycline treatment should be 
extended to 21 days if symptoms indicating lymphogranuloma venereum such as anal 
bloody discharge, tenesmus, perianal or mucosal ulcers are present. Erythromycin 
500 mg, orally, 4 times a day for 14 days is the alternative regimen. Treatment of 
patients with sexually acquired proctitis should also include treatment for gonococci. 
For gonococci, a single intramuscular dose of ceftriaxone (500 mg [or 1 gr for indi-
viduals ≥150 kg]) should be added. WHO advises a syndromic approach in cases with 
anorectal discharge and a reported history of receptive anal sex to allow treatment 
on the day of the visit in regions that have little to no molecular testing or laboratory 
capacity [53].

3.1.2.5 Treatment of oropharyngeal infections due to C. trachomatis

C. trachomatis can lead to oropharyngeal infection in those having receptive oral 
intercourse, same as gonorrhea [43]. The prevalence of oropharyngeal chlamydia 
infection approximately ranges from 1 to 3% in MSM and women [61]. Without 
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therapy, oropharyngeal chlamydia can spread to other genital locations via sexual 
contact [67, 68]. The optimal antibiotic regimen for oropharyngeal chlamydia has 
not been thoroughly investigated. It was revealed that doxycycline is more efficient 
in treating oropharyngeal chlamydia than azithromycin similar to rectal chlamydia 
infections. The recommended treatment is a 7-day course of oral, twice a daily 
100 mg doxycycline [45].

3.1.2.6 Treatment of epididymitis due to C. trachomatis

An uncomfortable, swollen, and inflamed epididymis is symptom of the clini-
cal illness known as epididymitis. Unilateral testicular pain and palpable swelling 
are common in patients with acute epididymitis. The disease sometimes involves 
the testicles and is called epididymo-orchitis. Testicular torsion is a complication of 
epididymitis that requires emergency surgery. Acute epididymitis caused by STIs is 
a typical complication of young, sexually active men, and the condition frequently 
coexists with urethritis. Gonococci and C. trachomatis testing should be performed 
on all suspected instances of acute epididymitis. If patients are unable to follow the 
prescribed antibiotic regimen or if significant pain or fever points to complications 
such as testicular torsion, abscess, or necrotizing fasciitis, patient evaluation for 
hospitalization should be considered. All sexually active men who have acute epi-
didymitis should get presumptive therapy Doxycycline 100 mg orally, twice a day for 
10 days, is the recommended treatment for acute epididymitis caused by C. tracho-
matis. The therapy should include treatment for gonococci and a single intramuscular 
dose of ceftriaxone (500 mg [or 1 g for individuals ≥150 kg]) should be added [43]. 
In patients who report insertive anal sex, enteric organisms might be involved in 
epididymitis. In such cases, fluoroquinolones are effective against both gram-negative 
enteric bacteria and chlamydia therefore ofloxacin 300 mg orally, twice a day for 
10 days or levofloxacin 500 mg orally, once a day for 10 days (plus ceftriaxone for 
gonococci) can be offered [43, 69].

3.1.2.7 Treatment of PID due to C. trachomatis

PID is an inflammatory disease affecting female upper genital tract organs includ-
ing endometritis, salpingitis, tubo-ovarian abscess, and pelvic peritonitis. PID is 
often caused by STIs, with N. gonorrhoeae or C. trachomatis as the etiological agent 
in up to half of the cases [43]. Women with PID frequently exhibit mild and vague 
symptoms such as abnormal vaginal discharge, spotting, and dyspareunia but may 
also be asymptomatic. Untreated PID might impair reproductive health and lead to 
complications such as tubal infertility and ectopic pregnancy [53]. Moreover, PID can 
also extend to abdominal organs and cause Fitzhugh-Curtis syndrome, which requires 
in-patient treatment and is characterized by peritonitis and inflammation of the liver 
capsule [32]. Since PID is related to severe morbidity, presumptive therapy should 
begin for sexually active women at risk for STIs who complain of pelvic or lower 
abdominal discomfort and there is tenderness on pelvic examination [43].

The women who present with PID should also be evaluated for the need for hos-
pitalization when there is suspicion of surgical emergency, presence of tubo-ovarian 
abscess, pregnancy status, severe illness [nausea, vomiting, and fever >38.5°C (101°F)], 
or no clinical benefit from oral antibiotic treatment. Broad-spectrum antibiotics 
against probable agents should be initiated as soon as possible. Antibiotics should 
cover C. trachomatis and N. gonorrhoeae even if endocervical testing is negative as 
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upper genital tract infection cannot be fully ruled out [43]. The recommended regimen 
for C. trachomatis-related PID is doxycycline 100 mg, orally, twice a day for 14 days 
combined with antibiotics active against gonococci. Facultative anaerobic bacteria and 
enteric gram-negative rods are among other etiologic agents that should be considered 
for the treatment of PID [43].

3.1.2.8 Treatment of LGV

C. trachomatis serovars L1, L2, or L3 are the culprits behind LGV and are respon-
sible for a more invasive form of the chlamydial disease called LGV characterized by 
genital ulcer disease, lymphadenopathy, and proctocolitis. Among them, proctocolitis 
is a frequent finding in LGV and is especially seen in MSM. Inflammatory bowel 
disease-like symptoms, such as mucoid or hemorrhagic rectal discharge, anal pain, 
constipation, fever, or tenesmus, might be clinical indicators of proctocolitis. Until 
recently, LGV was exclusively a problem in tropical and subtropical regions of the 
globe with little resources. Since 2003, endemic LGV cases have been observed in 
MSM across Europe [70, 71]. If untreated, rectal LGV may be invasive and cause 
chronic colorectal fistulas and strictures. LGV can also cause inguinal or femoral 
lymphadenopathy with suppurated bubo formation and the condition may lead to 
genital elephantiasis. Consequently, presumptive treatment should be started if a 
patient with proctocolitis exhibits symptoms or signs such as bloody discharge, tenes-
mus, or ulceration at the rectal site; if a patient with a recent history of genital ulcer 
displays severe inguinal lymphadenopathy with bubo formation; or if the patient has 
genital ulcer disease and other causes have been ruled out [43, 72].

The most effective antibiotic for the treatment of LGV is doxycycline but unlike 
uncomplicated chlamydia caused by serovars D-K, treatment of LGV needs a pro-
longed course of therapy. Doxycycline 100 mg twice a day for 21 days is the standard 
course of treatment for LGV. Azithromycin 1 g orally once a week for 3 weeks and 
erythromycin base 500 mg orally four times a day for 21 days are two alternate 
regimens. Unfortunately, the LGV-specific azithromycin regimen has not been 
confirmed, and a follow-up test with C. trachomatis NAAT is advised about 4 weeks 
after the end of therapy [43]. Patients who have LGV should be observed until all 
symptoms and signs have disappeared [43].

3.1.2.9 Treatment of chlamydia and LGV during pregnancy and breastfeeding

The tetracycline group of antibiotics including doxycycline which is the primary 
antibiotic option for chlamydia and LGV is contraindicated during pregnancy and 
breastfeeding due to the possibility of tooth discoloration [43]. In pregnant and 
breastfeeding women suffering from chlamydia disease, azithromycin, erythromycin, 
and amoxicillin are the safer antibiotic options [73]. The recommended antibiotic 
regimen for pregnant and breastfeeding adults and adolescents with cervical, ure-
thral, rectal, and oropharyngeal chlamydia is azithromycin 1 g orally given as a single-
dose. As a secondary option amoxicillin 500 mg orally, three times a day for 7 days 
can be used. Beta-lactam antibiotics are associated with the persistence of chlamydia; 
therefore, caution must be given for re-emergence of viable pathogen after discon-
tinuation of amoxicillin therapy [43]. Erythromycins 500 mg orally, four times a day 
for 7 days, or erythromycin 500 mg orally, twice a day for 14 days, are two alternative 
possibilities for pregnant and nursing women with uncomplicated chlamydia. Of 
note, estolate formulation of erythromycin is contraindicated in pregnancy due to the 
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risk for drug-related hepatotoxicity, and erythromycin base or erythromycin ethyl 
succinate should be prescribed instead [53, 74, 75].

For many years, macrolides including azithromycin and erythromycin have been 
frequently utilized as safe antibiotic options during pregnancy; however, in a recent 
population-based cohort study it was found that first-trimester usage of macrolides 
(mainly erythromycin given over several days) was associated with a higher incidence 
of congenital abnormalities than penicillins [76]. It was also shown that erythromycin 
medication during 7 weeks of delivery or while breastfeeding has been linked to a 
higher incidence of IHPS [7]. The impact of azithromycin single-dose regimen on a 
fetus is unknown but it is considered that the advantages of azithromycin therapy 
outweigh any potential risks. Finally, although fluoroquinolones can be used in non-
pregnant patients, its usage is restricted during pregnancy and breastfeeding due to 
fetal and neonatal adverse effects [43].

For pregnant women with LGV, the optimum dose and duration of antibiotic 
therapy are not known. Azithromycin 1 g orally, once a week for 3 weeks, can be used. 
Erythromycin 500 mg orally, four times a day for 21 days is another option for use in 
pregnancy and nursing women but gastrointestinal adverse effects are frequent [43, 74].

All pregnant women should get a NAAT retest around 4 weeks following the end 
of their therapy since the infection can remain and cause serious side effects in both 
mothers and neonates [45]. Also to detect re-infection, retesting should be repeated 
in pregnant women 3 months after completing therapy [45].

To prevent maternal complications and infant chlamydial infections, it is advised 
that pregnant women under 25 years old, pregnant women who have a new sex 
partner, a sex partner with multiple partners, or a sex partner with an STI, should be 
checked at the first antenatal control and retested in the third trimester. However, 
routine antenatal screening of pregnant women at risk for chlamydia disease cannot 
be utilized in all countries [31, 77].

3.1.2.10 Treatment of chlamydia disease among infants and children

C. trachomatis acquired in the perinatal period can persist for up to 3 years. Any 
prepubertal youngster with chlamydia disease should be evaluated for the possibility 
of sexual abuse. In case of a suspect of sexual abuse, local authorities should be noti-
fied. The recommended regimens for chlamydia disease among infants and children 
are as follows:

• For infants and children weighing less than 45 kg: erythromycin base or ethyl 
succinate 50 mg/kg/day orally divided into four doses daily for 14 days;

• For children weighing more than 45 kg but aged under 8 years old: azithromycin 
1 g orally, in a single dose; and

• For children aged above 8 years: azithromycin 1 g orally in a single dose or 
doxycycline 100 mg orally, two times a day for 7 days.

3.1.2.11 Follow-up recommendations for chlamydia and LGV

Sexual activity should be avoided by people with C. trachomatis (LVG or non-LGV 
serotypes) and their partners until treatment is complete (7 days after single-dose 
therapy or after completion of a multiple-dose regimen) and all current partners have 
recovered [43, 74].
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A test of cure to detect therapeutic failure (repeated testing 4 weeks after finishing 
therapy) is not advocated for non-pregnant patients with uncomplicated chlamydia 
disease. But if therapeutic adherence is not assured, the patient has persistent symp-
toms, regimens with low efficacy (such as erythromycin or amoxicillin) have been 
implemented, or re-infection is suspected, clinician can offer a follow-up visit and 
retest the patient. Nonviable organisms may persist up to 4 weeks after completion 
of therapy and may cause false positive test results therefore testing with chlamydial 
NAATs at less than 4 weeks following the conclusion of medication is not advised [45].

In order to detect re-infection, all patients should be retested for chlamydia in 
3 months (or retesting at 3 months is not feasible, within 12-months) after comple-
tion of therapy. It is suggested to schedule the follow-up appointment at the time of 
treatment [43].

If the patient has complaints of chronic or recurring symptoms, non-adherence to 
the given medication, re-infection, completion of sex partner treatment, and coinfec-
tion with other STIs should be questioned and evaluated. Assuming that C. trachoma-
tis is found on repeat testing, treating with the same regimen (preferably doxycycline 
regimen) is advised since drug resistance to doxycycline (or azithromycin) has not yet 
been proven in C. trachomatis as explained previously in the Subsection 2.

3.1.2.12 Management of sex partners of patients who have chlamydia and LGV

If a patient with chlamydia or LGV had intercourse with a partner within 60 days 
of the onset of their symptoms or chlamydia diagnosis, the partner should be referred 
for screening for C. trachomatis. A 7-day doxycycline regimen should be presump-
tively given to asymptomatic partners. In addition, co-infection with other STIs such 
as gonorrhea, HIV, and syphilis should be investigated in individuals and their sex 
partners who had a diagnosis of chlamydia or LGV [43]. However, if the clinician is 
worried that sex partners are unable to access evaluation and treatment services, a 
strategy termed “expedited partner therapy” (EPT) can be applied as permitted by 
law. In this strategy, treatment is delivered to the sex partner without examination 
by either giving an antibiotic/prescription to the index patient (so they can give it to 
their partners) or by calling in a prescription directly for the partner. Partners who 
will receive EPT should be informed about the significance of treatment, potential 
side effects of the medications, and complications of the disease [43].

3.1.3 Treatment of infantile chlamydial pneumonia

Chlamydial pneumoniae is subacute pneumonia that mainly affects newborns 
between the ages of 1–3 months. C. trachomatis testing should be performed in all 
newborns aged 1–3 months who are suspected of having pneumonia especially if 
there is a risk for chlamydia infection in the mother such as pregnant women under 
25 years old and pregnant women who have a new sex partner, more than one sex 
partner, a sex partner with multiple partners, or a sex partner with an STI [43].

Erythromycin base or ethyl succinate 50 mg/kg/day orally divided into four doses 
every day for 14 days is the recommended regimen for infantile chlamydial pneu-
monia. Azithromycin suspension 20 mg/kg/day orally, once a day for 3 days is the 
alternative regimen that can be given presumptively when there is a strong suspicion 
of chlamydia infection and there are limited laboratory resources or infant follow-
up is not possible [43]. It is advised to monitor infants for resolution of pneumonia 
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symptoms as the efficacy of erythromycin against C. trachomatis pneumonia is 
approximately 80% [43, 78]. Additionally, mothers of babies with infantile chlamyd-
ial pneumonia should be assessed, screened, and treated for chlamydia disease [43].

3.1.4 Reactive arthritis due to C. trachomatis infection

Reactive arthritis is a type of arthritides known as the spondyloarthritides that 
usually develops following an enteric or venereal infection. Both men and women 
can develop reactive arthritis after infection due to C. trachomatis whether they are 
symptomatic or not. Moreover, reactive arthritis can occasionally be one of the three 
symptoms that used to be known as Reiter’s syndrome, which also includes urethritis 
and conjunctivitis [34]. Although randomized studies for long-term anti-chlamydial 
antibiotic treatment for reactive arthritis showed varied results, the majority of stud-
ies showed no benefit. Therefore, antibacterial medication is not recommended in 
reactive arthritis related to C. trachomatis [79, 80].

3.2 Treatment of infections due to C. pneumoniae

C. pneumoniae is another important human pathogen in the family Chlamydiaceae 
that mainly infects the respiratory tract. The agent causes upper or lower respiratory 
tract infections including pharyngitis, laryngitis, and community-acquired pneu-
moniae (CAP). Most C. pneumoniae-related respiratory infections are asymptomatic 
or mild; however, severe complications such as exacerbation of asthma, encephalitis, 
and myocarditis can occur, which may require hospitalization [81]. C. pneumoniae 
prevalence rates in individuals with CAP range from 1 to 20% of cases [82, 83]. 
Therefore, empiric treatment of CAP frequently includes the usage of antibiotics 
effective against C. pneumoniae [84].

Among antibacterial medications, beta-lactam antibiotics, aminoglycosides, 
 glycopeptides (such as vancomycin), and sulfonamides are not effective against  
C. pneumoniae, whereas macrolides, doxycycline, and fluoroquinolones are effective 
options [72, 85]. Acquired and heritable antibacterial resistance have not been revealed 
in C. pneumoniae and laboratory tests for the detection of C. pneumoniae are not 
routinely recommended in CAP management. Decisions for testing can be individual-
ized on a case-by-case basis and the availability of microbiological tests [3, 84]. In the 
literature, clinical trials that show the efficacy of antibacterial medications on out-
comes of pneumonia due to C. pneumoniae are limited [86]. However, the performance 
of antibacterial agents in eradicating nasopharyngeal C. pneumonia has been evaluated 
in several studies. The efficiency of eradicating microorganisms was shown as around 
80% in those trials using a 5-day course of azithromycin and between 70% and 100% 
when using 7 to 10-day courses of clarithromycin, erythromycin, moxifloxacin, or 
levofloxacin. The authors revealed that the majority of patients improved despite the 
organism’s persistence in the nasopharynx; therefore, the significance of bacterial 
eradication for treatment success is still controversial [86–90]. Studies have shown that 
in patients who remained culture positive after treatment, antibiotic failure is the result 
of the persistent state of the organism and not due to drug resistance [72, 91].

Numerous researchers have questioned the ideal length of antibiotic treatment in 
CAP. Historically at least 7 days of treatment was recommended for CAP; however, in 
the last decades there is a tendency toward shorter courses of therapy in both adults 
and children due to the abundant evidence showing non-inferior efficacy compared 
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to longer courses [84, 92–95]. In recent years, guidelines have changed their recom-
mendations to the usage of shorter duration of antibiotic regimens for CAP. But not 
all patients respond to a standard duration of therapy; therefore, it is advised that 
clinicians should use clinical stability indicators such as the return of normal vital 
sign patterns, the capacity to eat, and mental function to determine the length of 
antibiotic therapy. The recommendation is that the treatment is administered for a 
minimum of 5 days overall and until the patient reaches stability [84, 95, 96].

In adult patients where C. pneumonia is the confirmed etiological agent for 
pneumonia the following therapy regimens can be given as a 5-day course of antibi-
otic therapy and according to the patients’ clinical stability [84, 95]. The necessity of 
eradication of C. pneumoniae from clinical isolates for treatment success is not known 
but treatment might be extended up to 10 days in selected cases due to the previously 
mentioned studies about post-treatment bacterial eradication rates.

• Azithromycin 500 mg orally once a day on the first day then 250 mg daily on the 
following days for up to 5 days,

• Clarithromycin 500 mg orally two times a day (or clarithromycin extended-
release tablet 1 g once a day),

• Erythromycin 500 mg four times a day (for pregnant women),

• Doxycycline 100 mg orally two times a day,

• Levofloxacin 500 or 750 mg orally once a day,

• Moxifloxacin 400 mg orally once a day and

• Gemifloxacin 320 mg orally once a day.

Intravenous (IV) formulations of levofloxacin and moxifloxacin can be given in 
the same oral dosages to severe patients who are hospitalized and unable to take oral 
medication [84, 95]. All patients should be reassessed within 3 days for improvement 
of symptoms and the possibility of transition to oral medication [95].

For children, the recommendations for assessing the duration of antibiotics for 
pneumonia are the same as the adult patients [95, 97]. The treatment options for 
confirmed C. pneumonia in pediatric patients are:

• Azithromycin 10 mg/kg orally or IV once a day on the first day then 5 mg/kg 
once daily for up to 5 days,

• Erythromycin 40 mg/kg/day orally divided into four doses or erythromycin 
lactobionate 20 mg/kg/day IV four times a day,

• Clarithromycin 15 mg/kg/day orally divided into two doses,

• Levofloxacin 16–20 mg/kg/day IV divided into two doses for children 6 months 
to 5 years old and 8–10 mg/kg/day once a day for children 5 to 16 years old and 
levofloxacin 500 mg/day orally once a day for adolescents with skeletal maturity 
(the pediatric dosage of levofloxacin should not exceed 750 mg/day),
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• Moxifloxacin 400 mg/day once a day for adolescents with skeletal maturity, and

• Doxycycline 2–4 mg/kg/day orally divided into two doses for children>7 years 
old (the pediatric dosage of doxycycline should not exceed 200 mg/day).

Similar to adult patients response to therapy and decision to transition to oral 
therapy should be assessed within 3 days of treatment [97]. Due to the paucity of 
clinical trials directly evaluating the efficacy of antibiotics on clinical outcomes in 
children with C. pneumoniae pneumonia, the medications might be lengthened to 
10 days according to the physician’s decision [97].

3.2.1 C. Pneumonia-related chronic diseases

The connection between chronic persistent C. pneumoniae infection and chronic 
inflammatory disorders is still up for debate. In addition to contributing to respiratory 
tract infections, a growing body of research suggests that C. pneumoniae may also be 
involved in the pathogenesis of several inflammatory diseases, including atheroscle-
rosis, arthritis, asthma, chronic obstructive pulmonary disease (COPD), lung cancer, 
and some neurological conditions such as Alzheimer’s disease, multiple sclerosis, and 
schizophrenia [98]. Among them, patients who have asthma/COPD and present with 
symptoms of confirmed C. pneumonia airway infection should be treated according 
to the treatment recommendations for acute respiratory infections mentioned above. 
Due to a paucity of data, there are presently no recommendations for treating any 
other chronic diseases associated with C. pneumoniae infection, other than asthma 
and COPD [3, 72, 98].

3.3 Treatment of infections due to C. psittaci

C. psittaci causes a zoonotic disease called psittacosis, also known as ornithosis. 
Psittacosis is frequently transmitted to humans predominantly from birds via 
inhalation of dried droppings, feather dust, or respiratory secretions [99, 100]. The 
disease can manifest clinically in a variety of ways, ranging from asymptomatic 
disease or non-specific flu-like illness to severe systemic illness with pneumonia 
[100, 101]. Other complications that may require hospitalization are cardiac infec-
tions (such as endocarditis and myocarditis), hepatitis, arthritis, encephalitis, and 
sepsis [102]. The most typical illness manifestation is an upper respiratory infection. 
It is assumed that about 1–8% of CAP is caused by psittacosis [101, 103]. The labora-
tory diagnosis of psittacosis is usually difficult. Clinical application of traditional 
pathogen culture is uncommon since it takes a long time and requires high-standard 
laboratory conditions to culture C. psittaci in cells. Serological testing is primarily 
utilized in retrospective research and is not very useful for the earlier detection 
of severe patients. C. psittaci is easily identified by NAAT and metagenomic next-
generation sequencing; however, these procedures are not routinely utilized in most 
hospitals [104]. Therefore, a patient with a history of bird contact who exhibits 
atypical pneumonia symptoms or unexplained fever without localizing signs, clini-
cians should consider a diagnosis of psittacosis, and treatment should not await a 
definitive diagnosis.

Beta-lactam antibiotics are not effective in psittacosis, whereas tetracyclines and 
macrolides are both effective against C. psittaci. Tetracyclines and especially doxycy-
cline is the preferred medication for the treatment of C. psittaci pneumoniae [104, 105]. 
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As an alternative or in situations where tetracyclines are prohibited, such as in pregnant 
women or young children under the age of eight, macrolides such as erythromycin and 
azithromycin may be utilized [106]. Doxycycline 100 mg orally two times a day for 7 to 
10 days is the suggested regimen for psittacosis. Also, a 5 to 7-day regimen of azithro-
mycin (if a clinical response is observed) can be used alternatively. The third-line 
antibiotics for C. psittaci are fluoroquinolones, which have less potency than tetracy-
clines and macrolides [95, 104, 107]. With proper and early treatment overall prognosis 
is good and death occurs in less than 1% of patients [102, 104].

4. Conclusions

Chlamydial infections are one of the most prevalent infectious diseases reported 
worldwide. The spectrum of diseases varies from asymptomatic silent infection to 
severe disease affecting ocular, genito-urinary, and pulmonary systems. Without 
proper management, the infections might progress and result in blindness, infertil-
ity, sepsis, or death. Antibacterial medications such as tetracyclines, macrolides, and 
quinolones, which have been used for many years to treat a variety of infections that 
are also effective for human infections caused by C. pneumoniae, C. trachomatis, and 
C. psittaci. Although persistent and heritable antibacterial resistance is common in 
some Chlamydia spp. such as C. suis, genotypic stable resistance has not been reported 
in human chlamydial infections. Phenotypic antibacterial resistance might result 
from the persistence of microorganisms or heterotypic resistance, whereas antibiotic 
failure might result from non-adherence to medication, re-infection, or choice of 
regimens with lower success. The laboratory diagnosis of chlamydial infections might 
be challenging in many centers and patient follow-up cannot be assured on some 
occasions; therefore, in case of doubt of chlamydial infection early presumptive treat-
ment with recommended regimens, proper follow-up of the patients, prevention of 
re-infection via patient and partner counseling and protection of susceptible popula-
tions by the implementation of screening programs in high-risk patients should be 
established.
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Abstract

Chlamydia spp. are important causes of acute and persistent/chronic infections. 
All Chlamydia spp. display a unique biphasic developmental cycle alternating between 
an infectious elementary body (EB) and a replicative form, the reticulate body (RB), 
followed by the multiplication of RBs by binary fission and progressive differentiation 
back into EBs. During its intracellular life, Chlamydia employs multiple mechanisms 
to ensure its persistence inside the host. These include evasion of diverse innate 
immune responses, modulation of host cell structure and endocytosis, inhibition 
of apoptosis, activation of pro-signaling pathways, and conversion to enlarged, 
non-replicative but viable “aberrant bodies” (ABs). Early research described several 
systems for Chlamydial persistence with a significant number of variables that make a 
direct comparison of results difficult. Now, emerging tools for genetic manipulations 
in Chlamydia and advances in global microarray, transcriptomics, and proteomics 
have opened new and exciting opportunities to understand the persistent state of 
Chlamydia and link the immune and molecular events of persistence with the patho-
genesis of recurrent and chronic Chlamydial infections. This chapter reviews our cur-
rent understanding and advances in the molecular biology of Chlamydia persistence.

Keywords: Chlamydia persistence, elementary bodies (EBs), reticulate bodies (RBs), 
aberrant bodies (ABs), inclusion, inhibition of apoptosis, non-coding RNAs,  
pro-survival pathways, genome-scale analyses, interference innate immune system

1. Introduction

1.1 Overview of Chlamydial persistence

Persistence is the ability of bacteria to remain viable in the host for a prolonged 
period of time. Bacteria have evolved several strategies by which subpopulations 
can survive conditions that are lethal for most members of bacterial popula-
tions. Well-known examples are the formation of endospores in Bacillales and 
Clostridiales orders, the formation of exospores in Actinomycetales, the presence of 
“persister” cells occurring in most bacteria, and the formation of viable but non-
culturable cells [1]. All the survival stages are characterized by partial or complete 
inhibition of metabolism and cell division. Common to all of these survival states is 
the ability of the “persister” cells to resume their developmental stage under favor-
able conditions [1].
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In the context of Chlamydia, persistence or Chlamydial stress response is the 
reversible inhibition of cell division that interrupts the pathogen’s developmental 
cycle in the presence of unfavorable growth conditions [2]. Chlamydial persistence 
in vitro is characterized by the presence of a “viable but non-cultivable growth stage 
resulting in a long-term relationship with the infected cell” [3]. Persistence is an 
important cause of recurrent Chlamydial disease characterized by chronic inflamma-
tion and tissue damage in epithelial cells. This chapter will discuss the recent develop-
ments in our understanding of Chlamydia persistence, focusing on past and current 
insights that have been obtained into the molecular and immunological basis of this 
stage of Chlamydia development.

2. The Chlamydial developmental life cycle

Chlamydiae are gram-negative obligate intracellular pathogens characterized by 
their biphasic life cycle [4–6]. Chlamydiae primarily infect mucosal epithelial cells 
and alternate between two morphologic forms. The first, known as the elementary 
body (EB), is the infectious form that attaches to the cell membrane of a host cell. 
Shortly after interacting with host cell membrane receptors, the bacterial ligands 
induce endocytosis of the pathogenic EB, leading to the creation of an EB-containing 
vacuole known as the inclusion [4]. Once inside the cell, the EB within the inclusion 
takes around 6–8 hours to transform into the second morphologic subtype, known 
as the reticulate body (RB). The RB modifies the inclusion’s membrane to prevent its 
degradation, while also prompting migration of the inclusion toward the microtu-
bule-organization center (MTOC) to facilitate movement toward nutrient-rich areas 
within the host cell (e.g., periphery of the Golgi apparatus) [4].

Due to the parasitic nature of Chlamydiae, these pathogens not only rely on 
essential nutrients from the host cell but also require several metabolic enzymes, 
which are subsequently hijacked from the host. Thus, approximately 8–16 hours after 
infection, the mid-cycle begins, where the RB produces effectors that facilitate the 
looting of nutrients and enzymatic hijacking [2, 4]. Finally, after 24 hours of replica-
tion and growth, RBs can revert to EBs via an asynchronous process that allows them 
to exit the host cell (e.g., cell lysis or extrusion). Chlamydiae can also transform into 
a third morphologic subtype under certain conditions. When Chlamydiae experience 
physiologic stressors, RBs can transform into abnormally large bacteria known as an 
aberrant body (AB) [4]. ABs are characterized by their non-infectious “hibernating” 
state, allowing them to re-enter the normal biphasic life cycle once the underlying 
stressor subsides to continue producing infectious EBs [4].

3. Overview of Chlamydia pathogenesis

3.1 Acute infections

Chlamydia species cause widespread infections in humans. Chlamydia trachomatis 
serovars A–C are the leading cause of non-congenital trachoma and are the major 
cause of blindness and visual impairment in developing nations [7, 8]. C. trachomatis 
serovars D–K are considered the world’s most common sexually transmitted patho-
gen causing disease in the genital tract and in men, are the primary cause of non-
gonococcal urethritis [7, 9]. Following vertical transmission through an infected birth 
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canal, C. trachomatis serovars D–K cause neonatal conjunctivitis and pneumonia. 
Respiratory infection with C. pneumoniae causes an average of 10% of community-
acquired pneumonia cases and 5% of bronchitis and sinusitis cases. In addition, avian 
strains of C. psittaci have long been known to cause zoonotic respiratory illness in 
humans [10]. The C. trachomatis lymphogranuloma venereum (LGV) biovar (serovars 
L1–L3) causes invasive urogenital or anorectal infection [11].

3.2 Persistent and chronic Chlamydial infections

C. trachomatis serovars D–K are responsible for about 15–40% of ascending upper 
genital tract infections leading to serious complications in women, such as salpingitis, 
pelvic inflammatory disease, ectopic pregnancy, epididymitis in men, and infertil-
ity in women and men [8]. C. trachomatis originating from the genital tract is also 
associated with reactive arthritis, which develops in 1-3% of patients after genital 
Chlamydial infection [9]. C. pneumoniae, which can also disseminate from the site of 
the initial infection, is linked to several chronic diseases, including asthma, athero-
sclerosis, arthritis, cardiovascular disease, and even late-onset Alzheimer’s disease 
[12]. In addition, unresolved respiratory C. pneumoniae infection may contribute to 
the pathogenesis of chronic inflammatory lung diseases, such as asthma and chronic 
obstructive pulmonary disease [12]. Further, C. trachomatis impedes human papil-
lomavirus (HPV)-induced mechanisms that maintain cellular and genomic integrity, 
and it may be linked to cervical cancer [13].

Clinical conditions associated with inapparent Chlamydial infections include 
asymptomatic urethritis in male individuals and cervicitis in female individuals, and 
silent pelvic inflammatory disease in female individuals [3, 14]. The clinical signifi-
cance of persistent infection is associated with the reactivation of infection after 
weeks or months in individuals treated with antibiotics, and negative culture results 
for individuals with strong serological titers and epidemiological associations [3].

4. Structural elements contributing to persistent infection in Chlamydia

4.1 The Chlamydial inclusion

In Chlamydia, a large part of the intracellular survival strategy involves the forma-
tion of a unique membrane-bound vacuole called an inclusion. The inclusion repre-
sents the ideal “protected niche” that ensures Chlamydia its survival by evading the 
endolysosomal pathway and the innate immune responses of the cell and favoring its 
growth by modulating host cell processes. Active transcription and translation within 
the lumen of the inclusion are required for the transition from the non-replicative ER 
to the replicative, morphologically larger RB. Concomitantly, the nascent Chlamydia-
containing inclusions traffic along microtubules from the cell periphery to the 
microtubule organizing center (MTOC), where the inclusion resides for the duration 
of the life cycle [15].

The inclusion membrane (IM) serves as the means by which the bacterium 
communicates with the host cell. A notable component of the IM is the Chlamydia-
specific Type III secretion (T3SS) effector transmembrane Inclusion membrane 
proteins (Incs) [16], Reviewed in [17]. Bioinformatic studies have estimated that C. 
trachomatis encodes 50–100 putative Incs proteins, which represent approximately 
6% of the coding capacity of the organism [18]. At least, three classes of Incs have 
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been identified during the Chlamydial developmental cycle: early-cycle Incs (highest 
mRNA levels between ~2 and 6 h post-infection); mid-cycle Incs (highest mRNA 
levels between 6 and 20 h post-infection); and late-cycle Incs (highest mRNA 
levels after ~20 h post-infection) [19]. The activity of some of these Incs proteins 
is important to ensure the Chlamydia long-term survival through the acquisition of 
nutrients, avoidance of fusion of the inclusion with lysosomes, stability of the inclu-
sion membrane, and modulation of host cell death. For instance, C. trachomatis CpoS 
(Chlamydia promoter of Survival), Inclusion membrane C and CT383 have been 
reported to inhibit host cell death processes in Chlamydia-infected cells by controlling 
inclusion membrane stability [20, 21]. In addition, some Chlamydial Incs interfere 
with the innate host immune signaling [22]. Recent studies using conditional Incs 
mutants in C. trachomatis and Chlamydia muridarum has identified Incs as a key effec-
tor in the transition from infectious (EB) to replicative (RB) during the early stages of 
Chlamydia development in vivo [23]. Although only a few Incs have been character-
ized to date, the role of many Incs remains largely unknown.

4.1.1 Role of actin in the inclusion maturation

After the invasion, Chlamydia continues to manipulate the host cytoskeleton by 
assembling and maintaining an actin-rich cage around the Chlamydial inclusion [24]. 
One of the components of the actin cage (F-actin ring) provides structural rigidity 
and stability to the mature inclusion, as demonstrated by its resistance to nonionic 
detergents and the antimitotic agent nocodazole [25]. Intermediate filaments have 
also been shown to contribute to the stability and function of the inclusion cage by 
providing additional rigidity. Once the invasion is complete, actin is recruited via a 
RhoA/ROCK-mediated actin contraction signal pathway to the maturing inclusion 
alongside the intermediate filaments and septins, providing dynamic structural 
reinforcement to Chlamydia’s replicative niche [25]. Other studies suggest that the 
actin-ring cage formation may depend upon the de novo, unbranched polymeriza-
tion of actin at inclusions [26]. The two proposed models of actin cage suggest that 
mechanism of cage assembly changes with the maturation of the inclusion. While 
the precise mechanism of F-actin synthesis and regulation within the actin cage is 
somewhat unclear, further study will give an insight into the dynamics of the inclu-
sion vacuole during the Chlamydial persistent stage.

4.2 Aberrant bodies

Under non-bacteriocidal stress conditions, Chlamydia responds by markedly 
arresting RB division and differentiates into an atypical morphology referred to as 
aberrant body (AB) [3]. ABs are capable of remaining viable within the inclusion 
vacuole for extended period of time. Aberrant bodies were first described in 1993 
on Chlamydia cultured on McCoy cells and incubated in Eagle’s minimal essential 
medium lacking all 13 amino acids [27]. Chlamydia AB formation is also induced in 
vitro by antibiotics (beta-lactam antibiotics, fosfomycin, novobiocin, fosmidomycin, 
and Azithromycin) [28–33]), depletion of essential nutrients (i.e., iron, amino acids, 
and glucose), heat shock, coinfection with Herpes Simplex virus [27, 34–39], infection 
of monocytes and macrophages [40–42], cytokines (Interferon-gamma and IFN-γ) 
[43], and a number of other pressures [44, 45]. AB in certain Chlamydial species is 
also induced by treatment with LPC-011 (LPC), a potent inhibitor of the zinc-depen-
dent cytoplasmic deacetylase LpxC, which catalyzed the first step in the Chlamydial 
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lipooligosaccharide (LOS) biosynthesis pathway [46]. When the stress stimulus 
is removed, cell division in the ABs resumes, allowing Chlamydia to complete the 
developmental cycle. ABs have been classically distinguished by their enlarged size 
(2–10 mm; for reference, the EB is ≤0.5 μm and the RB is ∼1 μm), the inhibition of 
cell division, and the inhibition of EB production [3]. However, a recent study using 
immunolabeling has shown that bacterial cell enlargement is not a prerequisite for 
persistence in C. trachomatis [2]. In addition, aberrant Chlamydia exhibits differences 
in the capacity to synthesize the cell wall polymer peptidoglycan in the presence of 
different aberrance-inducing conditions [2]. Moreover, some AB inducers halt the 
peptidoglycan biosynthesis pathway early enough to prevent the synthesis and release 
of the peptidoglycan component, muramyl tripeptide. These immunostimulatory 
components are ligands that activate the intracellular NOD1/NF-κB-mediated IL-8 
inflammatory immune response to Chlamydial infections, and the prevention of this 
signaling pathway by a subset of persistent forms of Chlamydia inhibiting PG synthe-
sis may confer an immunoevasive advantage during aberrancy [2]. In addition, ABs 
incorporate Incs effector proteins at various stages of the Chlamydial AB formation 
which suggests that persistent forms of Chlamydia exhibit differences in their abilities 
to undergo homotypic fusion and induce actin cage formation [2].

In addition to differences in the AB physiology, other studies have found that 
the transcriptional and translational responses of Chlamydiae differ according to 
the persistence-inducing stimuli [Reviewed in [47]]. For instance, different models 
of AB induction in vitro and in vivo data using Chlamydia-infected tissues revealed 
differences in the relative levels of expression in the major outer membrane protein 
(MOMP), Chlamydial heat shock protein 60 (cHSP60), and the three groEL genes 
(encoding cHSP60 homologs) [48–50]. Other studies analyzed the patterns of expres-
sion in genes related to cell division and chromosome replication in the Chlamydia 
ABs. These studies analyzed expression of genes encoding products predicted to func-
tion in DNA replication (polA, dnaA, and mutS), chromosome partitioning (parB 
and minD), and cell division (ftsK and ftsW) in various in vitro AB inducible systems 
and in vivo [51, 52]. These studies demonstrated mixed data in the expression patterns 
of the chromosome segregation gene, ftsK, and septum-peptidoglycan biosynthetic 
protein, ftsW. Similarly, DNA replication gene expression profiles were varied in the 
microarray study of IFN-exposed C. trachomatis, with some genes upregulated (dnaB, 
topA, and xerC) and others downregulated (dnaA-2, dnlJ, and ihfA) [51]. The varied 
data regarding cell division and DNA replication gene expression during persistence 
may indicate that RBs show different morphological alterations during the establish-
ment of persistence.

Several studies on AB-inducible systems have reported variations in expression 
of genes involved in energy metabolism in vitro and in vivo [48]. Genes encoding 
enzymes belonging to glycolysis (pyk, gap, and pgk) and the pentose phosphate 
pathway (gnd and tal) were found to be selectively downregulated in vitro and in 
vivo relative to genes encoding enzymes in the tricarboxylic acid cycle (mdhC and 
fumC) [48]. The microarray expression data for genes encoding tricarboxylic acid 
cycle enzymes in IFN-induced persistence of C. trachomatis were mixed. Genes 
encoding 2-oxoglutarate dehydrogenase (sucA, sucB-1, and sucB-2) and succinate 
thiokinase (sucC and sucD) were downregulated. In contrast, genes encoding other 
enzymes in the cycle were either upregulated (fumC and sdhB) or unchanged 
(mdhC, sdhA, and sdhC) [48].

Electron microscopic visualization in chronically diseased tissues shows simi-
lar morphologically aberrant forms resembling those observed in vitro, though 
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the viability of these particles is uncertain. The presence of viable but atypical 
Chlamydiae in vivo is suggested by the detection of enlarged, pleomorphic RB within 
infected human-derived samples such as fibroblasts and macrophages in synovial 
membrane samples from patients with C. trachomatis-associated reactive arthritis 
or Reiter’s syndrome [53], macrophages in aortic valve samples from patients with 
degenerative aortic valve stenosis [54], and prostatic secretion samples from patients 
with chronic Chlamydial prostatitis [55]. Moreover, Chlamydial inclusions were 
found in the luminal epithelium of the oviducts of mice experimentally inoculated 
with the mouse pneumonitis (MoPn) biovar of C. trachomatis [56]. Aberrant bodies 
are not exclusive of human Chlamydiae, as members of the zoonotic Chlamydiales 
and “Chlamydia-related bacteria” also exhibit the persistent AB phenotype under 
several experimental conditions in vitro and in vivo [57–59].

5. Immunological basis of Chlamydia persistence

Chlamydia employs several mechanisms to interfere with the host innate immune 
response to persist within the host cell.

5.1 Modulation of proinflammatory signaling pathways

The epithelial cells of the urethra or vagina/endocervix represent the first contact 
and innate immune barrier against Chlamydia. The cells can recognize the pathogen 
through pattern recognition receptors (PRRs) such as Toll-like receptors (TLRs), 
nucleotide-binding oligomerization domain (NOD)-like receptors or cyclic guano-
sine monophosphate (GMP)-adenosine monophosphate (AMP) (cGAMP) synthase 
(cGAS), which induces the production of proinflammatory cytokines via nuclear 
factor-κB (NF-κB) or activator protein 1 (AP-1) signaling [Reviewed in 61]. The 
stimulation of cGAS by Chlamydia spp. DNA leads to the dimerization and activation 
of the IFN regulatory factor 3 (IRF3), which then translocates into the nucleus and 
promotes the transcription of type I IFN and IFN-inducible genes [60].

The NFκB pathway may be modulated by several different Chlamydial proteins 
and mechanisms, all of which can interfere with NFκB-mediated gene transcription 
and regulation. Some of these mechanisms include: (1) blocking the degradation 
of the NF-κB retention factor, IκBα via C. trachomatis deubiquitination (DUB) 
proteins ChlaDub1 and ChlaDub2 [61], (2) preventing the nuclear translocation 
of NF-κB, thus stopping or dampening NF-κB transcription, (3) sequestration of 
the NF-κB activator 1 (Act1) upon binding of the C. pneumonia-specific inclusion 
membrane protein (Inc) CP0236 [22], and (4) suppression of NF-κB signaling by 
Chlamydia secreted proteases (the tail-specific protease of C. trachomatis, CT441, and 
Chlamydial protease-like activity factor, CPAF) [62].

5.2 Interference with proinflammatory cytokines

Inflammation participates significantly not only in host defenses against Chlamydia 
spp., but it also contributes to the pathophysiology of infection. Chlamydia-infected 
host cells produce a number of cytokines and chemokines, including CXC-chemokine 
ligand 1 (CXCL1), CXCL8 (also known as interleukin-8, IL-8), TNF-α, and IL-1β 
and cause activation of various inflammasome pathways, including the NLRP3/ASC 
inflammasome [60]. These proinflammatory mediators recruit immune cells to the 
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site of infection and cause local inflammation and tissue damage. Chlamydia employs 
several mechanisms to interfere with inflammation, promoting Chlamydial persis-
tence. For instance, the C. trachomatis inclusion membrane protein CpoS can inhibit 
host inflammasome responses [20]. Another mechanism is the overexpression of the 
anti-inflammatory cytokine IL-10 [63]. This in vitro study was confirmed by findings 
of an increased in vivo expression of IL-10 in the semen and serum of patients infected 
with C. trachomatis [64]. Chlamydia CPAF contributes to the anti-inflammatory state 
required for persistence by inhibiting the IL-1ß-dependent secretion of IL-8 through 
cleavage of the transcription factor p65/RelA [65]. CPAF is also involved in the inhibi-
tion of the complement activation by cleavage of the complement factors B and C3 and 
attenuating the production of proinflammatory cytokines [66].

5.3 IFN-γ-induced persistence

IFN-γ is the major component of the innate immune response against Chlamydia 
and is the factor that has received the most research attention as a Chlamydial inducer 
of persistence [41, 43, 44, 67]. Various mechanisms of IFN-γ-induced persistence 
have been proposed. IFN-γ activates the catabolic depletion of L-tryptophan (Trp) 
via indoleamine-2,3-dioxygenase (IDO), the enzyme that degrades tryptophan. Since 
tryptophan is an essential amino acid for C. trachomatis, the presence of this enzyme 
induces a tryptophan starvation that inhibits the growth of Chlamydial RBs [41, 43]. 
IFN-γ is also involved in the inhibition of the transcription factor and proto-oncogene 
c-Myc, the key regulator of host cell metabolism and a central regulator of Chlamydia 
persistence [67].

5.4 Autophagy: mediated resistance

Autophagy is a physiological degradation process that occurs within the lysosomes 
of most cell types. Its main functions are to maintain cellular homeostasis and selec-
tively remove intracellular bacteria or viruses. In C. trachomatis, Guanylate-binding 
proteins (GBPs) and the immunity-related GTPases (IRGs) such as GBP1, GBP2, 
Irga6, and Irgd, which can induce lysis and infection clearance by autophagy, were 
found to accumulate in the Chlamydial inclusions [68, 69], suggesting a role for these 
proteins in the autophagy-mediated resistance to C. trachomatis infection.

5.5 Interaction with innate immune cells

5.5.1 Macrophages (Mϕ)

Macrophages (Mϕ), unlike epithelial cells, are not a hospitable niche for 
Chlamydial intracellular replication. Mϕs migrate to Chlamydial infection sites, 
phagocytose bacteria, produce proinflammatory cytokines, and destroy C. tracho-
matis with host cell autophagy [69, 70]. Also, studies have demonstrated that Mϕ 
autophagy can enhance antigen presentation to T-cells [69]. Furthermore, IFN-γ has 
been shown to enhance both autophagy and upregulation of MHC class II molecules 
in Mϕ [71]. Several mechanisms of Chlamydia spp. persistence in macrophages have 
been described: (1) living as aberrant RBs; (2) interaction with organelles to acquire 
sufficient nutrients [72, 73]; (3) modulation of inflammatory cytokines such as TNF-
α, IFN-γ, and ILs, to escape eradication via apoptosis or autophagy [74]; and (4) the 
production of adhesion molecules such as the intercellular cell adhesion molecule-1 
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(ICAM-1), to increase macrophage adherence, thus facilitating the migration of EBs 
to their preferred sites of replication [75].

Mϕs are involved in the engulfment and transient persistence of the Chlamydial 
extrusions [76]. Upon release from infected epithelial cells, Chlamydia-containing 
extrusions are engulfed by macrophages. Migration of these macrophages, followed 
by eventual escape of Chlamydia from them, can result in the dissemination of 
infectious C. trachomatis to more distant sites, for example, away from inflamma-
tory foci surrounding the primary site of infection, to draining lymph nodes or to 
new hosts [76].

5.5.2 Monocytes and dendritic cells (DC)

Monocytes are responsible for spreading C. trachomatis throughout the body, while 
dendritic cells (DCs) play an important role in mediating immune response against 
bacterial infection. The C. trachomatis serovars Ba, D, and L2 can productively infect 
human peripheral blood monocytes and monocyte-derived DCs in a comparable 
manner [77]. Chlamydia Serovars Ba and D are able to persist on monocytes, while 
they degrade within DC’s [77]. The mechanism of persistence within monocytes is not 
known.

6. Molecular basis of Chlamydial persistence

During the persistent state, Chlamydiae can activate pro-survival pathways and 
inhibit apoptosis to ensure long-term survival inside the cells. Extensive research has 
established a strong correlation between inhibition of host cell apoptosis and persis-
tent C. trachomatis infection.

6.1 Inhibition of apoptosis

Apoptosis is an active process of cellular death induced by both extrinsic (death 
receptor signaling) and intrinsic (mitochondrial) pathways in response to variety 
of physiological and stress stimuli. Host cell death has long been recognized as 
the final stage of the Chlamydia infection cycle, enabling the release of EBs and 
spreads of infection. However, Chlamydia must protect the host cell from suc-
cumbing to stress-induced death before the Chlamydial developmental cycle is 
complete. The ability of Chlamydiae to induce host-cell apoptosis under some 
circumstances and actively inhibit apoptosis to complete their obligate intracel-
lular growth has been extensively studied for decades ([78]; reviewed in Ref. 
[79]). C. trachomatis inhibits specifically the mitochondrial pathway, while signals 
that originate at death receptors and bypass mitochondria are not blocked [80]. 
Apoptosis inhibition in Chlamydia is observed in a variety of cell lines and primary 
cells from diverse origins, including epithelial cells, fibroblasts, endothelial cells, 
monocytes, and lymphoid cells, and not only during active but also during persis-
tent infection [78].

6.1.1 Interaction with mitochondria

Mitochondria play a central role in energy (ATP) metabolism via oxidative phos-
phorylation, biosynthesis of macromolecules, and cell death regulation. Within the 
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host cell, the mitochondria constitute the primary target for C. trachomatis. Its high 
demand for metabolites during its inclusion phase induces massive stress in the host 
cell, eventually leading to the induction of apoptotic cell death as a cell autonomous 
defense mechanism. Accumulating evidence suggests that Chlamydia can manipulate 
the mitochondrial morphology to promote their own replication or to escape from 
host immune responses (Reviewed in Ref. [81]). Altered mitochondrial dynamics of 
fusion and fission allow Chlamydia to maintain the cycle of reproduction and growth. 
Chlamydia suppresses mitochondrial fission and promotes mitochondrial fusion in 
the host cell via lowering ROS generation, inhibiting the tumor suppressor protein 
P53 transcription, increasing P53 protein ubiquitination levels, and inhibiting the 
dynamin-related protein 1(DRP1) oligomerization [81, 82]. Another study provided 
evidence that Chlamydia promotes intracellular survival by inducing mitochondrial 
elongation during the early phase of infection via phosphorylated fission mediator 
protein Drp1 followed by a fragmentation phase at the late stages of infection [83].

6.2 Modulation of Bcl-2 family pro-apoptotic proteins

The Bcl-2 family proteins and caspase-3 are critical regulatory proteins in cell 
apoptosis. Members of the Bcl-2 family can regulate the mitochondrial outer mem-
brane permeability and control cell apoptosis by activating the caspase-3-mediated 
pathway [84]. Bcl-2 family can be divided into anti-apoptotic proteins (such as Bcl-2 
and BclxL) and proapoptotic proteins (such as Bax and Bak). The ratio of anti-
apoptotic to proapoptotic proteins is involved in the determination of cellular fate. 
Activated Bax/Bak induces the formation of oligomers that form pores in the mito-
chondrial outer membrane. These pores are channels for proapoptotic factors such as 
cytochrome c to translocate to the cytoplasm. The result is twofold: the loss of cyto-
chrome c from mitochondria disables energy production, and cytosolic cytochrome c 
instigates a proteolytic cascade that dismantles the cell [85].

Various mechanisms of interference with pro-apoptotic BCL-2 family proteins 
have been described in Chlamydia: (1) sequestration of the BCL-2-associated 
agonist of cell death (BAD) to the inclusion membrane via the host-cell adapter 
14-3-3β-binding, (2) prevention of cytochrome c release from the mitochondria by 
Chlamydia-dependent anti-apoptotic factors, (3) upregulation of the expression of 
genes that encode the myeloid leukemia cell differentiation protein (Mcl-1), an anti-
apoptotic member of the BCL-2 family, and (4) upregulation of BCL-2-associated 
athanogene 1 (BAG1), aBCL-2 binding protein, via RAF/MEK/ERK signaling 
pathway [60, 79]. Recent data provided strong evidence that Chlamydial apoptosis 
inhibition in infected human cells occurs during the activation of Bax and Bak, and 
the Chlamydial porin OmpA can interfere with Bak activation [86].

Chlamydial plasmid-encoded secreted protein PGP3 also contributes to apoptosis 
inhibition by regulating expression levels of Bax and Bcl-2 and activation of cas-
pase-3. Anti-apoptotic activity of PGP3 involves ERK activation via upregulation of 
caspase DJ-1 protein [87] and phosphorylation and nuclear entry of MDM2, and p53 
degradation via activation of the PI3K/AKY signaling pathway [88].

6.3 Inactivation of pro-apoptosis factors by kinases

Kinases regulate host cell processes by phosphorylation of their target proteins 
and are fundamental for suppressing host cell apoptosis. A key subset of host proteins 
sequestered by Chlamydia during its survival and development within the inclusion 
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include an assortment of host kinase signaling networks vital for many Chlamydial 
processes, including entry, nutrient acquisition, and suppression of host cell apopto-
sis (Reviewed in Ref. [89]).

The mitogen-activated protein-MAP kinase/extracellular signal-regulated 
kinase (MEK/ERK) and Phosphatidylinositol-3-kinase (PI3K) signaling pathways 
are among the most prominent kinase signaling networks utilized by Chlamydia in 
activating pro-survival mechanisms [89]. MEK/ERK signaling and P13K pathways 
are activated immediately after entry upon binding to host receptor tyrosine kinases. 
Phosphorylation of the Chlamydial TarP activates the MEK/ERK signaling through 
interaction with SRC homology 2 domain-containing transforming protein C1 
(SHC1). ERK activation and upregulation of the BCL-2 family member MCL-1 are 
involved in the anti-apoptotic state by activating the PI3K pathway [89]. Activation of 
the PI3K pathway results in the phosphorylation and activation of the serine/threo-
nine kinase (Akt) cell survival cascade. The PI13K/Akt complex maintains the BCL-2-
associated agonist of cell death (BAD) in a phosphorylated state as it is sequestered by 
the host-cell adapter 14-3-3ß protein at the inclusion vacuole [90]. Depletion of AKT 
through short-interfering RNA reverses the resistance to apoptosis of C. trachomatis-
infected cells. Other kinases (PKCδ, GSK3ß) interact with the inclusion by binding to 
diacylglycerol-enriched membranes and activating pro-apoptotic signals via different 
mechanisms [89].

Other pro-survival signaling pathway activated by Chlamydia is the Wnt/β-
catenin signaling through the interaction of Chlamydia with fibroblast growth factor 
receptor (FGFR) or the receptor tyrosine kinases (RTKs) and the ephrin receptor A2 
(EPHA2) [79].

6.4 Inhibition of apoptosis by non-coding RNA’s

Non-coding RNAs (ncRNAs) are a novel type of short RNAs that regulate gene 
expression at multiple levels via various mechanisms, thus influencing development, 
differentiation, and metabolism [91]. One type of ncRNAs, long non-coding RNA 
(lncRNAs) regulates gene expression and function, either positively or negatively, by 
interacting with DNA, RNA, and proteins and also modulate transcriptional, post-
transcriptional, and post-translational processes [91].

Chlamydia trachomatis expresses distinct patterns of ncRNAs during normal 
development [92]. Expression of many ncRNAs is altered during growth stress stimuli 
that induce persistent growth, particularly IFN-γ and carbenicillin [92]. Recent find-
ings provided evidence that lncRNAs are involved in regulating apoptosis pathways in 
Chlamydia [93, 94]. The anti-apoptotic activity of the lncRNAs includes modulation 
of the DNA replication and apoptosis of host cells via Wnt/β-catenin pathway [93] or 
downregulation of the Bcl-2/Bax ratio with a marked release of cytochrome c, result-
ing in a significantly elevated level of caspase-3 activation [94]. One of the Chlamydial 
targeted lncRNA (MIAT) was involved in regulating Chlamydial development during 
the persistent infection [94]. The discovery of non-coding circular RNAs (circRNAs) 
has opened the possibility of the role of these rare RNAs in Chlamydia persistence.

7. Molecular tools to study Chlamydia persistence

Historically, genetic manipulation of Chlamydia has been a challenge to scientists 
because of its obligate intracellular lifestyle, biphasic developmental cycle, and 
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limited metabolic activity of EBs during persistence. On the other hand, scientists 
have presumed Chlamydia spp. to deliver over 100 proteins through its T3SS that 
interfere with normal host cell processes to promote invasion, intracellular replica-
tion, inclusion formation, and dissemination [17]. Bioinformatics has identified 
several C. trachomatis effector proteins (Reviewed in Ref. [95]), yet the biological role 
in persistence remains to be elucidated.

In the context of Chlamydial persistence, the two intracellular morphological 
forms (RB and AB) have features that render them more suitable than the infectious 
EB for genetic manipulation. Unlike the rigid cell-walled EB, the RBs slow levels of 
peptidoglycan in its cell wall, which could facilitate the uptake of DNA [96]. RBs also 
undergo cell division and express DNA repair enzymes that mediate the chromosomal 
integration of DNA by homologous recombination during division. Thus, RBs are 
likely to be naturally competent for transformation. However, one challenge in the 
genetic manipulation of the Chlamydial RBs in persistence studies is the fact that 
transformation within infected cells requires exogenous DNA to traverse through 
several other lipid bilayers (the host plasma membrane and the inclusion membrane) 
before encountering the RB outer and inner membranes and eventually the chromo-
some [96].

7.1 Molecular manipulation of Chlamydia

With the recent advances in the molecular genetic manipulation of Chlamydia, 
it is now possible to perform targeted gene inactivation, whole-genome sequencing 
to identify mutations, and plasmid transformation to generate fluorescent reporter 
strains to identify proteins involved in the pathogenesis of Chlamydia [96]. On the 
other hand, the ability to express exogenous proteins, epitope tags, and fluorescent 
and other reporter proteins in Chlamydia has expanded the repertoire of possible 
technologies to study the Chlamydia–host interface [97]. High-resolution microscopy 
has complemented the advances in genetic and biochemical approaches [96].

Molecular manipulation in Chlamydia takes advantage of the sequencing of the first 
Chlamydiae genome [98]. C. trachomatis can insert exogenous DNA into its genome 
because it encodes an intact DNA recombination machinery that facilitates the develop-
ment of a stable transformation system of Chlamydia with recombinant DNA [99]. 
This transformation system has enabled the construction of a series of shuttle vectors 
for gene inactivation by targeted gene knockouts with versatile multiple-cloning sites 
(MCS), fluorescent protein reporters, inducible promoters, and new selectable markers. 
Strategies to mediate targeted genetic modifications, such as gene disruptions and gene 
replacements, include the Targeting Induced Local Lesions in Genomes (TILLING) 
technology and TargeTron, based on the transient transformation of Chlamydia with 
a plasmid that encodes an altered group-II intron (Reviewed in Ref. [100]). The recent 
development of a Fluorescence-reported allelic exchange mutagenesis (FRAEM) using 
the suicide vector pSUmC has allowed the generation of null mutation strains via the 
complete deletion of chromosomal genes in C. trachomatis [101].

7.2 Genome-scale analyses

7.2.1 Transcriptomics

High-throughput analysis of protein-encoding mRNA (transcriptomic 
approaches) has explored the differential expression of genes at different stages of 
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the Chlamydial infectious cycle, allowing the identification of previously unrecog-
nized early Chlamydial gene expression and complex host cell responses [102–104]. 
However, such bulk-cell approaches can potentially miss cell-cell variability or cells 
that contribute to overlapping phenotypic characteristics, potentially masking critical 
biological heterogeneity as irrelevant signals from non-participating cells that can 
skew the average [105].

Single-cell RNA sequencing (scRNA-seq) is an alternative to bulk cell popula-
tions as it can analyze RNA molecules in individual cells with high resolution and on 
a genomic scale [105]. The construction of a pilot dataset, applying scRNA-Seq to 
C. trachomatis infected and mock-infected epithelial cells (HEp-2) has allowed the 
differential expression of genes involved with cell cycle regulation, innate immune 
responses, cytoskeletal components, lipid biosynthesis, and cellular stress at early 
times of infection [105].

7.2.2 Whole-proteome microarrays

Proteome microarray is a novel alternative to gene expression profiling by micro-
arrays for studying Chlamydia–host interaction. Proteins expressed on microarrays 
display antigenic epitopes, thereby providing an efficient method for immunoprofil-
ing patients and allowing de novo identification of disease-related serum antibodies. 
The technology takes advantage of the recent construction of a whole-proteome 
microarray using on-chip protein expression of the C. trachomatis 895 proteins [106]. 
Comparison of antibody reactivity patterns allowed the identification of new antigens 
recognized by known C. trachomatis seropositive samples and antigens reacting only 
with samples from cervical cancer patients [106]. More recently, the whole C. tra-
chomatis screening identified antibody patterns associated with pelvic inflammatory 
disease (PID), tubal factor infertility, chronic pelvic pain (CPP), and ectopic preg-
nancy that results from a Chlamydial persistent infection [106, 107]. Although protein 
microarrays have been used in the field of clinical diagnosis for de novo identification 
of antibodies associated with general infection and disease-related serum antibodies, 
the technique can easily be adapted to the identification of antigen biomarkers of 
Chlamydia persistence.

7.3 In vitro cell systems

The 2D in vitro cell-culture models have been the most widely used models for 
studying the dynamics of Chlamydial persistence, including its virulence factors and 
molecular and cellular pathways. The findings of altered morphological forms of C. 
psittaci in infected mouse fibroblasts (L cells) constituted the first in vitro model of 
Chlamydial persistence [108]. Since then, the induction of persistent C. trachomatis 
has been studied extensively using different in vitro cell lines (Reviewed in Ref. [3]). 
The different in vitro persistence systems have revealed altered Chlamydial growth 
characteristics, for example, enlarged pleomorphic inclusions with a loss of infectiv-
ity and cell division. These changes are generally reversible upon removal of the 
growth inhibitory factor. One advantage of these systems is that they can be used 
under highly controlled experimental conditions; however, they fail to mimic the 
complex and dynamically changing structure of in vivo human host tissues.

Three-dimensional (3D) cell-culture models based on primary cells are acquir-
ing great importance as a new and robust platform for studying complex biological 
processes and might be a promising alternative in C. trachomatis pathogenetic studies 
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(Reviewed in [109]). The 3D “organoid” models mimic the microenvironment that 
C. trachomatis encounters in the host tissue, allowing a deeper understanding of 
host–pathogen interactions by promoting direct cell-to-cell contact, interacting with 
cells of the extracellular matrix and allowing in vivo exchange of soluble factors. In 
addition, 3D cell culture models retain the cellular structural integrity resembling the 
in vivo parental tissue than the 2D cell culture models.

The recent development of Female Reproductive Tract (FRT) Organoid technol-
ogy is opening up new possibilities to investigate the mechanisms of Chlamydia 
disease in the FRT [Reviewed in 113]. Human and mouse-derived primary cervical 
epithelial three-dimensional (3D) organoids resembling the in vivo FTR native 
tissue architecture offer a unique possibility to elucidate the dynamics and impact of 
different infections and co-infections in pathogenesis and carcinogenesis [110]. One 
advantage of using FTR organoids is that they can be propagated and expanded long 
term under their optimal culture conditions (≥ 6 months), thus providing the ideal 
model to study persistence in Chlamydia. For instance, in a human ectocervical organ-
oid model, co-infection with Human papillomavirus (HPV)16 E6E7 slowed down the 
C. trachomatis developmental life cycle by inhibiting the redifferentiation of RBs into 
EBs, thus inducing persistence [111].

8. Animal models

Extending the in vitro observations of Chlamydial persistence to an animal 
infection model has remained challenging. The first and only animal model to study 
Chlamydia persistence was reported a decade ago [112]. The study showed that 
amoxicillin could induce persistence in BALB/c mice infected intravaginally with the 
murine pathogen C. muridarum, a close relative of C. trachomatis. Another relevant 
observation is that amoxicillin-induced persistence resulted in increased failure of 
subsequent treatment with the first-choice antiChlamydial antibiotic azithromycin 
[112]. Interestingly, a murine model of naturally chronic nonhuman Chlamydial 
infection has been recently developed [113].

Other animal models to study Chlamydia genital tract pathogenesis, includ-
ing guinea pig, nonhuman primate, pig, rat, and the rabbit, have been developed 
(Reviewed in Ref. [114]). However, none of the animal models perfectly mimics the 
anatomy, histology, and endocrinology of the human reproductive system or the 
pathogenesis and immune responses occurring during a chronic human genital C. 
trachomatis infection [114]. In addition, the use of animal models possesses important 
ethical issues [114].

9. Concluding remarks

Chlamydia’s ability to manipulate the host cell biology, evade immunity, and 
undergo morphological aberrant conformations allows these successful intracellular 
pathogens to enter a persistent state. Persistence has been studied for decades by 
observing the ability of Chlamydia to survive for long periods of time in cell culture in 
response to stress stimuli. The stress responses that lead to persistence in Chlamydia 
comprise complex regulatory networks that control the expression of multiple genes 
to inhibit apoptosis and activate pro-signaling pathways and immunomodulation. The 
transcriptional response of Chlamydia differs according to the persistence-inducing 
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stimuli, suggesting differences in the host cell response. On the other hand, isolated 
in vitro studies indicate common pathways that are down- or upregulated in a similar 
way by different stress conditions, which may interact and crosstalk between these 
regulons. Thus, an understanding of the morphological features, as well as the regula-
tory mechanisms and functional redundancies in pathways involved in persistence, is 
very critical for the design of novel anti-Chlamydial strategies.

Methodological advances in Chlamydial gene mutagenesis and DNA transforma-
tion, deep sequencing technologies, and the implementation of high-throughput 
genome-scale analysis and improvement in in vitro cell systems have opened new 
opportunities in our understanding of persistence. The genes encoding critical 
functional proteins are potential drug targets for treating persistent C. trachomatis 
infections. Understanding the gene-level changes that take place for Chlamydia to 
enter persistence could help researchers develop strategies to block these changes 
from occurring, making the organism more vulnerable to antibiotics and circumvent-
ing chronic Chlamydial infections.
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Chapter 9

Chlamydia and the Gastrointestinal 
System
Erhan Alkan

Abstract

Chlamydiae are intracellular, gram-negative, and prokaryotic microorganisms. 
Capable of causing disease in many mammalian and avian species, there are three 
types that cause disease in humans: Chlamydia trachomatis, Chlamydia pneumoniae, 
and Chlamydia psittaci. Among the chlamydia species, C. trachomatis is the most 
studied and encountered type because it is a leading cause of trachoma and sexually 
transmitted diseases. C. trachomatis, a known pathogen of the genital tract, can also 
be routinely detected in the human gastrointestinal tract. It can infect the enteroen-
docrine cells of the gastrointestinal tract. The best-known manner for C. trachomatis 
to enter the gastrointestinal tract is through oral and anal sex. Most of them are 
dormant, without causing any infection in the infected person. Chlamydia proctitis 
is the most well-known disease caused by C. trachomatis in the gastrointestinal tract. 
In this section, we evaluated the often-overlooked Chlamydia and the gastrointestinal 
system findings within the gastroenterology practice, the diseases it causes, and the 
treatments for these diseases.

Keywords: chlamydia, gastrointestinal system, oropharyngitis, proctitis, Chlamydia 
trachomatis

1. Introduction

Among the diseases caused by chlamydia, trachoma is the most widely known. The 
earliest known information about trachoma is found in Egyptian papyrus and Ancient 
Chinese inscriptions [1–3]. Intracytoplasmic inclusion bodies of Chlamydia tracho-
matis were first demonstrated by the researchers Halberstaedter and Von Prowazek 
[4]. In 1907, Halberstaedter and Von Prowazek applied a sample from a patient with 
trachoma to the conjunctiva of a monkey and, after the infection emerged, were 
able to show the intracytoplasmic inclusion bodies by staining the mucopurulent 
exudate sample with Giemsa. They defined these bodies as protozoa and named them 
Chlamidozoa [5]. The role of C. trachomatis in genital infections was evidenced by 
the same researchers in 1909 when they showed inclusion bodies in the conjunctival 
cells of babies with non-gonococcal ophthalmia neonatorum, in the cervical epithelial 
cells of the mothers of babies, and in the urethral epithelial cells of male patients with 
non-gonococcal urethritis. In 1910, Lindner showed how the mother and father of a 
baby with inclusion conjunctivitis showed inclusion bodies in the mother’s cervical 
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and father’s urethral specimens [5]. Lymphogranuloma venereum (LGV) was first 
described in the late 1700s [3] and was reported by Durand, Nicolas, and Favre in 
1913. Gamma and Favre showed inclusion bodies in the cytoplasm of mononuclear 
cells in an infected lymph node in 1924 [5]. Psittacosis was first described in humans 
by Ritter in 1879. Later, outbreaks were reported in many European countries. In the 
1950s, attention was drawn to contamination, especially from poultry [3]. Chlamydia 
pneumonia was first isolated in 1965 during trachoma vaccine studies in Taiwan. It 
was later isolated from throat cultures of children with pharyngitis in the United 
States in 1983 [3, 6]. C. trachomatis was produced in the yolk sac of embryonated eggs 
by T’ang et al. in 1957 and isolated from cell culture by Gordon and Quan in 1965. 
In 1970, the microimmunofluorescence technique started being used in diagnosis, 
and Direct Fluorescent Antibody (DFA) and Enzyme Immunoassay (EIA) tests were 
developed in the 1980s [3, 7]. After the 1990s, polymerase chain reaction (PCR), 
ligase chain reaction (LCR), and nucleic acid amplification tests (NAAT) have been 
used in diagnosis [8, 9].

Chlamydiae are gram-negative, cocci-shaped, immobile, and obligate intracel-
lular microorganisms that cause many diseases in humans. Although they have many 
enzymes and limited metabolic activities, they have been studied among viruses for 
many years due to their lack of mechanisms for providing metabolic energy and their 
inability to generate their own energy (Adenosine Triphosphate). However, they are 
distinguished from viruses by the fact that they contain both DNA and RNA, repro-
duce by dividing in the middle, have a similar cell wall structure to gram-negative 
bacteria, have ribosomes, have various enzymes that provide metabolic activity, and 
are sensitive to various antibiotics [1]. Unlike other bacteria, chlamydia has a biphasic 
life cycle. During their life cycles, they appear in two forms, which are called elemen-
tary bodies and reticular bodies, with different metabolic activity characteristics, 
sizes, and morphological appearances. Elementary body is the infective form that is 
resistant to environmental conditions and is not metabolically active. Reticular body, 
on the other hand, is the metabolically active form that has no infective properties but 
has the ability to proliferate within the host cell. Because chlamydia are compulsory 
intracellular parasites, they cannot be grown in artificial media [10]. They require live 
cell environments for their reproduction [2].

Chlamydias belong to the Chlamydiaceae family, which is under the order 
Chlamydiales. In the taxonomic classification according to their phenotypic char-
acteristics, there are four species in the genus Chlamydia, namely C. trachomatis, C. 
psittaci, C. pneumoniae, and C. pecorum. Among these four species, only C. pecorum 
does not cause disease in humans [5]. Apart from this classification, two different 
genera were proposed based on 16S rRNA and 23S rRNA sequence analyses. There 
are three species within the genus Chlamydia, C. trachomatis, C. suis, and Chlamydia 
muridarum, and six species within the genus Chlamydophila, C. pneumonia, C. psit-
taci, C. pecorum, C. felis, Chlamydophila caviae, and C. abortus. However, since this 
classification is not accepted by many researchers, both classifications are used in the 
literature today [1, 8, 11, 12]. There are three biovars within the species C. trachomatis. 
These are Trachoma biovar associated with oculogenital diseases, Lymphogranuloma 
biovar, and rat pneumonia causative biovar. Wang and Grayston determined 15 
serotypes according to antigenic structures in trachoma and LGV agents [13]. Three 
of these serotypes (L1–3) determined by the microimmunofluorescence method were 
associated with LGV, and the other 12 were associated with oculogenital diseases. The 
rat pneumonia-causing agent does not infect humans [8, 13, 14]. The L1, L2, and L3 
serotypes of C. trachomatis are associated with Lymphogranuloma venereum (LGV) 
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and are sexually transmitted. The A, B, Ba, and C serotypes cause endemic trachoma 
and are transmitted by hand-eye contact and flies. The D, E, F, G, H, I, J, and K sero-
types cause inclusion conjunctivitis, nongonococcal urethritis, cervicitis, salpingitis, 
proctitis, epididymitis, neonatal pneumonia, and conjunctivitis and are transmitted 
sexually, perinatally, and by hand-eye contact. Today, C. trachomatis is one of the 
most important causes of sexually transmitted diseases [15]. C. trachomatis usually 
infects epithelial cells lining the mucous membranes. These are columnar cells in the 
cervix, cells of the urethra, rectum, conjunctiva, and cells of the newborn’s respira-
tory system [16]. C. trachomatis is the cardinal pathogen of non-gonococcal urethritis 
[17]. Sexually transmitted C. trachomatis infection can sometimes be asymptomatic 
[18]. In this case, accurate and early diagnosis is important since patients will 
continue to transmit the infection [19]. Undiagnosed and untreated C. trachomatis 
infections cause diseases such as pelvic inflammatory disease and may result in 
ectopic pregnancy and tubal infertility. It has also been reported that C. trachomatis 
infections seen during pregnancy may be associated with pregnancy complications 
such as postpartum endometritis, premature rupture of membranes, premature birth, 
stillbirth, and low birthweight. C. trachomatis is also one of the important causes of 
reactive arthritis [8].

Cytological examination, cell culture, antigen determination, DFA, EIA, and 
NAAT are used in the diagnosis of C. trachomatis. The sensitivity of the cell culture 
method varies from 50 to 85%. For DFA and EIA, the sensitivity is given as 45.5–85% 
and 52–84.4%, respectively. Various studies have shown that the sensitivity for NAAT 
is from 80 to 100%. The specificity of all tests varies from 90 to 100% [20].

2. Gastrointestinal chlamydial infections in humans

York and Baker reported for the first time in cattle that Chlamydia was present 
in the gastrointestinal (GI) tract but did not cause a pathological response [21]. 
Later, Storz and Thornley reported that sheep have low levels of complement-fixing 
antibodies despite being infected. Antibody levels were found to be high in some 
sheep with positive fecal isolation but were observed as returning to low levels in the 
follow-up [22]. Cordy, Storz, and Dungworth stated that the presence of chlamydia 
in the intestine does not create a resistance against parenteral and respiratory tract 
infections [23–25]. Perry and Hughes observed that genital chlamydial infection may 
be somewhat protective against respiratory tract infections, but it does not prevent 
infection in the GI tract [26]. The reason why chlamydial GI infection could not be 
eliminated is the inability of the gastrointestinal tract to produce an adequate immune 
response. However, there are also data showing that oral infection is a potent immu-
nization. Oral infection with live chlamydia has been shown to elicit a strong systemic 
immune response and a partial protective response in the genital area in both rat and 
guinea pig models [27, 28]. Nichols et al. showed that oral infection may be somewhat 
protective against conjunctival infection in the guinea pig [29]. Although these data 
suggest that GI chlamydial infection may trigger immunity, this immune response 
is insufficient. The absence of pathological findings may also indicate the complete 
absence of a local host response to chlamydial GI infection. In addition to the lack 
of pathology seen at various times after oral infection with C. muridarum, Igietsme 
et al. were unable to detect expression of VCAM-1 associated with the inflamma-
tory response after oral infection and did not observe an increase in the number and 
density of intraepithelial lymphocytes. Hyperplasia of Peyer’s patches was the only 
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finding for a local immune response [30, 31]. Yeruv L et al. examined whether a local 
and systemic response developed as a result of C. muridarum gastrointestinal infec-
tion in rats. They showed that IgG was produced at a level similar to the serum IgG 
level that occurs in chlamydia genital infection and remained high during the 75-day 
observation period, while anti-chlamydia IgA appeared in the intestine 2–3 weeks 
after the infection, peaking on the 50th day and decreasing on the 75th day [32]. Since 
it has been determined that the natural site of infection for chlamydia in many animal 
hosts is the gastrointestinal tract, it comes to mind that the natural site of infection 
in humans is the gastrointestinal tract as well. Apart from direct infection with anal 
intercourse, there are indications that both men and women can be infected orally. 
There is evidence that chlamydia can pass through the stomach and small intestine 
and settle in the large intestine after oral infection of rats [32]. Dunlop et al. found 
that both cervical and rectal cultures were positive in 5 (13.2%) of 38 women who had 
intercourse with men with ocular chlamydial infection or urethritis [33, 34]. Rectal 
cultures were also positive in 7 of 11 women with ocular infection only, and rectum 
and cervix were infected simultaneously in 6 of them. LGV serotypes were not found 
in rectal isolated cases. For this reason, it was thought that the rectum also serves as 
a reservoir, same as the genital tract, for chlamydial infection in women [34]. It has 
been shown by Jones et al. that men and women can be orally infected. They took 
pharyngeal samples from 706 heterosexual men and 686 women and rectal samples 
from 1223 women at risk for chlamydia infection. C. trachomatis was isolated in the 
pharynx of 3.7% of men and 3.2% of women. C. trachomatis was also isolated in the 
rectal culture of 5.2% of women at risk. However, they could not find a statistical 
relationship between positive rectal isolation and anal intercourse [35]. A strong cor-
relation was found between positive genital and rectal cultures. While 11% of genital 
culture-positive women were positive in the rectum, rectal swab was positive in only 
2.7% of genital culture-negative women. Positive rectal cultures having been detected 
in homosexual men were not surprising. Stamm et al. found a positive rectal culture 
in 33 of 155 heterosexual women with STDs. A high percentage of these women 
were having anal intercourse. However, 16 of 29 asymptomatic women with positive 
rectal cultures did not report anal intercourse [36]. Another source of information 
on persistent gastrointestinal chlamydia infection comes from studies on neonates 
exposed to chlamydia infection at birth. A 5-year prospective study by Schachter et 
al. followed 131 infants born to mothers infected with chlamydia. Inclusion conjunc-
tivitis was confirmed by culture in 18% of infants and chlamydial pneumonia in 16%. 
Serological response was present in 60% of the infants. Interestingly, asymptomatic 
rectal and vaginal infections were detected in 14% of infants at risk. Conjunctival 
infections were detected in the first 22 days of life, while rectal cultures were positive 
after 2–3 months, and vaginal cultures after 70–154 days. This suggested that the 
vaginal infection was due to possible fecal contamination. A high titer IgM increase 
was also detected in positive rectal cultures [37].

3. Chlamydial oropharyngitis–tonsillitis

C. trachomatis can be transmitted after oral sex. Many patients with C. trachomatis 
in the oropharyngeal region are asymptomatic. Rarely, it can cause oropharyngitis 
and tonsillitis. In this case, it can lead to symptoms such as sore throat, difficulty 
swallowing, and fever. Swab samples taken from this region are used for diagnosis. 
NAATs are one of the most sensitive tests used in the examination of samples and are 



155

Chlamydia and the Gastrointestinal System
DOI: http://dx.doi.org/10.5772/intechopen.110485

recommended for use in diagnosing C. trachomatis. Its specificity and sensitivity are 
quite high [38]. Although the clinical significance of oropharyngeal C. trachomatis 
infection is unclear and oropharyngeal sampling is not routinely recommended 
during screening for chlamydia infection, existing evidence has shown that oropha-
ryngeal chlamydia infection can be transmitted sexually to the genital areas [39]. 
Therefore, if C. trachomatis is detected in the oropharyngeal sample, the patient 
should be treated with azithromycin and doxycycline. There is not enough clinical 
information to compare the efficacy of antimicrobials in oropharyngeal C. trachomatis 
infection. In a double-blind randomized controlled study, no significant difference 
was found in terms of treatment success of urogenital C. trachomatis infection in men 
and women between the use of a delayed release 200 mg doxycycline tablet for 7 days 
and a 100 mg doxycycline tablet twice a day for 7 days, although gastrointestinal side 
effects were less in the group that received a single dose of 200 mg. On the other hand, 
the cost of a single-dose 200 mg tablet is higher [40].

4. Rectal C. trachomatis infection

C. trachomatis is the most common bacterial sexually transmitted infection in the 
world. There were an estimated 4 million cases of chlamydia in the United States in 
2018 [41]. This has made it the most frequently reported condition nationally. Despite 
public health chlamydia control programs, its frequency has increased over the past 
20 years [42]. Chlamydial infections are more common in young women (<25 years), 
especially Black, Hispanic, and Native American women, and homosexual men [43]. 
C. trachomatis infects epithelial cells of the oropharynx, genitourinary tract, and 
gastrointestinal tract. The rectum is increasingly recognized as a common anatomical 
site of C. trachomatis infection in humans. C. trachomatis is a common cause of symp-
tomatic proctitis and proctocolitis, especially in homosexual men [8]. While 10–15% 
of homosexual men who apply to sexual health clinics have a positive rectal chlamydia 
test, this rate is 8–9% in cisgender women. Despite the high prevalence of rectal 
chlamydial infections, there is a lack of knowledge about the biological, epidemio-
logical, and clinical aspects of these infections. Asymptomatic rectal carriage of C. 
trachomatis can occur in infants and adults. 85% of rectal C. trachomatis infections are 
asymptomatic. However, rectal infection is known to cause proctitis. Infection with 
the L1, L2, and L3 serotypes of C. trachomatis can cause lymphogranuloma venorum 
syndrome. The most common clinical manifestation of rectal LGV is proctocolitis, 
while urogenital LGV is inguinal and femoral painful and tender lymphadenopathies 
[44]. Despite the prevalence of L serotype C. trachomatis among homosexual men, 
25–50% of these infections are asymptomatic [45]. Although there is a high preva-
lence of chlamydia among women in sexual health clinics, this has no clinical signifi-
cance. It is not clear whether rectal C. trachomatis is auto-inoculated from the rectum 
to the genital tract, and if so, how often. Such auto-inoculation has been demon-
strated in animal models [32, 46]. However, this auto-inoculation has not been proven 
in humans. Along with that, in several epidemiological studies, it has been empha-
sized that undiagnosed or inadequately treated rectal C. trachomatis infection may be 
the source of recurrent urogenital chlamydia infection in women [47, 48]. Rectal C. 
trachomatis has been described in many ways. The primary means of acquiring rectal 
C. trachomatis among homosexual men are through receptive anal sex. Apart from 
this, there are several articles showing that oral-anal sex, use of sex toys, fingering, 
and use of saliva as a lubricant may lead to rectal C. trachomatis acquisition [49, 50]. 
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Considering that the prevalence of rectal chlamydia in women is similar between 
those who report and do not report anal sex, it is unlikely that anal sex is the primary 
route of acquiring of rectal C. trachomatis in women [51]. Considering the anatomical 
proximity of the vagina and anus, toilet hygiene practices, and the positive rectal C. 
trachomatis test in most (70%) women with urogenital C. trachomatis, many women 
can get rectal chlamydia from urogenital C. trachomatis infection. There are articles 
showing that up to 87% of rectal C. trachomatis infections in women are acquired 
from urogenital infections [52]. Several researchers have suggested that oral ingestion 
of C. trachomatis infection (through penile-oral sex) may lead to rectal chlamydia. In 
this case, in order for C. trachomatis to colonize and infect the large intestine, it must 
survive passing through the upper gastrointestinal tract. This has been demonstrated 
in animal models [30, 53, 54]. In humans, this has not been demonstrated experi-
mentally, although is supported by some epidemiological evidence [55, 56]. We have 
stated that asymptomatic rectal carriage of C. trachomatis can be seen in infants and 
adults. However, we also emphasize that C. trachomatis is a common cause of symp-
tomatic proctitis and proctocolitis [8]. Both LGV serotypes and D to K serotypes can 
cause these clinical presentations. The severity and prevalence of the infection also 
vary accordingly. Infection with agents other than LGV serotypes usually occurs by 
direct inoculation of the agent during anal intercourse. It remains as a limited super-
ficial inflammation in the rectum. Its main symptoms include anal itching and mucus 
rectal discharge. LGV serotypes, on the other hand, come to the infection site by lym-
phatic spread and cause ulcers, granulomas, and cryptic abscesses in the rectum and 
colon mucosa. They cause symptoms such as rectal pain, tenesmus, rectal bleeding, 
and fever. Perirectal abscesses, rectovesical fistulas, strictures due to fibrous tissue 
formation in the intestinal wall, and lymphoid tissue accumulation similar to hemor-
rhoids due to obstruction of lymphatic drainage may occur in untreated individuals, 
and the infection may be confused with inflammatory bowel diseases [8]. Methods 
used in diagnosis include cytological examination, isolation in cell culture, antigen 
determination, serological examinations, and molecular methods in which nucleic 
acid of the agent is detected [8, 57, 58]. NAATs are one of the most sensitive tests used 
in the examination of samples [59, 60] and are recommended for use in diagnosing 
chlamydia infection [38]. C. trachomatis culture has been generally abandoned. Since 
there is no significant difference in the outcome between the samples taken by the cli-
nician and the samples taken by the patient themself, the patient’s sampling themself 
can be used for rectal chlamydia infection detection [61, 62]. In chlamydia screening 
by NAAT, especially in cases where it is difficult to reach the clinician, the patient’s 
own samples can be an alternative to the samples taken by the clinician.

4.1 Treatment

Treating people infected with C. trachomatis and their partners is of great 
importance in preventing reproductive health-related complications, stopping the 
transmission of the disease to individuals, and preventing re-infection. Doxycycline 
and azithromycin are the most commonly used drugs for the treatment of rectal 
chlamydia. Before 2020, the treatment guidelines for sexually transmitted infections 
recommended azithromycin 1 g orally as a single dose or doxycycline 100 mg orally 2x1 
for 7 days for the treatment of rectal chlamydia infection. As alternative treatments, 
erythromycin base 500 mg orally 4x1 for 7 days or erythromycin 800 mg orally for 4x1 
7 days or levofloxacin 500 mg orally 1x1 for 7 days or ofloxacin 300 mg 2x1 for 7 days 
can be used. Many clinicians prefer to use azithromycin because of the ease of use of 
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single-dose therapy and the possibility of treatment under direct supervision. In the 
gonorrhea treatment guideline, which was renewed in 2020, it is recommended to use 
doxycycline for treatment in cases where rectal chlamydial infection is not excluded. In 
the sexually transmitted diseases guide published in 2021, doxycycline was presented 
as a revised recommendation as the treatment of choice for chlamydia treatment [44, 
63]. Recommendations for the treatment of rectal chlamydia have long been derived 
from studies of urogenital chlamydia. However, in some observational studies, it has 
been shown that azithromycin is less effective than doxycycline, and the difference 
in effectiveness in the rectum is greater than in the urogenital region [64, 65]. Two 
randomized controlled trials have recently been published on the treatment of rectal 
chlamydia among homosexual men. These studies compared azithromycin with 
doxycycline. While microbiological cure was achieved at a rate of 74–76% in the azithro-
mycin group, this rate was found to be 97–100% in the doxycycline group [48, 66]. 
Results showing that doxycycline is superior to azithromycin in the treatment of rectal 
chlamydia in cisgender women have been suggested [67]. In light of this information, 
doxycycline treatment may be the first choice in the treatment of rectal chlamydia. In 
patient groups where treatment compliance may be low, direct single dose azithromycin 
may be preferred for treatment. If possible, it can be ensured that the patient is taking 
the drug under the supervision of the physician. Again, in cases where 7-day treatment 
with doxycycline will be given, the first dose can be given immediately and under the 
supervision of a physician. In order to minimize the transmission of the disease to 
sexual partners, it should be recommended that the patient abstain from sexual activ-
ity for the next 7 days if they received a single dose of treatment, and if they received 
7 days of treatment, to abstain during the treatment and until the symptoms completely 
regress. To minimize the risk of re-infection, it is important for people with multiple 
sexual partners to avoid intercourse until all partners have completed their treatment.

4.2 Sexual partner management during treatment

All partners who have had sexual intercourse with the patient up to 60 days 
before the onset of symptoms of the disease should be tested for chlamydia infection. 
Although the frequency of intercourse and the time elapsed since the last intercourse 
affect the risk of transmission of the disease, the last sexual intercourse partner (even 
if more than 60 days have passed since the last sexual intercourse) must be treated. In 
cases where the partners cannot reach the doctor and medical services directly, sending 
the prescription or the drugs themselves to the patient’s partner can also be considered 
as an option. It has been shown that such practices significantly reduce the risk of 
persistent or recurrent infections [68–70]. In homosexual individuals, since chlamydial 
infection is likely to be accompanied by other sexually transmitted diseases (especially 
undiagnosed HIV infection), partners should be thoroughly evaluated by a physician 
before being treated. Suggesting that patients come with their partners during follow-
up visits may also make partner treatment more effective. To prevent re-infection, 
patients’ partners should be advised to abstain from sexual intercourse until the disease 
is completely cured (within 7 days after a single dose treatment or until the end of 
treatment in 7 days of treatment) and until the symptoms have completely receded.

4.3 Post-treatment follow-up

Re-testing 3–4 weeks after the end of treatment is not recommended except in 
cases where there is doubt about the patient’s compliance with treatment, when 
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symptoms persist, or when re-infection is suspected. Performing the NAAT test ear-
lier than 3 weeks after the end of the treatment may lead to false positive results since 
non-viable microorganisms can still be found in the body. Therefore, in cases where 
recovery is uncertain and retesting is required, at least 3 weeks should have passed 
since the first treatment before the test [38, 71].

5. Conclusion

C. trachomatis is the most common bacterial sexually transmitted infection in the 
world. It can cause significant health problems in both men and women. C. tracho-
matis, a known pathogen of the genital tract, can also be routinely detected in the 
human GI tract. Its entry into the GI tract has risen due to increased oral-anal sex. 
Most remain dormant in infected people. Chlamydia proctitis is the most well-known 
disease caused by C. trachomatis in the GI tract. Rarely, it can cause oropharyngitis 
and tonsillitis. Due to these infections, the frequency of which is increasing day by 
day, and the possibility of patients to apply to gastroenterology outpatient clinics is 
also increasing. It is important to consider this situation, which is often overlooked in 
gastroenterology practice.
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Chapter 10

Chlamydial Eye Infections
Seçil Özdemir Şahin

Abstract

Chlamydiae are obligate intracellular bacteria causing mucosal infections. The 
leading agent Chlamydia trachomatis causes three clinical features in eyes: trachoma, 
neonatal, and adult inclusion conjunctivitis. A rare chlamydial conjunctivitis form 
called Lymphogranuloma Venereum conjunctivitis can be venereally transmitted. 
Seldomly Chlamydia psittaci and Chlamydia pneumonia may cause follicular con-
junctivitis. Trachoma, the most sight-threatening chlamydial eye infection, lead to 
approximately 6 million blindness worldwide. Classical trachoma is characterized 
by chronic follicular keratoconjunctivitis, conjunctival scarring, and pannus forma-
tion. According to WHO at least two of the following should be present for clinical 
trachoma diagnosis: Superior tarsal follicles, limbal follicles or Herbert Pits, typical 
conjunctival scarring and vascular pannus. These should also be supported by labora-
tory findings such as organismal isolation and humoral or local antibody detection. 
The treatment consists of the personal acute sporadic trachoma treatment, the eradi-
cation of the disease, and complication management. For acute personnel treatment, 
systemical and topical forms of Tetracycline, Doxycycline, or Erythromycin are used. 
For the eradication of the disease, oral Azithromycin is a well-tolerated antibiotic. The 
management of the complications consists of surgical interventions for scars. In spite 
of developing hygiene standards and control programs, trachoma is still a major cause 
of infectious blindness.

Keywords: chlamydia, conjunctivitis, trachoma, inclusion, pannus, blindness

1. Introduction

The Chlamydiae, lacking cytochromes, unable to synthesize ATP, and are there-
fore obligate intracellular microorganism. By including both DNA and RNA, repro-
duction by binary fission, and being sensitive to antibiotics, they are classified as 
bacteria. Chlamydiae are gram negative and symbionts of diverse organisms ranging 
from human beings to amoebae. This family comprises 11 species that are pathogenic 
to humans or animals [1].

Some species that are originally animal pathogens, such as the avian pathogen 
Chlamydia psittaci, can be transmitted to humans [1, 2].

The main agents that infect humans and cause the widest range of diseases are 
Chlamydia trachomatis and Chlamydia pneumoniae [2, 3].

Strains of C. trachomatis are divided into three biovars: trachoma biovar, genital 
tract biovar, and lympho granuloma venereum biovar. These biovars are further 
subtyped by 15 serovars. The trachoma biovar (serovars A–C) is the leading cause of 
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preventable blindness in developing nations, whereas the genital tract biovar (serovars 
D–K) is the most prevalent sexually transmitted bacterium [3]. As an absolute sexually 
transmitted pathogen, C. trachomatis is isolated more in developed countries. It is one 
of the most common sexually translated microorganisms in the world [4].

It must be noted that C. trachomatis infection may be asymptomatic in both sexes. 
This makes it harder to diagnose and manage infection control. This microorganism is 
the most common acute urethritis cause in sexually active young population. In acute 
urethritis due to C. trachomatis, cardinal findings like urethral discharge, itching and 
dysuria are so mild or sometimes do not exist [5].

Although its prevalence varies geographically, it accounts for 20–50% of non-
gonococcal urethritis cases and according to a study conducted in Turkiye, 84% of all 
urethritis cases are classified as nongonococcal [6].

C. trachomatis can cause epididymitis and male infertility in men.
The pathogen causes a wide range of diseases in women from acute cervicitis to 

pelvic inflammatory disease. The disease is usually asymptomatic, therefore, the 
patients unconsciously continue spreading the infection [7].

Another issue that makes the management of C. trachomatis infection harder is 
that it occurs most of the time as a coinfection with the other sexually transmitted 
pathogens [8]. Thus, early detection and management of C. trachomatis genital infec-
tions are very important [9].

For the time being, as culture and serological techniques are insufficient for 
diagnosis, with their high sensitivity and specificity, nucleic acid amplification tests 
like PCR are gold standard methods [10].

The World Health Organization estimated a prevalence of chlamydia at 4.2% (95% 
uncertainty interval: 3.7–4.7) worldwide among women aged 15–50 years in 2012. 
These figures correspond to approximately 131 million new cases of chlamydia 
annually (100–166 million). Ascending genitourinary infection may result in ectopic 
pregnancy, infertility, and chronic pelvic pain in some women [11].

The lymphogranuloma venereum biovar (serovars L1–L3) causes an invasive 
urogenital or anorectal infection.

Three Chlamydia species affect the eye by forming different types of conjunctivi-
tis: C. chlamydia, C. psittaci, and C. pneumonia.

The ocular clinical manifestations of these three species are as follows [12]:
C. trachomatis: Trachoma, adult inclusion conjunctivitis, neonatal inclusion 

conjunctivitis, and lymphogranuloma venereum conjunctivitis.
C. psittaci: C. psittaci conjunctivitis.
C. pneumonia: C. pneumonia conjunctivitis.
C. trachomatis is the most frequent conjunctivitis causing one among all. Besides, 

it had been and still is, in endemic areas of the world causing trachoma and hereby 
blindness and low vision, which is a major problem of public health. Therefore C. 
trachomatis will be the prominent subject of this chapter.

2. Chlamydia trachomatis eye infections

2.1 Conjunctivitis due to C. trachomatis

C. trachomatis is divided into 15 serological subgroups (serovars) according to 
monoclonal antibody-based tests. These serovars are associated with many medical 
conditions such as:
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A, B, Ba, and C: Trachoma is a serious eye disease that is endemic in certain 
regions of the world such as Asia and Africa, where close physical contact and poor 
hygiene conditions prevail. It is characterized by chronic follicular conjunctivitis and 
may cause visual damage.

D, E, F, G, H, I, J, and K: Sexual infections and neonatal infections due to eye 
contact with infected mother’s cervix during the birth and adult eye infections in 
developed countries.

L1, L2, L3: Lymphogranuloma venereum (LGV), which correlates with genital 
ulcer disease in tropical areas.

C. trachomatis is spread by direct and indirect contact such as fomites, flies, 
bedding, towels, etc. Family and school are the main transmission environments 
for transmission. In healthy individuals, the immune system can cope with a single 
attack. However, in recurrent episodes of infection, it succumbs to the infection [13].

2.1.1 Trachoma

Trachoma is one of the oldest diseases known. Even in the twenty-seventh century BC 
in China and seventeenth century BC in Egypt, there are findings about the disease [12].

It had been the leading cause of blindness in history and still is the leading cause of 
blindness by an infectious agent worldwide.

Trachoma is a public health problem in 44 countries and is responsible for blind-
ing or visually impairing 1.9 million people. Of all blindness worldwide, it causes 
about 1.4% [14].

The number of people at risk of trachoma has decreased by 91% from 1.5 billion 
in 2002 to about 137 million in 2020. Besides, the number of individuals requiring 
surgery has reduced by 68% from 7.6 million in 2002 to 2.5 million in 2019 [15].

Based on June 2022 data, 125 million people live in trachoma-endemic areas and 
are at risk of trachoma blindness.

Trachoma is hyperendemic in many of the poorest and most rural areas of Central 
and South America, Australia, Africa, Asia, and the Middle East. Overall, Africa 
remains the most affected continent and the one with the most intensive control 
efforts.

For this most sight-threatening neglected tropical disease, World Health 
Organization (WHO) adopted a strategy called SAFE in 1993.

Elimination programs in endemic countries are being implemented using this 
WHO-recommended SAFE strategy. It consists of:

• Surgery for the blinding phase treatment (trachomatous trichiasis);

• Antibiotics to clear the infection, particularly mass drug administration of the 
antibiotic azithromycin, which is donated by the manufacturer to elimination 
programs, through the International Trachoma Initiative;

• Facial cleanliness; and

• Environmental improvement, particularly improving access to clean water and 
sanitation.

Most endemic countries have agreed to accelerate the implementation of this 
strategy to achieve elimination targets.
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WHO’s mandate is to provide leadership and coordinate the international efforts 
aiming to eliminate trachoma as a public health problem, and to report on progress 
toward that target.

In the year 1996, WHO launched the WHO Alliance for the Global Elimination of 
Trachoma by 2020. The Alliance is a partnership that supports the implementation 
of the SAFE strategy by the Member States, and the strengthening of national capac-
ity through epidemiological surveys, project evaluation, monitoring, and resource 
mobilization.

The World Health Assembly adopted resolution WHA51.11 in 1998, targeting the 
global elimination of trachoma as a public health problem with 2020 as the target 
date. The neglected tropical diseases road map 2021–2030, endorsed by the World 
Health Assembly in 2020 through its decision 73(33), sets the date 2030 as the new 
target for global elimination [16].

2.1.1.1 Clinical features

The discomfort degree caused by ocular infection with C. trachomatis ranges from 
minimal to severe. Most of the infections are asymptomatic. Trachoma begins as a 
follicular conjunctivitis of the upper palpebral conjunctiva with associated limbal fol-
licles. The incubation period is approximately one week. Other early findings include 
a mucopurulent discharge, conjunctival papillary hypertrophy, a superiorly based 
superficial corneal pannus (invasion of the vessels to the cornea), and a fine epithelial 
keratitis. Clinically, trachoma can be divided into its acute (active) and chronic or 
late-stage manifestations, but acute and chronic signs can occur at the same time in 
the same individual. As a result, the inflammation causes scarring and cicatrization of 
the cornea, conjunctiva, and eyelids.

The blinding complications of trachoma occur as a result of conjunctival connec-
tive tissue proliferation. Arlt’s Line is the name given to a horizontal scar of the upper 
lid’s pretarsal conjunctiva. Another sequel pathognomonic for trachoma, Herbert’s 
pits are the delineated depressions that occur after cicatrization of the limbal follicles 
and the resultant clear spaces filled with epithelium. A homogenous clouding can be 
formed on the cornea as the superior pannus is regressed [17–19].

Resultants of conjunctival scarring, eyelid deformities as distichiasis, trichiasis, 
ectropion, and entropion may all occur. If sufficient transconjunctival scarring 
accumulates, contraction over the years will cause the upper lid to turn inward so that 
the eyelashes rub against the cornea and conjunctiva. This is named as trichiasis. If 
the whole lid edge is turned in, that condition is named as entropion. Scars around the 
bases of hair follicles can pull individual eyelashes into contact with the cornea, even 
entropion does not accompany. Corneal scarring, vascularization, ulceration, and 
even perforation resulting from these deformities can lead to visual acuity impair-
ment and even blindness [20].

MacCallan developed a staging of the disease based on the conjunctival findings in 
1908:

 STAGE 1: Early lymphoid hyperplasia with immature follicle formation in the 
upper tarsal conjunctiva, diffuse punctate keratitis and early signs of pannus.
STAGE 2A: Mature upper tarsal follicles.
 STAGE 2B: Fluoride inflammation due to pretarsal and limbal follicle enlargement 
and papillary hypertrophy and complicated pannus.
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 STAGE 3: Papillary hypertrophy regression, persistence of tarsal follicles, and 
onset of conjunctival scarring.
 STAGE 4: No acute inflammation, scars replacing papillae and follicles, and regres-
sion of the pannus.

The WHO has developed a more practical grading system for trachoma, struc-
tured around diffuse inflammation, follicular conjunctivitis, trichiasis, tarsal scar-
ring, and corneal opacification presence. The WHO simplified trachoma grading 
system is widely used for research and program monitoring purposes.

This system includes five signs:

• Trachomatous inflammation-follicular (TF): the presence of five or more follicles 
at least 0.5 mm in diameter in the central part of the upper tarsal conjunctiva;

• Trachomatous inflammation-intense (TI): pronounced inflammatory thickening 
of the upper tarsal conjunctiva obscuring more than half the normal deep tarsal 
vessels;

• Trachomatous scarring (TS): the presence of easily visible scars in the tarsal 
conjunctiva;

• Trachomatous trichiasis (TT): at least a single eyelash rub on the eyeball or 
evidence of recent removal of in-turned eyelashes;

• Corneal opacity (CO): easily visible corneal opacity over the pupil, so dense that 
at least part of the pupil margin is blurred when viewed through the opacity.

The presence or absence of each sign should be independently determined for 
each person examined. In the WHO system, the presence of TF and/or TI in one eye is 
necessary and sufficient to confer the diagnosis of acute trachoma [17, 21].

2.1.1.2 Laboratory diagnosis

Laboratory tests crucial for identifying C. trachomatis infections to confirm the 
diagnosis are [22]:

Giemsa staining of smears: The most common procedure worldwide for identificat-
ing C. trachomatis infection is microscopic evaluation of the cells with Giemsa stain. 
The easiest and earliest method of laboratory diagnosis was by direct indication of the 
Halberstaedter-Prowazek bodies with Giemsa staining of conjunctival smears. Although 
it may not be sensitive enough in patients with nonaggressive ocular disease, Giemsa 
stain detects the inclusions in most of the cases with follicular or papillar trachoma [12].

Antigen detection assays: The two tests available are Direct Fluorescent Antibody 
(DFA) and enzyme immunoassay (EIA). DFA with monoclonal antibodies is 90% 
sensitive and enzyme immunoassay (EIA) is believed to have a lower sensitivity. Both 
are used widely in routine.

Tissue Culture Isolation: Isolation of C. trachomatis in Hella cells or McCoy cells, 
etc., is the most specific method and is considered the “gold standard.” However, sen-
sitivity is low. C. trachomatis inclusions are detected either by Giemsa, Macchiavelli, 
or Gimenez staining or immunofluorescence assay after 48–72 h of incubation.
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Serology: The most common tests are complement fixation and microimmuno-
fluorescence tests. Infection by any serotype of C. trachomatis causes a crossreactive 
antibody reaction against all the serotypes. The antibodies persist for a long period; 
therefore, serology has a limited role in the diagnosis of acute chlamydial infections [23].

Nucleic acid amplification tests: The most commonly used tests are Polymerase 
Chain Reaction (PCR) assay and Ligase Chain Reaction (LCR) assay. Although they 
are the most sensitive and specific techniques for C. trachomatis detection, they are 
still not used for routine laboratory practices in poor countries due to the high cost 
and need for expertise [24].

2.1.1.3 Differential diagnosis

For the diagnosis of trachoma, although follicles are not pathognomonic, their 
presence in endemic areas should be a strong reason for suspicion. Pannus, conjunc-
tival scarring, and trichiasis seen in these areas are almost always attributable to tra-
choma. Herbert’s pits are pathognomonic for previous trachomatous inflammation.

The most common differential diagnosis are as follows:

• Bacterial conjunctivitis.

• Adult inclusion conjunctivitis.

• Viral conjunctivitis.

• Allergic conjunctivitis.

Toxic follicular conjunctivitis is secondary to topical medications or cosmetics.
In areas where trachoma is endemic, pannus, conjunctival scarring, and trichiasis 

are almost attributable to trachoma. Corneal opacity, however, has many possible 
etiologies [25].

2.1.1.4 Treatment

2.1.1.4.1 Personal (acute sporadic trachoma) treatment

Systemical
Trachoma treatment consists of a 3–4 week use of oral antibiotics. The most com-

monly used medications are tetracycline (tetracycline 1 g/day or doxycycline 100 mg/
day) or oral erythromycin. Erythromycin is indicated for less side effects in children, 
breastfeeding women, and pregnant. The clinical response may take 9–18 weeks.

Topical
Topical tetracycline or erythromycin ointment is used at least twice a day for 

5 days each for 6 months. Reusing topical medication is especially useful where the 
disease is endemic and reexposure is expected [26].

Treatment aiming the eradication of the disease
Through the provision of adequate water and hygiene facilities combined with 

education to promote facial cleanliness and the use of hygiene facilities, it was shown 
that only face-washing habits even reduced trachoma prevalence [27].

Reducing the fly population by 90%, causing less transmission with eye-seeking 
flies can reduce the active trachoma prevalence by 60% [28].
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To clear ocular C. trachomatis infection in endemic fields, antibiotic treatment 
may be helpful. Oral azithromycin (1 g/day for adults, 20 mg/kg/day for children) as a 
single dose is used [29]. It is claimed that in endemic areas, instead of topical treat-
ment, a single dose of oral azithromycin is enough [30, 31].

Azithromycin is well tolerated and systemic antibiotic and is also effective for 
extraocular infection [32]. Topical tetracycline treatment 3–4 x 1 for 6 weeks is 
claimed to be equal to a single dose of azithromycin [33].

Treatment of the complications
Individuals with trachomatous trichiasis and entropion are at risk of corneal 

opacification and vision loss. To prevent these features from developing, the abrasive 
action of lashes on the cornea must be stopped by surgical correction of the eyelid 
margin, with epilation perhaps as an acceptable short-term option. For long-term 
solution, operation procedures for bilamellar tarsal rotation and posterior lamellar 
tarsal rotation (or Trabut) are recommended by WHO [34–36].

2.1.2 Neonatal inclusion conjunctivitis

The most common type of neonatal conjunctivitis worldwide is inclusion conjunc-
tivitis. Inclusion conjunctivitis is caused by C. trachomatis serotypes D-K, which form 
chronic follicular conjunctivitis. Even though chlamydial infection typically affects 
the sexually active population, it can be transmitted to newborns by their infected 
mother during delivery. Infants exposed to the agent from the mother’s genital tract 
during delivery, develop chlamydial ophthalmia neonatorum. Approximately 30–50% 
of infants exposed at birth develop the disease. Neonatal chlamydial conjunctivitis 
occurs in 2–6% of all newborns [37, 38].

Neonatal chlamydial conjunctivitis is an acute infection of the conjunctiva that 
is characterized by edema and erythema of the eyelids, palpebral conjunctivae, and 
purulent eye secretion. It typically occurs 5–14 days after the birth, although it can 
present earlier. Usually, the infection has a mild and self-limiting course. However, 
severe diseases can occur. Corneal scarring secondary to peripheral corneal pannus 
and conjunctival scarring may occur [39, 40]. Laboratory procedures to identify C. 
trachomatis are necessary for diagnosis. One of the two most commonly used methods 
is Giemsa staining of the conjunctival swab. However, it has only 50–90% sensitivity 
and requires a trained technician for section evaluation. The other method is McCoy 
cell culture. It is very expensive and reaching the result takes 2–3 days. Fortunately, 
new laboratory techniques are available for diagnosis. The enzyme-linked immune 
assay test has a sensitivity of approximately 90% and a specificity of over 95% and 
gives results within 2 hours. Direct immunofluorescent monoclonal antibody stain-
ing of the conjunctival swab is probably the most useful stereological test and has 
a specificity of 77–90% with a sensitivity of over 95% for chlamydia. It can be read 
immediately. It can show diseases that other tests miss. DNA detection tests can also 
be used. These tests have 90% sensitivity and almost 100% specificity [41].

The therapy objective for neonatal chlamydial conjunctivitis includes both the 
regression of conjunctivitis and the eradication of respiratory colonization. Therefore 
topical treatment is insufficient. An oral erythromycin treatment of 50 mg/kg/day in 
four divided doses for 2 weeks is recommended. If a total recovery is not observed, 
a second regime of the therapy may be given. The oral treatment should be given to 
the mother and her sexual partner, with 500 mg tetracycline or 500 mg erythromycin 
four times a day for 7 days. If pregnancy or breastfeeding exists erythromycin should 
be chosen [42].
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Ocular prophylaxis for newborns has been found to be ineffective in protecting 
against chlamydial conjunctivitis. Several developed countries have stopped ocular 
prophylaxis of newborns and replaced it with routine treatment and prenatal screen-
ing of pregnant with a sexually transmitted infection [43].

2.1.3 Adult inclusion conjunctivitis

As neonatal inclusion conjunctivitis, adult inclusion conjunctivitis occurs with 
C. trachomatis D-K serotypes. The transmission of the agent is by sexual or hand-eye 
contact. Epidemiology revolves around sexual contact. The mode of transmission 
is through orogenital activities and transmission of genital secretions from hand 
to eye. The incubation period is 4–12 days. Inclusion conjunctivitis is predicted to 
develop in one in 300 patients with vernal chlamydial infection. In addition, C. 
trachomatis is the most common cause of chronic follicular conjunctivitis and is 
responsible for 20% of acute conjunctivitis cases. Because the disease is difficult to 
distinguish from the clinical findings of early trachoma, the term “paratrachoma” 
has been used to describe the entire spectrum of the disease with venerally trans-
mitted chlamydial infection [44, 45].

The severity of symptoms in patients with inclusion conjunctivitis is very exten-
sive. Some patients present as acute and mucopurulent conjunctivitis but, most 
patients have mild symptoms lasting for weeks or months Keratitis may develop in the 
second week of onset. Corneal involvement consists of superficial punctate keratitis, 
small marginal and central infiltrates, subepithelial infiltrates, limbal swelling, and 
superior limbal pannus. The disease imitates acute atopic conjunctivitis or other 
infectious conjunctivitis because, the signs and symptoms are insidious and most 
patients have similar nonspecific complaints such as unilateral mucous secretion, 
hyperemic eyes, crusting of eyelashes, glued eyelids, swollen eyelids, photophobia, 
itching, lacrimation, foreign body sensation, irritation, and blurred vision [46].

Diagnostic tests for chlamydial keratoconjunctivitis include conjunctival cyto-
logical examination, inoculation of susceptible cell lines followed by observation of 
cytopathic effect or visualization using various chemical or immunological staining 
agents, eye tears for various antibodies, and detection of chlamydial antigens in 
conjunctival and corneal specimens. Although the sensitivity of Giemsa staining is 
low, it is costly and time-consuming, this traditional cytological investigation is still 
the “gold standard,” as isolating an infectious agent is definitive and allows further 
characterization. The detection of C. trachomatis DNA from ocular smears using com-
mercial PCR assays was shown to be as valid as using urogenital samples and reached 
95.71% in sensitivity and 90.00% in specificity. Therefore, PCR tests may be a quick 
and ideal tool for detecting ocular C. trachomatis infection [47].

As the infection is not limited to conjunctiva, systemic antibiotic use is recom-
mended. Moreover, the sexual consorts must also receive a full course of therapy. 
Simultaneous treatment of all sexual partners is important to prevent reinfection. The 
recommended treatment, given for 3 weeks, includes either oral doxycycline 100 mg 
twice a day, oral tetracycline 500 mg four times a day, or oral erythromycin 500 mg 
four times a day. Tetracycline should not be used in pregnant or lactating women [42].

2.2 Lymphogranuloma venereum conjunctivitis

Lymphogranuloma venereum conjunctivitis is a very rare chlamydial conjunctivi-
tis caused by C. trachomatis serotypes L1, L2, and L3. These agents classically cause a 
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venereal disease characterized by suppurative inguinal or femoral lymphadenopathy. 
Occasionally, there are extragenital manifestations of the disease including aseptic 
meningitis, hepatitis, and conjunctivitis. The first ocular manifestations are the 
redness and edema of the eyelids. Other ocular manifestations are follicular hypertro-
phy, hyperemia, chemosis, and large granulomas. Pannus formation and peripheral 
superficial keratitis may occur. In some cases, phlyctenular conjunctivitis is present 
too. Episcleritis, uveitis and optic neuritis are among other rare clinical conditions 
reported. A large preauricular lymph node may be palpable.

The laboratory diagnosis is based on the microscopic detection of inclusion bodies, 
macrophages, and monocytes in Giemsa-stained conjunctival smears.

For treatment, oral tetracycline, 500 mg four times a day, for 4 weeks or oral 
doxycycline, 100 mg two times a day, for 4 weeks is used.

3. Other chlamydial conjunctivitis

Other chlamydia subgroups that should be considered as causative agents of 
conjunctivitis are C. psittaci and C. pneumoniae.

C. psittaci is the causative agent of psittacosis, which is seen in people who have 
bird contact in their professional or private life. This infection may produce a wide 
spectrum of clinical manifestations, ranging from asymptomatic infection to severe 
systemic disease with severe pneumonia. The Association of C. psittacine with ocular 
adnexal lymphoma in humans has been reported.

C. psittaci is a cause of follicular conjunctivitis and epithelial keratitis. In cases 
with long-lasting follicular conjunctivitis with a story of close bird contact C. psittaci 
should be kept in consideration. The isolation of inclusion bodies in epithelial cells 
and the microorganism in tissue cultures are necessary for the diagnosis.

One of the most important differences between C. psittaci and C. trachomatis 
is the time required for treatment. While long-term treatments are required in C. 
psittaci eye infection, a single 1 g azithromycin dose is considered sufficient in C. 
trachomatis conjunctivitis. In C. psittaci conjunctivitis, oral tetracycline 500 mg 
four times a day or oral doxycycline 100 mg two times a day for 6 weeks should be 
used for treatment.

C. pneumoniae is a rare cause of chronic follicular conjunctivitis. For cases with 
long-lasting, resistant conjunctivitis, respiratory contact with cats having C. pneu-
moniae infection should be kept in mind. Limited documentation exists relating to C. 
pneumoniae seropositivity in cases of chronic follicular conjunctivitis. For clinicians 
treating patients presenting with chronic conjunctivitis unresponsive to conventional 
measures, obtaining serologic studies for C. pneumoniae may identify this association. 
Oral tetracycline 3–4 times a day is used for treatment [48].

4. Conclusions

Although the topic of this chapter was Chlamydial Eye Infections, the main issue 
was definitely trachoma. Being an ancient disease and a major blindness cause, 
C. trachomatis has been a great concern of medicine for centuries. As technological 
improvements gave us new possibilities to understand the nature of this blinding 
microorganism, the endemic fields have been reduced, but the WHO could not reach 
the goal of eliminating trachoma, yet. The SAFE strategy provides a targeted way to 



Chlamydia – Secret Enemy from Past to Present

174

Author details

Seçil Özdemir Şahin
Medicalpark Antalya Hospital Complex Eye Clinic, Antalya, Turkiye

*Address all correspondence to: secilozdemir2003@yahoo.com

speed up the process of a general improvement in living conditions and hygiene that 
is needed to eliminate it in the most disadvantaged areas in the developing world. 
As increasing resources are brought to bear, the likelihood of eliminating blinding 
trachoma by 2030 becomes stronger.
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Chapter 11

A Hidden Organism, Chlamydia  
in the Age of Atherosclerosis
Mehmet Besir Akpinar

Abstract

Atherosclerosis is a chronic inflammatory disease. It is still the leading cause of 
mortality and morbidity in the world. Inflammation in the vessels plays the most 
important role in the pathogenesis of atherosclerosis. Many studies have been empha-
sized that Chlamydia pneumoniae triggers inflammation in the vessels and associated 
with atherosclerosis. It is stated that most of the chlamydial infections are asymp-
tomatic and around 40% of adult individuals are infected. Chlamydia has different 
subgroups. It was thought to be a virus due to its intracellular pathogenicity, but it was 
included in the bacteria genus because it contains DNA and RNA chromosomes and 
has enzymatic activity. Chlamidya can easily be transmitted through the respiratory 
tract and sexual transmission. Seroepidemiological and pathological studies of ath-
erosclerotic plaques showed the presence of Chlamydia in the plaque. This section will 
provide relationship between Chlamydia and atherosclerosis on the recent researces 
and current information will be discussed.

Keywords: Chlamydia, atherosclerosis, inflammation, atheroma, coronary artery

1. Introduction

Cardiovascular diseases are the leading cause of morbidity and mortality in developed 
societies. The World Health Organization ranked coronary heart disease first and stroke 
fourth on its list of major life-threatening diseases. More than 40% of deaths from non-
communicable diseases in the community are due to cardiovascular causes.

Cardiovascular disease can manifest in myriad ways, including heart attack, stroke, 
peripheral artery disease, organ ischemia and necrosis, and aortic and peripheral arte-
rial aneurysms. The main pathogenetic mechanism underlying cardiovascular diseases 
is atherosclerosis. When evaluated in terms of cost and loss of labor, atherosclerosis 
is a malignant condition that requires enormous resource allocation and affects all 
aspects of humanity. Atherosclerosis is progressive and affects all arteries in the body 
to a varying extent. It is extremely common, occurring in almost all individuals in 
the population. The main factors associated with a higher rate of atherosclerosis are 
chronic inflammation, genetic predisposition, advanced age, male sex, hyperlipid-
emia, hypertension, smoking, diabetes, sedentary lifestyle, and obesity.

Studies conducted in different parts of the world have shown that atherosclerosis 
begins in childhood. Autopsy studies conducted in Japan demonstrated early ath-
erosclerosis and fatty streaks in the aortas of 29% of infants younger than 12 months 
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and in the coronary arteries of 3.1% of children aged 1–9 years [1]. Similarly, autopsy 
studies in the USA have shown that the prevalence of fatty streaks in the coronary 
arteries is 50% between the ages of 2 and 15 years and increases to 85% between the 
ages of 21 and 39 years. Atherosclerotic plaque formation, a more advanced form of 
fatty streaking, was observed in 8% of children aged 2–15 years and 69% of adults 
aged 26–39 years [2].

Atherosclerosis starts with endothelial dysfunction and progresses with subin-
timal thickening and smooth muscle cell proliferation. The process is characterized 
with medial thickening due to macrophage infiltration, scavenger cell accumulation, 
and plaque formation. Lipid deposition is a common vascular condition in which 
inflammatory and infective processes trigger each other.

Studies on atherosclerosis risk factors have shown that organic pathogenic 
microorganisms contribute to the inflammatory process. These include Chlamydia 
pneumoniae, Helicobacter pylori, influenza A virus, hepatitis C virus, cytomegalovirus, 
and HIV. Chronic inflammation induced by microorganisms can cause many chronic 
diseases, malignancies, autoimmune diseases, and inflammatory atherosclerosis 
[3, 4]. Some microorganisms have been directly linked to atherosclerotic disease 
because they can be isolated and cultured from plaques, whereas the presence of other 
organisms has been demonstrated by biochemical tests [5, 6]. Microorganisms influ-
ence the atherosclerosis process by triggering inflammation; inducing endothelial cell 
damage, macrophage-derived foam cell formation, and vascular smooth muscle cell 
proliferation; and stimulating the immune system at all of these stages.

Electron microscope images obtained from atheromatous plaques showed that 
their central nucleus consists of a lipid-rich structure containing lipid clusters, 
vesicles, and microorganisms mimicking the appearance of a lipid cluster [3]. In 
analyses of these microorganisms, C. pneumoniae is the causative bacteria most 
frequently associated with atherosclerosis.

This chapter examines the relationship between the atherosclerotic process and C. 
pneumoniae through a review of the relevant literature.

2. Chlamydia pneumoniae

The most important discovery related to the classification of Chlamydia was 
made by Moulder et al. in 1964. Chlamydia spp. were initially perceived as viruses 
because they were smaller than normal bacterial size and had life cycles in the host 
cell. However, they were included in the bacteria class because they have the ability 
to survive outside the cell. As such, they are defined as “compulsory intracellular 
bacteria” [3]. Chlamydia are generally larger than the average virus, but smaller than 
bacteria and human cells [3].

The genus Chlamydia is in the family Chlamydiaceae of the order Chlamydiales. 
Based on their antigenic structures, intracellular inclusions, and diseases they cause, 
the genus consists of four species: C. pecorum, C. psittaci, C. trachomatis, and C. 
pneumoniae. Except for C. pecorum, all can cause disease in humans. C. trachomatis is 
sexually transmitted and causes ocular trachoma, lymphogranuloma venerum, and 
neonatal infections. Infection is common in homosexuals [7]. C. psittaci causes a sys-
temic disease often characterized by pneumonia. C. psittaci is also seen in birds and 
pets. Infection is common in occupational groups that come into contact with birds.

C. pneumoniae, previously known as TWAR, causes respiratory tract infections 
such as pneumonia, bronchitis, sinusitis, and pharyngitis [8]. It was first isolated from 
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the conjunctival swab of a child with trachoma in Taiwan in 1965 and was named 
TW-183. The role of C. pneumoniae as a human pathogen was definitively determined 
in 1983 with the first respiratory tract isolate, named AR-39, obtained from a throat 
swab sample of a patient with pharyngitis in the USA. The name TWAR (TW+AR) 
comes from these first conjunctival and respiratory strains. In 1989, C. pneumoniae was 
identified as a unique species by electron microscopy morphological studies and DNA 
sequence analysis of TWAR [9]. Unlike C. trachomatis, C. pneumoniae is not sexually 
transmitted but is spread through respiratory secretions. Unlike C. psittaci, it does not 
cause disease in birds or animals. In addition to respiratory tract infections, C. pneu-
moniae is associated with atherosclerosis and cardiovascular diseases.

One in ten cases of community-acquired pneumonia is caused by C. pneumoniae, 
and studies have shown that the seroprevalence of C. pneumonia in adults is 80%. It 
has also been shown to cause diseases marked by chronic inflammatory processes, 
such as chronic obstructive pulmonary disease, asthma, lung cancer, Alzheimer’s 
disease, arthritis, and atherosclerosis [10–15]. Chlamydia have a biphasic life cycle 
and are obligate intracellular bacteria. They are morphologically and structurally 
similar to gram-negative bacteria, with a three-layered, lipopolysaccharide-rich outer 
membrane. They require ATP from the host cell to develop and proliferate. Chlamydia 
were classified as bacteria because they contain both DNA and RNA, reproduce by 
division, have a cell membrane similar to gram-negative bacteria, and are susceptible 
to antibiotics [16].

Bacteria of the genus Chlamydia reproduce by forming incubation bodies in the 
cytoplasm of the cells they infect. The life cycle of C. pneumoniae is divided between two 
forms, the elementary body (EB) and reticulate body (RB). The EB form is metabolically 
inactive and is the extracellular form that is transmitted between hosts. It infects the 
respiratory tract through inhalation and attaches to the mucosal surfaces. The EB enters 
the host cell via endocytosis, where it transforms into the RB form. EBs are approxi-
mately 350 nanometers in diameter. After entering the host cell and becoming activated, 
they increase in size to a diameter of 800–1000 nm.

The RB form is metabolically active and exploits the host cell’s metabolism. This 
transformation takes place within the first 24 hours after infection. It replicates within 
the host cell and then lyses that cell, spreading as newly formed EBs and propagating 
transmission. The RB form is protected from the endocytic-lysosomal degradation 
system of the host cell and can remain there for years. This feature enables it to 
persist in the body and cause a chronic inflammatory process [17, 18]. Its intracellular 
location enhances its ability to transform into a resistant and recurrent form [8, 19]. 
The bacteria infects the lung tissue and is taken up by monocytes and macrophages. 
However, instead of being eliminated they continue to thrive there and spread to 
the rest of the body via the circulation. Chlamydia that invades the arterial wall as a 
result of endothelial dysfunction contributes to the atherosclerosis process [20]. Its 
demonstrated presence in atheromatous plaques and smooth muscle cells, as well as in 
macrophage and foam cells, is the main feature that distinguishes C. pneumoniae from 
other microorganisms [21, 22].

2.1 Discovery of Chlamydia

2.1.1 Production in culture

Ramirez et al. [23] reported the first case of C. pneumoniae that could be isolated 
from a coronary artery plaque and cultured in vitro in 1996. Jackson et al [24]. 
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demonstrated the presence of Chlamydia by immunohistochemical, PCR, or electron 
microscopy in 75% of 25 patients with carotid endarterectomy, whereas culture 
was positive in only one patient. A small proportion of atherosclerotic plaques with 
Chlamydia presence confirmed using other diagnostic methods have been successfully 
cultured [25, 26]. Karlsson et al. [27] demonstrated the presence of C. pneumoniae 
immunohistochemically in 20 of 26 abdominal aortic aneurysm tissue specimens, but 
were able to isolate Chlamydia in culture media in 10 cases. Chlamydia are reported to 
be difficult bacteria to culture because of their biphasic life cycle. It is accepted that in 
vitro culture has low sensitivity in demonstrating the presence of Chlamydia in tissue 
examinations [28].

2.1.2 Serological investigations

While some of the studies using serological tests showed a positive relationship 
between C. pneumoniae infection and coronary atherosclerosis, some studies reported 
that this relationship could not be accepted as sufficient evidence for the etiology of 
atherosclerosis [29–31].

Some studies revealed a relationship between C. pneumoniae-specific IgG and 
IgA positivity and atherosclerosis development, whereas other researchers did not 
observe this relationship [32–35]. Serological tests are based on the detection of 
anti-chlamydial antibodies (IgA, IgG) in blood samples. However, these antibodies 
are indicators of the immune response rather than active infection. They also show 
cross-reactivity with other Chlamydia species. Danesh et al. [36] conducted a meta-
analysis of 14 prospective studies including a total of 3619 patients and reported that 
there was no relationship between C. pneumoniae antibodies and atherosclerotic heart 
disease. This is similar to the presence of antituberculosis antibodies in serological 
tests after tuberculosis vaccination. The presence of antibodies may not mean there 
is active infection. In addition, it was shown that serological tests were negative even 
though the presence of Chlamydia could be demonstrated in the atherosclerotic 
plaques of immunodeficient individuals [19]. In general, pathogenic processes that 
cause an inflammatory response (such as smoke exposure, hypertension, hyperlipid-
emia, malignancy, and hyperglycemia) are known to cause errors in serological tests, 
which reduces their specificity. As a result, it is accepted that serological studies are 
not useful and are insufficient in the detection of Chlamydia.

2.1.3 Techniques for demonstrating Chlamydia in atheromatous plaques

Although most studies conducted in different centers in many parts of the world 
were able to demonstrate the presence of Chlamydia in atherosclerotic lesions, they 
could not be detected in other studies. This was thought to be related to differences or 
technical incompatibilities between the imaging methods, leading to debate regard-
ing which diagnostic methods are most appropriate. As a result, polymerase chain 
reaction (PCR), immunohistochemistry (microimmunofluorescence), and electron 
microscopy imaging are the most widely accepted techniques. These studies focus on 
the bacteria’s DNA signature or directly demonstrate bacterial presence instead of 
utilizing indirect methods.

PCR is a diagnostic method for detecting chlamydial DNA or RNA and focuses 
on the bacteria’s genetic material [37]. It is a sensitive and specific test based on the 
degradation of genetic material in atheromatous plaques by electrophoresis [38, 39]. 
Immunogold labeling is based on the direct observation of Chlamydia bacteria with 
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an electron microscope. The detection of monoclonal antibodies clearly demonstrates 
the presence of Chlamydia. Immunocytochemistry (ICC) is based on the demonstra-
tion of anti-chlamydial immunoglobulins adhering to the Chlamydia bacteria using 
immunofluorescent microscopy. This method has lower specificity and sensitivity 
than PCR. Serologic studies are based on the measurement of the host response to 
chlamydial invasion. Results are obtained by demonstrating host immunoglobulins. It 
has low specificity and sensitivity.

In most studies using ICC, PCR, and culture methods for C. pneumoniae, detection 
rates were higher in atherosclerotic vessels than in those without atherosclerosis [40, 41].

3. Atherosclerosis

Atherosclerosis can be defined as a disease that causes progressive arterial stenosis 
and obstruction due to intimal plaques containing lipids, fibroblasts, macrophages, 
smooth muscle cells, and extracellular substances in varying proportions, lead-
ing to loss of the elasticity and antithrombotic properties of the arterial walls. 
Atherosclerosis is a multifactorial, morbid and mortal systemic disease that affects 
not only the coronary vessels but all arterial structures. The coronary arteries, inter-
nal carotid arteries, and abdominal aorta are vessels most commonly affected [42].

Atherosclerotic lesions appear as focal thickenings in the intima and subintimal 
space of arteries. When the content of the thickened region is examined, it is seen to 
contain vascular endothelial cells, smooth muscle cells, connective tissue, and lipid 
deposits, as well as inflammatory and immune cells from the blood. Historically, 
with our nascent understanding of atherosclerosis, treatment focused on cholesterol-
lowering drugs and a low-cholesterol diet. However, research on therapeutic processes 
started to diversify after the role of inflammation in atherosclerosis came to light.

3.1 Atherosclerosis and inflammation

Atherosclerotic vascular disease is a typical environment-gene interaction. 
Environmental risk factors trigger a proinflammatory response in people with genetic 
predisposition. Epidemiological studies have demonstrated the role of risk factors such 
as cigarette exposure, cholesterol, hypertension, and diabetes mellitus in the develop-
ment of atherosclerosis. Experimental studies have shown that these risk factors induce 
a general inflammatory response, causing a widespread reaction in the body. In response 
to risk factors, systemic acute phase reactants are activated and there is the onset of sig-
nal traffic from the endothelium. In light of this information, atherosclerosis is defined 
as a multifactorial disease that is associated with the inflammatory process and in which 
chronic inflammation plays a role in every stage, from onset to progression [43–45].

At the onset of atherosclerosis, leukocytes and macrophages attach to the endo-
thelium and cross into the subendothelial space. This occurs because of adhesion 
molecules [46, 47]. The best-known adhesion molecules are endothelial leukocyte 
adhesion molecule 1 (ELAM-1), membrane-bound vascular cell adhesion molecule 1 
(VCAM-1), and intracellular adhesion molecule 1 (ICAM-1) [48, 49].

Cytokines are also an integral factor in the inflammatory process. The best-known 
proinflammatory cytokines are tumor necrosis factor alpha (TNF-ɑ), interleukin 
(IL)-1, and IL-6. TNF-ɑ is released from macrophages, vascular smooth muscle cells, 
and endothelial cells. These cytokines trigger the production of other cytokines in the 
inflammatory cycle [50].
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Another marker is plasma fibrinogen values, which are an indicator of both the 
inflammatory response and the thrombotic response. Increased fibrinogen values 
have been shown to significantly increase coronary event risk. In addition, elevated 
fibrinogen levels have been detected in healthy individuals with a family history of 
atherosclerosis [51, 52].

C-reactive protein (CRP) is a good indicator of inflammation because its values 
are stable over time [53, 54]. It does not increase due to anything other than inflam-
mation. It can be measured with a highly sensitive and inexpensive test. Studies have 
shown that CRP levels have an additive effect on other risk markers. The cholesterol/
high-density lipoprotein (HDL) ratio is a strong indicator of cardiovascular risk [55]. 
However, the risk predictivity increases when CRP values are added. The PROVE-IT 
study showed that highest risk group is those with both high total cholesterol/HDL 
ratio and high CRP levels [56].

Elevated CRP levels, increased leukocyte counts in peripheral blood counts, and 
high serum fibrinogen levels are strong predictors of coronary artery disease and 
atherosclerotic diseases [57, 58].

The normal arterial structure consists of three main layers, the intima, media, and 
adventitia from innermost to outermost. The intima layer is covered with a single cell 
layer endothelium. The intact endothelial surface is resistant to thrombus formation 
because it secretes nitric oxide (NO) and prostacyclin (PGI2) and is covered with 
heparin sulfate.

3.2 Endothelial inflammation

The endothelium is the first vascular structure affected by risk factors [59, 60]. 
Normally shiny, slippery, and antithrombotic, risk factors cause the endothelium to 
lose its slipperiness and become sticky and prothrombotic. Endothelial cells exposed 
to risk factors from an early age start producing adhesion molecules (VCAM-1, 
ICAM), growth factors (platelet-derived growth factor [PDGF], basic fibroblast 
growth factor [FGF], transforming growth factor beta [TGF-β], IL-1, TNF-α), and 
cytokines (macrophage colony-stimulating factor [M-CSF], granulocyte-macrophage 
colony stimulating factor [GM-CSF]). VCAM-1 binds both monocytes and T lym-
phocytes. Atherosclerosis-related leukocyte adhesion molecule, or athero-ELAM, 
is released from endothelial cells, triggering mononuclear cell migration [61]. This 
initiates the chemotactic process on monocytes, macrophages, and lymphocytes and 
triggers the inflammation process [62]. The result is a vicious cycle in which inflam-
mation stimulates cytokine release and cytokines increase inflammation. These 
proteins, which are expressed due to the vascular inflammatory response, are the 
main cause of early atherosclerotic lesions [62].

On the one hand, there is an inflammatory response in the endothelium, while 
on the other hand, there is subclinical systemic inflammation. Proinflammatory 
risk factors such as oxidized low-density lipoprotein (LDL) activate IL-1 and 
TNF-α, which are called primary proinflammatory cytokines [53, 63]. These 
primary proinflammatory cytokines activate IL-6, resulting in the release of acute 
phase reactants. The presence of subclinical systemic inflammation can be under-
stood by measuring some acute phase reactants such as CRP, fibrinogen, factor 
7, plasminogen activator inhibitor-1 (PAI-1), tissue plasminogen activator (tPA), 
and lipoprotein (a) in the blood or by measuring endothelium-derived peripheral 
markers [53, 64, 65].
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3.3 Medial inflammation

In the atherosclerosis process, smooth muscle cells migrate from the media to the 
intima and there is a reduction in the contractile protein content and an increase in 
the number of synthetic organelles. Smooth muscle cells migrating to intima change 
from the contractile phenotype to the synthetic phenotype and contribute to prolifera-
tion. Smooth muscle cells in the media respond to vasoconstrictors such as endothelin, 
catecholamine, angiotensin II, and vasodilators such as NO and PGI2, while those in the 
intima respond to mitogens such as PDGF. In addition, the balance shifts from vaso-
dilation to vasoconstriction, from antithrombotic to prothrombotic, and from antip-
roliferative to proliferative properties. Adhesion molecules, cytokines (IL-1, TNF-α), 
chemokines (monocyte chemoattractant protein-1 [MCP-1], IL-8), and growth factors 
(PDGF, FGF) are released from dysfunctional endothelial cells. IL-8 triggers the inflam-
matory cascade by binding to chemokine receptor 2 on leukocytes [66]. MCP-1 medi-
ates selective directed migration of monocytes to the subendothelial space. Transgenic 
experimental animals unable to express MCP-1 were found to have nearly absent 
subendothelial lipid accumulation [67] All these processes allow defense cells to migrate 
to the inflammation site, leading to the onset of volumetric thickening of the vessel wall.

3.4 Lipid deposition and atherosclerosis

Lipids are a key cell component that serves as one of the main building blocks 
of cell membranes and organelles, as well as having nutrient and energy functions. 
Fatty acids, the simplest lipid form, are divided into different classes depending on 
the length of their structure, the number of carbon atoms, and whether the bonds are 
saturated or unsaturated. Phosphoglycerides are the main class of lipids comprising 
cell membranes. Cholesterols are also part of a large group of fats called sterols and 
are another important component of cellular membranes. LDL particles in the blood 
are made of lipids and protein, including cholesterol esters, triglycerides, phospholip-
ids, and apoB-100 protein.

Many studies indicate that atherosclerosis begins with endothelial damage. 
However, histopathological studies have revealed atherosclerotic plaque formations 
with an intact endothelial structure [68, 69]. This raises the question of how lipid and 
cell passage into the subendothelial space occurs without endothelial damage.

It has been observed that eating even a single meal of excessively fatty food 
disrupts endothelial function, raises CRP levels, and increases adhesion molecules 
[70]. Animal experiments have shown that in subjects fed a high-cholesterol diet, 
the endothelium becomes sticky and begins expressing adhesion molecules within a 
few weeks [71–73]. The first alteration in the arterial endothelium of experimental 
animals fed a cholesterol-rich diet was shown to be leukocyte adhesion [74].

The main damage caused by cholesterol particles occurs through LDL. LDL 
particles are believed to penetrate the arterial wall by passing through the endothe-
lial cells and initiate a number of remarkable changes involving various different 
processes. Subintimal lipid particles have been shown to be ingested by macrophages 
and smooth muscle cells, where they are degraded in the intracellular lipid oxidation 
and peroxidation chains. In the sub intimal space, LDL particles are modified with a 
different phospholipid and fatty ester structure and begin to form lipid clusters [75]. 
These lipid clusters trigger free radicals produced by chain chemical reactions, induce 
the inflammatory process, and cause chemotaxis.
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3.5 Fibrous plaque–fibrous cap

Although immunohistochemical studies have demonstrated a cascade mechanism 
that allows inflammatory cells to infiltrate the subintimal layer at this early stage of 
atherosclerosis, pathological studies show that the endothelium is intact at this stage 
and there is no physical damage to this layer on microscopic examination [68]. Light 
microscopy examination of very small early lesions showed that primary damage 
occurred in the muscle cell component of the intima.

Monocytes accumulated in the subendothelial space transform into macrophages 
and begin to express scavenger receptors. This enables them to phagocytose the 
oxidized LDL.

As cholesterol esters accumulate in the macrophages, foam cells are formed. 
Macrophages accumulate lipids while continuing to release inflammatory mediators. 
M-CSF released from activated endothelial cells increases macrophage accumulation 
in the region. M-CSF also stimulates the immune system. A proinflammatory cytokine 
called CD40 ligand is one of the inflammatory mediators that contribute to progres-
sion. T cells accumulate in the subendothelial space due to the effect of different 
chemokines (e.g., interferon gamma-induced protein 10 [IP-10], monokine induced 
by interferon gamma [MIG]). Mast cells have recently been shown to accumulate 
via similar mechanisms. T lymphocytes also accumulate in the intima and continue 
to release proinflammatory cytokines. Another interesting function of T cells is to 
activate macrophages to stimulate the release of collagen, matrix metalloproteinases 
(MMP), and cytokines. Thus, the atheromatous plaque gradually grows. Oxidized LDL 
and heat shock protein (HSP) increase inflammation by stimulating toll-like receptors 
[76, 77]. Experimental studies have shown that toll-like receptor blockade can reduce 
atherosclerosis. Toll-like receptors accelerate atherosclerosis by triggering cytokine 
release in the inflammation cascade and stimulating the immune response [78].

As the lesions progress, extracellular lipids begin to accumulate. The extracel-
lular lipid pool is largely a result of foam cell apoptosis and the release of their stored 
cholesterol esters. A very small proportion comprises lipoproteins that pass from 
the lumen. The “fibrous plaque” that begins to form in the subintimal layer initially 
appears microscopically as lipid nuclei, large amounts of smooth muscle cells, macro-
phages, foam cells, T lymphocytes, and extracellular matrix, and macroscopically as 
white lesions that enlarge mostly towards the artery lumen [3].

Smooth muscle cells in the fibrous plaque continue to produce extracellular 
matrix, while macrophages degrade the connective tissue. This construction and 
destruction is mediated by numerous cytokines. Even if fibrous plaques significantly 
narrow the vessel lumen, they are believed not to cause significant clinical events as 
long as they remain intact. The structure on the luminal side of this plaque is called 
the “fibrous cap.” A thicker fibrous cap is associated with greater plaque stability.

Plaques that are rich in lipids and inflammatory cells and have a thin fibrous cap 
have higher risk of rupture (vulnerable plaque). Metalloproteinases (collagenase, 
elastase, stromelysin) secreted by macrophages surrounding the lipid nucleus degrade 
the collagenous matrix of the fibrous cap. In addition, the synergistic effect of IL-1β 
and TNF-α released from activated macrophages and interferon gamma (IFN-γ) 
released by T lymphocytes results in smooth muscle cell death and reduced extracel-
lular matrix. As a result of increased destruction and decreased construction, the 
fibrous cap weakens and eventually ruptures. Procoagulant substances in plaques 
with a disrupted fibrous cap interact with blood elements and clotting factors, trig-
gering thrombus formation [65].
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The ruptured plaque remains unstable for some time, after which the healing 
process begins. Smooth muscle cells capable of making extracellular matrix act as 
reparative cells. Smooth muscle cells produce large amounts of matrix proteins, 
such as glycosaminoglycan, elastin, and collagen, which are needed to repair the 
vessel and form the fibrous cap over the lipid-rich plaque nucleus. By synthesizing 
its contents, they enable the plaque capsule to stabilize the atherosclerotic lesion 
and separate the thrombogenic lipid-rich plaque nucleus from the platelets and 
coagulation cascade proteins in the blood. Thus, vascular smooth muscle cells 
have a critical role in ensuring plaque stability and inhibiting fatal thrombogenic 
outcomes. Some authors have argued that smooth muscle cells migrating into the 
intima play a constructive and reparative role, rather than a destructive role, in 
atherosclerosis [45, 79].

3.6 Atherosclerosis and immune response

It has recently become understood that both the natural and adaptive immune 
systems play important roles in the development of atherosclerosis [80, 81]. The natu-
ral immune system is responsible for the initial inflammatory response to a micro-
organism or pathogen. Immune cells, namely T cells, monocytes, macrophages and 
mast cells, circulating through various tissues (including the atherosclerotic artery) 
seeking antigen. When T cells encounter and bind to an antigen, a series of cytokines 
are released to launch an inflammatory response. Scavenger and toll-like receptors are 
the main receptors responsible for natural immunity in atherothrombosis [82]. Toll-
like receptors are found on fibroblasts and macrophages in the intimal and adventitial 
layers of coronary atherothrombotic plaques.

The adaptive immune system is more specific than the natural immune system. 
This system includes an organized immune response leading to the formation of T 
and B cell receptors and immunoglobulins that recognize foreign antigens. Modified 
lipoproteins, HSPs, beta2-glycoprotein I, and infectious agents can stimulate the adap-
tive immune system [83].

4. Chlamydia pneumoniae and atherosclerosis

The first findings regarding the association of C. pneumoniae and coronary artery 
disease were presented by Shor et al. [84] in 1992. Their study examined coronary 
artery atherosclerosis and vascular fatty streaks in seven autopsy studies and demon-
strated the presence of TWAR-like C. pneumoniae. In a later, extended autopsy study, 
Kuo et al. [21] demonstrated the presence of C. pneumoniae in atherosclerotic lesions 
by PCR and culture studies.

In a 1998 study by Saiku et al. including 40 patients with acute myocardial 
infarction, 30 patients with coronary artery disease and 41 controls, chlamydial IgA 
and IgG antibodies were detected in 68% and 50% by micro immunofluorescence, 
respectively. Both frequencies were significantly higher than in the controls (7.17%). 
In 68% of patients with acute myocardial infarction, a significant seroconversion was 
demonstrated in enzyme immunoassay with LPS antigen; this response was absent in 
patients with coronary heart disease and in all but one of the controls [85].

The presence of C. pneumoniae organisms in atherosclerotic lesions was later 
demonstrated using immunohistochemistry, PCR, in situ DNA hybridizations, and 
electron microscopy [21, 86–88].
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Chlamydia has been detected not only in plaques in the coronary arteries, but 
also in the aortic tissue, aortic aneurysms, and plaques in the carotid and peripheral 
arteries [22, 24, 89–92].

4.1 Chlamydia pneumoniae and the immune response

In studies demonstrating the relationship between C. pneumoniae and atheroscle-
rosis, circulating cholesterol-containing immune complexes were shown to be present 
in 50–70% of patients with acute myocardial infarction [93, 94]. These immune 
complexes (comprising IgG and apolipoprotein (a)) have a proatherogenic effect [95]. 
Patients with immunocomplexes containing C. pneumoniae-specific IgG and apolipo-
protein (a) were found to have a 3.8 times higher risk of developing acute myocardial 
infarction than the control group [96].

Several mechanisms have been proposed to explain the formation of immunocom-
plexes containing C. pneumoniae-specific IgG and apolipoprotein (a). According to 
one mechanism, structurally similar elements in C. pneumoniae and apolipoprotein 
(a), which is found in lipoprotein (a), causes anti-C. pneumoniae antibodies to form 
an immune complex with apolipoprotein (a) [34, 35, 97].

Another mechanism involves the formation of antibodies against apolipoprotein 
(a) in association with HLA tissue groups, which is facilitated by C. pneumoniae infec-
tion. It was reported that HLA class II DR genotypes were more common in patients 
with high lipoprotein (a) levels and early coronary artery disease compared to the 
healthy control group. This finding indicates that an immune response to apolipopro-
tein (a) may occur in connection with the HLA system [95, 98].

Many of the properties of the single-cell-layer endothelium that forms the inner-
most layer of the arteries are mediated by NO. NO is synthesized from L-arginine by 
NO synthetase, an endothelial enzyme. NO is a potent inhibitor of platelet aggrega-
tion on endothelial cells and a potent vasodilator that acts by reducing vascular tone. 
In addition, it inhibits atherosclerosis at every stage through its anti-inflammatory 
properties, which it exerts by preventing the expression of genes that synthesize 
molecules that cause inflammation, such as ICAM-1, VCAM-1, MCP-1, and P selectin. 
Conditions known to predispose to atherosclerosis, such as hypertension, diabetes 
mellitus, smoking, or increased super oxide levels, have been associated with reduced 
endothelial production or increased destruction of NO [99]. Chlamydial infection 
in the endothelial layer results in the disruption of these endothelial properties. 
Stimulation of the release of endothelin 1, which is an especially powerful vasocon-
strictor, causes endothelial cells to revert to their proliferative form, initiating the 
atherosclerosis process [100]. Chlamydial infection also stimulates the release of 
ELAM-1, VCAM-1, and ICAM-1 from the endothelium. Studies have shown that C. 
pneumoniae is associated with damage to the endothelium, which forms the intima 
layer of the arteries, in the early stages of the atherosclerosis process [84].

Host monocytes infected with C. pneumoniae begin secreting the adhesion mol-
ecules E-selectin, ICAM-1, and VCAM-1. These molecules allow adhesion of mono-
cytes from the endothelium to the subendothelium. There the monocytes turn into 
macrophages and start to increase their cytokine production. Macrophages enlarged 
from the phagocytosis of oxidized LDL rupture, releasing the bacteria within them 
into the atherosclerotic plaque to infect neighboring cells [92].

In addition, C. pneumoniae proliferating within monocytes and macrophages 
stimulates the release of IL-6, TNF-ɑ, monocyte chemoattractant protein-1 (MCP-1), 
and macrophage inflammatory protein 1-a (MIP1-a) [84].
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Another mechanism that may explain the relationship between C. pneumoniae 
infection and atherosclerosis is based on the similarities in structure between the 
heat shock protein (HSP-60) produced by nearly all bacteria and the HSP produced 
by humans. Antibodies against the HSP-60 in bacteria may cross-react with human 
HSP [40]. The immune response to C. pneumoniae and/or human HSP in the vascular 
wall is thought to activate atherosclerosis. Wong et al. showed that C. pneumoniae and 
human HSPs coexisted in atherosclerotic lesions, and incubating mouse macrophages 
with this HSP caused an increase in matrix-degrading metalloproteinases and TNF-α 
activity. Chlamydia-infected endothelial cells trigger smooth muscle cell proliferation 
by stimulating the synthesis of endogenous HSP-60 and PDGF [40].

In addition, C. pneumoniae HSP has been shown to increase the secretion of lectin-
like oxidized LDL receptor 1 (LOX-1) in hypercholesterolemic rabbit endothelial cells. 
Increased LOX-1 disrupts the LDL regulation system in the host and induces oxidized-
LDL-mediated atherosclerosis. LOX-1 forces macrophages to phagocytose oxidized 
LDL, thereby turning macrophages into foam cells through the phagocytosis of high 
amounts of oxidized LDL, and foam cells are known to be one of the main players in 
the atherosclerotic process [74].

Chlamydia has been shown to stimulate the toll-like receptor system in host tis-
sue. Toll-like receptor stimulation is considered one of the factors that initiates and 
promotes atherosclerosis by triggering the cytokine and inflammatory cascade. Thus, 
smooth muscle cell migration into the media layer is stimulated and the macrophage/
foam cell diapedesis process that causes subintimal thickening progresses [101].

An experimental study by Justin et al. [102] showed that after contaminating por-
cine coronary arteries with C. pneumonia in culture medium, Chlamydia proliferating 
in the arterial wall quickly stimulated smooth muscle cell proliferation in the medial 
layer of the artery and caused atherosclerosis and significant narrowing in the lumen.

4.2 Chlamydia pneumoniae and lipid metabolism

C. pneumoniae has been shown to adversely affect the regulation of lipid metabo-
lism in host tissue. C. pneumoniae continues to live in immune cells after undergoing 
phagocytosis and thus can survive even in chronic inflammation environments [103].

The unmodified, natural level of LDL is controlled by LDL receptors and does 
not normally lead to the formation of macrophage-derived foam cells. However, 
the oxidation of LDL due to chlamydial infection disrupts this balance. It has been 
shown that C. pneumoniae-infected macrophages incubated with LDL turn into foam 
cells within 22 hours [40]. This effect occurs mostly through the induction of LDL 
oxidation, phagocytosis of oxidated LDL, and induction of lipid accumulation within 
cells and in the atherosclerotic plaque. Liu et al. [104] reported that both active and 
inactive Chlamydia trigger lipid accumulation and induce foam cell formation.

A study conducted by Zhao et al. [105] showed that C. pneumoniae negatively 
affects lipid metabolism by decreasing ATP-binding cassette transporter A1 (ABCA1) 
level, which has an important role in cholesterol transport in macrophages. In a study 
conducted by Tumurkhuu et al. [106] on the same system, it was shown that C. 
pneumoniae infection affected the lipid reuptake system by stimulating extracellular 
IL-1β and caused intracellular cholesterol accumulation by reducing the synthesis of 
ABCA1 and G protein-coupled receptor 109A (GPR109a), which are involved in the 
niacin and ketone receptor system.

In a study on the effects of Chlamydia on lipid metabolism in humans, it was 
found that chronic inflammation associated with C. pneumoniae infection caused a 
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significant increase in cardiovascular risk in individuals with familial hypercholester-
olemia [104].

In experimental studies, rabbits intranasally infected with C. pneumoniae 
exhibited findings consistent with early atherosclerosis characterized by aortic 
inflammation when fed a high-fat diet but not in those fed a normal diet [107, 108]. 
The combination of hyperlipidemia and C. pneumoniae infection has been shown to 
significantly increase the development of atherosclerosis.

Blessing et al. [109, 110] demonstrated in their study that C. pneumoniae inocula-
tion causes inflammation in the heart and aorta in normolipidemic C57BL/6J mice. 
In the same model, atherosclerosis was shown to accelerate and become widespread 
when the animals were fed a high-cholesterol diet.

Lantos et al. [111] showed that hyperlipidemic diet-induced atherosclerosis in 
ApoB100only/LDLR−/− mice accelerated threefold in the presence of C. pneumoniae 
infection.

Apolipoprotein E (apoE) is involved in chylomicron and very-low-density lipo-
protein (VLDL) metabolism and has a key role in LDL and cholesterol metabolism. 
ApoE deficiency leads to dyslipidemia and increases susceptibility to atherosclerosis. 
In mice with apoE enzyme deficiency, even a single dose of Chlamydia inoculation 
significantly increased atherosclerosis compared to uninfected subjects [112].

New Zealand rabbits do not develop atherosclerosis unless they are fed a hyper-
lipidemic diet. However, when infected with C. pneumoniae, atherosclerosis was 
observed in these animals within 2 weeks despite being fed a normal diet [113]. These 
results suggest that C. pneumoniae also triggers atherosclerosis independently of lipid 
levels and acts as an independent factor in the development of atherosclerosis.

In their study on C57BL/6J mice fed a high-cholesterol diet, Zafiratos et al. [114] 
concluded that the coexistence of Chlamydia infection and hyperlipidemia signifi-
cantly increased levels of TNF receptors 1 and 2 and caused inflammation when com-
pared with hyperlipidemia or Chlamydia infection alone. Similarly, a study conducted 
on IL-17A-deficient mice showed that a hyperlipidemic diet did not result in a signifi-
cant difference in inflammation or atherosclerosis compared to the control group. 
However, after infection with C. pneumoniae, the control group exhibited significant 
elevation in inflammation markers in the blood (IL-12p40 and IFN-γ) and increased 
macrophage accumulation in atherosclerotic plaques compared to the IL-17A-deficient 
group. This showed that IL-17A plays a role in the Chlamydia-induced atherosclerosis 
process in hyperlipidemic subjects [115].

These studies demonstrate the important role of Chlamydia, both independent of 
lipid physiology and as a cofactor of hyperlipidemia, in the different stages of initiat-
ing and advancing atherosclerosis.

5. Treatment strategies

5.1 Antibiotic studies

The multitude of studies indicating that C. pneumoniae plays a role in the patho-
genesis of atherosclerosis led to the investigation of whether this pathogenesis can 
be treated with antibiotic therapy. Some experimental studies showed that antichla-
mydial antibiotherapy slowed atherosclerosis to some extent [116].

The ACADEMIC study included 302 coronary artery patients with positive 
Chlamydia IgG tests. Of these, 152 patients received a placebo and 150 patients 
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received azithromycin for 6 months. At the end of the study, there were significant 
decreases in CRP, IL-1, IL-6, and TNF levels in the azithromycin group, but the 
expected significant change in serological tests was not observed. In addition, there 
was no difference in terms of rates of clinical events related to coronary artery disease 
[117]. This supports the theory that inflammation can be reduced with antichlamydial 
antibiotherapy.

However, in a multi-center antichlamydial antibiotic study including more than 
15,000 people in total, although there were significant changes in laboratory param-
eters, it unfortunately did not yield the expected results in terms of reducing rates of 
clinical symptoms and events [118–120].

The failure of antibiotic therapy to provide secondary protection against athero-
sclerosis complications in individuals infected with C. pneumoniae has been attributed 
to the treatment being too late. It is believed that the atherosclerosis process is already 
triggered in people infected with C. pneumoniae and that antichlamydial treatment 
does not protect against infection. Experimental studies have indicated that antibi-
otic treatment initiated immediately after chlamydial infection may protect against 
atherosclerosis [121, 122]. Research on this subject is ongoing.

5.2 Vaccine studies

Could the failure to obtain expected results in antibiotic studies be due to late 
treatment? Taking measures before inflammatory and immune responses are induced 
might facilitate the management of the process. Antichlamydial vaccine studies are 
the focus in this regard.

Due to the different strains and pathogenetic mechanisms in the Chlamydia fam-
ily, vaccines against all chlamydial species have long been a research topic of interest. 
C. trachomatis is the most common sexually transmitted disease in the world and 
causes health problems of concern to all of humanity in both men and women, from 
urinary tract infection to infertility, from pneumonia to blindness. Thus, antichla-
mydial vaccine development started about 100 years ago with C. trachomatis. Using 
the inactivated EB form for immunization provided results, but the short duration of 
immunity was disappointing [123].

Chlamydia contain two main bacteria-specific antigens: HSP-60 and major 
outer membrane protein (MOMP). MOMP activates both cellular and humoral 
immunity. Most current antichlamydial vaccine studies are focused on MOMP. 
HSP-60 is a receptor that can be found in many bacterial species and human cells, 
and no significant progress has been made to date in vaccine studies targeting this 
antigen [124].

Li et al. [125] demonstrated that administering a recombinant chlamydial 
protease-like activity factor (rCPAF) and IL-2 vaccine slowed the atherosclerosis 
process in their study on mice in which atherosclerosis was induced by a hyperlip-
idemic diet.

Recombinant protein vaccine studies have also yielded promising results in 
terms of reducing the immune response occurring after chlamydial contamination 
[126].

There have been nearly 200 antichlamydial vaccine studies to date, and an average 
of 10–12 new studies are conducted each year. However, although antichlamydial 
vaccine studies have investigated numerous specific antigenic targets and achieved 
partial success in mice, the results from whole-cell vaccine targets have not yet 
reached the clinical implementation stage [123].
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5.3 Treatments targeting inflammation triggers (risk factors)

There is ample evidence regarding the anti-inflammatory effect of lifestyle modi-
fication. Regular exercise have been shown to both directly improve endothelial func-
tion and reduce inflammatory mediators, as well as mitigate risk factors [54, 55  83]. 
Adipose tissue is an important source of IL-6, which is known to be elevated and 
linked to inflammation in people with obesity. Lipid-lowering diet and treatments 
are effective in reducing inflammation. Statins not only have a strong lipid-lowering 
effect, but anti-inflammatory activity is known to be one of their pleiotropic effects. 
Statins reduce the release of adhesion molecules and inflammatory cytokines. In 
addition, they correct endothelial function, reduce oxidative stress, inhibit platelet 
aggregation, prevent clustering of T cell antigen receptors due to immune activa-
tion, and generally stabilize vulnerable plaques. The anti-inflammatory effects of 
statins have been demonstrated in patients with rheumatoid arthritis. In clinical 
studies, statins have been shown to reduce CRP values independently of LDL levels. 
In the CARE study, subgroup analyses revealed that the patient group with high CRP 
levels benefited more from statin treatment, which was more effective in reducing 
coronary events in this group [127, 128]. In the PROVE-IT study, the greatest benefit 
was seen in the group with aggressively reduced LDL and decreased CRP, which 
demonstrated that patients with the most inflammation benefited most and sup-
ported the use of statins in acute coronary syndromes [129]. In the JUPITER study, 
statin therapy resulted in significant reduction of cardiovascular events in individuals 
with high CRP but without high LDL, offering further evidence of the importance 
of reducing inflammation [130]. That study included 17,802 healthy individuals with 
normal LDL-cholesterol level and CRP above 2 mg/l who were randomized to receive 
rosuvastatin 20 mg or a placebo, and was terminated after only 1.9 years because of 
the significant reduction in cardiovascular events in the rosuvastatin arm. This rapid 
benefit was thought to be a result of the anti-inflammatory effect of rosuvastatin 
rather than its lipid-lowering effect [131].

There are studies on treatment methods that target risk factors, as well as treat-
ments that directly target inflammation [73]. Some evidence has indicated that acetyl 
salicylic acid also has an important anti-inflammatory effect in addition to its inhibi-
tion of platelet aggregation [73].

An emerging treatment method that is still mostly in the animal testing phase is 
cytokine blockade. The newly identified CD40 pathway has been shown to play an 
important role in inflammation, the increase in adhesion molecules, and thrombosis. 
Blockade of this pathway with monoclonal antibodies has allowed a reduction in the 
development of atherosclerotic lesions in animal experiments [132].

Another treatment method based on cytokine blockade is polyclonal IgG injection. 
With polyclonal IgG injections, it is possible to block receptors in phagocytic cells and 
inhibit antibody synthesis and cytokine production. In mouse studies, intravenous 
IgG injection prevented the development of fatty streaks at several sites and reduced 
the area of atheromatous plaques [133]. The latest method of cytokine blockade are 
treatments to shrink atheromatous plaques with IL-10 injection, but these are still in 
the animal trial stage [134].

Anti-atherosclerosis vaccine development studies have intensified in recent years. 
The basic principle here is to modulate the immune response and protect against the 
development of atherosclerosis. For example, developing antibodies against oxidized 
LDL and creating antibodies by activating B lymphocytes have been shown to have 
a protective effect against atherosclerosis. In brief, inflammation is a fundamental 
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mechanism that is present at every stage of atherosclerosis and must be suppressed. 
The anti-inflammatory effects of lifestyle modification, statin therapy, and some 
other treatments have been demonstrated, while the search for new anti-inflamma-
tory therapies continues.

6. Conclusions

The presence of C. pneumoniae in human atherosclerotic plaques is now a generally 
accepted fact. Numerous studies in various centers have repeatedly confirmed this 
with many different diagnostic methods, laboratory tests, and imaging techniques.

The association between C. pneumoniae and the atherosclerosis process leads 
to new questions. Is Chlamydia a cause of atherosclerosis, or is it a risk factor that 
participates in the process and predisposes to its complications?

The active pathogenic mechanism of the bacteria, which involves the ability to live 
within the cytoplasm, persist long-term and even multiple within vacuoles, cause cell 
necrosis and lysis, and infect the surrounding cells, and its detection even in the fatty 
streaking stage, which is the initial stage of atherosclerosis, can be regarded as evi-
dence of its role as a triggering factor. However, its ability to survive in macrophages 
and lymphocytes, cause cell necrosis and fibrosis, and exist and reproduce in plaque 
inclusion bodies can be regarded as evidence that it is a co-factor associated with and 
contributing to the atherosclerotic process.

As a result, the pathophysiological mechanisms of Chlamydial infection shown to 
play a role in atherosclerosis can be summarized under the main headings as follows:

• Arterial wall infection resulting from Chlamydia entering the bloodstream 
via the respiratory system and invading the arterial wall (initiation of 
atherosclerosis),

• Systemic inflammation induced by inflammatory mediators released into the 
circulation in response to infection,

• Chronic infection and a chronic inflammation process due to the biphasic life 
cycle of Chlamydia,

• Triggering of adhesion and inflammation in the arteries,

• Bacterial infection and consequent accumulation of inflammatory cells in the 
sub-intimal area,

• Chlamydia-associated lipoprotein deposition and fibro-fatty plaque induction 
(advancement of atherosclerosis)

• Autoimmunity caused by the host immune response to Chlamydia-specific 
components,

• Proatherogenic effects of specific bacterial toxins produced by Chlamydia.

Considerable research continues on atherosclerosis and related cardiovascular 
diseases, which are leading causes of mortality and morbidity worldwide. Vascular 
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interventional techniques and bypass surgeries are performed as palliative interven-
tions. However, atherosclerosis is a major disease that has no definitive treatment and 
is still awaiting a solution.

Studies on the role of C. pneumoniae in the pathogenesis of atherosclerosis, vaccine 
studies, and advances in immune response regulation remain scientists’ focus of 
attention for the treatment of atherosclerosis.
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Chapter 12

Chlamydia Infection’s Role in 
Neurological Diseases
Nurgül Uzun

Abstract

Chlamydia infections are common infections that are transmitted through sexual 
C. pneumonia is a pathogen that causes different acute and chronic infections. Due 
to the increase in biological knowledge and the use of more sensitive and specific 
techniques in the detection of the pathogen in recent years, it is thought that C. pneu-
monia has a role in various cardiovascular and central nervous system (CNS) diseases. 
There is increasing evidence that C. pneumonia may have a role in various chronic 
neurologic diseases, especially Alzheimer’s disease (AD) and multiple sclerosis (MS). 
C. pneumonia crosses the blood-brain barrier via monocytes and triggers neuroin-
flammation in the central nervous system. Various diagnostic methods (molecular, 
histopathologic, and culture) have shown the presence of C. pneumonia in patients 
with late-onset AD dementia. It is thought that C. pneumonia may be a cofactor in 
the development of MS disease by causing chronic permanent brain infection in MS 
patients. There are also reports of C. pneumonia causing other CNS diseases such as 
Guillaine Barre syndrome, encephalitis/meningoencephalitis, and cerebellar ataxia. In 
this section, the relationship between Chlamydia infections and neurological diseases 
will be discussed based on scientific research.

Keywords: Chlamydia, neuroinflamation, stroke, neurologic disease, chlamydia 
infection

1. Introduction

Chlamydiae have been identified as viruses because they have a life cycle within 
the host cell and are smaller than bacteria. However, they were later classified as 
bacteria because they can also live outside the cell. With these conditions, they were 
named as “obligate intracellular bacteria” [1].

There are four species in the genus Chlamydia: C. pecorum, C. psittaci, C. tra-
chomatis and C. pneumoniae. These species are classified according to their disease, 
antigenic structures, and intracellular inclusions. C. pecorum does not cause disease in 
humans. Others may cause disease in humans.

C. trachomatis is the most frequently sexually transmitted bacterium today [2]. It 
most commonly causes urethritis in men and cervicitis most commonly in women. If 
left untreated, it can progress to pelvic inflammatory disease in women. C. trachomatis 
is the most common cause of nongonococcal urethritis [3]. As a significant proportion 
of patients are asymptomatic, they continue to be contagious and act as vector [4]. 
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This complicates the management of the disease and results in a serious socioeconomic 
burden, even in developed countries [5]. The three main clinical manifestations of 
urethritis—urethral discharge, itching, and dysuria—are mild or absent in some cases [6]. 
Therefore, diagnosing C. trachomatis infection is important. Although conventional diag-
nostic methods have low efficiency, PCR tests have high sensitivity and specificity and are 
currently the gold standard in the diagnosis of C. trachomatis infection. C. trachomatis can 
also cause ocular trachoma, lymphogranuloma venerum, and neonatal infections [7].

Chlamydia Psittaci; it causes a systemic disease that often progresses with pneumo-
nia, being more common in occupational groups that come into contact with birds.

C. pneumoniae; it causes respiratory tract (such as pneumonia, bronchitis, 
sinusitis, and pharyngitis) infections and is also associated with atherosclerosis and 
cardiovascular diseases [8].

Chlamydia pneumonia is transmitted from person to person by direct respiratory 
route. The infection spreads slowly [9, 10]. It has a longer incubation period than 
many pathogens that cause respiratory tract disease, and this period is about a few 
weeks [11]. If it is within the family, the infection spreads in a shorter time [12].

Chlamydiae are obligate intracellular parasites and have a biphasic life cycle. They 
can grow and multiply using the host cell’s ATP. Chlamydia are in the bacteria class 
because they are sensitive to antibiotics, reproduce by division, contain both DNA 
and RNA, and have cell membranes similar to gram-negative bacteria [13, 14].

Chlamydia reproduces by forming inclusion bodies in the cytoplasm of host cells. 
Chlamydia pneumonia has two forms called “Elementary body” (EB) and “Reticulate 
body” (RB). These two forms are functionally and morphologically different from 
each other and undergo regular change. The EB form is the metabolically inactive, 
extracellular form and causes contamination. It attaches to the mucosal surfaces of 
the respiratory tract by inhalation and enters the host cell by endocytosis, where it 
transforms into the RB form.

The RB form is metabolically active and utilizes the host cell’s metabolism. It mul-
tiplies in the host cell, breaks up this cell, spreads around as newly formed elementary 
body bodies and continues to be transmitted. In its RB form, it is protected from the 
host cell’s endocytic lysosomal digestive tract, where it can be stored for years. In this 
way, it causes a chronic inflammatory process in the body [15, 16].

Being located intracellularly provides the ability of this bacterium to transform 
into a resistant form [8, 17].

C. pneumonia lives in the host cell as a non-degradable inclusion separate from 
the cytoplasm of the cell. For this reason, it is protected from the host cell’s defense 
systems by arranging the signal pathways used by the host cell for defense. In this 
way, C. pneumoniae cannot be eliminated because the host defense mechanisms are 
insufficient and may lead to persistent infection [18–20]. While C. pneumoniae lives 
in mononuclear cells, it multiplies from time to time and creates a chronic infection. 
In this chronic infection, heat shock protein ((HsP) and proinflammatory cytokine 
production takes place, and this process can initiate an autoimmunity process over 
time. As a result of chronic infection, C. pneumonia increases the expression of its 
own HsP60 proteins. The immune response of the host to microbial HsP60 is over 
time to human HsP60. This may contribute to the development of chronic diseases 
such as asthma, atherosclerosis, and coronary artery disease [11, 21, 22].

In recent years, there has been a great deal of information about the physiological 
effects of chlamydia infection on the host cell [23]. Although it is not known exactly 
how C. pneumonia may cause chronic infection in the central nervous system by 
affecting apoptotic pathways [24, 25].
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In recent years, it has been determined that C. pneumonia may have a role in other 
chronic diseases in addition to respiratory tract diseases, as more powerful tests have 
been developed to show the presence of C. pneumonia [26].

It has also been shown to cause progressive diseases with chronic inflammation 
processes such as lung cancer, Alzheimer’s disease, multiple sclerosis, arthritis, and 
atherosclerosis [18, 27–31].

The demonstration that various human cells (smooth muscle, monocytes, lym-
phocytes, macrophages, endothelium, and epithelium) are infected by C. pneumonia 
after a respiratory infection supports the systemic spread after respiratory tract 
infection [32]. Thus, C. pneumonia spreads everywhere through the circulatory 
system. Chlamydia, which invades the arterial wall as a result of endothelial damage, 
participates in the atherosclerosis process [33].

Chlamydia that invades the arterial wall as a result of endothelial dysfunction 
contributes to the atherosclerosis process [33]. However, C. pneumoniae infection has 
also been shown to promote monocytic migration via human brain endothelial cells, 
which is thought to be a mechanism by which the organism is able to enter the CNS. 
This mechanism may explain how the organism enters the CNS and causes chronic 
damage [34].

This chapter examines the potential role of chlamydial infections in different 
neurological diseases and the underlying mechanisms in light of the literature.

2. Chlamydial infection and cerebrovascular disease

At present, cerebrovascular diseases constitute an important public health prob-
lem because of the associated mortality and functional losses in the acute and chronic 
period. According to studies conducted in the USA, 500,000 new or recurrent stroke 
cases are observed every year [35]. Approximately 80–85% of these are cases of 
ischemic stroke [36, 37].

Although studies have identified many etiological factors for stroke, none of these 
factors can be identified in approximately 40% of cases. The number of patients 
with no detectable risk factors is increasing, especially in the patient population 
under 45 years of age [38]. The research, identification, and (if possible) treatment 
of potential risk factors have become a priority in order to reduce the incidence and 
consequences of the disease [35, 39, 40].

Many researchers have suggested that viruses play a role in the development of 
atherosclerosis and have shown that these pathogens are closely linked to the rapidly 
progressive CAD that develops in heart transplant recipients [41–45].

The main infectious agents implicated are C. pneumoniae, cytomegalovirus, 
Helicobacter pylori, Streptococcus mutans, Porphyromonas gingivalis, Actinobacillus, and 
Prevotella intermedia. Although there are a few publications in the literature on the 
role of C. pneumoniae in ischemic cerebrovascular diseases, the number of studies on 
this subject is steadily increasing [46–57].

Çalık et al. investigated the presence of C. pneumoniae antibodies in patients and 
healthy controls and did not detect IgM positivity, an indicator of acute C. pneu-
moniae infection, in either group. Both IgA and IgG antibodies were more common in 
the patient group, with IgG antibodies detected in 37 (74%) of patients and 28 (56%) 
of controls, and IgA antibodies detected in 31 (62%) of patients and 16 (32%) of 
controls. However, the difference was statistically significant only for IgA antibodies 
(P < 0.01). Chronic persistent C. pneumoniae infection was not present in any of the 
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controls but was detected in eight patients (16%). Findings of atherosclerosis in the 
carotid and vertebral arteries were statistically more frequent in the patient group. 
When they compared patients with and without atherosclerosis on Doppler ultra-
sound, those with atherosclerosis showed higher rates of C. pneumoniae IgG and IgA 
positivity, higher mean titers of these antibodies, and more frequent chronic persis-
tent infection. However, the differences were not statistically significant [41].

Studies have generally shown that IgA antibodies are associated with ischemic 
cerebrovascular disease while IgG antibodies are not [49, 50, 53].

In a study by Cook et al., acute C. pneumoniae infection or reinfection was found 
to be associated with ischemic cerebrovascular disease [55].

IgG positivity is an indicator of a previous infection and can remain positive for 
years [11]. However, IgA antibodies have a very short half-life of 5–6 days on aver-
age. Therefore, IgA antibodies are useful in determining persistent and active carrier 
status. Based on observations, anti-Chlamydia IgA antibodies become positive (titer 
of 1/16 or higher) early in primary chlamydial infections, and the titer increases 
2–4 times within 20–40 days, even if the patient is treated. This elevated titer rap-
idly decreases to former values after treatment [58]. However, infection status can 
be ascertained by simultaneously determining IgG and IgM antibody status. The 
presence of IgM antibodies is a definitive indicator of acute infection. In chronic or 
re-infection, IgM antibodies do not rise at all or are positive at very low titers. Thus, 
IgM negativity and IgA positivity (≥1/32) accompanied by IgG positivity (≥1/128) 
indicate chronic or re-infection [11, 53, 56, 59].

Acute C. pneumoniae infection was not detected in any of the patients included 
in the study by Çalık et al. [41]. Similarly, Elkind et al. reported not detecting IgM 
antibodies in any of the patients in their ischemic stroke study [53].

Although criteria have been established for the diagnosis of chronic persistent 
infection, a positive IgA titer is an indirect indicator that the causative pathogen is 
present in the body [60].

Studies have emphasized the relationship between C. pneumoniae infections and 
atherosclerosis, focusing mostly on the coronary and carotid arteries [17, 46, 51, 61].

Schmidt et al. reported that C. pneumoniae seropositivity was associated with an 
increase in intima media thickness in the main carotid arteries [51]. Grayston et al. 
demonstrated the presence of C. pneumoniae in endarterectomy specimens by PCR 
and immunocytochemistry and concluded that C. pneumoniae infections may cause 
atherosclerosis or play a role in its pathogenesis [62]. The findings support that C. 
pneumoniae infections may be a strong risk factor for atherosclerosis and related 
vascular diseases [41]. However, the mechanism underlying this relationship has 
not been elucidated. Different mechanisms have been described in relation to the 
contribution of infections in the formation or emergence of atherosclerotic diseases. 
Infections have both direct and indirect effects on the vasculature. The main direct 
effects are endothelial cell destruction or dysfunction, smooth muscle cell prolifera-
tion, and local inflammation. Indirect effects include chronic systemic inflammation, 
cross-immunoreactivity of antibodies against the pathogen with host tissues, and the 
impact of the host response to the pathogen on known atherosclerotic risk factors.

C. pneumoniae can infect various types of cells. Among the cells it infects are 
endothelial cells, vascular smooth muscle cells, and macrophages, all of which have 
important roles in the pathogenesis of atherosclerosis. Changes in the function and 
structure of these cells are an expected result of direct invasion by the pathogen [41]. 
Indeed, many studies have demonstrated the presence of C. pneumoniae in vascular 
endothelium affected by atherosclerosis [62, 63]. In addition to local vessel wall 
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invasion and destruction, C. pneumoniae induces a procoagulant state by causing 
tumor necrosis factor (TNF) and interleukin (IL)-2 release and affecting lipopro-
tein levels and tissue factors because of its lipopolysaccharide cell wall components 
[50, 62]. Hsp60, one of the antigens in the protein structure of C. pneumoniae, can 
trigger atherogenesis indirectly through certain immunological mechanisms [64]. The 
effects of chronic C. pneumoniae infection on blood clotting factors have also been 
demonstrated. Toss et al. determined that chronic persistent C. pneumoniae infection 
was associated with increased serum fibrinogen levels but were unable to explain the 
mechanism behind this increase [65].

C. pneumoniae infections were also reported to have a number of effects on the 
blood lipid profile, which has an important role in the development of atherosclerosis 
[64]. In their study including 1053 patients, Laurila et al. showed that individuals with 
C. pneumoniae IgG antibody titer values of 1/128 and above had higher serum triglyc-
eride levels and lower HDL/total cholesterol ratio compared to individuals with lower 
antibody titers [66]. The host response to the lipopolysaccharides in the structure of C. 
pneumoniae found in the atherosclerotic region alters the synthesis of certain cyto-
kines. These cytokines cause a complex set of changes in the serum lipid profile [64].

In summary, evidence pointing to the relationship between C. pneumoniae and 
atherosclerosis is as follows: (a) sero-epidemiological studies have demonstrated its 
association with atherosclerotic diseases (CAD, ischemic cardiovascular disease, and 
carotid atherosclerosis); (b) the pathogen has been demonstrated in atherosclerotic 
lesions; and (c) several small clinical studies have shown the benefits of using anti-
inflammatory antibiotics in the secondary prevention in patients with CAD [52]. If 
the possible relationship between infections and vascular occlusive diseases such as 
ischemic cardiovascular disease and CAD is confirmed, adding antibiotics to treat-
ment protocols for stroke and coronary events may help prevent ischemic events [50].

3. C. pneumoniae and neurodegenerative and demyelinating diseases

Information regarding the role of C. pneumoniae in chronic neurological diseases 
has been increasing recently. This was supported by the detection of C. pneumoniae 
genomic material in the cerebrospinal fluid of MS and AD patients [11, 18–20, 34].

3.1 C. pneumoniae and multiple sclerosis

MS is a chronic autoimmune and demyelinating disease that affects the CNS, 
usually in young adults [67]. MS was first described in 1838. During the six decades 
following its identification, German and French physicians determined the clinical 
and pathological features of the disease. Previously documented only as cases, MS 
became one of the most common diseases in neurology at the turn of the twentieth 
century. The disease is characterized by damage to the myelin sheaths, oligodendro-
cytes, and to a lesser extent, axons and neurons. There are currently 2.5 million people 
with MS worldwide, and their treatment and care cost billions of dollars [68]. MS is a 
highly heterogeneous disease and can present with widely variable clinical signs and 
symptoms including motor, sensory, autonomic, and cognitive disorders, depending 
on the part of the CNS affected [69].

MS develops in genetically predisposed individuals as a result of a combination of 
environmental factors, viral or bacterial pathogens, cytokines secreted in inflamma-
tory and autoimmune response, and other yet unidentified etiological agents. Various 
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lesions can be seen in patients with MS, such as CNS inflammatory infiltrates, astro-
gliosis, demyelination, and early axonal damage [70–72].

In MS, CD4+ T helper (Th)-1 and Th17 cells perceive myelin sheath components as 
foreign antigens and develop an autoreaction against myelin [67].

3.1.1 Axonal and neuronal damage in MS

Inflammatory CNS damage in MS has frequently been associated with axonal 
damage. Although MS is classically defined as a condition primarily characterized by 
axonal myelin loss, axonal damage has also been described in the early pathological 
findings of MS lesions. Modern techniques have yielded definitive findings showing 
axonal damage. Antibodies to amyloid precursor proteins (APP) reveal damaged 
axons in the active areas of MS lesions [72].

The distinctive pathological feature of MS is demyelinating plaques, which repre-
sent areas of demyelination and gliosis around blood vessels [73]. Acute lesions show 
macrophage infiltration and phagocytosis of myelin membranes, as well as perivas-
cular lymphocytes and plasma cells. The continuous destruction and regeneration of 
myelin has been demonstrated within progressive MS plaques [74]. Toll-like receptors 
(TLR) are strongly associated with many neurodegenerative and demyelinating 
disorders, including MS, with a significant increase in TLR expression in MS lesions. 
PCR studies have shown that TLR1–8 s are expressed in microglial cells obtained from 
MS patients [75]. In addition, healthy white matter from MS patients does not contain 
TLR, whereas active lesions are associated with increased TLR3 and TLR4 expression 
by microglia and astrocytes. Late active lesions also contain astrocytes with surface 
expression of TLR3 and TLR4 [75]. This indicates that early lesions are character-
ized by microglial infiltration, while astrocytes are also active in late active lesions. 
However, the exact role of TLR3 and TLR4 activation in these lesions remains unclear. 
TLRs have been shown to recognize highly conserved sites (pathogen-associated 
molecular patterns) in various microorganisms, including C. pneumoniae, thereby 
stimulating a strong inflammatory response that contributes to pathogen clearance 
[76]. In one study, overexpression of TLR-2 and TLR-4 messenger RNA (mRNA) was 
detected in the peripheral blood, but not in the CSF of MS patients with the relapsing-
remitting form, and the combined activation of these TLR has been reported to play 
a significant role in activating and modulating cellular immune response during 
chronic C. pneumoniae infection [77].

Based on epidemiological observations, it has been suggested that along with 
genetic predisposition, exposure to an environmental factor such as an infectious 
agent may play a role in the pathogenesis of MS [78].

The risk of MS is increased by the presence of specific genes in the human MHC, 
or human leukocyte antigen (HLA) complex, on chromosome 6. In particular, 
HLA-DR and HLA-DQ genes, which are involved in antigen presentation, are strongly 
associated with the development of disease. However, although the risk of disease is 
higher in monozygotic than in dizygotic twins (approximately 30% and 5%, respec-
tively), the low concurrence rate among identical twins suggests that nongenetic 
factors may contribute to the etiology of MS. In this regard, the etiopathogenesis of 
MS is complex and remains a subject of debate.

To date, about 20 microorganisms, including viruses, have been associated with 
MS [79]. The screening techniques used in these studies varied from serology to PCR, 
and the quality and number of controls examined varied greatly. The most recent 
pathogen associated with MS is C. pneumoniae [26].
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Sriram et al. reported the first evidence pointing to the potential role of C. pneu-
moniae in the pathogenesis of MS [80]. A year later, a larger study from the same 
group strongly confirmed that the frequency of C. pneumoniae in the CSF of individu-
als with MS was significantly higher than in control patients with other neurological 
diseases (OND) [18]. Specifically, C. pneumoniae was isolated in culture in 24/37 
(65%) of MS patients and 3/27 (11%) of OND patients; CSF PCR for major outer 
membrane protein (MOMP) was positive in 36/37 (97%) of MS patients and 5/27 
positive (18%) of OND patients, and CSF anti-C. pneumoniae IgG test by enzyme-
linked immunosorbent assay (ELISA) was positive in 32/37 (86%) of MS patients and 
none of the OND patients. After this groundbreaking report, a number of studies 
suggested that C. pneumoniae infection may be associated with MS, while no associa-
tion could be established in others [81, 82].

In recent years, the possible role of C. pneumoniae in the development of MS has 
been supported by sero-epidemiological, cultural, molecular, immunological, and 
therapeutic studies. However, the fact is that there are not many studies supporting 
the role of the organism in MS. Firstly, some reports have shown that C. pneumoniae 
seropositivity is associated with the risk of developing progressive forms of MS but 
only moderately associated with the developing MS [83], while others found no asso-
ciation between serum anti-Chlamydia antibody titers and MS risk [84]. Secondly, the 
microorganism was detected in the throat with increasing serological titers during MS 
relapses [85]. Thirdly, MS relapses have long been known to follow respiratory tract 
infections, including sore throats or pneumonia, a typical clinical pattern of respira-
tory tract infection caused by C. pneumoniae. However, studies to isolate the pathogen 
in cultures of CSF and brain tissue have repeatedly failed in MS patients or shown 
culture positivity in only a small proportion of MS patients [86–90].

Dong-Si et al. reported gene transcription of C. pneumoniae mRNA in the CSF of 
MS patients, a finding that supports active infection with this pathogen [91].

In another study, active transcription of DNA of the organism indicating in a 
persistent and metabolically active state was detected in cultured CSF and PBMCs 
from MS patients but not controls [92]. Other investigators were able to culture C. 
pneumoniae in buffy coat samples from a healthy blood donor population and dem-
onstrated 24.6% carriage of Chlamydia in the circulating white blood cells. Because of 
the difficulties of isolating C. pneumoniae in culture, PCR-based nucleic acid amplifi-
cation methods have become the preferred method for the detection of this microor-
ganism. However, PCR procedures also often differ in several aspects that may affect 
their sensitivity, reproducibility, and specificity [26]. In this context, collaborative 
studies involving different laboratories examining the presence of C. pneumoniae in 
blinded CSF samples further highlighted the lack of an accepted standardized PCR 
protocol [93, 94]. A series of PCR studies failed to provide evidence of C. pneumoniae 
DNA in the CSF of MS patients. Most of these studies were conducted using single or 
nested PCR targeting the MOMP or 16 s ribosomal (rRNA) chlamydial genes [26].

In contrast, a substantial number of studies from around the world have provided 
clear evidence that C. pneumoniae has a role in MS. In this setting, most studies 
found positive PCR results, with rates of DNA or mRNA positivity ranging from 
2.9–69% [26]. Some reports also showed that C. pneumoniae DNA was more com-
mon in the CSF of MS patients with gadolinium-enhancing lesions on MRI [95, 96]. 
Furthermore, detection of 16 s rRNA and Hsp60 mRNA by reverse transcriptase 
(RT)-PCR of CSF was more frequent in MS patients than controls, indicating the 
presence of high gene transcription and thus a more active C. pneumoniae metabolism 
in MS [91]. In 2004, a new amplification program for the MOMP gene was developed 
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by analyzing CSF samples from patients with MS, other inflammatory neurologi-
cal disorders (OIND), and non-inflammatory neurological disorders (NIND), and 
using three gene targets in parallel (MOMP, 16 s rRNA, and Hsp70) to achieve high 
sensitivity and specificity [97]. PCR positivity for MOMP and 16 s rRNA in CSF 
was present in a small proportion of MS patients (37%), OIND (28%), and NIND 
(37%), and there was no difference between MS and controls. Also, PCR positivity for 
MOMP and 16 s rRNA in CSF was more frequent in relapsing-remitting MS than in its 
progressive forms, as well as clinically and MRI stable MS compared to clinically and 
MRI active MS. In contrast, CSF PCR positivity for HsP70 was observed in only three 
patients with active relapsing-remitting MS. Therefore, the presence of C. pneu-
moniae, especially in a specific subgroup of active relapsing-remitting MS patients, 
cannot be disregarded. Early in the disease course, activated infected blood-derived 
monocytes cross the blood-brain barrier via transendothelial migration, resulting in 
inflammatory immune activation in the CNS. Alternatively, the presence of C. pneu-
moniae DNA in the CSF at high rates in this subset of MS patients may reflect selective 
infiltration of monocytes to the brain only after activation, thus suggesting that C. 
pneumoniae plays a role only as a silent passenger. In a PCR study targeting multiple 
genes in both CSF and PBMCs, 64% of active relapsing-remitting MS patients were 
positive for C. pneumoniae DNA and mRNA, while only three control patients were 
found to be positive for Chlamydia, showing that C. pneumoniae may exist in a 
persistent and metabolically active state at both the peripheral and intrathecal levels 
in MS patients but not in controls [92]. C. pneumoniae DNA was found in PBMCs, 
which can cross the blood-brain barrier into the intrathecal area and induce a chronic 
persistent brain infection that may be a cofactor in the development of the disease. 
Recently, they found that intrathecal synthesis of anti-C. pneumoniae IgG evaluated 
by antibody specific index was more common in MS (16.9%) and OND (21.6%) than 
in NIND (1.9%) patients, as well as in progressive forms of MS than in relapsing-
remitting MS [98]. In addition, in patients with intrathecally produced anti-C. 
pneumoniae IgG, it was shown that CSF C. pneumoniae-specific high affinity antibod-
ies are more common in the subgroup of patients with progressive forms of MS than 
in patients with OND and were not found at all in patients with remitting-relapsing 
MS and NIND. To further examine a possible relationship between C. pneumoniae 
infection and MS, Sriram et al. published a study examining autopsy samples of brain 
tissue and CSF using immunohistochemical staining with anti-C. pneumoniae mono-
clonal antibodies in addition to molecular and ultrastructural methods [99]. These 
techniques provided evidence for the presence of C. pneumoniae, which was more 
common in MS patients (90, 62, and 55%, respectively) than in control patients. The 
authors first demonstrated the presence of chlamydial EBs on the ependymal surfaces 
and periventricular regions by electron microscopy in 40% of patients with MS but 
not in the control group. Collectively, MS patients are more likely to have detectable 
levels of C. pneumoniae compared with patients with OND. However, a review of 26 
studies including 1332 MS patients and 1464 controls reported that the findings were 
insufficient to establish an etiological relationship between C. pneumoniae and MS 
after controlling for the confounding effects of gender differences [88].

Treatment targeting the inflammatory process is only partly effective on the 
course of MS. In relapsing-remitting MS, this type of therapy slows the progression 
of disability, while the same therapy has been shown to have little or no effect on the 
progression of disability in primary progressive MS. Reports regarding antimicrobial 
therapy in MS have also yielded conflicting results. In one trial, the antibiotic minocy-
cline resulted in a reduction in the number of gadolinium-enhancing lesions detected 
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by MRI [100]. Another study showed that anti-chlamydial therapy reduced brain 
atrophy, but showed no beneficial effect on the number of gadolinium-enhancing 
lesions on MRI [101].

From the data presented, there is evidence that Chlamydia does not have a causal 
role in MS disease. Therefore, the findings on this topic are still confusing. While 
some studies have stated that the presence of Chlamydia is merely an epiphenomenon 
of ongoing inflammation in MS, others have reported that it plays a role as a cofac-
tor in the development and progression of the disease by enhancing a pre-existing 
immune response in a subgroup of MS patients, as supported by recent immunologi-
cal and molecular findings [81, 92].

There are also studies showing a possible association between MS and 
Parachlamydia-like organisms, which are thought to act alone or in conjunction with 
C. pneumoniae as a cofactor in the development and progression of MS [102].

Finally, we cannot rule out the possibility that other pathogens could be involved 
in the development of MS. Viruses are often considered potential candidates because 
they are known to cause demyelinating disease in experimental animals and humans 
and are generally known to cause diseases that have prolonged latent periods and 
manifest clinically with relapsing and remitting symptoms [103]. However, research 
conducted to date has not identified any single virus that plays an important role 
in MS. Among the viruses proposed as MS cofactors are ubiquitous members of 
the Herpesviridae family, human herpesvirus 6, and Epstein-Barr virus [26]. The 
MS-related human retrovirus of the endogenous retrovirus family has also been 
identified as a potential pathogen in MS [104].

3.2 C. pneumoniae and Alzheimer’s disease

AD is among the most severe dementias and is increasing as the population ages. 
AD is associated with neuronal atrophy/death in certain areas of the brain and occurs 
in two main forms: an early-onset form that is primarily genetically determined, 
and late-onset AD, which is a non-familial, progressive neurodegenerative disease 
that is currently the most common and severe form of dementia in older adults. The 
descriptive neuropathology of both familial and sporadic AD includes neuritic senile 
plaques (NSPs), consisting mainly of amyloid-β protein, and neurofibrillary tangles 
(NFTs), the major component of which is modified tau protein, which affect nerve 
synapses and nerve-nerve cell communication. Genetic, biochemical, and immu-
nological analyses have provided relatively detailed information about these entities 
[31]. The disease usually initially presents as a gradual loss in short-term memory and 
later progresses to major cognitive dysfunction. Later it can manifest with various 
behavioral disorders, disorientation, language difficulties, and impairment in activi-
ties of daily living [105]. Estimates of the gross incidence of AD range from 7.03 to 
23.8 per 1000 person-years [106, 107]. The incidence of AD increases with age in 
both sexes. Women have approximately 33% higher incidence and prevalence than 
men [105–109]. Although AD was discovered by Alois Alzheimer in 1907, the cause of 
this pathology and neurodegeneration is unknown. CNS infections have been shown 
to stimulate inflammatory responses that may result in neurodegeneration [110]. 
Several groups have investigated the relationship between various infectious agents 
and AD, but none of these pathogens were confirmed as etiological factors of disease 
development or worsening of neuropathology. Interesting insights came from a study 
that identified herpes simplex virus 1 infection as a risk factor for AD development in 
subjects expressing the apolipoprotein-E (APOE)-4 allele [110, 111].
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Viruses such as the measles virus, adenovirus, lentiviruses, and others were initially 
evaluated but later ruled out [112, 113]. Bacterial pathogens, including C. trachomatis, 
Coxiella burnetii, Mycoplasma species, and spirochetes, have also been investigated for 
involvement in the neuropathogenesis of AD and were rejected [114, 115].

Prions were also considered but later excluded [116].
The first article reporting an association between C. pneumoniae infection and 

late-onset AD was published by Balin et al. [31]. In this study, highly sensitive and 
specific PCR tests for C. pneumoniae were performed on different brain regions 
(hippocampus, cerebellum, temporal cortex, and prefrontal cortex) showing vary-
ing degrees of AD pathology and were positive in 90% of the brains [117]. Electron 
microscope studies revealed C. pneumoniae-like particles containing EBs and RBs 
in brain tissue, and immunohistochemical analysis showed strong labeling in the 
parts of the brain most affected by AD, while no labeling was observed in controls. 
Furthermore, C. pneumoniae were detected and visualized in some CNS cells associ-
ated with plaques and tangles, RNA transcripts of C. pneumoniae showing metaboli-
cally active organisms were demonstrated by RT-PCR of frozen tissue samples, and 
the organisms were subsequently isolated and grown in cell culture. As demonstrated 
in reactive arthritis, Balin et al. reported a strong correlation between the APOE-4 
genotype and C. pneumoniae infection in 58% (11/19) of patients with AD, suggest-
ing that the APOE-4 gene may support some aspects of C. pneumoniae pathobiology 
in AD [31]. This report attracted great interest from the public and science, and 
attempts to replicate their findings were made at reputable laboratories worldwide. 
Two independent research teams (Ossewaarde et al., 2000 and Mahony et al., 2000, 
unpublished data) found C. pneumoniae in the brains of patients with AD using PCR 
and immunohistochemistry, confirming the results of Balin et al. However, subse-
quent studies conducted by different authors using the same procedures but different 
protocols in paraffin-embedded brain tissues yielded conflicting results [26]. The 
contradictory results obtained in these studies may be related to differences in diag-
nostic criteria or demographic differences such as the patients’ geographic location, 
season of death, and history.

AD patients included in the Balin study may have recently been exposed to C. 
pneumoniae and therefore may have been at high risk of systemic dissemination 
from the respiratory tract to sites within the CNS where advanced AD pathology was 
already present [118]. As an extension of these findings, 2 years later Gerard demon-
strated the presence of C. pneumoniae in 80% of AD specimens and 11.1% of controls 
using a technique targeting two Chlamydia genes [1046, 0695] genes. Although the 
AD patients (mean age: 79.3 years) and controls (65.9 years) were as well matched 
for age and sex as possible, the controls were younger and only 22.7% were male 
[119]. Cultures of brain specimens showed that the organism was viable in the AD 
brain, and further reverse-transcriptase PCR analyses identified primary rRNA gene 
transcripts from C. pneumoniae, demonstrating metabolic activity of the organism 
in these tissues. Interestingly, immunohistochemical analyses have also shown that 
astrocytes, microglia, and neurons all serve as host cells for C. pneumoniae. These 
infected cells were found in the AD brain close to both NSPs and NFTs.

Recent studies in cultured astrocytes and microglia have shown that C. pneu-
moniae exhibits an active rather than persistent growth phenotype, indicating pos-
sible simultaneous destruction with the rupture of some host cell components at the 
end of this cycle [120].

In the years immediately following Balin et al.’s study, some experimental dis-
coveries provided insight into the pathogenetic mechanisms of AD. First, there is 
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a relationship between carriage of the APOE-4 allele and the pathobiology of C. 
pneumoniae, and the C. pneumoniae load in the AD brain varies by ApoE genotype 
[121, 122]. Second, infection of human microvascular endothelial cells cultured 
with C. pneumoniae results in an increase in the expression of proteins involved in 
the organism’s CNS access, including N-cadherin and b-catenin [123]. Third, the 
expression of occluding, a protein associated with tight connections was attenu-
ated in C. pneumoniae-infected cells. Fourth, infection with C. pneumoniae via the 
olfactory pathways in nontransgenic young female BALB/c mice, which generally 
do not develop AD, was shown to promote the production of extracellular amyloid-
like plaques [124]. Because C. pneumoniae resides in the respiratory tract and has a 
tendency to infect epithelial cells, the olfactory epithelium in the nasal passages is a 
possible target of infection. After entry into these epithelia, potential damage and/or 
cell death may occur in the main olfactory bulb and olfactory cortex, opening the way 
for further retrograde neuronal damage [117, 125].

In a recent study by Chacko et al., it was shown that C. pneumoniae rapidly infects 
both the olfactory and trigeminal nerves that nasal epithelial injury exacerbated 
peripheral nerve infection but reduced brain infection and that C. pneumoniae 
inclusions in the olfactory nerve and bulb were associated with amyloid-β deposits. 
It was also reported that C. pneumoniae replication occurred in the glial cells of the 
olfactory/trigeminal nerves and the brain and that C. pneumoniae infection may lead 
to differential regulation of the genes associated with AD. Thus, C. pneumoniae can 
spread very quickly from the periphery to the CNS via the nerves connecting the nasal 
cavity and the brain, without infecting the bloodstream. This study demonstrated 
in vivo that there is a rapid accumulation of amyloid-β in response to C. pneumoniae 
infection of the primary olfactory nervous system. C. pneumoniae inclusions were 
detected in the olfactory bulb and nerve fiber layer/glomerular layer. The detection of 
inclusion bodies in the olfactory piriform cortex as well suggested that C. pneumoniae 
progressed deeper into the olfactory bulb, as previously reported.

The ability to infect glia is considered the key to invading the CNS via cranial 
neural pathways. The study by Chacko et al. demonstrated that C. pneumoniae could 
infect, survive, and replicate (form inclusions) within the glia of the peripheral 
nervous system (olfactory ensheathing cells and trigeminal Schwann cells) and the 
CNS (astrocytes and microglia). C. pneumoniae antigens have been detected in both 
astrocytes and microglia in human brains post-mortem. Olfactory ensheathing cells, 
Schwann cells, and astrocytes are all innate immune cells that can respond to and 
phagocytose bacteria, and microglia (macrophages of the CNS) are well-character-
ized professional phagocytes. The ability of C. pneumoniae to form inclusions in these 
cells suggests that the bacteria may overcome phagocytic destruction, at least to some 
extent, which may be an important mechanism that allows this bacterium to invade 
and establish long-term infection of the CNS.

In addition, their study also revealed localized amyloid-β accumulation adjacent 
to C. pneumoniae inclusion bodies and in the olfactory bulb 7 days and 28 days after 
inoculation. Diffuse/scattered amyloid-β immunoreactivity was also present in these 
tissues in control mice, but the common localization of amyloid-β deposits and C. 
pneumoniae inclusions in vaccinated mice was clear and pronounced. Their findings 
and those of previous studies suggest that amyloid-β secretion occurs in response to 
infection. One reason for this may be that amyloid-β is secreted as an antimicrobial 
agent, but alternatively, it may be secreted in response to infection due to pathway 
activation for subsequent processing of APP into secreted amyloid-β. Future studies 
may clarify the secretion and role of amyloid-β in this context.
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Thus, the secretion of amyloid-β may be a normal immune response to any 
microbe that might invade the nervous system, and if the infection is cleared, the 
accumulated amyloid-β can be cleared by phagocytic glia. However, if the bacteria 
are not cleared and instead become persistent or latent in neural cells, continuous 
amyloid-β deposition may occur, which contributes to late-onset dementia and/or 
accelerates amyloid-β accumulation in familial AD. In the case of C. pneumoniae, 
one study in wild-type mice showed that amyloid-β deposits from infection were 
subsequently cleared, while another study showed that deposits did not disappear for 
several months [125].

C. pneumoniae infection also leads to the upregulation of key pathways involved 
in the pathogenesis of AD. The pathological features of AD, such as the production 
of activated microglia, inflammatory mediators, and reactive oxygen species, were 
highly regulated in infected brain tissue after inoculation. These neuroinflammatory 
responses are considered an important driving factor in patients with neurodegenera-
tion and AD pathology, which begins in the early stages of the disease, before the 
formation of amyloid-β plaques in the brain. After infection, activated microglia and 
astrocytes (which were shown to be hosts for Chlamydia) have been shown to secrete 
pro-inflammatory cytokines including IL-1β, TNFα, and IL-6. These cytokines are 
neurotoxic and can directly increase amyloid-β production through activation of 
β-secretase, which cleaves APP and initiates the amyloid cascade. Microglial activa-
tion reduces amyloid-β accumulation in the brain by increasing phagocytosis, clear-
ance, and degradation. However, neuroinflammation associated with AD may be a 
double-edged sword, as persistent microglia activation stimulated by microglia bind-
ing to amyloid-β may increase the production of inflammatory mediators and reactive 
oxygen species, further strengthening the neuroinflammatory response [125].

In addition to considering key pathways, it is also useful to consider changes in 
individual gene expression. Long-term C. pneumoniae infection triggered downregu-
lation of many other key genes involved in the pathogenesis of AD. Most importantly, 
the downregulation of the protective Hsp (Hspa1b or Hsp70–2), which was associated 
with increased oxidative stress and the onset of AD pathology, and of Bag2, a B-cell 
lymphoma-2-associated co-chaperone gene that controls Hsp70 functionality, which 
led to further failure of the system to protect cells from oxidative damage. Persistent 
infection was also reported to be associated with AD by leading to mitochondrial 
dysfunction, gene modulations, increased unfolded protein response, and oxidative 
stress. In fact, long-term infection has also been associated with low expression of 
CD2-associated protein, which was previously associated with AD pathology exacer-
bated by increased amyloid-β deposition and tau-induced neurotoxicity. In this study, 
it was concluded that nerves extending between the nasal cavity and brain constitute 
invasion pathways by which C. pneumoniae was able to rapidly invade the CNS, 
triggering genetic and molecular changes in the longer term and contributing to the 
initiation of AD pathogenesis [125].

Because chlamydial chronic infections are characterized by a “chlamydial persis-
tent state” inaccessible to traditional antichlamydial agents, there have been several 
clinical studies determining the efficacy of antibiotic therapy against C. pneumoniae 
in AD. In a first randomized, placebo-controlled, multicenter clinical trial to deter-
mine whether a 3-month course of doxycycline and rifampin reduced the decline in 
cognitive function in AD patients, the antibiotic group exhibited significantly less 
cognitive decline at 6 months and less dysfunctional behavior at 3 months compared 
to controls [126]. Although these observations did not show a causal relationship 
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between C. pneumoniae and CNS infection, they paved the way for further research 
on the eradication of chronic C. pneumoniae infection and AD neuropathogenesis. In 
this context, animal modeling will be required to describe in detail how chlamydial 
infection can lead to AD-related pathological changes in CNS and to provide a better 
understanding of infection parameters. In vitro and mouse model studies have shown 
that metal protein attenuating compounds support the dissolution and clearing of 
extracellular senile plaques composed of amyloid-β. The antiprotozoal metal chelator 
clioquinol, which has been reported to reduce amyloid-β plaques, possibly through 
chelation associated with copper and zinc, is currently in clinical trials as a potential 
treatment for AD [127, 128].

Scientific knowledge about AD and C. pneumoniae infection is still growing. 
Standardization of diagnostic techniques will certainly allow for better comparability 
of studies. However, other systemic infections should also be considered as potential 
contributors to AD pathogenesis.

3.3 C. pneumoniae and AIDS dementia

Many authors have investigated the possibility that C. pneumoniae is involved in 
neurodegenerative disorders other than AD. However, the available data are few and 
not significant. One study investigated the possible link between AIDS-dementia 
complex and C. pneumoniae [129]. AIDS-dementia complex is an HIV-induced 
neuropathological disease characterized by infection of macrophages and microglial 
cells and release of proinflammatory cytokines into the parenchyma [130]. In this 
report, C. pneumoniae was identified in the CNS by PCR. Four (17.4%) of 23 HIV-
infected patients with stage 3 AIDS-dementia complex diagnosed according to the 
AIDS-dementia complex scheme and confirmed by autopsy were found to have C. 
pneumoniae in their CNS by PCR for C. pneumoniae MOMP and 16 s rRNA gene. 
Sequence analysis revealed important homologies with C. pneumoniae when com-
pared with C. trachomatis and C. psittaci. In addition, ELISA demonstrated high mean 
levels of CSF specific anti-C. pneumoniae antibodies and significantly elevated C. 
pneumoniae antibody-specific index values in these patients. These findings suggest 
that although the low rate of isolation does not represent the incidence of C. pneu-
moniae, an increase in the “trafficking” of monocytes containing C. pneumoniae to the 
brain in the late stages of HIV infection may carry this organism to regions that are 
major reservoirs of productive HIV replication and contribute to neuronal damage in 
HIV-infected patients [129]. Furthermore, the possibility cannot be ruled out that in 
a subset of patients this organism exists is not an “innocent bystander,” as in athero-
sclerosis and other chlamydial diseases, but is able to survive and reproduce in CNS 
macrophages [26].

4. C. pneumoniae and other neurological complications

A number of reports have focused on the involvement of C. pneumoniae in other CNS 
disorders, particularly encephalitis or meningoencephalitis. Reported cases have 
not been not very frequent [26]. Most patients were young patients presenting with 
different neurological symptoms and/or neuro-radiological changes on computed 
tomography or MRI. In most cases, there were also accompanying well-defined 
respiratory symptoms, although in some cases these occurred prior to the onset 
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of neurological records. Three patients had cerebellar ataxia, acute demyelinating 
encephalitis, and Guillain-Barrè syndrome. Chlamydia was almost always detected 
serologically using microimmunofluorescence test (four-fold increase in IgG titer) 
and ELISA techniques based on the detection of specific anti-C. pneumoniae antibod-
ies. One study found the presence of IgA-type antibodies, suggesting re-infection 
[131]. One note reported the use of PCR in a tracheal swab and increased Chlamydia 
IgM antibody titers [132]. These cases and a review of the literature have shown that 
C. pneumoniae infection, in addition to other Chlamydia species, can present with sig-
nificant neurological symptoms. Therefore, the differential diagnosis of respiratory 
tract infections with neurological presentation should include chlamydial infections 
as well as Mycoplasma and Legionella infections.

5. Conclusions

Thanks to the deep knowledge of Chlamydia biology of and the use of more 
advanced techniques than those traditionally used, the presence of C. pneumoniae 
genomic material has been demonstrated in a large number of people suffering from 
different acute and chronic diseases. Over the past 10 years, an increasing number 
of reports have indicated a possible link between C. pneumoniae and atherosclerosis 
and CNS diseases including various neurobehavioral disorders, MS, and AD. The 
main obstacle to determining the exact role of C. pneumoniae in chronic diseases is 
the lack of any method to safely and reliably diagnose chronic infection. The causal 
role of C. pneumoniae infection in cardiovascular disease has not been definitively 
established. Despite molecular and genetic studies of the role of C. pneumoniae 
in the progression of atherosclerosis, some important questions urgently need 
answers, such as whether C. pneumoniae is an innocent passenger or whether it is 
actively involved in the onset or progression of atherosclerotic disease. In particular, 
C. pneumoniae Hsp60 should be further investigated as a potential culprit and 
therapeutic target [86]. Efforts should be made to find a truly effective treatment 
targeting chronic C. pneumoniae. At the same time, the development of an effective 
vaccine should continue [133].

Although astrocytes, microglia, and neurons have been shown to be host cells for 
C. pneumoniae in the brain of patients with AD, and infected cells can be found near 
both NSPs and NFTs, most studies have been conducted with different diagnostic 
methods, none of which have yet been standardized. This has led to wide variation in 
interlaboratory test performance even when using the same test and the same criteria. 
Therefore, the actual involvement of C. pneumoniae in AD remains a subject of debate 
and requires further understanding through standardized cultural and molecular 
protocols.

Recent molecular, ultrastructural, and cultural developments have provided evidence 
that C. pneumoniae is viable and metabolically active in different biological compart-
ments such as CSF and PBMCs in MS patients compared to controls, suggesting a 
relationship between this pathogen and the disease. The role of Chlamydia has been dem-
onstrated in a subgroup of relapsing-remitting MS patients with clinical and MRI disease 
activity who experience the early inflammatory phase representing the development of 
the disease [81, 82, 92, 96]. However, growing evidence suggests that C. pneumoniae is 
not just an innocent bystander epiphenomenon due to ongoing MS inflammation, but is 
a cofactor in the development and progression of the disease by strengthening a pre-
existing autoimmune response in a subset of MS patients [81, 92, 134].
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For both AD and MS, there is an urgent need for further well-designed studies to 
determine the importance of C. pneumoniae involvement in the disease and the usefulness 
of antibiotic treatment.

Abbreviations

C  Chlamydia
CNS  Central nervous system
MS  Multiple sclerosis
AD  Alzheimer’s disease
TWAR  Chlamydia pneumoniae
USA  United States of America
EB  Elementary body
RB  Reticulate body
Hsp  Heat shock protein
PCR  Polymerase chain reaction
CAD  Coronary artery disease
TNF  Tumor necrosis factor
IL  Interleukin
CSF  Cerebrospinal fluid
APC  Antigen-presenting cell
FLAIR  Fluid-attenuated inversion recovery
MHC  Major histocompatibility complex
APP  Amyloid precursor protein
TLR  Toll-like receptor
mRNA  Messenger RNA
HLA  Human leukocyte antigen
OND  Other neurologic diseases
MOMP  Major outer membrane protein
ELISA  Enzyme-linked immunosorbent assay
PBMC  Peripheral blood mononuclear cell
rRNA  Ribosomal RNA
OIND  Other inflammatory neurological disease
NIND  Non-inflammatory neurological disease
NSP  Neuritic senile plaques
NFT  Neurofibrillary tangles
APOE  Apolipoprotein-E



Chlamydia – Secret Enemy from Past to Present

220

Author details

Nurgül Uzun
Department of Neurology, Medical Park Hospital, Antalya, Turkey

*Address all correspondence to: uzunnurgul2@gmail.com

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Chlamydia Infection’s Role in Neurological Diseases
DOI: http://dx.doi.org/10.5772/intechopen.110842

221

References

[1] Shor A. Chlamydia Atherosclerosis 
Lesion Discovery, Diagnosis and 
Treatment. London: Springer Science & 
Business Media; 2007

[2] Sarier M, Kukul E. Classification of 
non-gonococcal urethritis: A review. 
International Urology and Nephrology. 
2019;51(6):901-907

[3] Sarier M, Sepin N, Emek M, 
Germen AT, Hoscan MB, Konuk E, et al. 
Evaluating the utility of the a.F. genital 
system test for pathogen diagnosis 
in acute male urethritis. Andrologia. 
2022;54(4):e14377. DOI: 10.1111/
and.14377. Epub 2022 Jan 22

[4] Sarier M, Demir M, Turgut H, 
Hizel A, Emek M, Kukul E, et al. New 
approach to microscopy of gram-
stained urethral smear: The kissing slide 
method. Sexually Transmitted Diseases. 
2020;47(10):712-715

[5] Sarıer M. Prevalence of Polymicrobial 
infection in urethritis. Journal of 
Urological Surgery. 2019;6(3):180-183

[6] Sarier M, Sepin N, Duman I,  
Demir M, Hizel A, Göktaş Ş, et al. 
Microscopy of gram-stained urethral 
smear in the diagnosis of urethritis: 
Which threshold value should 
be selected? Andrologia. 
2018;50(10):e13143. DOI: 10.1111/
and.13143. Epub 2018 Sep 20. PMID: 
30238498

[7] Sarıer M, Duman İ, Göktaş Ş, 
Kukul E. Results of multiplex polymerase 
chain reaction assay to identify urethritis 
pathogens. Journal of urological. Surgery. 
2017;4(1):18-22

[8] Kern JM, Maass V, Maass M. 
Molecular pathogenesis of chronic 
chlamydia pneumoniae infection: A brief 

overview. Clinical Microbiology and 
Infection. 2009;15(1):36-41

[9] Saikku P, Mattila K, Nieminen MS, 
Huttunen JK, Leinonen M, Ekman MR, 
et al. Serological evidence of an 
association of a novel chlamydia, TWAR, 
with chronic coronary heart disease and 
acute myocardial infarction. The Lancet. 
1988;332(8618):983-986

[10] Kleemola M, Saikku P, Visakorpi R, 
Wang SP, Grayston JT, Kleemola M. 
Epidemics of pneumonia caused by twar, 
a new chlamydia organism, in military 
trainees in Finland. Journal of Infectious 
Diseases. 1988;157(2):230-236

[11] Chou KC, Jackson LA, Ann 
Campbell L, Thomas Grayston J. 
Chlamydia pneumoniae (TWAR). Clinical 
Microbiology Reviews. 1995;8:451-461

[12] Mordhorst CH, Wang SP, 
Grayston JT. Outbreak of chlamydia 
pneumoniae infection in four farm 
families. European Journal of Clinical 
Microbiology & Infectious Diseases. 
1992;11(7):617-620

[13] McClarty G. Chlamydiae and the 
biochemistry of intracellular parasitism. 
Trends in Microbiology. 1994;2(5):157-164

[14] Everett KDE. Chlamydia and 
Chlamydiales: More than meets 
the eye. Veterinary Microbiology. 
2000;75(2):109-126

[15] AbdelRahman YM, Belland RJ. 
The chlamydial developmental cycle. 
FEMS Microbiology Reviews. 
2005;29(5):949-959

[16] di Pietro M, Filardo S, Romano S, 
Sessa R. Chlamydia trachomatis and 
chlamydia pneumoniae interaction 
with the host: Latest advances and 



Chlamydia – Secret Enemy from Past to Present

222

future prospective. Microorganisms. 
2019;7(5):140

[17] Saikku P. Seroepidemiology in 
chlamydia pneumoniae — Atherosclerosis 
association. European Heart Journal. 
2002;23(4):263-264

[18] Yucesan C, Sriram S. Chlamydia 
pneumoniae infection of the central 
nervous system. Curr Opin Neurol. 
2001;14(3):355-359

[19] Stratton CW, Mitchell WM. The 
immunopathology of chlamydial 
infections. Antimicrobics and Infectious 
Diseases Newsletter. 1997;16(12):89-94

[20] Stratton CW, Sriram S. Association 
of Chlamydia pneumoniae with central 
nervous system disease. Microbes and 
Infection. 2003;5(13):1249-1253

[21] Palikhe A, Lokki ML, Saikku P, 
Leinonen M, Paldanius M, Seppänen M, 
et al. Association of Chlamydia pneumoniae 
infection with HLA-B*35 in patients with 
coronary artery disease. Clinical and 
Vaccine Immunology. 2008;15(1):55-59

[22] Ciervo A, Visca P, Petrucca A, 
Biasucci LM, Maseri A, Cassone A. 
Antibodies to 60-kilodalton heat shock 
protein and outer membrane protein 2 
of chlamydia pneumoniae in patients 
with coronary heart disease. Clinical 
and Diagnostic Laboratory Immunology. 
2002;9(1):66-74

[23] Byrne GI. Chlamydia uncloaked. 
Proceedings of the National Academy of 
Sciences of the United States of America. 
2003;100(14):8040-8042

[24] Byrne GI, Ojcius DM. Chlamydia and 
apoptosis: Life and death decisions of an 
intracellular pathogen. Nature Reviews 
Microbiology. 2004;2(10):802-808

[25] Byrne GI. Chlamydia uncloaked. 
Proceedings of the National Academy of 

Sciences of the United States of America. 
2003;100(14):8040-8042

[26] Contini C, Seraceni S, Cultrera R, 
Castellazzi M, Granieri E, Fainardi E. 
Chlamydophila pneumoniae infection 
and its role in neurological disorders. 
Interdisciplinary Perspectives on 
Infectious Diseases. 2010;2010:273573

[27] Porritt RA, Crother TR. Chlamydia 
pneumoniae infection and inflammatory 
diseases. For Immunopathol Dis Therap. 
2016;7(3-4):237-254

[28] Choroszy-Król I, Frej-Mądrzak M, 
Hober M, Sarowska J, Jama-Kmiecik A. 
Infections caused by Chlamydophila 
pneumoniae. Advances in Clinical 
and Experimental Medicine. 
2014;23(1):123-126

[29] von Hertzen LC. Role of persistent 
infection in the control and severity 
of asthma: Focus on chlamydia 
pneumoniae. European Respiratory 
Journal. 2002;19(3):546-556

[30] Contini C, Grilli A, Badia L, 
Guardigni V, Govoni M, Seraceni S. 
Detection of Chlamydophila pneumoniae 
in patients with arthritis: Significance 
and diagnostic value. Rheumatology 
International. 2011;31(10):1307-1313

[31] Balin BJ, Gérard HC, Arking EJ, 
Appelt DM, Branigan PJ, Abrams JT, 
et al. Identification and localization 
of chlamydia pneumoniae in the 
Alzheimer’s brain. Medical Microbiology 
and Immunology. 1998;187(1):23-42

[32] Boman J, Söderberg S, Forsberg J, 
Slunga Birgander L, Allard A, Persson K. 
et al, High prevalence of chlamydia 
pneumoniae DNA in peripheral 
blood mononuclear cells in patients 
with cardiovascular disease and in 
middle-aged blood donors. J Infect Dis. 
1998;178(1):274-277



Chlamydia Infection’s Role in Neurological Diseases
DOI: http://dx.doi.org/10.5772/intechopen.110842

223

[33] Evani SJ, Ramasubramanian AK. 
Biophysical regulation of chlamydia 
pneumoniae-infected monocyte 
recruitment to atherosclerotic foci. 
Scientific Reports. 2016;6(1):19058

[34] MacIntyre A, Abramov R, 
Hammond CJ, Hudson AP, Arking EJ, 
Little CS, et al. Chlamydia pneumoniae 
infection promotes the transmigration 
of monocytes through human brain 
endothelial cells. Journal of Neuroscience 
Research. 2003;71(5):740-750

[35] Eslie L, Ronner LB, Anter ASK, 
Nn JOA, Anson EM. Medical progress 
review articles primary prevention of 
stroke. 1995.

[36] Demirci, Şahin A, Üstü Y, 
Işık D. Serebrovasküler Hastalıklarda 
Önlenebilen Risk Faktörlerinin Yönetimi. 
Ankara Medical Journal. 2015;15(2)

[37] Akpinar MB, Sahin V, 
Sahin N, Abacilar AF, Kiris I, Uyar IS, 
et al. Previous chronic cerebral infarction 
is predictive for new cerebral ischemia 
after carotid endarterectomy. Journal of 
Cardiothoracic Surgery. 2015;10(1):141

[38] Jose B, Duracher A. Ischemic 
cerebrovascular disease. In: Jose B, 
editor. Practical Neurology. Washington: 
Lipincott-Raven Publishers; 1997. pp. 
379-391

[39] Bova IY, Bornstein NM, Korczyn. 
Acute infection as a risk factor for ischemic 
stroke. Stroke. 1996;27(12):2204-2206

[40] Uyar IS, Sahin V, Akpinar MB, 
Abacilar F, Okur FF, Ozdemir U, et al. Does 
oral hygiene trigger carotid artery intima-
media thickness? Heart Surgery Forum. 
2013;16(4):E232-E236. DOI: 10.1532/
HSF98.20121137. PMID: 23958538

[41] Calik M, Uyar Y, Onar MK, 
Gunaydin M. Investigation of the relation 

between ischemic cerebrovascular disease 
and chlamydia pneumoniae infections. 
Turkish journal of. Cerebrovascular 
Diseases. 2013;19(2):56-63

[42] Zhou YF, Leon MB, Waclawiw MA, 
Popma JJ, Yu ZX, Finkel T, et al.  
Association between prior 
cytomegalovirus infection and the risk of 
restenosis after coronary Atherectomy. 
New England Journal of Medicine. 
1996;335(9):624-630

[43] Speir E, Modali R, Huang ES,  
Leon MB, Shawl F, Finkel T, et al. 
Potential role of human cytomegalovirus 
and p53 interaction in coronary restenosis. 
Science (1979). 1994;265(5170):391-394

[44] Epstein SE, Speir E, Zhou YF, 
Guetta E, Leon M, Finkel T. The role of 
infection in restenosis and atherosclerosis: 
Focus on cytomegalovirus. Lancet. 
1996;348(Suppl.1):s13-s17

[45] Adam E, Probtsfield JL, Burek J, 
Mccollum CH, Melnick JL, Petrie BL, 
et al. High levels of cytomegalovirus 
antibody in patients requiring vascular 
surgery for atherosclerosis. The Lancet. 
1987;330(8554):291-293. 2886763

[46] Bandaru VCSS, Boddu DB, Laxmi V, 
Neeraja M, Kaul S. Seroprevalence of 
chlamydia pneumoniae antibodies 
in stroke in young. Canadian 
Journal of Neurological Sciences. 
2009;36(6):725-730

[47] Atik B, Johnston SC, Dean D. 
Association of Carotid Plaque Lp-PLA2 
with macrophages and chlamydia 
pneumoniae infection among 
patients at risk for stroke. PLoS One. 
2010;5(6):e11026. DOI: 10.1371/journal.
pone.0011026. PMID: 20543948; PMCID: 
PMC2882946

[48] Elkind MSV, Tondella MLC, Feikin DR, 
Fields BS, Homma S, di Tullio MR. 



Chlamydia – Secret Enemy from Past to Present

224

Seropositivity to chlamydia pneumoniae is 
associated with risk of first ischemic stroke. 
Stroke. 2006;37(3):790-795

[49] Rai NK, Choudhary R, Bhatia R, 
Singh MB, Tripathi M, Prasad K, et al. 
Chlamydia pneumoniae seropositivity in 
adults with acute ischemic stroke: A case-
control study. Annals of Indian Academy 
of Neurology. 2011;14(2):93-97

[50] Wimmer MLJ, Sandmann-Strupp R, 
Saikku P, Haberl RL. Association of 
chlamydial infection with cerebrovascular 
disease. Stroke. 1996;27(12):2207-2210

[51] Schmidt C, Hulthe J, Wikstrand J, 
Gnarpe H, Gnarpe J, Agewall S, et al. 
Chlamydia pneumoniae seropositivity 
is associated with carotid artery 
intima-media thickness. Stroke. 
2000;31(7):1526-1531

[52] Muhlestein JB. Chronic infection and 
coronary artery disease. Cardiol Clin. 
2000;84(1):333-362

[53] Elkind MSV, Lin IF, Grayston JT, 
Sacco RL. Chlamydia pneumoniae and 
the risk of first ischemic stroke: The 
northern Manhattan stroke study. Stroke. 
2000;31(7):1521-1525

[54] Elkind MS, Lin IF, Grayston JT, 
Sacco RL. Chlamydia pneumoniae and 
the risk of first ischemic stroke. Stroke. 
2000;31(7):1521-1525

[55] Cook PJ, Honeybourne D, Lip GYH, 
Beevers DG, Wise R, Davies P. Chlamydia 
pneumoniae antibody titers are 
significantly associated with acute stroke 
and transient cerebral ischemia: The 
West Birmingham stroke project. Stroke. 
1998;29(2):404-410

[56] Ameriso SF, Fridman EA, 
Leiguarda RC, Sevlever GE. Detection 
of helicobacter pylori in human 
carotid atherosclerotic plaques. Stroke. 
2001;32(2):385-391

[57] Elkind MS, Sacco RL. Stroke risk 
factors and stroke prevention. Seminars 
in Neurology. 1998;18:429-440

[58] Demir S. In: Demir S, editor. Virus 
Riketsiya ve Klamidya Hastalıkları. Vol. 1. 
Istanbul: Nobel Tip Kitabevi; 1996.  
pp. 94-115

[59] Birnie DH, Holme ER, 
McKay IC, Hood S, McColl KEL, Hillis WS. 
Association between antibodies to 
heat shock protein 65 and coronary 
atherosclerosis. Possible mechanism 
of action of helicobacter pylori and 
other bacterial infections in increasing 
cardiovascular risk. European Heart 
Journal. 1998;19(3):387-394

[60] Linnanmaki E, Leinonen M, 
Mattila K, Nieminen MS, Valtonen V, 
Saikku P. Chlamydia pneumoniae-specific 
circulating immune complexes 
in patients with chronic coronary 
heart disease. Circulation. 
1993;87(4):1130-1134

[61] Yamashita K, Ouchi K, Shirai M, 
Gondo T, Nakazawa T, Ito H. Distribution 
of chlamydia pneumoniae infection in 
the atherosclerotic carotid artery. Stroke. 
1998;29(4):773-778

[62] Grayston JT, Kuo CC, Coulson AS, 
Campbell LA, Lawrence RD, Lee MJ, 
et al. Chlamydia pneumoniae (TWAR) 
in atherosclerosis of the carotid artery. 
Circulation. 1995;92(12):3397-3400

[63] Campbell LA, O’brien ER, 
Cappuccio AL, Kuo CC, Wang SP, 
Stewart D, et al. Detection of chlamydia 
pneumoniae TWAR in human coronary 
atherectomy tissues. Journal of Infectious 
Diseases. 1995;172(2):585-588

[64] Leinonen M. Pathogenetic 
mechanisms and epidemiology of 
chlamydia pneumoniae. European Heart 
Journal. 1993;14(Suppl K):57-61



Chlamydia Infection’s Role in Neurological Diseases
DOI: http://dx.doi.org/10.5772/intechopen.110842

225

[65] Toss H, Gnarpe J, Gnarpe H, 
Siegbahn A, Lindahl B, Wallentin L. 
Increased fibrinogen levels are associated 
with persistent chlamydia pneumoniae 
infection in unstable coronary artery 
disease. European Heart Journal. 
1998;19(4):570-577

[66] Laurila A, Bloigu A, Näyhä S, 
Hassi J, Leinonen M, Saikku P. Chlamydia 
pneumoniae antibodies and serum lipids 
in Finnish men: Cross sectional study. 
BMJ. 1997;314(7092):1456-1457

[67] Hafler DA, Slavik JM, Anderson DE, 
O’Connor KC, de Jager P, Baecher-Allan C. 
Multiple sclerosis. Immunological 
Reviews. 2005;204(1):208-231

[68] Alastair C, Christian C, Hans L, 
McDonald Ian R, David M, John N. In: 
Alastair C, editor. The Story of Multiple 
Sclerosis. Philadelphia: Churchill 
Livingstone Elsevier; 2006 3 p

[69] Noseworthy JH, Lucchinetti C, 
Rodriguez M, Weinshenker BG. Multiple 
Sclerosis. New England Journal of 
Medicine. 2000;343(13):938-952

[70] Lucchinetti C, Bruck W, 
Parisi J, Scheithauer B, Rodriguez M, 
Lassmann H. Heterogeneity of multiple 
sclerosis lesions: Implications for the 
pathogenesis of demyelination. Annals of 
Neurology. 2000;47(6):707-717

[71] Compston A, Coles A. Multiple 
sclerosis. Lancet. 2002;359:1221-1231

[72] Serra Ö, Güneş A, Ferah K, 
Muzaffer S. Multiple Sclerosis. Akd 
Med J. 2017;3:137-147

[73] Barnett MH, Sutton I. The pathology 
of multiple sclerosis: A paradigm 
shift. Current Opinion in Neurology. 
2006;19(3):242-247

[74] Prineas JW, Kwon EE, Cho E-S, 
Sharer LR. Continual breakdown and 

regeneration of myelin in progressive 
multiple sclerosis plaques. Annals of 
the New York Academy of Sciences. 
1984;436(1):11-32

[75] Bsibsi M, Ravid R, Gveric D, van 
Noort JM. Broad expression of toll-like 
receptors in the human central nervous 
system. Journal of Neuropathology 
and Experimental Neurology. 
2002;61(11):1013-1021

[76] Yang X, Joyee A. Role of 
toll-like receptors in immune 
responses to chlamydial infections. 
Current Pharmaceutical Design. 
2008;14(6):593-600

[77] Miranda-Hernandez S, Baxter AG. 
Role of toll-like receptors in multiple 
sclerosis. Am J Clin Exp Immunol. 
2013;2(1):75-93

[78] Gilden DH. Infectious causes of 
multiple sclerosis. Lancet Neurology. 
2005;4:195-202

[79] Steiner I, Nisipianu P, Wirguin I. 
Infection and the etiology and 
pathogenesis of multiple sclerosis. 
Current Neurology and Neuroscience 
Reports. 2001;1(3):271-276

[80] Sriram S, Mitchell W, Stratton C. 
Multiple sclerosis associated with 
chlamydia pneumoniae infection of the 
CNS. Neurology. 1998;50(2):571-572

[81] Fainardi E, Castellazzi M, 
Seraceni S, Granieri E, Contini C. Under 
the microscope: Focus on chlamydia 
pneumoniae infection and multiple 
sclerosis. Current Neurovascular 
Research. 2008;5(1):60-70

[82] Stratton CW, Wheldon DB. Multiple 
sclerosis: An infectious syndrome 
involving Chlamydophila 
pneumoniae. Trends in Microbiology. 
2006;14(11):474-479



Chlamydia – Secret Enemy from Past to Present

226

[83] Munger KL, Peeling RW, Hernán MA, 
Chasan-Taber L, Olek MJ, Hankinson SE, 
et al. Infection with chlamydia pneumoniae 
and risk of multiple sclerosis. 
Epidemiology. 2003;14(2):141-147

[84] Munger KL, DeLorenze GN, 
Levin LI, Rubertone M, Vogelman JH, 
Peck CA, et al. A prospective study of 
chlamydia pneumoniae infection and 
risk of MS in two US cohorts. Neurology. 
2004;62(10):1799-1803

[85] Buljevac D, Verkooyen RP, 
Jacobs BC, Hop W, van der Zwaan LA, van 
Doorn PA, et al. Chlamydia pneumoniae 
and the risk for exacerbation in multiple 
sclerosis patients. Annals of Neurology. 
2003;54(6):828-831

[86] Leinonen M, Saikku P. Evidence 
for infectious agents in cardiovascular 
disease and atherosclerosis. Lancet 
Infectious Diseases. 2002;2:11-17

[87] Layh-Schmitt G, Bendl C, Hildt U, 
Dong-Si T, Jüttler E, Schnitzler P, et al. 
Evidence for infection with chlamydia 
pneumoniae in a subgroup of patients 
with multiple sclerosis. Annals of 
Neurology. 2000;47(5):652-655

[88] Bagos PG, Nikolopoulos G, 
Ioannidis A. Chlamydia pneumoniae 
infection and the risk of multiple 
sclerosis: A meta-analysis. Multiple 
Sclerosis. 2006;12(4):397-411

[89] Boman J, Roblin PM, Sundström P,  
Sandström M, Hammerschlag MR. 
Failure to detect chlamydia pneumoniae 
in the central nervous system of patients 
with MS. Neurology. 2000;54(1):265

[90] Hammerschlag MR, Ke Z, 
Lu F, Roblin P, Boman J, Kalman B. 
Is chlamydia pneumoniae present in 
brain lesions of patients with multiple 
sclerosis? Journal of Clinical 
Microbiology. 2000;38(11):4274-4276

[91] Dong-Si T, Weber J, Liu YB, 
Buhmann C, Bauer H, Bendl C, et al. 
Increased prevalence of and gene 
transcription by chlamydia pneumoniae 
in cerebrospinal fluid of patients with 
relapsing-remitting multiple sclerosis. 
Journal of Neurology. 2004;251(5):542-547

[92] Contini C, Seraceni S, Castellazzi M, 
Granieri E, Fainardi E. Chlamydophila 
pneumoniae DNA and mRNA transcript 
levels in peripheral blood mononuclear 
cells and cerebrospinal fluid of patients 
with multiple sclerosis. Neuroscience 
Research. 2008;62(1):58-61

[93] Kaufman M, Gaydos CA, Sriram S, 
Boman J, Tondella ML, Norton HJ. Is 
chlamydia pneumoniae found in spinal 
fluid samples from multiple sclerosis 
patients? Conflicting results. Multiple 
Sclerosis. 2002;8(4):289-294

[94] Sriram S, Yi YS, Stratton C, 
Calabresi P, Mitchell W, Ikejima H, et al. 
Comparative study of the presence of 
chlamydia pneumoniae in cerebrospinal 
fluid of patients with clinically definite 
and monosymptomatic multiple sclerosis. 
Clinical and Diagnostic Laboratory 
Immunology. 2002;9(6):1332-1337

[95] Hao Q , Miyashita N, Matsui M, 
Wang HY, Matsushima T, 
Saida T. Chlamydia pneumoniae infection 
associated with enhanced MRI spinal 
lesions in multiple sclerosis. Multiple 
Sclerosis. 2002;8(5):436-440

[96] Grimaldi LME, Pincherle A, 
Martinelli-Boneschi F, Filippi M, 
Patti F, Reggio A, et al. An MRI study 
of chlamydia pneumoniae infection 
in Italian multiple sclerosis patients. 
Multiple Sclerosis. 2003;9(5):467-471

[97] Contini C, Cultrera R, Seraceni S, 
Castellazzi M, Granieri E, 
Fainardi E. Cerebrospinal fluid molecular 
demonstration of chlamydia pneumoniae 



Chlamydia Infection’s Role in Neurological Diseases
DOI: http://dx.doi.org/10.5772/intechopen.110842

227

DNA is associated to clinical and brain 
magnetic resonance imaging activity 
in a subset of patients with relapsing-
remitting multiple sclerosis. Multiple 
Sclerosis. 2004;10(4):360-369

[98] Fainardi E, Castellazzi M, 
Casetta I, Cultrera R, Vaghi L, Granieri E, 
et al. Intrathecal production of chlamydia 
pneumoniae-specific high-affinity 
antibodies is significantly associated to 
a subset of multiple sclerosis patients 
with progressive forms. Journal of the 
Neurological Sciences. 2004;217(2):181-188

[99] Sriram S, Ljunggren-Rose A, Yao SY, 
Whetsell WO. Detection of chlamydial 
bodies and antigens in the central 
nervous system of patients with multiple 
sclerosis. Journal of Infectious Diseases. 
2005;192(7):1219-1228

[100] Metz LM, Zhang Y, Yeung M, 
Patry DG, Bell RB, Stoian CA, et al. 
Minocycline reduces gadolinium-
enhancing magnetic resonance imaging 
lesions in multiple sclerosis. Annals of 
Neurology. 2004;55:756

[101] Sriram S, Yao SY, Stratton C, 
Moses H, Narayana PA, Wolinsky JS. 
Pilot study to examine the effect of 
antibiotic therapy on MRI outcomes 
in RRMS. Journal of the Neurological 
Sciences. 2005;234(1-2):87-91

[102] Contini C, Seraceni S, Cultrera R, 
Castellazzi M, Granieri E, Fainardi E. 
Molecular detection of Parachlamydia-
like organisms in cerebrospinal fluid of 
patients with multiple sclerosis. Multiple 
Sclerosis. 2008;14(4):564-566

[103] Gilden DH, Devlin ME, 
Burgoon MP, Owens GP. The search 
for virus in multiple sclerosis brain. 
Multiple Sclerosis. Vol. 2. Houndmills, 
Basingstoke, England; 1996;2(4):179-183

[104] Dolei A. MSRV/HERV-W/syncytin 
and its linkage to multiple sclerosis: The 

usability and the hazard of a human 
endogenous retrovirus. Journal of 
Neurovirology. 2005;11(2):232-235

[105] Keefover RW. The clinical 
epidemiology of Alzheimer’s disease. 
Neurologic Clinics. 1996;14(2):337-351

[106] Kawas C, Gray S, Brookmeyer R, 
Fozard J, Zonderman A. Age-specific 
incidence rates of Alzheimer’s disease: 
The Baltimore longitudinal study of 
aging. Neurology. 2000;54(11):2072-2077

[107] di Carlo A, Baldereschi M,  
Amaducci L, Lepore V, Bracco L, 
Maggi S, et al. Incidence of dementia, 
Alzheimer’s disease, and vascular 
dementia in Italy. The ILSA study. Journal 
of the American Geriatrics Society. 
2002;50(1):41-48

[108] Ravaglia G, Forti P, Maioli F, 
Martelli M, Servadei L, Brunetti N, 
et al. Incidence and etiology of dementia 
in a large elderly Italian population. 
Neurology. 2005;64(9):1525-1530

[109] Brookmeyer R, Gray S, Kawas C. 
Projections of Alzheimer’s disease in 
the United States and the public health 
impact of delaying disease onset. 
American Journal of Public Health. 
1998;88(9):1337-1342

[110] Lue LF, Brachova L, Civin WH, 
Rogers J. Inflammation, Aβ deposition, 
and neurofibrillary tangle formation 
as correlates of Alzheimer’s disease 
neurodegeneration. Journal of 
Neuropathology and Experimental 
Neurology. 1996;55(10):1083-1088

[111] Itzhaki RF, Lin WR, Shang D, 
Wilcock GK, Faragher B, Jamieson GA. 
Herpes simplex virus type 1 in brain 
and risk of Alzheimer’s disease. Lancet. 
1997;349(9047):241-244

[112] Itzhaki RF, Dobson CB, Lin WR, 
Wozniak MA. Association of HSV1 and 



Chlamydia – Secret Enemy from Past to Present

228

apolipoprotein E-ε4 in Alzheimer’s disease. 
Journal of NeuroVirology. 2001;7:570-571

[113] Pogo BGT. A study of viral 
genomes and antigens in brains of 
patients with alzheimer’s disease. Brain. 
1987;110(4):907-915

[114] Friedland RP, May C, Dahlberg J. The 
viral hypothesis of Alzheimer’s disease: 
Absence of antibodies to lentiviruses. 
Archives of Neurology. 1990;47(2):177-178

[115] Renvoize EB, Awad LO, 
Hambling MH. A sero-epidemiological 
study of conventional infectious agents 
in alzheimer’s disease. Age and Ageing. 
1987;16(5):311-314

[116] Miklossy J. Alzheimer’s 
disease--a spirochetosis? Neuroreport. 
1993;4:841-848

[117] Balin BJ, Appelt DM. Role of 
infection in Alzheimer’s disease. Journal 
of the American Osteopathic Association. 
2001;101(12 Suppl Pt 1):1-6

[118] Robinson SR, Dobson C, 
Lyons J. Challenges and directions for 
the pathogen hypothesis of Alzheimer’s 
disease. Neurobiology of Aging. 
2004;25(5):629-637

[119] Gérard HC, Dreses-Werringloer U,  
Wildt KS, Deka S, Oszust C, Balin BJ,  
et al. Chlamydophila (chlamydia) 
pneumoniae in the Alzheimer’s brain. 
FEMS Immunology and Medical 
Microbiology. 2006;48(3):355-366

[120] Dreses-Werringloer U, Bhuiyan M, 
Zhao Y, Gérard HC, Whittum-Hudson JA, 
Hudson AP. Initial characterization of 
Chlamydophila (chlamydia) pneumoniae 
cultured from the late-onset Alzheimer 
brain. International Journal of Medical 
Microbiology. 2009;299(3):187-201

[121] Gérard HC, Wang GF, Balin BJ, 
Schumacher HR, Hudson AP. Frequency 
of apolipoprotein E (APOE) allele types 

in patients with chlamydia-associated 
arthritis and other arthritides. Microbial 
Pathogenesis. 1999;26(1):35-43

[122] Gérard HC, Wildt KL, Whittum- 
Hudson JA, Lai Z, Ager J, Hudson AP. 
The load of chlamydia pneumoniae in 
the Alzheimer’s brain varies with APOE 
genotype. Microbial Pathogenesis. 
2005;39(1-2):19-26

[123] Little CS, Hammond CJ, 
MacIntyre A, Balin BJ, Appelt DM. 
Chlamydia pneumoniae induces 
Alzheimer-like amyloid plaques in brains 
of BALB/c mice. Neurobiology of Aging. 
2004;25(4):419-429

[124] Apfalter P, Assadian O, Blasi F, 
Boman J, Gaydos CA, Kundi M, et al. 
Reliability of nested PCR for detection 
of chlamydia pneumoniae DNA in 
atheromas: Results from a multicenter 
study applying standardized protocols. 
Journal of Clinical Microbiology. 
2002;40(12):4428-4434

[125] Chacko A, Delbaz A, Walkden H, 
Basu S, Armitage CW, Eindorf T, et al. 
Chlamydia pneumoniae can infect the 
central nervous system via the olfactory 
and trigeminal nerves and contributes 
to Alzheimer’s disease risk. Scientific 
Reports. 2022;12(1):2759

[126] Loeb MB, Molloy DW, Smieja M, 
Standish T, Goldsmith CH, Mahony J, 
et al. A randomized, controlled trial of 
doxycycline and rifampin for patients 
with Alzheimer’s disease. Journal 
of the American Geriatrics Society. 
2004;52(3):381-387

[127] Finefrock AE, Bush AI, 
Doraiswamy PM. Current status 
of metals as therapeutic targets 
in Alzheimer’s disease. Journal of 
the American Geriatrics Society. 
2003;51:1143-1148



Chlamydia Infection’s Role in Neurological Diseases
DOI: http://dx.doi.org/10.5772/intechopen.110842

229

[128] Cahoon L. The curious case 
of clioquinol. Nature Medicine. 
2009;15(4):356-359

[129] Contini C, Fainardi E, Seraceni S, 
Granieri E, Castellazzi M, Cultrera R. 
Molecular identification and antibody 
testing of Chlamydophila pneumoniae 
in a subgroup of patients with 
HIV-associated dementia complex. 
Preliminary results. Journal of 
Neuroimmunology. 2003;136(1-2)

[130] Gartner S. HIV infection and 
dementia. Science. 2000;287

[131] Airas L, Kotilainen P, Vainionpää R, 
Marttila RJ. Encephalitis associated with 
chlamydia pneumoniae. Neurology. 
2001;56:12

[132] Heick A, Skriver E. Chlamydia 
pneumoniae-associated ADEM. 
European Journal of Neurology. 2000;7:4

[133] Contini C. International conference 
on chlamydial and mycoplasma human 
infections. Future Microbiology. 2007;7

[134] Tang YW, Sriram S, Li H, 
Yao SY, Meng S, Mitchell WM, et al. 
Qualitative and quantitative detection 
of Chlamydophila pneumoniae DNA 
in cerebrospinal fluid from multiple 
sclerosis patients and controls. PLoS One. 
2009;4(4)





231

Chapter 13

The Probable Role of Chlamydia 
pneumoniae Infection in Acute 
Stroke
Atakan Yanikoglu

Abstract

Cardiovascular diseases are the most leading cause of worldwide mortality. 
According to USA statistics, about 1 of 6 cardiovascular deaths is due to stroke. Stroke 
is the second most common cause of death and a chief cause of disability due to EU 
data. Treatment, care providing, rehabilitation costs and with the labor loss, the overall 
cost in EU due to stroke was estimated about €45 billion in year 2017. Acute stroke due 
to infectious diseases via several possible mechanisms with various clinical presenta-
tions were previously reported in the literature. Chlamydia pneumoniae is an obligate 
intracellular bacteria and extremely common in adult individuals. Besides it being a 
major cause of pneumonia in adults, association between atherosclerosis and vascular 
diseases was demonstrated by several sero-epidemiological studies and by direct 
detection of organism in atherosclerotic lesions by electron microscopy, immunohisto-
chemistry, polymerase chain reaction. Also, several sero-epidemiological studies have 
demonstrated a link between Chlamydia pneumoniae infection and acute stroke. In this 
chapter, we will summarize the data in literature regarding the association between 
Chlamydia pneumoniae infection and acute stroke and we will try to explain the possible 
mechanisms that could be responsible in pathophysiology of stroke in these patients.

Keywords: Chlamydia pneumonia, stroke, atherosclerosis, cerebral infarction,  
acute stroke

1. Introduction

Several previous studies have demonstrated a possible association between the 
infection by Chlamydia pneumoniae and atherosclerosis and stroke. The demon-
stration of the presence of the pathogen in the atherosclerotic parts of the infarct-
related arteries and the increased Chlamydia pneumonia antibody titers in stroke 
patients raises suspicions about the role of Chlamydia pneumonia infections in 
development of stroke. Besides these, several animal and in vitro studies support 
the hypothesis that Chlamydia pneumonia has role in atherosclerosis development, 
and its complications resulting in the stroke. In this chapter, we will summarize 
the epidemiology, pathophysiology, and its associations with the infections and 
the possible pathophysiological mechanisms of the Chlamydia pneumonia in the 
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development of atherosclerosis and atherosclerosis-related complications resulting 
in the cerebral infarcts.

2. Acute stroke

2.1 Definition and epidemiology

Abrupt disturbance of cerebral circulation due to thrombosis or embolism which 
results in focal neurologic deficit that persist for at least 24 hours is termed as stroke. 
Cerebral ischemia due to arterial occlusion results in an irreversibly damaged core 
area with a surrounding reversibly dysfunctional area, which is called penumbra. 
Cerebral ischemia owing to occluded arterial supply produces focal symptoms and 
signs that correlate with the influenced cerebral territory. Diagnosis is made by 
history and detailed neurological examination and confirmed by imaging studies 
(computerized tomography and magnetic resonance imaging). Further investiga-
tions are carried out in order to determine a specific cause responsible for the cerebral 
ischemia [1]. Yearly more than 13.7 million people have stroke, and 5.8 million people 
die as a result of stroke in the world [2]. Ischemic stroke comprises about 70% of 
stroke cases, and this proportion is estimated at about 85–87% in USA [3]. Stroke 
is the second most common cause of death and adult disability and it affects about 
1.1 million people every year in European Union (EU) countries. According to EU 
cardiovascular disease statistics, treatment and care costs and costs due to labor loss 
because of stroke were estimated about €45 billion in year 2017 [4, 5].

2.2 Pathology, etiology, and pathophysiology

Oxygen and glucose insufficiency due to ischemia result in depletion of energy 
stores of neural cells to maintain membrane potentials and transmembrane ion 
gradients. Leak of potassium and increased calcium entry due to depolarization 
initiate series of events resulting in activation of calcium-dependent enzymes. This 
enhanced enzymatic activity of catabolic enzymes and their metabolic products with 
the oxygen-free radicals result in cell death. Prolonged ischemia leads to irreversible 
injury results with infarctions and persistent neurologic sequella [1, 6]. Pathological 
examinations defines two types of cerebral infarctions: First, the infarctions in a 
major cerebral artery distribution; both the gray and white matter are influenced 
and acute ischemic changes in neurons, destruction of glial cells, disruption of axons 
and myelins, and interstitial edema are visible changes in pathology. The second is 
the lacunar infarctions that are usually seen in chronic hypertensive people; small 
infarction cavities in size from 0.5 to 1.5 diameter due to occlusion of small cerebral 
arterioles are the characteristic of pathological finding [1].

The thrombosis comprises about two thirds of ischemic stroke cases. Thrombotic 
strokes are produced by occlusion of large cerebral arteries. Embolic strokes are pro-
duced from thrombi from heart, aortic arch, and large cerebral arteries. The distinc-
tion between them is very difficult and the establishment of the source necessitates 
detailed clinical examination [1].

Vascular disorders as a result of atherosclerosis of the large extracranial arteries 
in the neck and at the base of the brain are responsible for the cerebral ischemia in 
the great majority of cases. Atherosclerosis affects large and medium-sized elastic 
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and muscular arteries of cerebral circulation. This complex chronic inflammation 
initiates in endothelial injury, and followed by the migration of monocytes with 
T-lymphocytes, transforming of these monocytes into lipid-laden macrophages and 
in continuation with the vascular smooth muscle cell proliferation; finally, the lesion 
proceeds into atheroma. The process of atherosclerosis is prevalent in patients with 
hypertension, diabetes mellitus, hypercholesterolemia/ hypertriglyceridemia, homo-
cystinuria, and cigarette smokers. The enlargement and/or ulcerations of the ather-
oma would result in cerebral circulation disturbances. The severity of the circulatory 
problem and the localization of the threatened cerebral territory present with various 
clinical/neurologic scenarios. The detailed explanation of the arise and evolution of 
the atherosclerotic lesions and the probable role of Chlamydia pneumonia (CP) will 
be discussed in detail in this chapter [1, 7].

Inflammatory disorders other than atherosclerosis with arterial involvement can 
also result in cerebral ischemic syndromes: Giant cell arteritis, systemic lupus ery-
thematous, polyarteritis nodosa, granulomatous angiitis, syphilitic arteritis are some 
examples of these diseases with central nervous system involvement due to vasculitis 
of arteries/arterioles. Fibromuscular dysplasia, carotid or vertebral artery dissection, 
lacunar infarctions in hypertensive individuals, vasculitis and vasopasms in drug 
abusers (cocaine, amphetamines, etc.), and multiple progressive intracranial arterial 
occlusions (Moyamoya disease) are other vascular causes of cerebral strokes [8–10].

Cardiac diseases comprises about one quarter of ischemic strokes [11]. Mural 
thrombus formation especially after first weeks of myocardial infarction is a well-
documented source of cardiac embolism. Atrial fibrillation is a very common and 
preventable cause of cardiac embolism especially in patients with risk factors for 
hypercoagulable state. Infective and marantic endocarditis, atrial myxoma, and 
paradoxical embolus from venous system through a patent foramen ovale (PFO) are 
other rare causes of cardiac embolism [12].

Chronic myeloproliferative disorders such as thrombocytosis and polycythemia 
vera, sickle cell anemia, hypercoagulable states due to paraproteinemias, hereditary 
thrombophilia syndromes are the mostly recognized hematological disorders that 
cause cerebral strokes chiefly due to increased blood viscosity and thrombophilia [1].

2.3 Acute stroke and infectious diseases

Various infections may cause cerebrovascular complications, mainly due to 
involvement of the CNS vasculature by the pathogen itself usually with an inflamma-
tory reaction of the immune system. The activation of pro-thrombotic mechanisms 
as a result of infection, and cardiac embolization in case of an infective endocarditis 
are other pathogenic mechanisms in the development of stroke [13]. Cerebral infarc-
tions can be seen in viral infections such as HIV and VZV. The underlying mechanism 
in HIV infection was thought to be direct vasculopathy and hypercoagulable state 
[14, 15]. Syphilitic arteritis and inflammatory vasculopathy in Lyme’s disease, which 
is caused by Borrelia burgdorferi, are good examples for spirochetal infections that 
cause cerebral infarctions [16, 17]. Hemophilus influenzae, Neisseria meningitidis, and 
Streptococcus pneumoniae—the pathogens causing pyogenic meningitis may lead to 
cerebral infarctions as a result of disturbance of larger arteries at the skull base by 
a purulent exudate, and arterial spasm in response to inflammation [18]. Infective 
endocarditis is a well-documented cause of strokes due to occlusion of intracranial 
arteries by an embolic material derived from vegetations [19].
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3. Chlamydia pneumoniae (CP) and atherosclerosis

3.1 Is CP just a respiratory tract infection agent?

Chlamydia species are gram-negative obligate intracellular bacteria [20]. They 
can cause infections in both humans and animals. The Chlamydia pneumonia (CP) 
and the Chlamydia trachomatis (CT) are the most common species responsible for 
the human infections. Particularly, the CT has a serious socioeconomical burden due 
to its infections are sexually transmitted [21]. The CT is the most important cause of 
nongonococcic urethritis in males and also, it is an important cause of cervicitis in 
females [22]. The control of the CT infection is challenging because the half of the 
infected patients are asymptomatic [23].

CP commonly causes respiratory disease such as pneumonia, bronchitis, sinusitis, 
and pharyngitis. According to literature data, it is estimated about the CP is the cause 
of 10% of community acquired pneumonia. Most of the population were infected 
during childhood period, and the vast majority of the adult people have serologic 
evidences of past infection [24]. Biological evidences of CP in atheromatous plaques, 
and even in influenced areas of Alzheimer’s disease patients brain, cogitate about that 
agent could not be a just respiratory tract infection agent [25, 26].

The infectious form of CP, the elementary body (EB) which is metabolically inac-
tive, enters the body with inhalation and attaches to mucosal surface. After receptor 
mediated endocytosis enters into the cells and differentiates into metabolic active form, 
which is called the reticulate body (RB). The RB is the replicating form of CP and it is 
capable of modifying host cell pathways. The final EBs are released by cell lysis after 
48 to 72 hours to infect other cells. The CP can infect respiratory epithelium, vascular 
endothelial cells, smooth muscle cells, monocytes, and macrophages. The CP can 
remain persistent in the host cell by escaping cellular lysosomal pathways. Resistance 
of CP to the host defense mechanisms determines the chronic infectious state [27, 28]. 
Intracellular survival of CP in cells of pulmonary alveolar membrane may be a reservoir 
for the persistent infectious state [29]. CP persistence is described as long-term survival 
of these metabolic inactive forms in the host cells. These patients are culture negative 
and the infection is antibiotic resistant due to reduced ribosomal activities [30].

CP can able to spread systemically via bacteremia during severe pulmonary infec-
tion and could be carried from recirculating monocytes/macrophages derived from 
alveolar membrane [31].

3.2  The Chlamydia pneumoniae (CP); virulence factors, the host cells of CP, and 
cytokine responses and target cell activation mechanisms triggered by the CP 
infection

3.2.1 Virulence factors of CP

I. CP interacts with the cellular secretory pathway via putative receptor-medi-
ated specific signaling and enters into cell by endocytosis. However, the exact 
structures of the chlamydial surface (proteins, glycolipids) which initiate and 
mediate contact to target cells still are not well known [32].

II. CP creates itself an adjusted intracellular environment by releasing specific 
proteins into cellular cytoplasm. The type III secretion apparatus is a specific 
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CP protein, which translocates some proteins that modulate cellular response 
[33]. The reactive oxygen species production in CP-infected macrophages are 
limited by upregulating of antioxidant enzyme systems such as superoxide 
dismutase (SOD) and γ-glutamylcysteine synthase (γ-GCS) thereby limits the 
bacteria killing ability of macrophages [34].

III. CP inhibits host cell apoptosis via signaling specific cascades in monocytes; 
pro-apoptotic proteins that stimulate apoptosis can be degraded by CP and 
release of apoptotic trigger cytochrome-c can be inhibited by CP and the 
caspase-3 activity is reduced [33, 35, 36]

All of these virulence factors of CP create an appropriate environment for replica-
tion and survival [32].

3.2.2 Host for CP is not only the respiratory epithelial cells

CP can invade various cell types other than respiratory epithelium (vascular 
endothelial cells, smooth muscle cells, monocytes, granulocytes, even neural glial 
cells) and lead to enhanced expression of numerous chemokines [37].

Infection of all these cells leads to an enhanced cytokine expression, which results 
in a series of events resulting with proinflammatory and proproliferating environ-
ment. The ICAM-1 (intracellular adhesion molecule), VCAM-1 (vascular cell adhe-
sion molecule), IL-6, IL-8 cytokine and protein expressions from the endothelial 
cells, the IL-6, MCP-1 (monocyte chemoattractant protein) from the vascular smooth 
muscle cells, IL-1ß, IL-6, IL-8, MCP-1, TNFα (tumor necrosis factor α), and MMPs 
(matrix metalloproteinases) from monocytes are some examples for the increase 
expression of cytokines and proteins in CP infection. Aggravation of inflammation 
and vascular cell proliferation induction by these cytokines may have an effect on 
atherosclerosis development [32, 38–42].

3.2.3 Target cell stimulation by CP and activation of signal transduction

Several receptor systems and signaling pathways are thought to be involved in 
activation of host cells by CP infection. Stimulation by IL-8, ICAM-1, causes phos-
phorylation of various kinases, which in turn causes a proinflammatory phenotype in 
vascular cells [43]. The transcription factor NF-κB that mediates the pro-inflamma-
tory cascades in cells can be activated by CP [44].

Two systems are known to be involved to activation of target cells by CP: Toll-like 
receptors are the extracellular receptors and Nod proteins are the intracellular receptors.

Toll-like receptor (TLR) 2 and 4 were found to be the essential mediators of CP 
host cell activation. TLRs are receptors of the immune system, which are responsible 
for recognition of pathogens. Secretion of cytokines and translocation of NF-κB in 
dendritic cells are dependent on TLR stimulation. Nod protein system is the intracel-
lular part of the immune system that could be responsible for the cytokine production 
in chronic infections. Through several kinases finally the NF-κB is activated and 
immune response is mediated. Various protein kinase systems are activated after 
contact of CP with the endothelial cells. Mitogen-activated protein kinase family 
(MAPK) members that are the key elements of proinflammatory, prothrombotic and 
pro-proliferative responses are the most activated kinases after CP contact. The final 
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activation of NF-κB is followed by expression of pro-inflammatory mediators: ICAM, 
VCAM, IL-8, MCP-1, RANTES [30].

These all responses coincide shortly after acute contact by CP. The primary infec-
tion of monocytes and the vascular smooth muscle cells resemble persistent infection 
rather than active infection. The less is known about the changes in the persistent CP 
infection in which the pro-atherosclerotic signaling cascades supervene [45, 46].

3.3 Atherosclerosis and Chlamydia pneumoniae

3.3.1 Endothelial dysfunction to atherosclerosis

The atherosclerosis is characterized by deposition of lipids in the artery wall and 
infiltration of immune cells such as macrophages, T-cell, and mast cells with a sur-
rounding fibrous cap consisting of mainly collagen, which is formed by the vascular 
smooth muscle cells.

Rudolph Virchow was the first scientist who recognized the inflammatory nature 
of the atherosclerotic lesions in history; however, his concept of atherosclerosis con-
sisting of the inflammatory process was complicated to comprehend at that century. 
Eventually, the atherosclerosis was remained to be a concept of a just an arterial 
cholesterol and thrombotic debris deposition disease in the last century. Thereafter 
with the discovery of the smooth muscle cell proliferation with the inflammatory cells 
in the atherosclerotic plaque in 1960s and 1970s, the inflammation was begun to be 
considered to be a cause of the atherogenesis [47].

Earliest change of atherosclerosis is the dysfunction of the endothelial lining of 
the lesion-prone areas in the vascular system. The focal permeation, entrapment, and 
the modification of the circulating lipoprotein particles in the subendothelial space 
trigger a series of immune reaction including recruitment of circulating monocytes 
from the circulation. The monocytes differentiate into macrophages and they become 
foam cells as they resume to phagocyte the modified lipoproteins. These foam cells 
are the hallmark of early fatty streak lesions. Initiating event in the atherogenic 
process was assumed to be an injury to the endothelial lining by noxious substance 
such as oxidized LDL, cigarette smoking contents, hyperhomocysteinemia, altered 
hemodynamic forces generated in hypertension. However, this type of endothelial 
injury was failed to be demonstrated in the animal models of natural atherosclerosis. 
The uncertainty of the evidences of the direct endothelial cell injury in animal studies 
of natural atherosclerosis and the recent findings that demonstrate the functions and 
phenotypic modulation of the endothelial cells raised the term endothelial dysfunc-
tion in the development of atherosclerosis [48].

The term “proinflammatory endothelial phenotype” confers to enhanced expres-
sion of various effector proteins and cytokines that are responsible for acute and 
chronic inflammatory responses and disease processes in endothelial cells. In the 
lesion-prone regions of the arterial vascular tree as a result of endothelial cell acti-
vation by the actions of pro-inflammatory cytokines and noxious stimuli, genetic 
regulation modifications supervene in the endothelial cells primarily driven by the 
transcription factor NfκB. These include enhanced expression of adhesion molecules 
such as VCAM-1, ICAM, increased secretion of chemokines, and prothrombotic 
mediators. The circulating monocytes and T-cells respond to these signals and they 
migrate into subendothelial space. As a result, the paracrine milieu of cytokines, 
growth hormones, and reactive oxygen species, which were created by the actions of 
all activated endothelial cells, smooth muscle cells, monocytes and T-cells all together, 
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eventuate as a vicious cycle of chronic inflammation. This chronic inflammation 
establishes the pathophysiological basis of the atherosclerosis [48, 49].

Lesion-prone areas for atherosclerosis are the sites which have and disturbed 
laminar flow patterns. The sites with low oscillatory endothelial shear stress located 
near branch point of arteries are most susceptible. The abdominal aorta, coronary 
arteries, iliofemoral arteries, and the carotid bifurcations are the most affected 
sites. These predilection sites are characterized by the presence of subendothelial 
macrophages. Modifications of gene expression in endothelial cells are present in 
these sites [50].

The most of the lesion-prone areas are the bifurcation sites and the other regions 
with altered hemodynamics. The absence of an disrupted endothelial lining at these 
branch points in the detailed morphological studies undermines the arterial injury 
hypothesis to explain this phenomenon. Similar to the changes in lesion-prone areas 
in vivo, the enhanced endothelial cell turnover, oxidative stress, and the alterations 
in endothelial cell shape, and changes in cytoskeletal and junctional proteins were 
demonstrated in vitro studies. These findings suggest the hemodynamic forces might 
have an effect on endothelial cell dysfunction in atherogenesis [48, 51]. The association 
between hemodynamic forces and the various genes that are important in development 
of atherogenesis such as hemostasis, thrombosis, growth regulation, and proinflam-
matory activation was demonstrated in previous studies [52, 53]. These results suggest 
a presence of a system of biomechanical endothelial gene regulation [48].

3.3.2 Progression of atherosclerosis

American Heart Association (AHA) defined six lesion types according to athero-
sclerosis progression.

Type I lesion: initial lesions. Intimal thickening and fatty streak lesions are frequent 
in infants and children. The earliest vascular change is intimal thickening consisting 
of layers of smooth muscle cells and extracellular matrix with small isolated groups of 
macrophage foam cells.

Type II lesions: include fatty streaks, which are visible as yellow-colored streaks 
on the intimal surface of arteries. Macrophage foam cells are abundant scattered in 
smooth muscle cells and proteoglycan-rich intima. T cells are identified in these lesions 
but they are less numerous than macrophages. Foam cells, easily recognizable by light 
microscopy, are signs of lipoprotein-driven inflammation occurring in the vascular 
wall. Xanthomas are harmless and reversible in case of disappearance of the factor that 
caused their formation. Probably due to maternal risk factors, they are visible in some 
fetal aortas and infants in the first 6 months of life, but their number decreases in fol-
lowing years. They reappear in lesion-prone areas in adolescence period.

Type III lesions: Pathologic intimal thickening. The earliest progressive lesions 
are primarily composed of layers of smooth muscle cells in a proteoglycan-collagen 
matrix with an underlying acellular lipid pool rich in hyaluronan and proteoglycans. 
There is a variable accumulation of macrophages outside the lipid pool. These lesions 
are found in young adults.

Type IV lesions: Atheroma. The lipid core is evident with foam cells.
Type V lesions: Fibroatheroma. The lipid core is covered by a fibrous capsule. 

Necrotic core is present that is made up of cellular debris and this core is covered by 
a thick fibrous cap consisting of smooth muscle cells in a proteoglycan and collagen 
matrix. The fibrous cap is critical for the maintenance of the lesion.
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Type VI lesions: Complicated lesions; intraplaque hemorrhage, fissures, erosions, 
or thrombosis.

Update to these lesions: type VII lesions, if calcification predominates; type VIII 
lesions if fibrosis predominates. The type IV lesions (atheroma) can evolve to any of 
the further stages. The progression does not need to be in a sequential manner [54]. 
The fate of plaque is determined by the following mechanisms: lipid retention rate, 
macrophage phenotype, inflammation, apoptosis and necrosis, smooth muscle cell 
proliferation, arterial remodeling, and stability of fibrous cap. Most of the plaques 
remain asymptomatic, and some become obstructive, while some of them due to 
complications of the plaque may elicit acute thrombosis, which present as acute 
coronary syndromes and stroke [55].

The higher LDL levels induce more progressive disease due to increased amount of 
lipid retention in the plaque. The modified and oxidized LDL exerts chronic stimula-
tion of the immune system [56].

The phenotype of the recruited macrophages is important for the plaque 
progression. Macrophages with the M1-like phenotype, possibly via binding of 
modified LDL to the Toll-like receptors, secrete proinflammatory cytokines such 
as interleukin-1β and tumor necrosis factor-α and enzymes and reactive oxygen 
products, which promote further modification of LDLs. This type of proinflamma-
tory phenotype also secretes the mediators that were demonstrated to have a role 
in atherosclerosis. In contrast, the macrophages with M2 phenotype secrete factors 
such as transforming growth factor and proresolving lipids, which cease the sever-
ity of inflammation [55, 57].

Apoptosis and secondary necrosis of foam cells and smooth muscle cells and impaired 
removal of the apoptotic remnants cause the formation of necrotic core in the atheroma. 
The enlargement of the necrotic core induces further plaque inflammation [55, 58].

New vessels can develop in the atherosclerotic lesion mainly originating from 
adventitial vasa vasorum. They provide an alternative entry way for the immuno-
cytes. Intraplaque hemorrhages from these fragile vessels promote inflammation and 
lead to expansion of the necrotic core [59].

Smooth muscle cells of the plaque are characterized by presence of abundant 
secretory organelles. The contractile smooth muscle cells of the tunica media can 
migrate to intima and phenotypic modifications supervene in these cells. These syn-
thetic phenotypes of smooth muscle cells increase in number with the lesion progres-
sion. The collagen, elastin, and proteoglycans of the plaque matrix are produced by 
these cells. Collagen-rich tissue becomes a dominant component of the plaque as the 
plaque expands [55].

The involved arterial segment tends to remodel in a way that does not allow 
the compromisation of the luminal area until plaque volume enlarges. This type of 
expansive remodeling is seen in fibroatheromas, and the extent of the enlargement is 
correlated with the plaque inflammation and necrotic core. Continued plaque growth 
with the shrinkage of the local vessel segment results in the stenosis of the vessel 
segment. This type of contrictive remodeled arterial segments contains lesions rich in 
fibrous tissue [55, 60].

3.3.3 Acute clinical presentations of atherosclerosis: The vulnerable plaque

Acute coronary syndromes and the vast majority of strokes are cases caused 
by luminal thrombi due to plaque rupture or a sudden plaque hemorrhage with or 
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without vasopasms [61, 62]. The atherosclerotic plaque rupture occurs from the site 
where the cap is thinnest and most infiltrated by the foam cells. Plaque rupture is the 
most frequent cause of luminal thrombosis [61].

Ruptured plaques contain fewer smooth muscles cells and less collagen when 
compared with the intact plaques. And these lesions are demonstrated to be heavily 
infiltrated with macrophages rich in proteolytic activity suggesting the enhanced 
degradation of extracellular matrix elements. These two concurrent mechanisms 
leading to loss of supporting elements of the plaque are thought to explain the plaque 
rupture [63, 64].

Another mechanism leading to the intraluminal thrombus formation is the plaque 
erosion. The endothelial coating in these lesions is absent; however unlike the rup-
tured plaque the internal and external elastic lamina and contractile smooth muscle 
cells are present. The vasospasm of the involved arterial segment was suggested to be 
as a cause of endothelial damage and resulting thrombosis [65].

These two mechanisms whether the plaque rupture or the plaque erosion result in 
intraluminal thrombosis are comprised in a concept of a dynamic-active plaque that 
results in an acute clinical presentation: the vulnerable plaque. This term is used for 
the plaques to describe a group of histological features that are associated with plaque 
rupture and subsequent intraluminal thrombosis. The typical rupture-prone vulner-
able plaque is the plaque with a thin fibrous cap containing a large necrotic core and 
infiltrated with abundant macrophages in the cap. Other features of this plaque include 
neovascularization, plaque hemorrhage, and adventitial inflammation [55, 66].

3.3.4 Infections and atherosclerosis

The traditional risk factors merely are not adequate to explain the development of 
atherosclerosis in all patients. Additional risk factors that predispose to atherosclero-
sis development are yet undetected. The triggers of the arterial injury, which result as 
an atherosclerotic plaque, have not been clearly identified. The oxidized LDL and heat 
shock proteins are identified factors, which elicit an inflammatory response through a 
complex autoimmune response [67–69].

The demonstration of the infectious agents in the atherosclerotic lesions by 
polymerase chain reaction (PCR) and immunohistochemistry (IHC), and the 
seroepidemiological studies suggests a presence of an inflammatory trigger pathway 
initiating with an infection, which results in atherosclerosis and even possibly with its 
complications [21, 70–72].

Infectious agents can promote atherosclerosis through direct effect of the agents 
on cellular components of the vessel. The Chlamydia pneumonia and cytomega-
lovirus infections are the mostly concerned infectious agents demonstrated to 
have these effects. These mechanisms include smooth muscle cell proliferation 
and inhibition of their apoptosis, enhancement of smooth muscle cell migration, 
enhanced foamy cell formation, and increased expression of cytokines and cellular 
adhesion molecules, which lead to endothelial cell dysfunction. Autoimmune reac-
tion through molecular mimicry of the heat shock proteins could be other possible 
mechanism [69].

3.3.5 Chlamydia pneumoniae in the atherosclerotic plaque

Many of previous studies including immunohistochemistry, polymerase chain 
reaction, and cultures demonstrated the presence of CP in various stages of human 
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atheromatous plaques [21, 73, 74]. The existence of these bacteria in the atheroscle-
rotic plaque can be explained by either direct infection of the vessel and/or transpor-
tation via circulating infected monocytes [69].

Although the exact mechanism with the atherosclerosis development is unclear, 
previous in vitro and animal studies have demonstrated the atherosclerosis relevant 
alterations triggered by the CP infections; the upregulation of the atherosclerosis-
related gene expression products in cultured cells such as the heat shock proteins 60 
(HSP60), macrophage scavenger receptor, cytochrome p450, and VEGF165R; smooth 
muscle cell proliferation enhancement (mediated through platelet-derived growth 
factor); increased macrophage foam cell formation are some demonstrated examples 
of these modifications [71, 75–77].

3.3.6  The vulnerable atherosclerotic plaque, plaque complications, and Chlamydia 
pneumoniae

As we mentioned previously, the plaque vulnerability depends on plaque volume, 
both the collagen content and the macrophage population of the fibrous cap, and 
the cap fatigue caused by mechanical stresses on the plaque (flexion, shear, pressure 
alterations, etc.). The role of CP in atherosclerosis development through macro-
phages was demonstrated in previous studies. Cytokines produced by CP-infected 
macrophages (such as TNF-α, IL-1β, and IL-6) may aggravate inflammatory response 
resulting with fibrous cap degradation and increase necrotic core volume and thereby 
increase the plaque size. The activated T lymphocytes by the infected vascular cells 
(endothelial cells, smooth muscle cells, and macrophages) can aggravate inflamma-
tory activation via the NF-κB pathway, resulting in enhanced VEGF-1 (vascular cell 
adhesion molecule−1) and the additional inflammatory cell recruitment. Also, these 
cytokines can promote thrombin generation resulting in a thrombophilic intravascu-
lar milieu [78]. All these alterations might be responsible mechanisms for the plaque 
vulnerability and resulting in acute events. The data are scarce regarding the associa-
tion of the CP infection and the plaque vulnerability and acute events. In one study, 
the intimal presence of Chlamydial heat shock proteins (HSP) was demonstrated 
to be associated with major adverse cardiac events in 6 months following coronary 
intervention. Also in this study, the C reactive protein (CRP) levels as an indirect 
measure of the inflammation severity was demonstrated to be correlated with the 
major cardiac adverse events [79].

Serological studies in patients with acute coronary events demonstrated a possible 
association with CP infections and acute vascular events. However, this serological 
finding could be an indirect association and does not establish an exact causality. 
Moreover, this serological response may also be just a part of a nonspecific humoral 
response to inflammation. Further studies with using direct detection tools in the 
vulnerable lesions—if possible—might provide further information [80–82].

Protective effects of statins on acute cardiac events, stroke, and mortality were 
demonstrated in previous studies. Beyond cholesterol lowering, their effect on the 
modulation of the immune response was revealed by clinical studies. The reduction 
of the CRP (C-reactive protein) levels with statin treatment indicates their immuno-
modulatory actions. Either the future cardiovascular events or CRP levels—in other 
words the inflammation—decrease with the statin treatment. Moreover in a recent 
study, the reduction in major adverse cardiac events with rosuvastatin treatment and 
especially its efficacy in patients with increased high sensitive CRP (hs-CRP) levels 
were demonstrated. This study demonstrated that with statin treatment, the lower 
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primary endpoint rate was achieved (acute coronary syndrome, stroke, confirmed 
cardiac death, etc.) in patients with high hs-CRP despite their low cholesterol levels. 
These all findings shifted the idea of preventing future vulnerable plaque-mediated 
events by reducing the cholesterol with statins, to the idea of prevention of these 
events by reducing the inflammation with statin treatment [83–86].

Statins inhibit cholesterol production by inhibition of mevalonate pathway. This 
inhibition also decreases the production of other downstream metabolites such as iso-
prenoids. Prenylation of certain proteins by certain isoprenoid compounds is essential 
for their function, such as post-translational modification of membrane GTPases—
the members of Ras, Rho, and Rab families. These GTPases are important in various 
cell signaling pathways, which regulate cell growth, proliferation, and inflammation. 
Disturbance of these prenylation pathways by statins exert the immune modulatory 
effect especially through the function of macrophages. Inflammatory responses of 
M1 macrophages are diminished by modulation of TLR (Toll-like receptors) signaling 
pathways via inhibition of NF-кB, and modulation of the IFN-γ receptor signaling 
system. Inhibition of M1 response results in decreased level of cytokine expression 
such as IL-1ß, IL-6, IL-12, TNFα [87–89].

In vitro studies demonstrated the modification of immune response by statins in 
CP-infected human macrophages and endothelial cells. The increased NF-кB expres-
sion in CP-infected cells was demonstrated to be inhibited with statins. Also, it was 
demonstrated that in the vascular smooth muscle cells infected with CP, the reactive 
oxygen species production, the activity of RhoA and Rac1, and the expression of 
NF-кB, MCP-1, and RANTES were reduced with cerivastatin [90, 91]. The interrup-
tion of the CP-activated signal transduction cascade by statins inhibits the inflamma-
tion response in the infected vascular cells. Thereby, inhibition of the inflammation 
by statins in the possibly CP infected atherosclerotic plaque results in plaque stabil-
ity. Despite the absence of an direct evidence, these all findings could support the 
hypothesis that CP infection may have a role in atherosclerosis development and 
plaque vulnerability via aggravating the immune responses in the plaque.

4. Chlamydia pneumoniae and stroke

Despite the presence of serologic and biologic evidences, and the information 
from in vitro and animal studies which demonstrated the possible mechanism of the 
CP role in atherosclerosis development, definite human atherosclerosis evidences are 
not present yet. Solely, from the human atherosclerosis studies we have the informa-
tion of serological traces and the PCR and IHC evidences of CP. Despite their bio-
logical evidences in human atherosclerotic plaques, the definitive role in the human 
atherosclerotic disease is not clear. We derive the information in which the possible 
role of CP in atherosclerosis development from animal and in vitro studies. Moreover, 
the in-human trials with the antibiotic treatment were failed to demonstrate any 
atherosclerosis protective result [92, 93].

Serologic traces and PCR/IHC evidences of CP are demonstrated in stroke 
patients. Many studies demonstrated the increased IgG and IgA antibody titers in 
stroke patients. In one meta-analysis of these studies demonstrated, CP infection was 
significantly associated with increased risk of cerebral infarctions and the immu-
noglobulin A was more effective to predict the risk of stroke. However, the value of 
these serological studies is limited due to uncertainty in the titers of CP antibodies 
to diagnose acute, chronic, and chronic active infection. There are also discrepancies 
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between the serological tests and the PCR tests, and also the inconsistency among the 
PCR studies [94–97].

The detection of circulating CP DNA from peripheral blood monocytes is more 
reliable tool to diagnose an active infection; however, this method should be per-
formed cautiously to prevent false-positive and false-negative results. One study 
demonstrated the higher prevalence of CP DNA in peripheral blood monocytes 
in symptomatic patients with carotid artery disease. Despite controversy between 
similar studies, one meta-analysis demonstrated an increased risk for cerebrovascular 
disease. These finding of evidences of an active infection might lead a speculation of 
the CP inflammation-associated atherosclerotic plaque vulnerability and resulting 
stroke [98–100].

Controversy exits between the PCR studies from atheromatous plaques in patients 
with carotid artery disease. There can be problems with sensitivity and specify due to 
PCR testing resulting with discrepant results [101, 102].

Previous studies mainly focused on the large artery atherosclerosis etiology 
comprising for the stroke. In all these studies, the exact etiological evaluation is not 
clearly defined. Cardioembolic stroke especially due to atrial fibrillation could also 
be a possible cause of the stroke in these patients. Animal studies demonstrated the 
involvement of cardiac muscle involvement by the CP infection. Either by direct atrial 
tissue involvement and/or via the increased cytokine levels atrial fibrillation could be 
triggered by the CP infection. The thrombophilic milieu propensity via the increased 
cytokine levels due to infection could be another potential contributory factor for the 
development of stroke. Moreover, most of the patients with atrial fibrillation have 
also coincident widespread atherosclerosis development, which could mean the pos-
sible high burden of chronic CP infection. Further well-designed studies with a clear 
definition of stroke etiology might answer this question [103, 104].

There are two problems arising with the studies, which investigate the possible 
role of CP infection in stroke patients: First, there is not any clear diagnostic criteria 
in the serological evaluation of a CP infection and there are controversies between 
PCR tests and serology; second problem is the etiologic diagnosis of the stroke; the 
etiology is a vulnerable plaque complication result or a cardioembolism, should be 
clearly defined [102, 104].

The studies that investigate the CP role in stroke that clearly defined the clini-
cal presentation and etiology (symptomatic carotid artery stenosis and/or stroke) 
have conflicting results. The PCR studies could not demonstrate the CP presence in 
the carotid plaques of symptomatic patients. However in a study that used the IHC 
method, it is demonstrated that the CP in carotid plaques is significantly associated 
with the cerebrovascular events [102, 105, 106].

Another interesting common finding of these studies is that of similar to find-
ing by Elkind et al., the high serum anti chlamydial Ig-A presence in symptomatic 
patients. This finding could indicate the possible role of the acute and/or chronic 
infections of CP anywhere in the body could play a role in atherosclerotic plaque 
activation and plaque vulnerability [98, 102, 106].

However, it is unclear whether the possible pathophysiologic chain of the events 
ongoing with increased cytokine levels result in the plaque vulnerability and stroke 
is unique to CP infection. The epidemiological studies demonstrated the increased 
risk of stroke after certain infections. The pathophysiological scenario ongoing with 
increased cytokine levels which ends with the plaque vulnerability related events may 
not unique to infection by CP. Increased risk of stroke was also demonstrated after 
certain upper respiratory tract infections. Also, the etiology could also be an atrial 
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fibrillation-related cardioembolism, which also shares similar pathophysiological 
basis due to increased cytokines. However, there is necessity for large-scale epidemio-
logical studies in which the etiology of stroke is well defined [107–109].

The levels of proinflammatory cytokines, and the inflammatory markers such 
as the CRP and ESR (erythrocyte sedimentation rate) are found to be increased in 
symptomatic carotid stenosis patients. The cerebral ischemia/infarct, and/or the 
inflammation of the plaque itself could be either an explanation for the increased 
cytokine levels and inflammatory markers. Also, the possible aggravating etiologies 
which triggered this chain of events might have a role in this finding [110, 111].

5. Conclusions

The CP infection may be the relevant cause of cerebral strokes as an agent that 
causes and/or exacerbates atherosclerosis, or it could be a just one of the complicating 
agents of atherosclerosis through mechanisms of exacerbating the atherosclerotic 
plaque inflammation.

Further large-scale and prospective studies could find answers to this puzzle, on 
the condition that the exact diagnosis of recent or ongoing CP diagnosis could be 
established.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 14

Chlamydia trachomatis Infection  
in Women
Sibel Surmen Usta

Abstract

Chlamydia trachomatis infections are the most commonly encountered sexually 
transmitted disease worldwide. Multiple partners and failure to use condoms are 
the well-defined risk factors. A significant proportion of females are asymptomatic. 
Treatment modalities such as a single 1-g dose of azithromycin orally, or doxycy-
cline 100 mg twice per day for 7 days have been widely used for noncomplicated 
genital infections. However, untreated C. trachomatis infections can cause late 
complications, including salpingitis, ectopic pregnancy, and female factor infertil-
ity. Screening is a possible strategy to control asymptomatic cases and women at 
increased risk of infection in a proportional group of women.

Keywords: Chlamydia trachomatis, sexually transmitted diseases, women genital 
infections, female infertility, screening

1. Introduction

Chlamydia trachomatis is the most commonly seen bacterial sexually transmitted 
infection worldwide. Studies have shown that women between 16 and 19 years 
have the highest prevalence of the infection [1]. On the other hand, it has also been 
reported that the true incidence and prevalence of the infection among women popu-
lation is not well described [2] According to the WHO (World Health Organization) 
data, while annually about 100 million new cases have been registered, the majority 
of women with genital tract infections remains asymptomatic and undiagnosed 
[2]. Therefore, in a large group of women with chlamydia infection, treatment is 
neglected or delayed, which can lead to pelvic inflammatory disease (PID), ectopic 
pregnancy, preterm labor, infertility, and chronic pelvic pain. Additionally, untreated 
chlamydial infection during labor can be vertically transmitted, which may cause 
conjunctivitis and pneumonitis in infants [1, 3]. Obviously, it is very important to 
diagnose and identify chlamydial infection in women accurately and rapidly. Prompt 
and effective antibiotic treatment can prevent patients from the mentioned serious 
complications [3]. Moreover, it has been reported that the treatment of chlamydial 
infections and related complications has a tremendous impact on health services in 
several countries [2, 3].

All together this information clearly shows that it is essential to diagnose and 
properly treat infected women and their partners. Nowadays, screening programs 
performed by both gynecologists and urologist are strongly suggested. However, 
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more importantly, physicians dealing with sexually transmitted diseases should have 
sufficient experience and knowledge to effectively treat chlamydial infection and 
associated complications.

2. General information: C. trachomatis

Chlamydial species have been described as gram-negative, aerobic, and obligate 
intracellular pathogens. Molecular studies have shown that they are unable to syn-
thesize their ATP, and therefore they need to use their host cell’s energy resources 
[1]. Due to this scientific fact, previously chlamydial species have been considered 
as viruses. C. trachomatis and Chlamydia pneumonia are pathogens causing infec-
tions in human. C. trachomatis has been divided into 19 serovars, according to the 
specificity of major outer protein membrane protein (MOPM) epitopes [4, 5]. It has 
been reported that while serovars A, B, Ba, and C are pathogens causing trachoma, 
serovars D, Da, E, F, G, Ga, H, I, Ia, J, and K are the most commonly encountered 
sexually transmitted agents. Furthermore, serovars L1, L2, L2a, and L3 are described 
as the bacteria, which are the pathogens of transmission of lymphogranuloma vene-
reum (LGV) [4, 6].

Microbiological investigations provided that the chlamydial life cycle includes 
two different phases. The first phase is called the infectious phase, which occurs 
outside the target cells. During this phase, chlamydia trachomatis forms elementary 
forms, which cause the transmission of infection. After its transmission to the target 
cells, chlamydia forms the so-called reticulate forms, which are capable of replica-
tion. Basically, once the chlamydial elementary bodies infect non-ciliated columnar 
cells and macrophages, chlamydia induces its own endocytosis. Inside the host cell, 
the elementary bodies convert to reticulate bodies, which begin to replicate every 
3 hours after an incubation of 7 to 21 days. Finally, after a certain production, the 
reticulate bodies change again into elementary bodies and shed off the cell membrane 
through exocytosis. It has been reported that because of its unique cell-wall structure 
chlamydial pathogens are able to survive against phagocytosis and destruction by 
lysosomal enzymes [4–6].

3. Epidemiology of C. trachomatis infection

C. trachomatis is the most common sexually transmitted infection causing cervici-
tis in female [2]. Chlamydial infections affect mainly young females between 16 and 
24 years of age. According to the recent literature, a high number of sexual partners, 
unprotected sex, being unmarried, young age, low educational level, high-risk human 
papillomavirus (HPV) positivity, and black ethnicity increase the risk of chlamydial 
infections [4, 7]. Several studies have shown that the estimated prevalence of chla-
mydial infection vary between 1 and 12% [3–5]. Specifically, while the prevalence rate 
in the UK was reported as 10.3%, in Switzerland and France the prevalence rates were 
2.8% and 3%, respectively. In a study group with a large number of individuals, the 
overall prevalence of chlamydial infection was 9.2%, with a peak of 12.2% among the 
17-year-old women [8]. Ghazal-Aswad et al. investigated the prevalence of chlamydia 
infection in a middle eastern community and they reported that the estimated preva-
lence rate was about 2.6% and extremely higher in women screened in secondary 
care [9]. In a study from Brasil, the overall prevalence of C. trachomatis infection was 
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reported as 11%, whit the highest prevalence seen in women between 16 and 20 years 
of age [10]. More recently, in a study from China, it has been shown that the overall 
prevalence of C. trachomatis, HPV, and C. trachomatis/HPV coinfection was 4.7%, 
15.5%, and 1.2%, respectively, while the prevalence of asymptomatic infection of that 
was 3.8%, 10.8%, and 0.6%, respectively [11].

More importantly, studies have shown that prevalence rates range from 2 to 17% in 
asymptomatic women, which provides the importance of screening tests. In a screen-
ing study from France, it has been shown that there was a large difference between 
tested populations, ranging from 6 to 11% in women attending family planning 
centers, 1–3% in women attending preventive medical centers [4]. More recently in 
a study from India, prevalence of chlamydia infection was assessed among women 
visiting a gynecology outpatient clinic. In this study, the evaluation was performed 
by an in-house PCR assay. The authors reported 23% positive cases and chlamydial 
infection was predominantly seen between the ages of 18 and 33 years [12].

4. Clinical manifestation and diagnosis of C. trachomatis infection

Chlamydial infection of the lower genital tract, which causes endocervicitis in 
women, can be asymptomatic or may the patients complain of mucopurulent, odorless 
vaginal discharge, or postcoital bleeding. Additionally, edema and congestion of the 
cervix can also be observed. Urethritis can be concomitant with cervicitis. In such cases, 
a culture-negative leukocyturia is commonly suggestive for C. trachomatis. Furthermore, 
chlamydial infection in the lower genital tract does not cause vaginitis. Therefore, in the 
presence of vaginal findings, a different diagnosis should be considered. An ascending 
infection can lead to pelvic inflammatory disease (PID) [4, 13]. Endometritis is commonly 
related to an ascending infection and may cause irregular uterine bleeding. On the other 
hand, salpingitis and PID are usually asymptomatic. It has been shown that C. trachomatis 
is the cause of at least 60% of cases of acute PID [4, 14]. Some of the very well-known 
symptoms of PID include absent to severe abdominal pain with high fever, dyspareunia, 
prolonged menses, and intramenstrual bleeding. It has been shown that about 20% of 
women who developed PID become infertile, while 18% develop chronic pain and 9% 
eventually experience a tubal pregnancy (Ref. 13). Studies suggested that infertile women 
should be routinely tested for chlamydial infection. Moreover, specific anti-chlamydial 
antibodies are considered as valuable, noninvasive diagnostic methods [15, 16].

More recently, it has been reported that the estimated risk of post-chlamydial 
PID varies between 0.5 and 72%, depending on the study population and the defini-
tion criteria used in these investigations [16]. Subfertility and ectopic pregnancy 
occurred in 0.1–6% and 0–1% of women, respectively, after chlamydial infection 
[16]. Furthermore, studies have revealed that repeated diagnoses of C. trachomatis 
infections increased the risk of PID by 22% [16]. In another study from the UK, it has 
been reported that 20% of PIDs, 5% of ectopic pregnancies, and 30% of tubal factor 
subfertility pathologies are associated with post-chlamydial infections in women 
between the age of 16 to 44 years of age [16, 17].

In summary, studies suggest that several factors, including clinical symptoms, 
coinfections, reinfections, and sexual risk habits, probably affect the development 
of post-chlamydial complications in the female population. However, to definitely 
determine the risk and predisposing risk factors of the mentioned late complications, 
prospective studies are needed to provide robust data for prevention strategies related 
to C. trachomatis infections and complications [18, 19].
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Nowadays, specific anti-chlamydial antibodies have been accepted as a valuable, 
noninvasive diagnostic tool. On the other hand, because C. trachomatis is an obligate 
intracellular bacteria, cell culture is considered as a reference method. However, vari-
ous commercial non-culture-based diagnostic techniques are available [4]. Specimens 
for diagnosis can be obtained either by invasive or noninvasive approaches. While 
invasive approaches include endocervical and urethral swabs; self-collected speci-
mens, such as first-void urine (FVU) and vulvovaginal swabs (VVS), are considered 
as noninvasive techniques [4].

Although cell culture has almost 100% specificity, it is not recommended for 
routine use, due to its pretty low sensitivity and its technical difficulty. Transport and 
storage difficulties of the specimens are additional drawbacks associated with the cell 
culture method. This technique should only be considered for medico-legal issues and 
for antibiotic susceptibility testing purposes [4].

While direct fluorescent staining with monoclonal antibodies (DFA) is a rapidly 
performed and specific test; it is subjective and not suitable for a large number of 
specimens [4]. Enzyme immunoassay (EIA) is an automated test and more usable 
than DFA, and the sensitivity is comparable to that of cell culture.

Nucleic acid hybridization tests, including DNA probing, have been described as 
the first molecular DNA test for C. trachomatis, which was widely used for a certain 
period. Studies showed that the performance of these tests is comparable to that of 
the DFA/EIA and cell culture [4].

Recently, nucleic acid amplification tests (NAATs) are suggested as the “Gold 
Standart” technique because of their high specificity and sensitivity, and their avail-
ability for a large range of sample types such as VVS and FVU in cases with chlamydial 
infections. There are various NAATs that use different technologies, including PCR 
and real-PCR, strand displacement amplification, transcription-mediated amplifica-
tion, and nucleic acid sequence-based amplification. These measurement techniques 
are automated and can be used for screening programs and for the detection of 
C. trachomatis as well as Neisseria gonorrhoeae in the same sample [4].

5. Screening for C. trachomatis infections

Screening programs should be considered for mainly two approaches, includ-
ing proactive, screening the entire target population, and opportunistic, targeting 
individuals attending a family planning or healthcare center. Studies have shown that 
opportunistic screening should target sexually active women under 25 years of age. 
Additionally, selective C. trachomatis screening of pregnant women according to risk 
factors can improve the benefit obtained from screening programs [18, 19].

6. Treatment of urogenital C. trachomatis infection

The treatment of C. trachomatis infection is exactly related to the localization of 
the infection, the age of the patient, and if the infection is complicated or noncompli-
cated. Additionally, the treatment of pregnant women differs from than of nonpreg-
nant individuals.

For noncomplicated C. trachomatis infection cases; orally single doses of 1 g 
azithromycin or 100 mg doxycycline orally twice per day for 7 days are recommended. 
It has been reported that these treatment modalities have similar efficacy rates and 
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adverse events profiles [13]. According to recent guidelines patients with urethritis 
need to be followed up if symptoms persist or in the presence of recurrence. In the 
case of a recurrence or persistent urethritis, treatment with 2 g metronidazole in 
a single dose combined with 500 mg erythromycin four times per day for 7 days, 
or 800 mg erythromycin orally four times per day for 7 days is recommended [13]. 
Importantly patients should be informed that they need to abstain from sexual inter-
course for 7 days after starting the treatment. Of note, both patients and their sexual 
partners must be treated simultaneously.

While routine repeat testing for chlamydia after any treatment is not recom-
mended, in pregnant cases or in patients with persisting symptoms, repeated test 
need to be performed. Because of the high rate of reinfection routine screening test 
need to be done 3 to 4 months after antibiotic treatment. The use of Postal testing kits 
PTK (partners post urine for testing) or patient-delivered partner therapy (PDPT) 
has been considered as novel intervention to reduce reinfection in women with 
chlamydia infection. In a controlled study, it has been described that these techniques 
do not reduce reinfection rates in women with chlamydia infection when compared 
with patient referral [20].

In PID cases treatment can be performed in a outpatient setting. However, in 
pregnant cases, in patients with severe illness, nausea or vomiting, in the presence 
of high fever concomitant with tuba-ovarian abscess hospitalization is mandatory. 
Additionally, hospitalization is indicated if there is a possibility of surgical emergen-
cies. In patients who are unable to tolerate oral treatment regimens need also followed 
up on an inpatient basis.

Pregnant cases should not be treated with doxycycline and ofloxacin because their 
use is contradicted during pregnancy. Instead of these agents, erythromycin or amoxicil-
lin should be the choice of treatment for chlamydia infection in pregnant women [13].

7. Prevention strategies

Recent guidelines suggest several main points for the prevention of the women 
population from genitourinary C. trachomatis infection. Primary prevention is mainly 
based on the change in sexual habits, which increase the risk of sexually transmit-
ted diseases (STDs). In that issue, physicians should properly inform young women 
related to STDs and the importance of sexual behaviors.

Secondary prevention includes standard screening and treatment of STDs. Annual 
screening for chlamydial infection should be performed in all sexually active women 
25 years and younger. Furthermore, women older than 25 years of age who have a new 
sex partner or have a history of multiple sex partners should be considered as high-
risk cases, and need to be yearly screened for chlamydial infection [4, 13].
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Abstract

Chlamydia trachomatis is a microorganism known for years to cause ocular, 
urogenital, and neonatal infections in humans. It usually causes urogenital system 
infections. The pathogen, which is the most common cause of urethritis in males, is 
one of the sexually transmitted microorganisms. As most males are asymptomatic, 
they do not realize they are infected and act as reservoirs. This causes the incidence 
of urethritis due to chlamydia to increase day by day. Chlamydia urethritis, which 
poses a risk to sexual partners, can cause serious complications if left untreated. In 
this section, we assess the approach to male urethritis due to chlamydia, which is very 
common in urology practice and can cause serious problems if left untreated.

Keywords: Chlamydia, male urethritis, sexually transmitted disease, chlamydia 
trachomatis, treatment of chlamydial infection

1. Introduction

Urethritis is an inflammation of the urethra, a fibromuscular tube through which 
urine and semen pass. The main cause of urethral inflammation is infection by sexu-
ally transmitted bacteria. Bacterial agents associated with urethritis are classified as 
gonococcal and nongonococcal [1]. Nonspecific urethritis is a term used for urethritis 
caused by nongonococcal and nonchlamydial pathogens [2]. Chlamydia trachomatis 
is one of the leading causes of nongonococcal urethritis [3]. Together with the gono-
coccal pathogen Neisseria gonorrhoeae, they are the most common causes of sexually 
transmitted infections in men and women [4].

Other common pathogens of nongonococcal urethritis are Mycoplasma genitalium, 
Ureaplasma urealyticum, and Trichomonas vaginalis [5]. The role of Ureaplasma par-
vum and Mycoplasma hominis in urethritis is controversial. There is strong evidence 
that M. hominis can cause urethritis at high microbial loads. However, U. parvum is 
regarded more as a commensal bacterium of the normal microflora and is not consid-
ered a urethritis pathogen [6].

Pathogens that are occasionally detected in patients with urethritis but rarely 
identified as causes of infectious urethritis include herpes simplex virus, adenovi-
ruses, Treponema pallidum (endourethral chancre), Haemophilus influenzae, Candida, 
Neisseria meningitis, Escherichia coli, and streptococci. These are transmitted by direct 
contact via the oral, anal, or vaginal route, depending on their location [7].
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In some men with urethritis, no known pathogen can be detected. Some of these 
cases are noninfective. However, there may not be sufficient clinical and laboratory 
findings to clearly distinguish them from possible infective urethritis [8].

Rare causes of noninfectious urethritis include trauma caused by urethral cath-
eterization and instrumentation, foreign body insertion, or cycling; friction due to 
tight clothing or sexual intercourse; and exposure to irritants such as soap, powder, 
and spermicide [9].

C. trachomatis is a small, gram-negative obligate intracellular microorganism in the 
chlamydial bacterial family. It preferentially infects squamocolumnar epithelial cells. 
C. trachomatis has many serotypes, and serovars D-K infect the genital tract [10].

Unlike other bacteria, C. trachomatis has a biphasic life cycle. During this life 
cycle, they assume two forms called the elementary body (EB) and reticular body 
(RB). The EB is a metabolically inactive, infective form that is resistant to envi-
ronmental conditions. In contrast, the RB is a metabolically active form that is not 
infective but has the ability to multiply within host cells. Between 48 and 72 h after 
infection, the host cell ruptures and C. trachomatis returns to the EB form to infect 
other cells. Once inside the epithelial cells, there is a neutrophilic response fol-
lowed by lymphocyte, macrophage, plasma cell, and eosinophilic invasion. Infected 
epithelial cells release cytokines and interferon, initiating an inflammatory cascade. 
Thus, C. trachomatis induces a humoral and cellular response and causes the symp-
toms of urethritis [10].

2. Epidemiology

C. trachomatis was first isolated in the genital tract in the 1950s. However, it was 
not assigned much importance until the 1990s because of the high asymptomatic rate 
in both genders [11]. Since the late 1990s, C. trachomatis has been the most frequently 
reported sexually transmitted disease in Europe and America. In 2017 in the United 
Kingdom (UK), 203,116 people were diagnosed with new C. trachomatis infections, 
while 44,676 were diagnosed with N. gonorrhoeae infections and 7137 were diagnosed 
with syphilis [12].

The actual number of people infected with C. trachomatis is believed to be much 
higher due to the fact that the disease is mostly asymptomatic and goes undiagnosed. 
Its prevalence is 1–40%, depending on the population [11]. In the UK, a screening 
of people aged 15–24 conducted by the National Chlamydia Screening Programme 
detected more than 126,000 genital chlamydia infections [12].

In 2018, the incidence of chlamydial urethritis was 381 per 100,000 men in the 
United States of America (USA), making Chlamydia the most commonly detected and 
reported urethritis pathogen. In the same study, the incidence of gonococcal urethri-
tis was 213 per 100,000. Every year, 4 million Americans are affected by urethritis. 
About 600,000 of these are gonococcal, while 3 million are nongonococcal urethritis, 
half of which are caused by Chlamydia [9]. In one study, N. gonorrhoeae was detected 
in 127 (30%) of 424 male patients with acute urethritis, while Chlamydia was detected 
in approximately 143 (33%) [13]. The reported rate of urethritis increased by 36% 
between 2008 and 2018. This rising trend is also being observed in Europe according 
to a report from the European Centre for Disease Prevention and Control [14]. The 
rate of newly diagnosed chlamydial infections continues to rise. In a study conducted 
in the USA, the rate of newly diagnosed chlamydial infections increased by 4.7% 
between 2015 and 2016 [15].
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This rapid increase in the prevalence of Chlamydia is also related to technological 
advances in diagnostic methods since the 1990s. Advancements in polymerase chain 
reaction technologies in particular led to the development of nucleic acid amplifica-
tion tests (NAATs) [16]. With this method, extracted Chlamydia DNA fragments can 
be replicated to achieve sufficient samples for colorimetric evaluation, increasing 
the applicability and sensitivity of the test [17]. These assays are more effective than 
culture-based methods and could be used more widely in screening and diagnosis, 
resulting in a higher Chlamydia detection rate. However, the high rate of asymp-
tomatic infection causes problems in the evaluation of infected individuals in health 
centers, leading to delays in diagnosis and treatment [18]. Therefore, the actual 
prevalence is much higher [19].

In a similar study, it was determined that the prevalence of Chlamydia infection 
peaked between the ages of 16 and 24 and was comparable in men and women [20]. 
The prevalence of Chlamydia infection was reported to be highest in women between 
the ages of 15 and 30, while in men it is seen between the ages of 20 and 29 [19]. The 
prevalence decreases rapidly after the age of 30 [20].

In a meta-analysis spanning 9 European countries, the prevalence of Chlamydia 
infection was found to be 2.7%, and there was no statistically significant difference 
in prevalence between men and women [19]. Chlamydia has been detected at a higher 
rate in African-Americans than in whites [15].

In a study conducted by Sonnenberg et al. on the British population, the rate of 
Chlamydia infection was found to be higher in those with gonorrhea. This was attrib-
uted to the fact that people with risky sexual behavior are more likely to encounter 
different pathogens. For this reason, gonococcal and nongonococcal infections can 
often occur concurrently [14]. There may be two pathogens in nongonococcal urethri-
tis. The association of M. genitalium and C. trachomatis is not uncommon [7]. In some 
studies, dual infection was identified in up to 10% of cases [21].

In a study by Newbernet et al., adolescents with sexually transmitted diseases had 
twice the risk of contracting HIV infection compared to those without. Similarly, 
those who had a previous genital herpes infection were at increased risk of chlamyd-
ial, gonorrheal, and human papillomavirus (HPV) infection [14]. Other risk factors 
for urethritis include having multiple sexual partners at the same time, insufficient 
condom use, and having more than three different partners who are homosexual 
or bisexual. In addition, alcohol and other drug use can increase urethritis rates by 
contributing to risky sexual behaviors in young people [14].

3. History and physical examination

Chlamydial urethritis is asymptomatic in 75% of women and nearly 50% of men 
[11]. As men are more likely to be symptomatic than women, the diagnosis rate is 
reported to be higher in males [9]. The factors that determine whether the infection 
will be symptomatic or not remain unclear. The more common serovar E is known 
to cause more asymptomatic infections than other less common serotypes. For this 
reason, it is not uncommon for diagnosis and treatment to be delayed and the infec-
tion to persist for months or years. These patients are reservoirs for the disease [11]. In 
chronic chlamydial infection, RBs do not transform into EBs. When the environmen-
tal conditions change, Chlamydia can resume its life cycle [22].

Most patients are young and have history of unprotected sexual intercourse, previous 
urethritis, and antibiotic use. Transmission occurs through direct tissue contact during 
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vaginal, anal, or oral intercourse. Symptoms begin 1–3 weeks after transmission [10] 
and generally include burning, urethral discharge, urethral itching, frequent urina-
tion, urgency, and/or lower abdominal and groin pain. The most common symptom of 
chlamydial urethritis is painful urination. More rarely, it may cause fever, testicular pain 
and tenderness, sore throat, and rectal pain and discharge. These must be differentiated 
from other infectious processes such as epididymitis, pharyngitis, and prostatitis [15].

Ideally, genital examination should be performed 2 h after last urination to detect 
urethral discharge. If discharge is not seen in the urethra, the clinician can attempt to 
express it by placing the thumb on the ventral root and the other four fingers on the 
dorsal surface of the penis and applying gentle pressure toward the urethral meatus. 
Although it is difficult to make a differential diagnosis based on clinical examination 
of discharge, a gray-white mucoid or clear discharge is more common in nongonococ-
cal urethritis, whereas purulent discharge is typically seen in gonococcal infections. 
However, generalization is not reliable. Discharge may be seen continuously or only 
when the penis is milked, in the morning, or the form of underwear staining [15].

In addition, scrotum and testicle examination is performed to assess for epididy-
mitis and orchitis. If prostatitis is suspected, rectal examination should be performed 
[7]. As it can also cause ulcers and lymphadenitis and coexist with other sexually 
transmitted diseases, the skin, pharynx, lymph nodes, and neurological system 
should also be evaluated in addition to the genital area in men with urethritis [23].

Urethritis is usually diagnosed based on history and physical examination, but 
laboratory tests should be used to confirm the diagnosis and identify the causative 
pathogen.

4. Evaluation

In patients whose history and physical examination suggest urethritis, Gram 
staining of urethral discharge is the first-line laboratory test, and detection of >5 
white blood cells (WBC)/per oil immersion field allows a rapid diagnosis of urethri-
tis. In some publications, >2 WBC/high power field (HPF) was used as the threshold 
value based on the argument that this would provide a more sensitive diagnosis. 
However, this has not been supported by other studies. The cut-off value accepted by 
the European Association of Urology (EAU) is >5 polymorphonuclear lymphocytes 
(PMNL)/HPF. This method has high specificity and sensitivity both for the diagnosis 
of urethritis and determining the presence or absence of gonococcal infection [24].

A positive leukocyte esterase test of first-void urine or >10 WBC/HPF in the sedi-
ment of first-void urine is also diagnostic criterion for urethritis [25].

Chlamydia is not detectable by Gram staining because it is a small obligate cell-
borne parasitic bacteria. In a patient with pyuria and suspected urethritis based on his-
tory and physical examination, detecting no bacteria on Gram staining raises a strong 
suspicion of nongonococcal urethritis pathogens, most of which are Chlamydia [26].

All male patients with suspected urethritis should undergo NAATs, which are the 
gold standard for the diagnosis of N. gonorrhoeae and C. trachomatis, the most com-
mon urethritis pathogens. N. gonorrhoeae should be included in the NAAT panel even 
if it was not detected in Gram staining [25]. Even if gonococci were detected in Gram 
staining, there may be a concurrent chlamydial infection, so evaluation with NAATs 
should still be done [7].

Methods used in the diagnosis of C. trachomatis infection include cytological exami-
nation, cell culture, antigen quantification, direct fluorescent antibody tests, enzyme 



267

Chlamydia Infection from Androgical Perspective
DOI: http://dx.doi.org/10.5772/intechopen.110045

immunoassays, and NAATs if nucleic acid from the pathogen is detected. Among these, 
NAATs have the highest sensitivity [27]. This method has found widespread use world-
wide [16]. Whereas, only urethral swab samples can be used for cultures and hybridiza-
tion tests, NAATs can also be done using a first-void urine sample, with similar efficacy. 
NAATs work by amplifying and detecting chlamydial DNA from a very small number 
of organisms in clinical samples using specific primers and enzymes [10].

C. trachomatis culture is mostly used in treatment failure and to assess resistance 
to administered treatment [2]. As obligate intracellular parasites, Chlamydia can-
not be grown in culture media. The living cell environment is necessary for their 
reproduction [28]. Therefore, as cell culturing requires an experienced team and 
a well-equipped laboratory, is difficult, and takes time, the use of this technique 
in the diagnosis of C. trachomatis has been replaced in recent years by nucleic acid 
screening tests, which are molecular techniques that provide faster results and have 
high specificity and sensitivity. NAAT is the gold standard diagnostic method for 
urogenital chlamydial infection and can be performed using urethral swab samples 
collected with a Dacron- or rayon-tipped plastic swab or cytobrush, or using first-
void urine. Other swabs containing cotton may inhibit C. trachomatis [29]. Sampling 
is done by inserting a dry swab 3−4 cm into the anterior urethra and rotating it within 
the urethra before withdrawing. However, the patient should not have urinated in the 
last 1−2 h [20]. Likewise, for NAATs of first-void urine, the patient should not have 
urinated within the last 20−60 min. A sample of 10−20 mL is collected at the start 
of urination without cleaning the urethra. Some publications indicate that urethral 
swabs are less sensitive than urine in men but have the same specificity [10].

In men who have sex with men, samples for Chlamydia and N. gonorrhoeae testing 
should be obtained from the sites of possible sexual contact [2]. Although a normal 
urine sample is negative in these patients, it should not be forgotten that 70% of 
extragenital (oral and/or anal) sites may yield positive NAAT results [3].

If the urethral smear is normal and symptoms are inconclusive, repeating the 
smear in the morning with first-void urine is recommended. The patient should be 
advised to avoid excessive fluid intake the day before to ensure that urination is not 
urgent in the morning and they can give a first-void urine sample in the laboratory. If 
a symptomatic man has a negative smear, a positive leukocyte esterase test of first-
void urine aids in the diagnosis of urethritis [2].

The EAU guideline also strongly recommends NAATs for chlamydia and gonor-
rhea before empirical treatment, if possible. However, treatment should be initiated 
immediately upon diagnosing urethritis in men with severe symptoms, without 
waiting for the results of chlamydia, gonorrhea, and M. genitalium tests. Patients with 
mild symptoms and microscopically low leukocyte counts (5–15 PMNL/HPF) are 
reevaluated after 3−7 days. A urethral smear is obtained early in the morning. NAAT 
and gonorrhea culture results are also examined when available. Urethritis can some-
times resolve spontaneously without treatment. If laboratory tests are positive and the 
urethritis persists according to microscopic findings, appropriate antibiotic treatment 
targeting the microorganism isolated at this second visit should be initiated, bear-
ing local resistance patterns in mind [2]. If symptoms do not resolve in 3−4 weeks, 
urethritis is classified as persistent. In this case, evaluation with NAATs (including for 
T. vaginalis) should be repeated 4 weeks after the end of treatment [25]. Because men 
with chlamydial, gonorrheal, or trichomonal infections are at high risk of reinfection, 
they should be reevaluated by repeating the tests 3 months later. Although it is not 
an FDA-approved test for Trichomonas and Mycoplasma, NAAT is performed in many 
reference and commercial laboratories [7].
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The immune response can affect the development of nongonococcal urethritis. 
A high microbial load (>1000/copies/mL in first-void urine) is a strong predictor of 
nongonococcal urethritis [2].

5. Treatment/management

The treatment of uncomplicated chlamydial infection aims to cure the patient and 
prevent complications and partner transmission. Sexual partners are also treated to pre-
vent reinfection and transmission to other partners. Risk-reduction counseling should 
be provided and retesting performed to detect recurrent or persistent infection [10].

As Chlamydia is only metabolically active in host cells, it is treated with antibiotics 
that have intracellular activity. Antibiotics that accumulate intracellularly are tetracy-
clines, macrolides, and quinolones. Patients who are diagnosed and treated generally 
have a high cure rate and excellent prognosis [20].

For uncomplicated urethral chlamydial infection, single-dose azithromycin 1 g or 
doxycycline 100 mg twice daily for 1 week is recommended as the primary treatment and 
is reported to have a 95% cure rate [10]. However, a Cochrane study in 2019 indicated that 
7-day doxycycline yielded higher cure rates than single-dose azithromycin [3]. However, 
because the use of azithromycin 1 mg causes resistance in M. genitalium, doxycycline 
100 mg twice a day is now recommended as first-line treatment. If azithromycin is admin-
istered, it is recommended to give 500 mg on the first day, followed by 250 mg daily for 
4 days [2]. However, no difference has been observed between single-dose azithromycin 
and 7-day doxycycline in terms of the resolution of persistent urethritis symptoms. Due to 
the worse adverse effect profile of doxycycline and better patient adherence to single-dose 
azithromycin, the latter continues to be used in clinical practice [3].

In two recent randomized controlled studies conducted in the USA, the efficacy 
of azithromycin and doxycycline in achieving a clinical cure was found to be less 
than 85% [2]. The use of lymecycline 300 mg twice daily for 10 days or tetracycline 
500 mg twice daily for 10 days provided >95% clinical cure rate in Chlamydia-positive 
patients. In addition, these antibiotics did not increase photosensitivity, unlike 
doxycycline [2]. It seems that new approaches may emerge in this direction. Other 
alternative antibiotic regimens for Chlamydia are oral tetracycline 500 mg 4 times 
a day for 7 days, oral erythromycin 500 mg twice a day for 7 days, or oral ofloxacin 
200–400 mg 2 times a day for 7 days [29].

Chlamydial infection is often accompanied by gonococcal infection [29]. If NAAT 
or Gram staining demonstrates the presence of gonococci, a single-dose 250 mg 
intramuscular injection of ceftriaxone is added to the 1 g of azithromycin [15].

Empirical therapy should not be initiated without clarifying a diagnosis of ure-
thritis, because this can cause the symptoms to become permanent [2]. In addition, 
antibiotic resistance and urethritis caused by different microorganisms are other 
reasons to avoid empirical therapy [14]. Empirical treatment can only be given in 
exceptional cases. If the test cannot be performed or if a man with a high risk of infec-
tion is severely symptomatic, empirical therapy can be initiated based on a presumed 
diagnosis. Treatment should cover Chlamydia and gonorrhea [2].

It is difficult to evaluate the effectiveness of treatment because persistent inflam-
mation does not equate to continuing infection. Detectable inflammation can persist 
for an unforeseeable period even if the causative pathogen is eliminated [2]. NAATs 
performed in the first 3 weeks after completing treatment may yield false positive 
results. Therefore, follow-up testing is not recommended in this period [3].
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Men who have frequent unprotected sexual relations with men have a high risk of 
chlamydial urethritis and should be screened more frequently. In one study, it was 
found that single-dose doxycycline decreased the prevalence of chlamydial infec-
tion after suspicious intercourse between men without a condom [3]. However, this 
approach has not yet gained widespread acceptance. It may be beneficial to screen 
treated patients after 3 months and include patients in a follow-up program after 
discussing with them, by this has not been incorporated into routine care [10].

Partner therapy is recommended for patients with urethritis. The partners with 
whom the patient has had sexual intercourse within the last 60 days should be evalu-
ated for sexually transmitted diseases and administered the same treatment regimen 
as the primary patient. The sexual partner should be treated in accordance with the 
principles of patient confidentiality [25].

Expedited treatment without examining the partner is legal in many countries and 
was found to be more effective than recommending partner treatment [3]. In chla-
mydial, gonorrheal, and trichomonal infections, partners should be called for follow-
up testing after 3 months if possible because of the high reinfection rates [14].

Nevertheless, relapse and untreated reinfections from old or infected new partners 
are common [29]. Recurrent nongonococcal urethritis is defined as recurrence of 
symptoms within 30–90 days after acute treatment and occurs at a rate of 10–20% 
[2]. One study indicated that up to 20% of chlamydial infections were persistent or 
recurrent despite initial treatment [14].

Patients with recurrent or persistent symptoms should be reevaluated to determine 
whether they completed the full course of initial treatment and whether they were re-
exposed to the pathogen. The same initial treatment should be repeated for untreated 
patients, received incomplete treatment, or encountered the pathogen again [7].

If only Chlamydia and gonorrhea were initially tested for in men with persistent 
nongonococcal urethritis, NAATs for M. genitalium and T. vaginalis should also be 
performed [2]. M. genitalium is the most common cause of recurrent and persistent 
nongonococcal urethritis. Therefore, a treatment regimen targeting this pathogen is 
important [15]. Coinfection and less common pathogens should also be investigated 
in persistent urethritis. The possibility of a persistent postinfectious immune response 
should be kept in mind. If a cause cannot be identified, underlying urinary tract 
anomalies and urethral pathologies should be evaluated [14].

6. Complications

Reinfection is common, and sequelae associated with complications are likely to 
increase with multiple infections. Untreated or inadequately treated patients may 
develop epididymitis and orchitis. These conditions can develop after urethritis or in 
the absence of urethritis. Symptoms are milder than with other causes of epididymitis 
[20]. It manifests with unilateral testicular pain, tenderness, and palpable swell-
ing along with hydrocele and fever, whereas lymphogranuloma venereum presents 
clinically as a painless genital ulcer. The ulcer is typically small and star-shaped. After 
ulcer formation, inguinal lymphadenitis is also characteristic [29]. Testicular involve-
ment can cause pyogranulomatous changes in the testicle. This may lead to testicular 
degeneration, resulting in serious andrological sequelae [20].

It can also cause serious complications such as chronic prostatitis/chronic pelvic 
pain and infertility. C. trachomatis has been the focus of attention in cases of chronic 
prostatitis/chronic pelvic pain of unclear etiology. Although the evidence is debatable, 
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significantly more Chlamydia bacteria were reportedly detected in the urine, semen, 
and prostate fluid and tissue of patients with chronic prostatitis compared to the 
control group [10]. Studies on this subject are still ongoing, and its etiological role has 
not been fully clarified due to the diagnostic challenges.

Another serious complication of incomplete or untreated chlamydial infection is 
infertility. Asymptomatic persistent infection can negatively affect fertility in couples 
by causing chronic inflammation [11]. Studies evaluating the relationship between 
chlamydial infection and sperm quality have yielded conflicting results. Recent 
studies have generally demonstrated lower ejaculate quality in infected individuals. 
Persistent infection has been observed to cause scarring in the ejaculatory ducts and 
loss of stereocilia. In addition, some studies have associated infection with DNA 
fragmentation and sperm dysfunction, and death [10].

It should be kept in mind that chlamydial infections in women can also cause seri-
ous complications such as infertility, pelvic inflammatory disease, ectopic pregnancy, 
and Fitz-Hugh-Curtis syndrome [9]. C. trachomatis is also a common cause of symp-
tomatic proctitis and proctocolitis in homosexual men [29].

7. Prevention and patient education

The high prevalence of asymptomatic chlamydial urethritis is gradually increasing 
the rate of undiagnosed or untreated infections. Therefore, screening is protective. 
At least annual follow-up of all sexually active women under 25 years of age and 
women over 25 years of age who are at risk for sexually transmitted infections is also 
recommended to reduce the rate of male infection. These screening programs have 
been shown to decrease the prevalence of infection and rates of complications. There 
is insufficient evidence for the efficacy and cost-effectiveness of routine Chlamydia 
screening in sexually active young men. However, in risky and high-prevalence areas, 
performing this screening to the extent allowed by clinical conditions is beneficial [29].

Risk groups include:

• people who have sex with people who have multiple sexual partners.

• people with new or multiple sexual partners.

• people in nonmonogamous relationships who have inconsistent condom use.

• people who pay for sex.

• people who have sex with people who are infected or have a history of infection.

• men who have sex with men.

• HIV carriers.

• women up to 35 years of age and men under 30 years of age who go to prison [29].

Patients with chlamydial infection should also be evaluated for other sexually 
transmitted diseases such as gonorrhea, syphilis, and HIV. The diagnosis and treat-
ment of sexual partners are also important [29].
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In many countries, notification of C. trachomatis infection is mandatory. The 
sexual partner must be informed, examined, and treated. Partner antibiotic therapy 
can also be performed in some cases without face-to-face contact with the patient to 
expedite treatment.

Patients should be informed about the serious risks of chlamydial infection and 
the importance of screening. Those who feel uneasy about urethral swap sampling for 
diagnosis should be tested using a first-void urine sample and prevented from leaving 
without being screened.

In the USA and other developed nations, the prevention of sexually transmitted 
genital infections and their complications is based on annual screening and treatment 
of nonpregnant women under the age of 25. In the presence of a risk factor, other 
women should also be screened. High-risk young men should also be screened if 
resources allow [29].

Health workers and nurses should educate patients about the importance of using 
condoms during sex and provide information about safe sex. Candid communication 
with the patient and helping them feel comfortable are essential in diagnosis, treat-
ment, and follow-up [9].

Early treatment and full-dose antibiotics provide a near-perfect cure rate. Urethral 
infection with C. trachomatis produces a low-level immunological response [20]. The 
rise of chlamydial infections, for which there is not yet a vaccine, can be prevented by 
completed treatment, patient education, and screening.

The American Centers for Disease Control and Prevention (CDC) recommend 
that a sexual history should be obtained from patients and risk reduction strategies 
recommended when deemed necessary. In addition, the U.S. Preventive Services Task 
Force recommends that all sexually active adolescents and adults at risk of sexually 
transmitted infections be provided intensive counseling [3].

Patients should not engage in sexual intercourse for at least 7 days after the 
completion of treatment and sex should only be allowed after their partner has also 
completed treatment and symptoms have fully resolved [3].

Patients with urethritis should be vaccinated for other infectious diseases for 
which vaccines are available (hepatitis A/B, HPV).

The use of condoms reduces the risk. Selective sexual intercourse should be prac-
ticed and uncontrolled intercourse avoided. Circumcision was found to be beneficial 
in terms of genital ulcers and HPV, but ineffective in terms of transmission of C. 
trachomatis and gonorrhea [3].

When a sexually transmitted infection is detected, the patient should be educated 
by a team including physicians and trained healthcare professionals. Adequate sen-
sitivity should be shown to patients regarding partner treatment and recurrence. An 
environment where patients feel safe and comfortable should be provided to enable 
the patient to ask questions and ensure accurate history-taking. If the patient does 
not feel safe, it will be difficult to obtain a detailed sexual history. This causes delays 
in diagnosis and treatment. Providing diagnosis and treatment with a professional 
approach will help curb the rapid rise of this disease [9].

8. Conclusion

Chlamydial urethritis involves difficulties in diagnosis and treatment [14].  
C. trachomatis is an important pathogen in male urogenital system disease. There is 
robust evidence that the bacterium is a cause of epididymitis and orchitis, and also 
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plays a role in the etiopathogenesis of chronic prostatitis and infertility. Early diag-
nosis, complete treatment, and prevention methods are essential for this infection, 
which also poses a serious risk for sexual partners. As its prevalence continues to rise 
substantially, a well-coordinated team approach has become imperative for patients 
infected with C. trachomatis.
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Chapter 16

Chlamydia trachomatis: A Tiny 
Being beyond the Nature
Esin Kasap

Abstract

Chlamydia trachomatis is the most common cause of sexually transmitted genital 
infections. Females are at high risk of cervix infections, and a significant proportion may 
also have urethral infections. Pelvic inflammatory disease (PID) can develop as a result 
of C. trachomatis ascending to the upper reproductive tract. C. trachomatis is an obligate 
intracellular bacterium that infects the genital tract and may cause chronic inflamma-
tion, damage to epithelial tissues, and pelvic inflammation. It has also been clinically 
associated with cervical atypia and metaplasia. C. trachomatis is the most prevalent sexu-
ally transmitted pathogen, and it can cause infertility if left undetected and untreated. 
Infertile women may be more susceptible to chlamydial infections due to their longer 
periods of active sexual life. Several diagnostic techniques are available to diagnose 
chlamydia, including DNA amplification testing (NAAT), culture, antigen detection, 
and genetic probes; microscopy is not useful for this purpose Chlamydia is treated with 
empiric therapy, which includes tetracyclines, macrolides, and some fluoroquinolones.

Keywords: chlamydial infection, gynecology, chlamydia trachomatis, chlamydial 
infections diagnosis, pelvic inflammatory disease (PID)

1. Introduction

1.1 A brief introduction

The most common cause of sexually transmitted genital infections is Chlamydia 
trachomatis [1]. Almost all the affected individuals are asymptomatic, thus providing 
an ongoing reservoir of infection. Conjunctivitis and pneumonia can occur in infants 
born through an infected birth canal. The rectum and conjunctivae are common  
epithelial sites where males and females can develop clinical syndromes due to infec-
tion. There is an incubation period of 5–15 days following infection before symptom-
atic disease develops. The infection may remain active in asymptomatic individuals 
for an indefinite period before they become symptomatic.

Among 10 studies of untreated, uncomplicated genital chlamydial infections, 
56–89% detected the presence of chlamydia over the short term (weeks to months 
after diagnosis), and 46–57% detected the presence of chlamydia over the long term 
[2]. There is, however, a lack of documentation of the date of infection or evaluation 
of whether the infection was persistent or recurrent. This limits our understanding of 
the duration of untreated chlamydial infections. According to subsequent modeling 
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studies, chlamydial infections are less likely to establish. In contrast, once established, 
the disease progresses slowly and more slowly in males than in females (mean unde-
tected durations of 2.84 and 1.35 years, respectively, in males and females [3, 4]. The 
treatment of all patients with Chlamydia is recommended, despite the possibility of 
spontaneous resolution.

1.2 A clinical analysis of female syndromes

The majority of females who are infected with C. trachomatis are asymptomatic, 
but the pathogen is a significant contributor to several clinical syndromes that are 
common among women.

1.2.1 Genitourinary tract infection

Females are at high risk of cervix infections [5], and a significant proportion 
may also have urethral infections. When left untreated, cervical cavity infections 
may progress into the upper genital tract, resulting in pelvic inflammatory disease, 
infertility, and chronic pain. Pregnant women with genital chlamydial infections are 
also at risk for complications.

An increased risk of chlamydial infection has been associated with cervical 
ectropion (columnar epithelium on the outer surface of the cervix in addition to the 
endocervical canal). Furthermore, some studies have linked cervical neoplasia to the 
infection [6, 7], but the extent of this effect remains unknown.

1.2.2 Cervicitis

In most cases (at least 85%) of females with cervicitis, no symptoms are observed, 
which is why young, sexually active females should undergo routine annual screen-
ings. There was only 6–14% of females who developed a new infection within a year 
of testing who had symptoms of genital chlamydial infection in four out of five sites 
in a multinational study that looked at women at high risk for genital chlamydial 
infection using polymerase chain reaction testing of vaginal swabs [8]. Some of the 
symptoms that can be confused with vaginitis or genital tract pathology are a change 
in vaginal discharge, intermenstrual vaginal bleeding, and post-coital bleeding. These 
symptoms can present in many ways, such as an increase in release, a change in color 
or odor, an increase in itching or burning, or an increase in pain or discomfort during 
intercourse. The discharge may also have an abnormally high pH, indicative of an 
infection. Abnormal exam findings are found in approximately 10–20% of females 
with genital chlamydial infection. When signs of cervicitis are present, they include 
mucopurulent discharge from the endocervical cavity, easily induced bleeding from 
the endocervical cavity, and edematous ectopy.

It has been observed that some of these females report symptoms of urinary tract 
infections, such as frequency and dysuria, but they do not report symptoms specific 
to the urethra. If not subjected to specific tests for C trachomatis, these females may 
be mistaken for cystitis [9, 10]. Despite pyuria in the urine analysis, no organisms are 
detected in the Gram stain or bacterial culture. Therefore, it is reasonable to suspect 
that sexually active females with pyuria and no bacteriuria may have a chlamydial 
infection of the urethra based on the combination of symptoms described above.

As a result of these conditions, several possible diagnoses are available, includ-
ing low-colony urinary tract infections (such as Staphylococcus saprophyticus), which 
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cannot be confirmed by culture or detected by urinalysis, or urethritis caused by 
another STI, such as Neisseria gonorrhoeae, Trichomonas vaginalis, or herpes simplex.

1.2.3 Pelvic inflammatory disease

As a result of C trachomatis ascending to the upper reproductive tract (uterus, fal-
lopian tubes, and ovaries), pelvic inflammatory disease (PID) can develop [16–20]. The 
prevalence of clinical PID in females presenting to STI clinics ranged from 2 to 4.5% 
between the diagnosis of chlamydia infection and the follow-up visit [2]. Following the 
administration of ineffective antibiotics against Chlamydia, a small study of 20 females 
with N. gonorrhoea and C. trachomatis coinfection reported a 30% incidence of PID [11]. 
As a result, no cases of clinical PID have been reported in studies of females at low risk 
of exposure to chlamydia after a year without treatment. As many cases of PID do not 
cause symptoms and are only detected later in cases of tubal infertility, these studies 
may underestimate the incidence of PID in chlamydial infection.

Most commonly, abdominal and pelvic pain is present with symptoms of PID. 
Infection with chlamydia in conjunction with cervicitis should raise a significant 
suspicion that the upper genital tract is involved. PID is characterized by cervical 
motion and tenderness in the uterus or adnexa. PID caused by C trachomatis is associ-
ated with a higher rate of subsequent tubal infertility, ectopic pregnancy, and chronic 
pelvic pain as compared with PID caused by gonorrhea, which typically presents in an 
acute manner [12].

1.2.4 Invasive cervical carcinoma (ICC)

Invasive cervical carcinoma (ICC) is most likely caused by the human papilloma-
virus (HPV). Research investigating the etiology of cervical neoplasia and invasive 
cervical carcinoma has recently examined factors that may affect susceptibility to or 
progression of HPV infection [13]. C. trachomatis may be a significant HPV cofactor 
for cervical cancer among sexually transmitted diseases other than HPV. As well as 
HPV, C. trachomatis may play an important role in cervical cancer development. C. 
trachomatis is an obligate intracellular bacterium that infects the genital tract [14]. 
Genital C. trachomatous infection may cause chronic inflammation, damage to epithe-
lial tissues, and pelvic inflammation in some cases. In addition, it has been clinically 
associated with cervical atypia and metaplasia, increasing women’s risk of cervical 
neoplasia [15].

A case-control study from England and a pooled analysis of cohort studies from 
Finland, Norway and Sweden have found positive associations between C. trachomatis 
microimmunofluorescence (MIF) seropositivity and ICC [16, 17]. According to a 
Swedish cohort study, C. trachomatis DNA is highly predictive of the development of 
ICC [18].

Squamous cell ICC may also be increased by infections with C. trachomatis by 
increasing a host’s susceptibility to HPV and enhancing its effects. Infection with 
C trachomatis may lead to inflammation, which can produce reactive oxygen spe-
cies, which can damage DNA and increase the risk of HPV-associated cancer [19]. 
According to in vitro experiments, Chlamydia-infected cells are also less likely to 
undergo the normal process of programmed cell death [19, 20]. The cadherin-catenin 
junction structure in cervical epithelial cells is altered by C trachomatis, increasing 
the risk of infection with HPV. As opposed to cellular mechanisms, humoral mecha-
nisms (Th2) may mediate the immune response to a particular antigen [21]. The 
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symptoms of cervical neoplasia may be difficult to control in women with C tracho-
matis infection. An increase in HPV persistence after 12 months was associated with 
a previous history of C trachomatis, according to a study conducted among Swedish 
women aged 32–38 years old [22].

1.2.5 Infertility

Worldwide, infertility is becoming an increasingly prevalent health issue [12]. C. 
trachomatis is becoming a more prominent sexually transmitted disease as a result 
of the increase in cases [23]. Currently, C. trachomatis is the most prevalent sexually 
transmitted pathogen. The symptoms of chlamydial infection are less severe than those 
of other sexually transmitted diseases. A patient may be unaware of the infection until 
secondary or tertiary symptoms develop due to these deceptively mild symptoms. 
Infections such as acute salpingitis and pelvic inflammatory disease that go undetected 
and untreated can result in not only significant morbidity but also infertility [24].

Infertility associated with C. trachomatis can be prevented if detected early [25]. 
Infertile women are estimated to be infected with chlamydial infections by 18–20%, 
according to a WHO study [23].

It is reported that infertility is reported to last between 2 and 4 years in chlamydia-
positive women [26]. Women with secondary infertility were more likely to contract 
C. trachomatis infection. Due to their long period of active sexual life, they may be 
more susceptible to chlamydial infections. There was a surprisingly high percentage 
of infertile women (38%) who were positive for C. trachomatis. There was no history 
of previous upper genital tract infection in the majority of these women [23].

1.2.6 Complications of pregnancy

Furthermore, the chlamydial genital infection may increase the risk of prema-
ture rupture of the membranes during labor, preterm delivery, and low birth weight 
infants in addition to the risk of future ectopic pregnancy [27]. According to a study 
of 3913 pregnant Dutch women screened for C. trachomatis, those with chlamydial 
infection had a higher risk of preterm delivery (adjusted odds ratio 4.35, 95% CI 
1.3–15.2). However, the chlamydial infection did not predict miscarriage or perina-
tal death [24].

1.2.7 Perihepatitis (Fitz-Hugh-Curtis syndrome)

Perihepatitis is an inflammation of the liver capsule and adjacent peritoneal 
surfaces that may occur in patients with chlamydia infection. An acute PID is more 
likely to result in perihepatitis, which occurs in 5–15% of cases. In most cases, there is 
no abnormality in liver enzymes, but there can be a pain in the right upper part of the 
rig or pleuritic pain. We do not fully understand the pathogenesis of this condition. 
An immunological mechanism may be involved, or the infected material could be 
directly transmitted from the cul-de-sac to the lymphatics and peritoneum [28, 29].

1.2.8 Reactive arthritis/reactive arthritis triad (RAT)

STIs can trigger reactive arthritis. There is a small percentage of patients with 
sexually acquired reactive arthritis who develop the complete reactive arthritis triad, 
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consisting of arthritis, conjunctivitis, uveitis, and urethritis. It has been shown that C. 
trachomatis causes sexually acquired reactive arthritis most frequently.

Detection of chlamydial nucleic acids in synovial tissue further supports the 
association between chlamydia and reactive arthritis. Seven out of nine patients 
with RAT had a positive in situ hybridization for chlamydial RNA in synovial tissue 
samples compared to three out of thirteen patients without RAT (the cause of 
arthritis was not otherwise determined). In addition, five of eight sexually acquired 
reactive arthritis patients and one control patient with another form of arthritis had 
stored synovial tissues that contained chlamydial DNA found by polymerase chain 
reaction.

1.2.9 Conjunctivitis

Serovars D through K of C. trachomatis can cause genital disease in the conjuncti-
val epithelium. The most common method for achieving this goal is directly inoculat-
ing infected genital secretions. Inclusion conjunctivitis, which may appear cobbled, 
is a typical presentation of sexually acquired chlamydial conjunctivitis. Serovars A 
through C cause endemic trachoma, but this type of infection differs.

1.2.10 Pharyngitis

There is no evidence that C. trachomatis is a significant cause of pharyngitis. 
However, nucleic acid amplification testing has detected C trachomatis in the phar-
ynx, and some investigators believe this site serves as a reservoir for the infection.

1.2.11 L serovars

In European and North American MSM, particularly those living with HIV, 
lymphogranuloma venereum (LGV) has been reported to be caused by C. tra-
chomatis L1, L2, and L3 serovars [30]. Symptoms occur in most cases. It has been 
reported in case studies that anorectal pain, discharge, tenesmus, rectal bleeding, 
and constipation are among the symptoms reported. It is also possible to experi-
ence systemic symptoms such as fever and malaise as well as local symptoms. 
Several anatomic findings can be observed under anesthesia, including mucopu-
rulent exudate, internal lesions, masses, or polyps. As a result of this presentation, 
it is sometimes mistaken for an inflammatory bowel disease [31]. Rectal infections 
caused by the L1, L2, and L3 serovars can result in fistulas and strictures if left 
untreated [32].

1.2.12 D through K serovars

In addition to causing genital infection in MSM, these non-LGV serovars are 
also capable of causing rectum infection. This infection, however, is usually asymp-
tomatic, unlike LGV. For example, according to a study of MSM screened for rectal 
chlamydial infection, only 16% (49 of 301 cases) of non-LGV infections were symp-
tomatic compared to 95% (58 of 62 cases) of rectal LGV infections [32, 33].

Infected females with rectal C trachomatis usually have D through K serovars and 
are generally asymptomatic. It is also possible for females to develop symptomatic 
proctitis [33], but this occurs less frequently than in MSM.
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2. Diagnosis of chlamydial infections

Several diagnostic techniques are available to diagnose chlamydia, including DNA 
amplification testing (NAAT), culture, antigen detection, and genetic probes; micros-
copy is not useful for this purpose. Nevertheless, NAAT is the preferred diagnostic 
technique due to its superior sensitivity, specificity, and wide availability [34, 35].

2.1 Nucleic acid amplification testing (test of choice)

DNA or RNA sequences from C. trachomatis are amplified using polymerase chain 
reaction (PCR), transcription-mediated amplification (TMA), or strand displace-
ment amplification (SDA). The “gold standard” of diagnostics is to use these sensitive, 
specific tests if they are available [34, 36].

2.2 The preferred testing specimen for diagnosis varies by syndrome

2.2.1 Genitourinary infection or screening in females

A vaginal swab is the most appropriate specimen that the patient can collect. 
NAAT can be performed on either endocervical specimens (for example, cervical 
specimens collected into liquid cytology medium for Pap testing) or vaginal swabs for 
females undergoing speculum exams (for example, to evaluate symptoms of cervici-
tis). Compared to vaginal and endocervical swab samples, first-catch urine samples 
detect up to 10% fewer infections in females [36, 37].

2.2.2 Test performance

The NAATs can collect specimens without a pelvic examination in females [38]. 
The most sensitive specimen for diagnosing chlamydial infection in females is a swab 
of vaginal fluid [38, 39]. Compared with urine and, in some cases, endocervical 
swabs, NAAT on vaginal swab fluid on females had higher sensitivity than urine and, 
in some cases, endocervical swabs. Several studies have shown that NAAT on rectal 
specimens can detect rectal chlamydia more accurately than culture and still have 
high specificity [40]. Men who have sex with men (MSM) can also self-collect these 
samples to facilitate screening [41].

2.3 Other diagnostic techniques

2.3.1 Rapid tests for chlamydia

Even though NAAT has replaced culture as the new “gold standard,” same-day 
results have not been available traditionally. NAAT-based rapid tests have been 
developed. Their use will likely be influenced by practical issues, such as waivers for 
non-laboratory use and cost, as they become more available [41].

2.3.2 The XPert C trachomatis/N gonorrhea (CT/NG) assay

A NAAT, the XPert C trachomatis/N gonorrhea (CT/NG) test provides results for 
chlamydia (and gonorrhea) within 90 minutes [42]. It is FDA-approved for use on 
vaginal and endocervical swabs. Using electrochemical detection technology, the Binx 
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io CT/NG NAAT assay produces results within 30 min [43]. It is FDA-approved for use 
on vaginal swabs. 96, 99, 91, and 100% were the sensitivity, specificity, positive, and 
negative predictive values for CT. Culture methods for detecting chlamydiosis are 
now limited to research and reference laboratories due [44]. Serology for C tracho-
matis (complement fixation titers >1:64) is usually performed infrequently, is non-
standardized, and requires a high level of expertise for interpretation. Furthermore, 
it may not perform as well as a test to diagnose rectal infections in males as in females 
with upper genital tract infections [45–47]. Testing for antigens requires invasive 
methods such as cervix swabs or urethral swabs. Compared to culture, this method has 
an 80–95% sensitivity. Currently available genetic probe methods require invasive 
testing with a direct cervix or urethral swab since they do not amplify genetic targets. 
This assay is 80% more sensitive than culture. Although these tests are relatively 
inexpensive, their sensitivity is significantly lower than NAAT, and NAAT has become 
more cost-competitive, so they are no longer as commonly used.

Adolescent girls and young women may no longer be required to visit their doctors 
annually since there is no longer a need for annual cervical cancer screening. A young 
woman’s annual visit is an important opportunity to obtain advice and information regard-
ing her reproductive health, access contraception, receive counseling regarding sexually 
transmitted diseases (STDs), and to be screened for these diseases.

2.4 Who are the candidates to test for chlamydial infections

2.4.1 Symptomatic and at-risk asymptomatic patients

The diagnosis of C. trachomatis should be based on the clinical signs and symp-
toms associated with chlamydia in sexually active individuals. There is a high risk of 
infection and complications associated with chlamydia in sexually active patients. 
Most of these infections are asymptomatic because most chlamydial infections do 
not present any symptoms. Furthermore, chlamydia should also be tested on patients 
who have a history of documented gonococcal infection. Moreover, patients treated 
for chlamydia should be rescreened around 3 months after treatment, regardless of 
whether they think their sexual partners have been treated as well [44]. In the months 
following an initial infection with chlamydia, a high rate of reinfection has been 
documented as well [43, 48].

2.4.2 Patients with persistent symptoms

Symptoms that persist after appropriate treatment and good adherence to confirmed 
chlamydial infection are usually not the results of primary treatment failure. NAAT test-
ing and ompA genotyping were used to characterize the reinfection or persisting infection 
rates in a longitudinal cohort of adolescent females assessed every 3 months [49]. There 
were 478 infections observed among 210 participants. Of these females, 121 experienced 
repeated infections. Only 2.2% were infections that persisted without documented 
treatment. Most of these infections (84%) were likely reinfections, 14% were probable or 
possible treatment failures, and 14% persisted without documented treatment.

2.4.3 Recurrence of symptoms

When chlamydia, gonorrhea, bacterial vaginosis, and other sexually transmitted 
diseases that cause urethritis or cervicitis have resolved after a first evaluation, a repeat 
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evaluation is recommended for the prior treatment; NAAT remains the test of choice 
to diagnose reinfection in symptom recurrence [37]. Repeat diagnosis of chlamydia in 
previously treated patients usually indicates reinfection, as noted above [37].

Diagnosing C. trachomatis should also prompt testing for N. gonorrhoeae since both 
pathogens cause similar clinical syndromes and coexist in a significant proportion of 
patients with chlamydial infection [36].

3. Treatment of Chlamydia trachomatis infection

Males and females alike are most at risk for bacterial sexually transmitted infec-
tions (STIs) caused by C. trachomatis, a small gram-negative bacterium.

Preventing complicated infections caused by chlamydia and its sequelae are the pri-
mary goals of management (e.g., pelvic inflammatory disease, infertility, chronic pelvic 
pain, ectopic pregnancy, and epididymitis). The screening and treatment of young 
females for C. trachomatis infection, for example, has been shown to reduce the risk of 
subsequent PID [50]; however, early treatment of PID, particularly when C. trachomatis 
is detected, reduces the risk of ectopic pregnancy and infertility compared to delayed 
treatment [51]. Treatment with doxycycline or azithromycin results in clinical improve-
ment in 83 and 86 per cent of symptomatic patients with cervicitis and urethritis, respec-
tively [51, 52]. The risk of reinfection is high for persons who have previously contracted 
chlamydia. Persons with symptoms such as cervicitis, PID, urethritis, epididymitis, and 
acute proctitis may benefit from empiric therapy for chlamydial infection.

Empiric therapy should also be offered to patients recently exposed to chlamydia. A 
patient with documented gonococcal infection should also receive empiric chlamydia 
treatment unless the nucleic acid amplification test (NAAT) is negative [51].

3.1 Antimicrobial susceptibility of C trachomatis

Tetracyclines, macrolides, and some, but not all, fluoroquinolones are uniformly 
effective against C. trachomatis [53]. The in vitro persistence of C. trachomatis is asso-
ciated with penicillins [53, 54], but amoxicillin has also been effective. The aminogly-
cosides and sulfonamides have limited activity against C. trachomatis, but antibiotic 
resistance is sporadic for those agents [55].

Moreover, the extracellular elementary body of C. trachomatis, an infectious 
organism, is metabolically inert and resistant to killing, so the breadth of active agents 
is limited [56]. Therefore, antibiotics need to target the sequestered intracellular and 
intravacuolar phases of this pathogen’s life cycle, which is why antibiotics with good 
intracellular penetration are vital [57].

Maintaining antibiotic concentrations throughout the organism’s life cycle, 
ranging from 36 to 48 hours, is also necessary. To ensure adequate levels of antibiot-
ics, either a prolonged course of therapy or the selection of an antibiotic with a long 
half-life is required [57, 58].

Moreover, the elementary body is relatively inert, limiting replication opportuni-
ties and resulting in antibiotic-resistant mutations [59].

3.2 Defining antibiotic efficacy

As part of its four primary outcomes of recommending antimicrobial regimens for 
treating sexually transmitted infections (along with symptom resolution, prevention 



283

Chlamydia trachomatis: A Tiny Being beyond the Nature
DOI: http://dx.doi.org/10.5772/intechopen.111425

of sequelae, and prevention of transmission), the Center for Disease Control and 
Prevention explicitly incorporated microbial eradication (along with symptom 
resolution, prevention of sequelae, and prevention of transmission) to one of four 
outcomes. The effectiveness of a drug can be more reliably predicted by its ability to 
cure bacteria than by its ability to cure the patient for two reasons: many patients have 
other coinfections that are not responsive to treatment [59], and most patients are not 
manifesting clinical symptoms at the beginning of the treatment.

3.3 Comprehensive treatment approach

The complete care of C trachomatis-infected patients includes antibiotic treat-
ment, evaluation, and treatment of other sexually transmitted diseases (STIs, such as 
gonorrhea and HIV), counseling on adherence and sexual activity, follow-up testing, 
and managing sex partners. Females and males are more likely to have asymptomatic 
infections that can only be detected on screening; however, these should also be 
treated promptly [56].

3.4 Antibiotic treatment of chlamydia

3.4.1 Doxycycline as the preferred agent

For optimal outcomes, patients should be counseled to adhere to the prescribed 
dosage of 100 mg twice daily for 7 days [60]. It is safe and effective to administer 
delayed-release doxycycline (200 mg daily for 7 days) compared with twice-daily 
doxycycline. However, it is more costly and may not be accessible to all patients 
[60]. Previously, azithromycin was considered an alternative option, but mounting 
evidence indicates that doxycycline is a more effective microbial agent, especially for 
rectal infections and possibly pharyngeal infections [61]. Azithromycin is now con-
sidered an alternative. For this reason, azithromycin is reserved for individuals who 
are unlikely to be able to complete the seven-day doxycycline course (e.g., patients 
with adherence issues) and is administered as a single, directly observed dose of 1 g. It 
is also the preferred antibiotic for pregnant women [62].

3.4.2 Levofloxacin (500 mg orally once daily for 7 days)

Levofloxacin and ofloxacin (300 mg twice daily for 7 days) are highly effective 
against C. trachomatis. There may be limited availability of this alternative fluoroqui-
nolone. They are more expensive than doxycycline, and neither offers a significant 
advantage. Fluoroquinolones should not be used for uncomplicated infections since 
they are associated with severe adverse effects. Therefore, fluoroquinolones as a 
treatment for C. trachomatis is rare. Then, levofloxacin (or ofloxacin) can be used as 
an antichlamydial agent. Before, these fluoroquinolones were utilized primarily for 
treating coexisting gonococcal and chlamydial infections. Despite this, due to drug 
resistance, fluoroquinolones no longer provide adequate protection against N. gonor-
rhoeae [63, 64].

Fluoroquinolones are less well-studied for targeted therapy for C. trachomatis 
than doxycycline or azithromycin. Studies comparing fluoroquinolones (e.g., ofloxa-
cin) to doxycycline have failed to demonstrate any difference in microbiologic cure 
rates. Fluoroquinolones are inappropriate; ciprofloxacin has poor microbiologic 
outcomes. Alternatively, moxifloxacin has not been studied as a targeted therapy for 
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C. trachomatis, it has shown promising efficacy in treating PID and is recommended 
as an alternative treatment regimen for select females with PID [65, 66].

Penicillins and erythromycin are significantly less effective than penicillin, 
resulting in a microbial cure, with cure rates ranging from 85 to 89%. Therefore, 
penicillins (such as amoxicillin) are primarily prescribed to pregnant women who 
cannot tolerate other antibiotics [67, 68].
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the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
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Chapter 17

Organizational and  
Socio-Psychological Difficulties 
of Management of Patients with 
Chlamydia Infection
Anna Fedorova

Abstract

Lack of detection of chlamydia infection does not correspond to the high prevalence 
of its clinical manifestations. It is associated with a frequent asymptomatic course, 
the prevalence of persistent forms of infection and difficulties in their diagnosis. 
Unification of approaches to diagnosis and therapy of chlamydial infections without 
taking into account the topical diagnosis leads to insufficient therapy. It is difficult to 
find a balance between the need for long-term antibiotic therapy for chlamydial per-
sistence and the dangers of its consequences. Difficulties in the treatment of chlamydia 
infection are also associated with socio-psychological factors: low efficiency and even 
inexpediency of etiotropic therapy of chlamydia in polygamous relationships, pro-
miscuous behavior; poor synchronization of partner therapy, often treating only one 
partner in a couple; orientation of patients towards short-term “pill” therapy, which is 
not sufficiently effective for chronic persistent chlamydia with significant morphologi-
cal changes in the genitals; low compliance of male partners to therapy in a couple “by 
contact” in the absence of clinically apparent manifestations; peculiarities of public 
consciousness regarding chlamydia infection. As a result, therapy often only stops 
exacerbations of inflammation and does not eliminate the infection completely.

Keywords: chlamydiosis, persistent form of chlamydia infection, biopsychosocial 
approach to chlamydia, management of patients, socio-psychological problems

1. Introduction

Genital infection caused by Chlamydia trachomatis is considered one of the most 
common sexually transmitted infections in the world. C. trachomatis is an obligate 
intracellular parasite with a unique intracellular development cycle. The peculiarities 
of the pathogen itself, the imperfection of the immune response to it, and the charac-
teristic course of the disease determine the difficulties of its diagnosis and treatment.

Chlamydia infection is asymptomatic in most cases, more than 2/3 of women and 
men. Symptoms of the acute form of the disease (short-term urethritis, moderate 
discharge) often go unnoticed. This is the reason for the late visit to the doctor and the 
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widespread spread of infection. Without timely and adequate therapy, the infection 
becomes a chronic persistent form.

Persistent chlamydia infection is widespread and presents the greatest difficulties 
for doctors. It is associated with a large number of diseases accompanied by chronic 
inflammation and fibrosis—chronic cervicitis and salpingitis, chronic recurrent 
urethritis, including “postcoital” urethritis in women, chronic prostatitis, chronic 
epididymitis, and orchoepididymitis. Clinical manifestations are poorly expressed, or 
absent altogether, or appear only with exacerbations. As the infection exists, fibrosis 
processes occur with the formation of adhesions in the appendages of the uterus and 
pelvis, intrauterine synechiae, and sclerosing processes of the male genital sphere. 
Pronounced dysfunctional changes in the anti-infective protection system can lead 
to the translocation of chlamydia from the genitourinary tract to the extra-genital 
areas of the body. Fibrous changes can hinder the development of the acute phase of 
inflammation, but lead to infertility in both women (violation of the patency of the 
fallopian tubes, miscarriage of pregnancy) and men (violations of the morphology 
and function of sperm), to the formation of chronic pelvic pain syndrome.

Chronic endometritis is also a frequent cause of infertility. Nowadays, it is a wide-
spread disease. It is thought to occur in ¼ of women [1]. Currently, there is no defini-
tive opinion on the role of bacterial factor and chlamydia inclusive in the development 
and maintenance of chronic endometritis. However, clinical practice gives us some 
evidence of their important role. Some evidence-based studies show an increase in the 
frequency of implantation and an improvement in reproductive outcomes in assisted 
reproductive technology programs after antibiotic therapy [2, 3].

Patients’ subjective underestimation of their condition is one of the reasons for 
the late detection of chlamydia infection. Often, it is diagnosed only when a woman 
applies for infertility, miscarriage, or other chronic conditions, and men are examined 
as a partner. As a result, most men and women with chlamydia infection go to the 
doctor already with the development of deep lesions of the genital area, pronounced 
adhesive processes, with decompensation of the body’s defense mechanisms. The 
detection of chlamydia infection by routine methods may be difficult at this stage, 
and it remains unrecognized.

In clinical practice, the physician is faced with a mismatch between the wide-
spread clinical and anatomical manifestation characteristic of chlamydia and its low 
detectability [4–6]. It can be assumed that this occurs against the background of an 
increase in the frequency of persistent species C. trachomatis, which develops primar-
ily due to irrational antibiotic therapy [6].

2.  Diagnostic methods and detectability of chlamydia infection  
in the light of a socio-psychological approach

Laboratory diagnostic method of chlamydia infection is of paramount importance 
due to the frequent absence of specific clinical manifestations. The gold standard for 
the diagnosis of chlamydia infection is currently considered to be the nucleic acid 
amplification test (NAAT), which is positioned as highly sensitive (99%) and specific 
(WHO 2016). Its undoubted advantages are accessibility, speed, and the possibility of 
mass examination of a large group of patients. The quality of diagnostics depends on 
the quality of test systems used, the quality of sampling, and storage of biomaterial.

Other diagnostic methods are culture, direct fluorescence of antibodies, enzyme 
immunoassay, and immunohistochemical assays.
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The cultural method, previously considered a reference due to its high specificity, 
has receded into the background. This is due to the labor intensity, high cost, strict 
rules for the transportation of clinical samples, high requirements for the qualifica-
tion of medical personnel, as well as low sensitivity (33–85%). The detection rate of 
chlamydia is low in inactive stage and chronic ascending infection. Currently, it is not 
used in routine diagnostics, but is carried out mainly for special indication.

The method of direct immunofluorescence of antibodies is highly specific, fast, 
but “good in the right hands.” It depends on the quality of the test systems used, the 
quality of biomaterial sampling, and requires high professionalism of a specialist in 
luminescent microscopy. This method is highly sensitive and highly specific mainly 
when performed correctly by an experienced laboratory technician. Otherwise, it is 
impossible to exclude both false-positive and false-negative results of the study.

Enzyme immunoassay determines the presence and titer in the blood of antibodies 
to chlamydia—Ig G, Ig M, Ig A. It allows us to find out the stages and nature of the 
course of infection, its activity. However, chlamydia antigens have weak immuno-
genicity, so the production and accumulation of antibodies to them occur in small 
quantities. Antibodies to chlamydia are found only in about half of patients. The 
absence of immunoglobulins does not allow us to talk about the absence of chlamydia 
infection in the body. If only Ig G to chlamydia is detected, it is impossible to diag-
nose an existing disease, but only to assert that the body has met with the pathogen. 
Enzyme immunoassay may be appropriate for verification of persistent infection.

All these methods are among the additional ones and in most countries are not 
included in the most common health insurance programs. The clinical guidelines 
recommend a single method, nucleic acid amplification test (NAAT), for suspected 
chlamydial urogenital infections. It is positioned as highly sensitive and highly spe-
cific, and available and adequate. Has the problem of diagnosis of chlamydia infection 
been solved?

Unfortunately, it is not that simple. The detectability of chlamydia infection 
has sharply decreased with the transition exclusively to the NAAT method. This 
is particularly true in cases of ascending infection, chronic persistent course, and 
fibrosis processes in women (chronic cervicitis and endometritis, adhesions in the 
pelvis, obstruction of the fallopian tubes, reproductive losses). Many researchers 
note the difficulties when diagnosing widespread forms of chlamydia infection with a 
prolonged, recurrent nature of the course. Persistent forms of chlamydia are difficult 
to verify by microbiological methods due to changes in metabolism and antigenic 
structure. The pathogen is often inaccessible for diagnosis in complicated ascending 
infection. In these cases, in order to reliably verify the pathogen, it is necessary to 
expand the list of clinical specimens obtained not only from the cervical canal and 
urethra, but also from other organs.

An important diagnostic criterion may be an enzyme immunoassay that deter-
mines antibodies to chlamydia in the blood. Unfortunately, a suppressed immune 
response may also limit the possibilities of serodiagnosis. Against this background, 
the focus of specialists has shifted toward viruses, bacterial films, and non-specific 
opportunistic flora identified in such patients. However, the possibility of a chronic 
persistent chlamydial infection undetected by NAAT cannot be excluded. The latter 
assumption may be supported by cases of C. trachomatis isolation in such patients 
using a culture method and its detection also by a culture method in partners. In clini-
cal practice, patients with recurrent exacerbations of chronic genital inflammatory 
diseases and negative NAAT of urethral and cervical duct material are often found 
to have C. trachomatis Ig A, indicating an active course of chlamydial infection, 
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C. trachomatis Ig G, and C. trachomatis heat shock protein Ig G (cHSP60) in their 
blood by enzyme immunoassay [6, 7].

The problems of diagnosing chlamydia infection are related to the fact that there 
is currently no unified algorithm for examining patients with suspected chronic, 
persistent chlamydia infection. It is this form that occurs most often. A comprehen-
sive competent approach to the diagnosis of chlamydia using several methods and a 
scientifically based assessment of the results obtained may be optimal. Detection of 
chlamydia, determination of the nature of the infectious and inflammatory process, 
and the extend of the lesion are important for the correct choice of therapy.

What happens in practice? The possibilities of using the entire set of tests for the 
diagnosis of chlamydia infection are small. This is expensive, not covered by health 
insurance programs. Doctors who work in insurance medicine cannot use additional 
tests if the NAAT test is negative. Ethical and financial problems are also important. 
Is it ethical to offer patients additional tests if they are not included in clinical guide-
lines, there are no other approved algorithms of examination in chronic ascending 
processes, and NAAT methods are positioned as highly effective?

It is also worth noting the psychological problems of patients. When several diag-
nostic tests are used and a chlamydial infection is found in only one of them or in only 
one of the partners, questions almost always arise. Why focus on tests that show the 
presence of a chlamydial infection and not those that do not? Why was one partner 
diagnosed with chlamydia, and the other did not? What does all this mean? These 
questions cause patients to doubt the correctness of the diagnosis, the competence 
of the physician and medicine in general, and difficulties in achieving compliance 
with the physician about the therapy. The result can be refusal of therapy, violation of 
doctor’s recommendations, development of stress and anxiety disorders in patients, 
conflicts between partners (each may have his own opinion and his own motivation 
for treatment), and lack of faith in the cure.

3. Problems of therapy of chlamydia infection

Research in recent years recommends that in the treatment of chronic inflam-
matory diseases of the genitals, efforts should be directed toward the elimination of 
pathogens instead of the classical empirical prescription of broad-spectrum antibiot-
ics [8]. This is especially true for chlamydial infections. Analysis of the problems 
of diagnosis of chlamydia infection clearly shows that the prevalence of chlamydia 
infection, especially chronic persistent forms of it, is much wider than the results of 
the NAAT examination show. This is reflected in the choice of therapy and its results. 
Patients with chronic inflammatory diseases of the genital area and undiagnosed 
chlamydia infection either do not receive therapy or receive insufficiently adequate 
therapy. The use of broad-spectrum antibiotics capable of penetrating cells in the 
treatment of such cases to a certain extent makes it possible to compensate for diag-
nostic deficiencies. However, antibiotic therapy is not sufficiently effective in cases of 
persistent forms of chlamydia. Other factors are also important.

Chlamydiosis is a sexually transmitted disease. It requires the treatment of both 
partners, the use of protection during sexual intercourse until both partners are tested 
negative for chlamydia. There are no such requirements for the treatment of genital 
inflammatory processes caused presumably by viruses and opportunistic microorgan-
isms. In undiagnosed chlamydial infections, renewed sexual contact with a previous 
partner or partners leads to reinfection after therapy.
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Another problem of chlamydia therapy is associated with the tendency to unify 
therapeutic approaches without taking into account the topical diagnosis, and patho-
anatomic and clinical features of the course of the disease. The Clinical Guidelines 
for the treatment of chlamydia indicates the sufficiency of prescribing 1 g of azithro-
mycin once or 200 mg of doxycycline for 7–10 days. The efficacy of such therapy in a 
long-standing chlamydial process with chronic inflammation and fibrosis is unlikely, 
and diagnostic problems often do not allow this to be seen.

Analysis of the clinical studies shows that researchers pay little attention to the com-
parison of the choice of an antibacterial drug, the duration and regimen of its adminis-
tration, and the possibility of reinfection in the treatment of chlamydial infection [9]. 
The difficulties of such a comparative analysis can be explained not only by the different 
clinical course of chlamydial infections, but also by various socio-psychological factors.

The sexually transmissible nature of chlamydial infections dictates that sexual part-
ners must be examined and treated. Examination of partners is necessary regardless of 
the presence or absence of complaints and clinical symptoms. It is optimal not only to try 
to identify the pathogen, but also to clarify the clinical form, the presence of structural 
changes, and assess the duration of persistence of the infection. This is necessary for the 
correct choice of the duration and composition of therapy. Treatment of sexual partners 
is advisable even in cases where chlamydia is not detected (“contact therapy”). It is 
highly probable that in these cases there is a chronic ascending infection, a persistence of 
chlamydia, which requires more attention. Often, however, the partners are examined 
formally or not at all. They are given a short course of antibiotics without regard to the 
nature of the process. Such treatment “by contact” may not be effective enough. It does 
not eliminate the chronic infection, but rather turns it into a chronic form.

4.  Socio-psychological and partner problems of chlamydia infection 
therapy

The most difficult and intractable are the socio-psychological and partnership 
problems of chlamydia infection therapy. Therapy of chlamydial infection is carried 
out on the principle of voluntariness. Patients may not follow the recommendations. 
Sexual partners often shy away from examination and treatment, especially if they 
have no clinically expressed complaints, they are not interested in therapy and have 
other sexual contacts.

Many patients have their own understanding of the disease and its impact on 
health, their own past individual experiences of sexuality and treatment, and their 
own vision of therapy. It is purely subjective and often determined by motives other 
than maintaining health. Chlamydia infection is widely discussed on the Internet 
and everyone can find confirmation of their views. The notion that today’s evolving 
pharmacotherapy can easily and quickly solve any problem is strong. There is a lot of 
information about the negative impact of antibacterial therapy on the immune sys-
tem, liver function. As a result, many patients are focused on a short course of anti-
bacterial therapy and expect a guaranteed cure. The need for a deeper examination 
and long-term treatment for fibrotic processes is not understood by either patients or 
health care organizers. In the current situation, doctors have to find a satisfactory bal-
ance in each case among the expediency of a full-fledged examination, the duration 
of antibacterial therapy for chlamydia persistence, and the widely discussed negative 
consequences of antibiotic therapy, between their professional views and perceptions 
and fears of the patient to achieve compliance.
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It may be difficult to cooperate with a specialist who is treating a sexual partner 
due to individual differences in views on the clinical situation. Unified approaches to 
the diagnosis and therapy of chlamydia infection, on the one hand, help when work-
ing with a partner couple (e.g., they position the mandatory treatment of a partner 
when a chlamydia infection is detected) and, on the other hand, limit the possibilities 
of an individual approach. For example, complex treatment of a patient with chronic 
long-term chlamydia infection may be useless if the partner is not examined, receives 
only a short course of antibiotics, does not take medications, or does not use protec-
tion against STIs.

Etiotropic therapy of chlamydia infection is not very effective in polygamous 
relationships. Promiscuity behavior is quite widespread among young people. The 
search for a variety of sexual experiences, the constant change of partners, and the 
predominance of relaxation motives often precede the establishment of a partner 
sexual relationship. During this period, the correct and consistent use of protective 
equipment (condoms) is important. Unfortunately, condoms are often used from 
time to time or incorrectly [10]. The main focus of the partners is on HIV prevention, 
everything else is considered irrelevant. If a man or woman is subjectively convinced 
that his or her partner is not HIV-positive, condoms can stop being used.

Men are often not interested in the examination and treatment of STIs, which 
are asymptomatic. There is an opinion that chlamydia infection is widespread, there 
is a high probability of infection when changing partners, so it is inexpedient to be 
examined and treated only after establishing monogamous partnerships and planning 
a pregnancy. This pattern is supported by the common notion that a chlamydial infec-
tion can be easily cured by taking 1 g of azithromycin.

Therapy of chronic chlamydia infection is difficult in couples in which at least one 
partner has other sexual contacts and plans to keep them. A full-fledged examination 
and therapy of all patients from the chain of contacts, as a rule, is unrealistic.

It is necessary to take into account some features of public consciousness regard-
ing chlamydia infection. Among them are two opposing views “chlamydia cannot be 
completely cured, chlamydia remains” and “a short course of antibiotics is enough to 
guarantee a cure.” Both of these views prevent the responsible implementation of the 
doctor’s recommendations.

Chlamydia is a common cause of reproductive dysfunction. Traditionally, concern 
for reproductive health is more characteristic of women. They visit a gynecologist 
more often than men visit an urologist, conduct examinations more often, and are 
more focused on conducting therapy. Less interest of men and their resistance can 
nullify the therapeutic efforts of a couple.

5. Conclusion

Successful management of chlamydia is possible only with its timely and complete 
detection.

The peculiarities of the clinical course of chlamydia infection, the difficulties of 
its diagnosis, and therapy in chronic persistent forms determine the difficulties of 
patient curation.

The prevalence of chlamydial infection, especially its persistent forms, is probably 
much higher than its detection rate.

A standardized approach to diagnosis and therapy is optimal for acute chlamydia 
infection.
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The tactics of examination and treatment of patients with chronic persistent forms 
are not systematized, not generalized, and require a personalized approach. The latter 
is complicated, associated with high material costs, and may be insufficiently effec-
tive due to a number of socio-psychological and partner factors. The current practice 
of managing patients is aimed more at controlling exacerbations of chlamydial infec-
tion than at eliminating it.

The affective control of the spread of chlamydia infection requires raising public 
awareness about its nature, clinical manifestations, consequences, diagnostic capa-
bilities, and preventive measures.

Simple educational activities about the importance and rules of condom use—
counseling, broader educational programs aimed at individuals or couples—are 
appropriate. These can raise awareness and promote consistent use. Communication 
training on sex education and teaching young people and adolescents how to resist 
provocative offers of sex without a condom can also be useful [9].

An important direction may be the reorientation of the doctor-patient interaction 
model from a biomedical health model to a biopsychosocial one, in which the patient 
is informed and consciously makes decisions regarding his health. This will require 
improving the communication competence of health care workers to achieve the 
necessary result.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Chlamydial infection can cause diseases in many organs, including the genitourinary 
system. It is the most reported sexually transmitted bacterial infection throughout the 
world and one of the leading cause of female infertility. Chlamydia affects columnar 
epithelium, so adolescent women are particularly at risk since the squamocolumnar 
junction is located on the ectocervix until early adulthood. The bacterium is usually 
transmitted through sexual activity. Genital tract infection is the most common clinical 
picture but 50% of infected men and 80% of infected women are asymptomatic. This 
is the most important reason for the infection’s being unrecognized and untreated. The 
most significant morbidity related to infection is partial or total sterility due to obstruc-
tion and scarring of the fallopian tubes. Chlamydia trachomatis infection, even if it does 
not present clinical symptoms, has been shown to be associated with increased tubal 
factor infertility, implantation failure, and disruption of embryo development.

Keywords: Chlamydia trachomatis infection, sexually transmitted diseases, PID, female 
infertility, tubal factor infertility

1. Introduction

Chlamydias are small gram-negative, obligate intracellular living microorganisms, 
preferably infecting squamocolumnar epithelial cells. The microorganisms can be 
divided into two subtypes as Chlamydia (e.g., C. trachomatis) and Chlamydophila 
(e.g., Chlamydophila pneumoniae and Chlamydophila psittaci). C. trachomatis is 
divided into 19 different serological variants (A, B/Ba, C, D/Da, E, F, G/Ga, H, I/Ia, J, 
K, L1, L2, L2a, and L3) according to monoclonal antibody-based analyses and variants 
that are classified according to ompA genotyping. Of these, types A, B, Ba, and C are 
the causative agents of Trachoma, an endemic serious eye disease in Africa and Asia; 
D-C strains lead to genital tract infections. L1-L3 strains cause Lymphogranuloma 
venereum disease, which is especially seen in tropical countries and is characterized 
by genital ulcers [1].

Chlamydia can affect various organs, and the genitourinary system is one of the 
major sites of this infection. It can cause clinical conditions in nasopharynx, epi-
didymis, urethra, cervix, uterus, and salpinx [2–4]. It is the most reported sexually 
transmitted bacterial infection and one of the major causes of female infertility. This 
infection also leads to conjunctivitis, pneumonia, afebrile pneumonia syndrome 
(in vaginally born babies from infected mothers), and trachoma, a leading cause of 
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acquired blindness in the world and perihepatitis condition also known as Fitz-Hugh-
Curtis syndrome [5].

There are one million sexually transmitted disease transmissions every day in the 
world [6]. The annual number of C. trachomatis genital infections reached 4 million 
annually in 2018, up from about 2.86 million cases in 2008 [7]. Research shows similar 
incidences in Germany [8], France [9], the Netherlands [10], New Zealand [11], and 
Australia [12]. In a report by the World Health Organization (WHO) Initiative for 
Vaccine Research (IVR) it is estimated that there are more than 140 million cases of 
C. trachomatis infection worldwide [13]. Chlamydia carrier rates in the sexually active 
female population are around 20%. This ratio is 2–3 times higher than the N. gonor-
rhea incidence.

2. Pathophysiology

Chlamydia affects columnar epithelium, so adolescent women are particularly at 
risk since the squamocolumnar junction is located on the ectocervix until early adult-
hood. Chlamydia has extraordinary features regarding its life cycle. It has two different 
forms in the course of infection in both intracellular and extracellular environments. 
The elementary body (EB) is the infectious form existing in the extracellular space; 
it is a spore-like, inactive structure that enters the host cell. Inside the cell, it turns 
into an active form called a reticulate body (RB). The RB uses the host cell’s amino 
acids and the energy sources in the form of ATP to synthesize its own DNA, RNA, 
and proteins to replicate and after enough RBs have formed, some of them turn back 
to the EB form, which can then exit the initial host cell and infect others. This cycle 
is then repeated in the adjacent cells [14, 15]. Thus, this process creates an immuno-
genic environment around the infection. However, there are ways for C. trachomatis 
to escape and evade the immune system. For example, by preventing T-cell immune 
recognition, it down-regulates the major histocompatibility complexes I and II; it 
modulates some specific cytokines, such as beta interferon, type 1 interferons, inter-
leukin 18 and, inhibits apoptosis by the secretion of Chlamydial protease-like activity 
factor proteins and enhancing cell survival signals. By this way, it creates a chronic 
inflammation that allows the infection to become persistent. Replication mechanisms 
that adapt to the environment during the biphasic development cycle and evolutionary 
defense mechanisms that allow to escape from the immune system and environmental 
inflammatory stress are also challenging obstacles to infection treatment and vaccine 
development [16]. Still, with advances in silico studies using bioinformatics tools and 
machine learning-based modeling, Shiragannavar and his colleagues, have succeeded 
in developing a candidate vaccine that stimulates T and B cells in a way that provides 
long-term immunity [17]. There are also other vaccine candidates that use immune and 
proteomic approaches as well as in silico methods [18].

The bacterium is usually transmitted through sexual activity. The risk of an 
infected man infecting an uninfected woman with each sexual contact is 25%. 
Chlamydia can also spread vertically. The risk of transmission from the infected 
mother to the newborn is around 50–60%, and in most cases, the neonatal infection 
is in the form of conjunctivitis or pneumonia. (In 10–20% of cases, in the form of 
Afebrile Pneumonia Syndrome).

Genital tract infection is the most common clinical picture. The incubation period 
is around 1–3 weeks. In total, 50% of infected men and 80% of infected women are 
asymptomatic. But the infection can cause mucopurulent cervicitis in women, and 
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it can lead to urethritis in men [19]. Ascending infection can result in the develop-
ment of PID in women and is the most common cause of epididymitis in men under 
35 years of age. In total, 5–10% of women who have had PID may progress to peri-
hepatitis also known as Fitz-Hugh-Curtis syndrome.

Although the presence of any STD in one patient increases the likelihood of 
coinfection with another STD, the most common coinfection in such a case is the 
combination of Chlamydia and Gonorrhea. In total, 40% of women and 20% of men 
with chlamydia infection are coinfected with gonorrhea [20, 21]. Other pathogens that 
can cause coinfection with Chlamydia are Mycoplasma genitalium [22, 23] and HPV 
[24, 25] possibly causing an association between cervical intraepithelial neoplasia and 
Chlamydia [26]. The frequency of Reiter’s syndrome (reactive arthritis, conjunctivitis, 
and urethritis) in patients with chlamydia is also increased compared to the normal 
population. LGV cases are the reason for 10% of genital ulcers in tropical countries. In 
the course of a LGV case, localized inguinal lymphadenopathy and ulceration develop 
within 2–12 hf after exposure to infection. In untreated cases, proctitis, rectal stric-
tures, and elephantiasis secondary to lymphatic obstruction may occur.

3. Etiology

C. trachomatis transmission occurs with direct contact, this includes the vaginal, 
anal, or oral sexual routes and vertical transmission to the newborn from an infected 
mother during vaginal birth.

Specific risk factors for the chlamydial infection are 15–24 years of age, poor 
socioeconomic conditions, multiple sexual partners, exchange of sex for money, 
intercourse without a barrier contraceptive, current coinfection with another STD, or 
a history of previous STD, certain cytokine polymorphisms that are related to severe 
disease and the risk of tubal factor infertility [27], specific variants in Toll-like recep-
tor 1 and 4 genes creating infection predisposition [28].

4. Prognosis

Antibiotic therapy is 95% effective as a first-line treatment. If treatment is started early 
and fully completed, the prognosis is good. Although treatment failure with first-line 
treatments is quite rare, recurrences may occur with alternative treatments. Reinfection is 
very frequent, either because the partner is not treated or because it is reacquired from a 
new partner. Therefore, treatment of all possible sexual partners is mandatory.

Abscess rupture due to salpingitis and progression to tubo-ovarian abscess and 
death due to peritonitis are rare. Chlamydia is an indirect cause of ectopic pregnancy-
related deaths. Death due to ectopic pregnancy caused by chlamydia is more likely 
than deaths due to tubo-ovarian abscess.

5. Clinic considerations

In Chlamydia, due to the asymptomatic course of the infection, diagnosis can usu-
ally be delayed until discovery of a symptomatic partner or a positive screening result. 
Therefore, the chlamydia screening programs, which have been shown to reduce PID 
rates [29, 30], can be claimed to be necessary for the timely diagnosis and treatment 
of this infection.
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Despite this mostly asymptomatic course, C.trachomatis can cause a broad range of 
urogenital diseases, including cervicitis, endometritis, salpingitis, pelvic inflamma-
tory disease, urethritis, prostatitis, epididymitis, lymphogranuloma venereum; and 
extragenital diseases like conjunctivitis, pharyngitis, reactive arthritis, proctitis, and 
neonatal pneumonia. Asymptomatic men and women act as reservoirs for the infec-
tion. In a previous study, the rate of transmission was estimated to be 68% both for 
women and men [31].

In the symptomatic patients, clinical signs and symptoms depend on the infection 
site, and local mucosal inflammation with a subsequent discharge can lead to vagini-
tis, cervicitis, and urethritis in females and urethritis in males.

Symptoms are felt with different severity in different anatomic regions, 
depending on the bacterial variants that vary according to the specific epitopes 
encoded by ompA [32, 33]. There is a link between the genotype of C.trachomatis 
and its pathogenicity and the severity of infection [34, 35]. Chen et al. showed 
in their study that patients infected with genotype D, the most prevalent type in 
their study, had a lower risk of both coinfection with other pathogens and cervical 
cancer. Genotype F was found to be the most associated with bacterial coinfec-
tions, and serovar G was also the type at risk for coinfection. Genotype E was 
associated with mucopurulent cervicitis and cervical dysplasia [36]. Extensive 
studies of C. trachomatis serovars have found that variant prevalence show 
marked geographic distributions and differ by studied region, gender, ethnicity, 
and sexual orientation [34, 37–40].

The most common signs, symptoms, and history issues can be listed as follows:
These can be encountered in both sexes:

• Possible history of STDs.

• Dysuria.

• Urethral mucopurulent discharge.

These can be seen in females:

• History of sexual activity without a barrier contraceptive method or with the 
failure of the method.

• Vaginal discharge.

• Dyspareunia.

• Dysuria.

• Abnormal vaginal bleeding (postcoital or intermenstrual).

• In case of receptive anal intercourse; rectal discharge, proctitis, or both.

• Lower abdominal pain.

• Fever (in PID).

• No symptoms (in 80%).
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Signs of chlamydial infection in women may include the following:

• Mucopurulent cervical or vaginal discharge.

• Cervical friability (easy bleeding on manipulation).

• Cervical motion tenderness.

• Urethral discharge (usually thin and mucoid).

• Mucopurulent rectal discharge.

• Adnexal or lower abdomen fullness or tenderness (progression to PID).

• Upper right quadrant abdominal tenderness (Fitz-Hugh-Curtis syndrome).

Signs of lymphogranuloma venereum (LGV) may include the following:

• Genital ulceration.

• Localized inguinal adenopathy or buboes.

• “Groove sign” – Separation of the inguinal and femoral lymph nodes by the 
inguinal ligament (seen in 15–20% of patients).

6. Complications

Chlamydial infections are one of the most important causes of female infertility. 
Since infertility is one of the most significant issues to focus on chlamydia, it will be 
discussed in a separate section.

C.trachomatis is also the leading cause of PID. PID is a serious condition that may 
require hospitalization, intravenous antibiotic therapy, and tests to rule out a tubo-
ovarian abscess. The risk of ectopic pregnancy is 7–10 times higher in women who 
have had PID than in those who have not. Pelvic adhesions involving the ovaries and 
tubes in 15% of women after PID may cause chronic pelvic pain in the long term. The 
case of perihepatitis, also known as Fitz-Hugh-Curtis syndrome, is a rare complica-
tion of PID, which is five times more common in chlamydia than in N. gonorrhea. 
Especially with serotype G infection, the risk of developing cervical cancer increases 
by about 6.5 times. Chlamydia infection also increases genital mucosal inflammation, 
facilitating HIV transmission.

A pregnant woman with a chlamydia infection can pass the infection to the baby 
during childbirth, and this can lead to pneumonia or conjunctivitis in the baby. 
Neonatal conjunctivitis, if remains untreated, can lead to blindness. Reiter’s syn-
drome, reactive arthritis that may develop secondary to the immune response after 
primary chlamydia infection, is manifested by asymmetrical polyarthritis, urethritis, 
uveitis, mouth ulcers, circinate balanitis, and keratoderma blennorrhagica. The 
etiology is uncertain, but it usually follows an infectious attack and 80% of patients 
are HLA B27 positive. Other serious potential complications that can be related to 
chlamydia infection are miscarriage [41] and preterm birth [42].
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There is no known association between chlamydia and tumor development in 
men, according to the evidence to date. However, this relationship in women has been 
reported by some authors. Paavonen et al. showed that the presence of enhanced 
antibodies to heat shock protein-60 is a high risk for cervical cancer; this also suggests 
that persistent C. trachomatis infection is associated with the development of cervical 
tumors [43]. One of the possible molecular mechanisms explaining the association of 
chlamydial infection with increased cervical cancer risk is that the infection gener-
ates an inflammatory response that triggers releases of ROS, cytokines, chemokines, 
growth, and angiogenic factors, leading to genetic instability and abnormal mitosis 
[44, 45]. C. trachomatis also affects beta-catenin and N-cadherin proteins, which have 
significant structural and regulatory roles [46]. In addition, there is evidence that CT 
infection increases HPV transmission and persistence. This coinfection increases the 
risk of cervical cancer as the epithelial destruction caused by the bacterium facilitates 
the entry of the virus; at the same time, with the weakening of the immune system, a 
microenvironment is formed that prepares the ground for the development of cancer 
[47, 48]. Anttila et al. found that the type of bacteria which bears the highest risk of 
developing cancer is the G serotype [49].

Since persistent inflammation is known to be related with tumor develop-
ment, the ovaries may also be affected by chlamydia infection, as expected [50]. 
Shanmughapriya and colleagues showed that about 80% of ovarian cancer patients 
are infected with chlamydia [51]. Correspondingly, several studies have shown that 
the anti-Hsp60 protein is increased in ovarian cancer patients [52]. But despite these 
evidence, there are different consequences related to this issue, so more studies are 
needed to shed light on this topic [53].

7. Differential diagnosis and diagnostic workup

Since Chlamydia trachomatis can cause a wide spectrum of clinical presentations 
and manifestations, differential diagnosis of various signs and symptoms are also 
broad. Similar clinical manifestations affecting each body part should be considered 
carefully for other etiologies. The most common diseases that should be considered 
in differential diagnosis can be listed as: vaginal candidiasis, bacterial vaginosis, 
gonorrhea,Trichomonas vaginalis, Ureaplasma or Mycoplasma genitalium infection, for-
eign body, genital herpes, urinary tract infection, appendicitis, constipation, ovarian 
cysts, endometriosis adenomyosis, inflammatory bowel disease, allergy, cervical or 
endometrial polyp, cervical cancer, cervical ectropion, syphilis, chancroid, granu-
loma inguinale, leiomyoma, and pregnancy.

Considering the C. trachomatis infections, trachoma is the only one that can be 
diagnosed based upon clinical findings. All other chlamydial infections require 
laboratory confirmation. All patients with any sexually transmitted disease (STD) 
should also be evaluated for chlamydial infection because of the possibility of coin-
fection. Based on the patient’s sexual practices achieved from history; endocervical, 
urethral, rectal, or oropharyngeal specimens should be collected and evaluated for 
C. trachomatis infection in both males and females [54]. Today, the gold standard for 
the diagnosis of urogenital chlamydia infections is nucleic acid amplification testing 
(NAAT) [55, 56]. A voided urine sample, whether first-void or midstream can be 
used to detect the chlamydial organism for nucleic acid amplification testing (NAAT). 
Self-collected vaginal swab specimens are shown to be equivalent in sensitivity and 
specificity to those collected by a clinician using NAATs [55, 57, 58]. If the newly 



305

Chlamydia: The Female Reproductive System and Infertility
DOI: http://dx.doi.org/10.5772/intechopen.111756

mother had a documented untreated chlamydial infection during pregnancy, the 
infant should be treated doubtlessly without a need for confirmation.

7.1 Basic laboratory tests

A complete blood count (CBC) must be done if pelvic inflammatory disease (PID) 
is suspected. HIV testing, testing sexual partners for Chlamydia and a Pap smear test 
should also be considered. A pregnancy test is essential for females when determining 
the treatment because pregnancy is a contraindication for some treatment options.

7.2 Cytology and cell culture

Cytologic diagnosis is used to evaluate endocervical scrapings in genitourinary 
infection, but cultures are difficult to gather, not easy to analyze, and their sensitivity is 
low, many false-negative results are encountered. Because of the need for expert labora-
tory skills, they are also expensive. They may be incompatible when trying to assess a 
large number of patients. But they are still mandatory in certain clinical situations such 
as legal indications like rape or sexual abuse because of their high specificity (100%). 
Cell culture can also be the choice for rectal specimens because of the confounding 
effect of the stool microorganisms in other tests when interpreting the results.

C. trachomatis can be grown well in cell lines like McCoy and HeLa cells. 
Incubation time is 40–72 hours, depending on the cell type and specific biovar. 
Intracytoplasmic inclusions can be captured either by Giemsa stains or by immuno-
fluorescent staining with monoclonal antibodies.

7.3 Molecular techniques for detecting antigen, DNA, or RNA/rapid tests

Since C.trachomatis only grows within columnar cells, it is essential to gather a 
specimen directly from the cervix or urethra that will involve cells. When trying to 
obtain cells from vaginal or urethral discharge, it should be tried to apply pressure 
to the inside of the cervix or urethra. In males, after the urethra is milked down for 
secretions, collection swabs should be inserted 1–2 cm inside to urethra or “kissing 
slide” method can be used for sample collection [59]. Transport and kit’s manufac-
turer instructions should always be fulfilled.

Enzyme-linked immunosorbent assay (ELISA) is the most preferred test for 
Chlamydia in outpatient clinics and emergency departments for large number of 
patients since it is cost-effective and mostly automatized. It has 40–60% sensitivity 
and a 99% specificity.

Direct fluorescent antibody (DFA) testing for C. trachomatis has a sensitivity of 
50–80% and a specificity of 99%. It is often preferred to confirm other assays but, 
labor and skilled personnel are needed to perform.

7.4 Nucleic acid amplification tests

Non-culture tests for the detection of C. trachomatis have been substantially 
replaced by higher-performing NAATs. These tests show high performance even in 
noninvasive samples. NAATs have recently become the test of choice to effectively 
screen and diagnose infection because of their high sensitivity and their ability to 
perform noninvasive testing that does not require pelvic examination or urethral 
swab [60–62]. NAATs target and amplify nucleic acid sequences found in almost 
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every clinical strain of C. trachomatis, including genital, LGV, and ocular serovars. 
The APTIMA Combo 2 Assay used for ribosomal RNA can be used on liquid-based 
Pap smear samples [63]. The gold-standard method for bacterium genotyping is DNA 
sequencing of the ompA gene, encoding the major outer membrane protein (MOMP) 
[64]. This method is relatively simple and inexpensive. Most studies have reported 
sensitivity of more than 70% and specificity of 97–99% in populations where the 
prevalence of infection in men and women is 5% or more. The FDA-approved 
NAATs are recommended for the detection of infections caused by C.trachomatis 
and N.gonorrhoeae in men and women with or without symptoms [56]. Multiplex 
polymerase chain reaction assays are now started to be used widely, especially for 
polymicrobial infections and simultaneously testing the possible STDs from a single 
specimen [65, 66]. Older non-culture or non-NAAT tests with lower sensitivity are 
not recommended anymore. The Centers for Disease Control and Prevention (CDC) 
recommend NAATs for extragenital sites such as rectal and oropharyngeal infec-
tions because of their higher sensitivity and ease of sample handling and processing. 
Routine repeat testing is not recommended for NAAT-positive genital tract infections 
because repeated testing does not increase the positive predictive value of the test. 
Cultures of C. trachomatis and N. gonorrhoeae may still be necessary for the detection 
of sexual abuse in boys and extragenital infections in girls [56].

While NAATs are sensitive, they also have some drawbacks. Primarily, they are 
expensive, and so healthcare units may not be able to use them for comprehensive 
screening due to cost [67]. Another disadvantage of FDA-approved NAATs is that 
they cannot distinguish LGV strains from others. This is an important point because 
the duration of treatment in LGV infections needs to be extended. In addition, NAATs 
detect the DNA or RNA of the bacterium rather than the live microorganism, and it 
is common for control tests 3 weeks after the end of treatment to still show positivity 
[68]. For this reason, NAATs should not be used as a cure-determination test except 
in pregnant women, who must be shown to have a cure 3–4 weeks after the end of 
treatment to prevent infection in the infant.

In studies to shorten test result times, a prototype developed by TwistDx 
(prototype TwistDx RPA assay, Cambridge, UK) with an isothermal recombi-
nant polymerase amplification approach shows promise. CT detection with this 
method takes 15 minutes. Validation studies of this prototype are still ongoing. 
But if this test is approved and made commercially available, it will mark a mile-
stone in CT infection control, allowing doctors to diagnose and treat it in the same 
session [69, 70].

7.5 Serology

Antichlamydia immunoglobulin M (IgM) positivity is not common in adults 
with genital tract infections. Antichlamydial immunoglobulin G (IgG) positivity is 
high in sexually active adults, even if there is no active infection, and this most likely 
indicates a previous infection. Although there is a statistically significant relationship 
between chlamydia-specific serum immunoglobulin A (IgA) and active infection, 
none of the serological tests are sufficient to detect active disease in terms of clinical 
sensitivity, specificity, and predictive values. Therefore, it is not recommended for 
the diagnosis of genital tract infections. Nevertheless, they are still being used for 
research purposes and appear to be useful, especially for the detection of past infec-
tions using IgG.



307

Chlamydia: The Female Reproductive System and Infertility
DOI: http://dx.doi.org/10.5772/intechopen.111756

7.6 CT, radiography, and ultrasonography

Imaging techniques are usually not necessary for uncomplicated genital chlamydia 
infections. However, CT and ultrasonography may be useful in complicated upper 
genital tract infections. For example, Fitz-Hugh-Curtis syndrome (perihepatitis) can 
be diagnosed with CT, and ultrasound can be used to investigate the presence of a 
tubo-ovarian abscess.

8. Screening

The social and financial burdens imposed by chlamydia are quite numerous. For 
this reason, some states such as the UK, Australia, the Netherlands, and Sweden have 
established a national chlamydia screening program. Each of these programs aimed to 
reduce the transmission of infection and its overall prevalence in the community with 
different strategies [71, 72]. Such a program should cover all sexually active individu-
als who are at an age where clinical intervention can alter long-term outcomes [73]. 
Evidence supports that screening should be available to those under 25 years old [74]. 
Studies on the subject have shown that because it is less invasive and easier, the postal 
screening method, in which people take samples on their own instead of the traditional 
way in the medical setting, increases screening rates [75, 76]. As Hoenderboom et al. 
points out, these samples may not be blood, but urine or vaginal swab samples [77].

Despite different opinions on the cost-effectiveness of screening programs, some 
authors argue that the screening program in the UK should be supported in this 
respect as well [78–80]. Retrospective studies of the chlamydia screening program 
in Sweden have shown that even in the first phase, the number of new cases has 
decreased. However, this reduction was achieved by using a more precise testing 
method, such as PCR, instead of more traditional methods such as culture. It was 
therefore concluded that faster, easier and more sensitive methods should be used for 
the diagnosis of chlamydia [37, 80]. Some other studies reported that the number of 
chlamydia infections was higher than expected, so screening should be done regard-
less of the estimated prevalence [81, 82]. In addition, several studies report that the 
prevalence of infection is high in adolescents and young women due to both their bio-
logical and behavioral predispositions, so a screening program should be established 
for at least 15–24 years of age [83]. All this evidence shows that it is important to 
establish screening programs to cover all sexually active individuals and to repeat tests 
for possible recurrent infections at regular intervals in order to prevent the spread of 
chlamydia and possible morbidity in the community by treating infected people in a 
timely manner. For such a screening program to be successful, noninvasive screening 
methods must be used. In this way, more people will be reached and the real incidence 
in the population will be determined, the measures to be taken for the control of the 
infection will be planned in a healthier way and the society will be made aware of the 
risk factors through prevention campaigns [84].

Recently, Huai and colleagues published a meta-analysis to estimate the prevalence 
of chlamydia infection worldwide and found that rates varied widely in the regions 
they studied, with the lowest prevalence in Southeast Asia. The authors then con-
cluded, based on previous studies on the cost-effectiveness of screening programs, 
that it is critical to establish Chlamydia trachomatis screening programs using differ-
ent guidelines in Latin America and Africa [85].
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The US Preventive Services Task Force also recommends routine Chlamydia screening 
for sexually active young women to prevent consequences of undiagnosed and untreated 
chlamydial infection and has made the following recommendations: [86, 87].

• Screen for chlamydial infection in all sexually active nonpregnant young women 
aged 24 years or younger and for older nonpregnant women who are at increased 
risk.

• Screen for chlamydial infection in all pregnant women aged 24 years or younger 
and in older pregnant women who are at increased risk.

• Do not routinely screen for chlamydial infection in women aged 25 years or older, 
regardless of whether they are pregnant, or if they are not at increased risk.

9. Treatment

The most important points in the treatment of chlamydia infection are to make 
the correct diagnosis and to ensure the patient’s compliance with the treatment. 
Undiagnosed chlamydia infection can progress to PID and result in partial or com-
plete infertility. It is undesirable for this to happen early in life, before childbearing. 
STIs can often be confused with a urinary tract infection. Therefore, those with a his-
tory of recurrent urinary tract infections should be evaluated for STDs. Adolescents 
are a high-risk group for noncompliance with treatment, especially if they are trying 
to keep secret from their parents. In this group, single-dose, in-office treatment is 
increasingly used to ensure compliance and confidentiality. Partner treatment is vital 
for the prevention of reinfection. The development of PID in an adolescent should be 
considered as an absolute indication for hospitalization due to noncompliance with 
prolonged treatment regimens and the possibility of developing infertility. Before 
starting treatment, samples should be taken from the infection area for laboratory or 
culture examination, and a pregnancy test should be performed as it may change the 
treatment and follow-up plan. Antibiotic therapy should be started as soon as pos-
sible. Compliance with treatment, cost and potential side effects should be considered 
in the selection of treatment, and the possibility of coinfection of gonorrhea should 
be kept in mind. It should be reminded that sexual intercourse should be avoided until 
treatment is complete and all sexual partners have been tested for infection.

Treatment should be started as soon as genitourinary chlamydial infection is 
diagnosed or suspected. Chlamydias are sensitive to antibiotics that affect DNA 
and protein synthesis; these include tetracyclines, macrolides, and quinolones [88]. 
The CDC recommends azithromycin and doxycycline as first-line drugs for the 
treatment of chlamydia [55, 60]. Medical treatment with these agents is 95% effec-
tive. Alternative medicines include erythromycin, levofloxacin, and ofloxacin [55]. 
Since the FDA issued a warning in 2013 that azithromycin can cause life-threatening 
arrhythmias, doxycycline should be preferred in patients with QT-interval anomalies 
or taking antiarrhythmic drugs. There is no need to retest for a cure after treatment, 
but a reevaluation is recommended after 3 months due to the high probability of 
reinfection [60].

In cases where compliance to treatment may decrease due to reasons such as cost, 
age, and confidentiality, it is recommended to apply single-dose treatment under 
observation for lower genital infections.
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Due to the severity of potential complications, the presence of a condition 
affecting the upper genital tract should be carefully and meticulously investigated, 
especially in adolescents. Improper and inadequately treated PID can result in chronic 
pelvic pain, infertility, and sepsis. Monitoring of hospital treatment and response 
to treatment is especially important when PID is suspected, as adolescents may have 
trouble ignoring symptoms and continuing follow-ups.

In the treatment of PID, even if it is known gonorrhea to be present, treatment 
against C.trachomatis and anaerobic bacteria should always be included. Oral and 
parenteral regimens have shown similar efficacy in mild or moderate PID [60]. 
Patients treated in the hospital should not be discharged until significant clinical 
improvement is seen and confirmation that the patient will complete medical treat-
ment. The recommended parenteral regimens are a continuation of doxycycline with 
cefoxitin or cefotetan for 14 days. Alternatively, clindamycin-gentamicin or doxycy-
cline plus ampicillin-sulbactam may be given.

Out-of-hospital treatment for PID; following a single dose intramuscular administra-
tion of a second or third-generation cephalosporin, administration of doxycycline for 
14 days, with or without metronidazole 500 mg for 14 days. After the emergence of qui-
nolone-resistant cases of N. gonorrhoeae, treatments containing quinolone are no longer 
recommended for the treatment of PID. For sexual partners of the index case, treatment 
should also be given if the last sexual intercourse was within the last 60 days. Patients 
undergoing treatment for gonorrhea should also be treated for chlamydial infection.

Regarding treatment during pregnancy, CDC guidelines recommend a single dose, 
1 g of azithromycin. Alternatively, amoxicillin 500 mg or erythromycin three times a 
day for 7 days can be used. Doxycycline, ofloxacin, and levofloxacin are contraindi-
cated in pregnancy. To demonstrate eradication of chlamydia in pregnancy, it is recom-
mended to test 3–4 weeks after the end of treatment, preferably by the NAAT method.

9.1 Treatment failure and novel approaches

The main causes of treatment failure are noncompliance with treatment, early 
testing for cure, and reinfection as a result of sexual partners not being adequately 
informed and adequately treated. In addition, treatment failure can be caused by 
antibiotic resistance caused by gene mutations in the bacterium or by the bacterium 
becoming insufficiently cleaned and persistent due to its natural characteristics [89]. 
In an in vitro study of antibiotic resistance, which included Croatia, the country with 
the highest azithromycin consumption in Europe, resistance was not shown to either 
azithromycin or doxycycline [90]. However, an experimental study in the UK com-
paring azithromycin with doxycycline found that treatment failure with azithromycin 
was higher in nongenital infections [91]. Multidrug-resistant CT serovars may be the 
reason for the ineffectiveness of azithromycin therapy. Some in vitro studies show that 
point mutations in the ribosomal proteins of the bacterium L genotype are respon-
sible for azithromycin resistance [92]. There is also in vitro evidence that previous 
penicillin exposure may lead to azithromycin resistance in C. trachomatis [93].

Based on this evidence, it is clear that new drugs are needed to be developed 
to successfully combat C. trachomatis infection. Some researchers have studied 
Corallopyronin A, an antimicrobial compound synthesized by Corallococcus coral-
loides, and have shown that it inhibits CT proliferation [94] Shima et al. have also 
found promising results with this compound and have proposed it as an alternative to 
CT treatment in the future [94, 95]. A nanoparticle developed by Yang et al. success-
fully prevented vaginal CT infection by stimulating autophagy in human cells [96]. 
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Recently, Nunez-Otero and his team demonstrated the role of a second-generation 
2-pyridone amide molecule (KSK213) in the control of CT infection, in which they 
reduced its toxicity without damaging the commensal flora. This molecule acts 
through transcription inhibition in critical genes responsible for the conversion of EB 
to RB, the key point in the CT infection cycle [97].

In addition to all these, natural anti-chlamydia treatments derived from herbal 
extracts are also emphasized. Hamarsheh et al. studied the effect of Artemisia Inculta 
Delile extract and showed that it effectively inhibits infection in Hela cells [98]. As 
the issue of antibiotic resistance remains critical since 2020, some researchers have 
studied potential nonantibiotic agents. Lam et al. published their findings on cyclic 
peptomers that inhibit gram-negative bacteria and recommended 4EpDN cyclic 
peptomer as a prophylactic treatment against chlamydia [99].

Drug repurposing, which has been researched mostly in cancer treatment, has 
also been tried in this regard. Itoh et al. have shown that Bortezomib, an anticancer 
drug, may also be effective in treating CT infection through the induction of apop-
tosis [100]. More comprehensive studies are needed to be able to apply all these new 
strategies in the treatment of CT infection and to put the results of research into 
clinical practice. In order to eradicate this infection worldwide, the development of an 
effective vaccine in addition to all treatment strategies is critical.

9.2 Posttherapy care

Due to the high incidence of reinfection, retesting is recommended in the third 
month after treatment of chlamydia, gonorrhea, and trichomonas. In pregnancy, 
control testing after amoxicillin and erythromycin treatment should be considered. 
Due to the positive results from nonviable organisms, it would be better not to use 
non-culture methods in control tests.

Patients should be reminded to refrain from sexual activity for 7 days after a single 
dose treatment, and for longer treatments until the end of treatment and all sexual 
partners have been treated.

10. Prevention

Sexually active people should be aware of all other STDs, not just genital chla-
mydia infection. Diagnosed patients should be checked for all other STDs as much as 
possible. If possible, all sexual partners should be referred for diagnosis and treat-
ment. Patients should also be informed that the most important way to prevent these 
infections, other than avoiding sexual activity, is to practice safe sex, that is, to use an 
appropriate barrier method such as a latex condom in every sexual relationship.

The American College of Obstetricians and Gynecologists (ACOG) has released 
guidelines about expedited partner therapy for chlamydial and gonorrheal infections 
[101, 102]. Although developed to prevent reinfection of chlamydia and gonorrhea, 
the recommendations may also be used for other STDs.

The ACOG recommendations can be listed as follows:

• Expedited partner therapy to prevent reinfection, with the legalization of 
expedited partner therapy.

• Counsel partners to undergo screening for HIV infection and other STDs.
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• Expedited partner therapy is contraindicated in cases of suspected abuse or 
compromised patient safety, pretreatment evaluation for abuse potential is 
recommended.

• Expedited partner therapy medications and protocols based on CDC, state, and/
or local guidelines.

11. WHO guidelines on the treatment of Chlamydia trachomatis infection

11.1 Uncomplicated genital chlamydia

WHO recommendations for the treatment of uncomplicated genital chlamydia are 
as follows [103]:

• Azithromycin 1 g orally as a single dose or.

• Doxycycline 100 mg orally twice a day for 7 days or one of these alternatives: tet-
racycline 500 mg orally four times a day for 7 days, erythromycin 500 mg orally 
twice a day for 7 days, or ofloxacin 200–400 mg orally twice a day for 7 days.

11.2 Anorectal chlamydial infection

In anorectal chlamydial infection, the WHO recommends doxycycline 100 mg 
orally twice a day for 7 days over azithromycin 1 g orally as a single dose.

11.3 Chlamydial infection in pregnant women

WHO recommendations for the treatment of chlamydial infection in pregnancy 
are as follows:

• Azithromycin recommended over erythromycin,

• Azithromycin recommended over amoxicillin,

• Amoxicillin recommended over erythromycin,

• Azithromycin 1 g orally as a single dose or,

• Amoxicillin 500 mg orally three times a day for 7 days or,

• Erythromycin 500 mg orally twice a day for 7 days.

11.4 Lymphogranuloma Venereum

WHO recommendations for the treatment of lymphogranuloma venereum (LGV) 
are as follows:

• In adults and adolescents with LGV, the guidelines suggest doxycycline 100 mg 
orally twice daily for 21 days over azithromycin 1 g orally weekly for 3 weeks.
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• Good practice dictates the treatment of LGV, particularly for men who have sex 
with men and for people with HIV infection.

• When doxycycline is contraindicated, azithromycin should be provided.

• When neither treatment is available, erythromycin 500 mg orally four times a 
day for 21 days is an alternative.

• Doxycycline should not be used in pregnant women.

12. Infertility: a major complication of C. trachomatis infection

Potential factors affecting the association between chlamydia infection and 
infertility in women can be summarized in four categories; [1].

1. Host factors: Behavior, prevalence, genotype, microbiome.

2. Immunological factors: Cellular pathology, cHSP60 antibodies, suppressed im-
munity, IFN-gamma production.

3. Epidemiological factors: Age, sexual behavior, smoking, recurrent infection.

4. Pathogenic factors: Serovar, infectious burden, persistence, genotype, treatment 
failure, ability to ascend.

As stated in a review examining the sexually transmitted disease and infertility 
association, tubal factor infertility (TFI) is one of the most common causes of infertil-
ity. While it is responsible for up to 33% of female infertility cases worldwide, this 
rate is disproportionately high in developing countries. In sub-Saharan Africa, for 
example, it is more than 85%. The vast majority of TFI cases are caused by salpingitis 
and subsequent pelvic-peritoneal adhesions due to previous or persistent infections. 
Bacteria climb up the cervix along mucosal surfaces to reach the endometrium and 
eventually the fallopian tubes. This pathway manifests itself clinically as PID and it has 
a significant association with subsequent TFI. About 15% of women who have PID end 
up with TFI, and if the number of PID attacks increases, the likelihood of infertility 
also increases. However, most women with TFI do not have a clinically diagnosed PID 
history, but instead have minimally symptomatic or totally asymptomatic salpingitis 
as a result of an upper genital tract infection. Studying the effects of such infections, 
especially those without clinical PID, is necessary to explain TFI because of the mostly 
asymptomatic course of C. trachomatis. To date, evidence has shown that ascending 
C. trachomatis infection causes irreversible damage to the fallopian tubes, leading 
to obstructions and thus, infertility. Heat shock protein (HSP60) synthesized by C. 
trachomatis produces a proinflammatory immune response in the human fallopian tube 
epithelium, causing scarring and obstruction in the tube [104, 105].

In a series of sero-epidemiological studies examining antibodies to C. trachomatis 
and chlamydial hsp60 in laparoscopic or HSG-confirmed fallopian tube injury and 
ectopic pregnancies, previous C. trachomatis infection has been shown to signifi-
cantly increase tubal infertility in women, regardless of whether it presents clinical 
symptoms or not. Patients with PID are also more likely to develop infertility later 
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in the presence of a history of C. trachomatis than those without a history of chla-
mydia [106, 107].

A cohort study, involving 1250 women with demonstrated tubal patency 
undergoing fertility treatment, examined C. trachomatis seropositivity using IgG1 
and IgG3 antibody subtypes [108]. The presence of IgG3 from these two antibody 
subtypes was shown to be a strong indicator of both failure to conceive and ectopic 
pregnancy outcomes. This is because IgG3 is related to the inflammatory response 
in the early phase of the infection and its detection may indicate that either a recent 
or persistent infection has caused tube damage, although it has not yet caused tubal 
obstruction [108]. Another study of subfertile women without visible tubal pathol-
ogy found 33% lower rates of spontaneous pregnancies in the presence of chlamyd-
ial antibodies [107, 108]. Coppus et al. suggest that this decline in pregnancy rates 
may not only be related to the known chronic inflammatory response but also to the 
fact that persistent CT infection impairs implantation and embryo development due 
to the autoimmune response to human heat shock proteins [108, 109]. Therefore, 
chlamydial antibody tests are likely to continue to be an important predictor both in 
the evaluation of tubal patency and in the evaluation of ectopic pregnancy, intra-
uterine insemination failure, and embryo and pregnancy loss independent of tubal 
damage.

In another systematic review investigating the effect of CT infection on female 
infertility, a positive correlation between infection and infertility was found in 76.47% 
of the included studies [110]. The study by Menon et al., which included 239 women, 
showed that up to half of the subfertile women may have CT infection as a concomi-
tant factor [111]. den Heijer et al. also found that CT-positive women were 70% more 
likely to experience infertility [112]. Davies [113], Ramadhani [114], and Kayiira [115] 
also showed results that reinforce this relationship in different countries and popula-
tions, noting that routine chlamydia screening, along with interventions to prevent 
initial and recurrent infections, is extremely important to protect women’s long-term 
reproductive health.

Considering PID, which causes significant adhesions and severe tubal damage, it 
is easy to conclude that these anatomical causes are detrimental to fertility. However, 
there are some cases where there is no apparent damage, suggesting that some 
molecular mechanisms are also involved. Since CT is an intracellular pathogen that 
disrupts endothelial and tubal muscle structure, it is highly likely to lead to impaired 
tubal motility and endothelial cilia function. This explains the changes observed in 
the form of constrictions in the intrauterine and tubal structure after the application 
of a saline solution to the female reproductive tract during the laparoscopy procedure. 
Even if CT remains in the female reproductive organs for a short time, it facilitates 
the settlement of other microorganisms in the area, leads to changes in the structure 
of the microbiota, and affects gametes and their conjunction by antigenic stimulation 
[116, 117]. These immunological changes also explain the state of mild endometriosis 
in women who have had a preliminary CT infection; once an immunological imbal-
ance has occurred, lymphocyte activity becomes insufficient and, which leads to the 
retention of viable endometrial cells in the pelvic environment [118]. Thus, as well 
as the endometriosis, CT infection and the mechanical and biochemical damage it 
creates, induce a hostile environment for gametes in the female reproductive path-
way. A significant point here to emphasize is that as age progresses, C. trachomatis is 
eliminated from the host and can no longer be detected by PCR. Therefore, a more 
accurate approach would be using long-standing IgG-specific antibodies to detect 
past infections that may be responsible for infertility [1].
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Chapter 19

Childhood Chlamydia Infections
Hayriye Daloglu

Abstract

Chlamydia pneumoniae and Chlamydia trachomatis are significant human 
 pathogens that affect people of all ages worldwide. Chlamydia psittaci is a cause of 
zoonosis, and birds are the reservoirs. All are diseases for which there is no effective 
vaccine. C. pneumoniae is responsible for respiratory tract infections but the majority 
of recent C. pneumoniae research has focused on the persistent infections associated 
with chronic diseases and has been considered a childhood infection with potential 
adult consequences. C. trachomatis is one of the most common sexually transmitted 
diseases (STDs), and the prevalence of the infection is particularly high among young 
people and adolescents. Prepubertal infection of C. trachomatis may be a warning 
sign for probable child sexual abuse (CSA). In addition to its role in genital diseases, 
trachoma is one of the world’s leading preventable causes of blindness. C. trachomatis 
can also cause Lymphogranuloma venereum (LGV), a systemic, sexually transmitted 
disease characterized by genital ulceration and inguinal lymphadenopathy. This chap-
ter aims to provide an overview of Chlamydia infections in childhood and summarize 
the epidemiology, clinical manifestations, and treatment.

Keywords: Chlamydia infections, Chlamydia pneumonia, Chlamydia Trachomatis, 
Chlamydia Psittachi, Children

1. Introduction

Chlamydia trachomatis and Chlamydia pneumoniae are significant human  pathogens 
that affect people of all ages worldwide. Chlamydia psittaci is a cause of zoonosis, and 
birds are the reservoirs. All are diseases for which there is no effective vaccine.

All members of the family share a lipopolysaccharide antigen and use host 
resources to synthesize chlamydial protein. They also encode the major outer mem-
brane protein (MOMP or OmpA), which is surface-exposed in C. trachomatis and C. 
psittaci but not in C. pneumoniae. The MOMP is the major determinant of C. tracho-
matis and C. psittaci serologic classification [1, 2].

Chlamydiae are obligate intracellular microorganisms that have a distinct devel-
opmental cycle. Understanding this life cycle is important because it underlies the 
potential problems with laboratory diagnosis, persistent infection, and treatment.

1.1 The biology and life cycle

The chlamydial life cycle is biphasic, with two functional and morphological forms 
that alternate: infectious “elementary bodies” (EBs) and replicative, non-infectious 
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“reticulate bodies” (RB). The metabolically inactive and infectious “Elementary 
Body” (EB), which is capable of extracellular survival, binds to the surface of host 
cells via interactions between bacterial ligands and host receptors, resulting in EB 
endocytosis. The vesicles containing the EBs are referred to as “inclusion.” Because 
multiple EBs can bind to and enter the same host cell, multiple inclusions are 
formed. EBs differentiate into metabolically active RBs after internalization. RBs are 
specialized in nutrient acquisition and the expression of proteins required for energy 
synthesis. RBs replicate by binary fission within inclusion bodies, avoid lysosomes 
by modifying host cell endocytic pathways by changing or mimicking the inclusion 
membrane, and transform into EBs with the ability to infect new host cells [3]. Host 
metabolites are used in this process via interactions with multiple host cell organ-
elles. After 48–72 hours, new EBs are released by cell lysis to infect other cells while 
leaving the host cell alive. In this one-of-a-kind cycle, RBs, the organism’s intracellu-
lar form, play a role in disease persistence, while EBs infect new hosts or neighboring 
host cells [3, 4].

2. Chlamydia pneumonia

Chlamydia pneumoniae was first isolated in 1965 in Taiwan from a child’s eye in a 
trachoma vaccine study and named TW-183 because it was the 183rd isolate in the labo-
ratory. It was assumed that the isolate was a C. trachomatis serovar, but it was noticed that 
it did not share any features of C. trachomatis previously tested in laboratory or animal 
studies. After the micro-immunofluorescence (MIF) serologic test for Chlamydia was 
developed in 1972, TW-183 remained untypable [5]. These antibody studies concluded 
that TW-183 was probably not a cause of eye disease but a very common infection. 
Meanwhile, TW-183 was shown to be the probable cause of a pneumonitis outbreak in 
Finland [6]. AR-39 was the name of the isolate cultivated from the 39th student’s throat 
in a university study, with similar characteristics to TW-183 [7]. While “TW-183/AR-39-
like organisms” were continuing to be studied in respiratory tract infections, findings 
suggested that “TWAR” (as a shorthand for typing) strains were most likely a new 
human C. psittaci strain transmitted from human to human without a bird or animal 
reservoir [5]. They were shown to be responsible for 12% of pneumonia illnesses and 5% 
of bronchitis in a university outbreak over a 2.5-year period [5].

In 1989, the TWAR organism was officially announced as “Chlamydia Pneumoniae” 
as a new species by Grayston, based on distinct morphology, DNA sequence, and 
clinical disease spectrum in Chlamydiae, 50 years after Joseph E. Smadel first ques-
tioned the source of seven “psittacosis cases without known bird contact” [7].

More recently, a new taxonomic classification was proposed after genome 
sequencing, in which the genus Chlamydia pneumoniae would be replaced with a new 
genus name, Chlamydophila pneumoniae [8, 9]. Since the genus Chlamydophila would 
be composed of most veterinary chlamydiae and the proposal was not universally 
accepted, especially by the clinicians, and since both names are currently in use 
by different authors, the former, more widely recognized designation (Chlamydia 
pneumoniae), will be used in this review and will refer to Chlamydophila pneumoniae, 
biovar TWAR.

Even though C. pneumoniae is a common pathogen responsible for respiratory 
tract infections, the majority of recent C. pneumoniae research has focused on the 
pathogen’s role as a cause of persistent infections in human chronic diseases and is 
considered a childhood infection with adult consequences. C. pneumoniae has been 
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linked to a wide range of diseases, including cardiovascular disease, Alzheimer’s 
disease, arthritis, ischaemic stroke, asthma, and lung cancer [10].

2.1 Pathogenesis

Chlamydia pneumonia appears to enter the human body via the respiratory 
mucosal epithelium, and it has been shown that, after infecting lung epithelial cells 
and alveolar macrophages, they can infiltrate different cell types such as monocytes, 
macrophages, monocyte-derived dendritic cells (DCs), lymphocytes, and neutro-
phils [10]. When C. pneumonia is not eradicated, RBs, keen on hiding from the host 
immune system within inclusion bodies, can persist intracellularly for long periods of 
time and cause chronic infection. Chronically infected monocytes can spread all over 
the body via the lower respiratory tract after intranasal CP inoculation in mice [11].

2.2 Epidemiology

The mode of transmission of the bacteria in children is not well understood, but it 
is thought to be similar to other respiratory infections, and transmission occurs from 
human to human through infected respiratory tract secretions.

It is challenging to describe the epidemiology of C. pneumonia precisely. The stud-
ies published after the initial identification, during the 1990s, defined the organism 
as being associated with 6–22% of lower respiratory tract infections in children and 
adults [12–15]. After the consideration of C. pneumoniae’s long-term effects, studies 
continued with an acceleration number in various populations, with different and 
more sensitive diagnostic methods. Heterogeneity in the serological methods and 
study population (hospitalized/outpatient, ages, used criteria in the diagnosis) makes 
it difficult to compare the results.

Serological studies showed that C. pneumoniae is common, with a seroprevalence 
of over 50% among adults, indicating previous infection [16–19]. In addition, preva-
lence is relatively low in children under five to ten years (7–8%), sharply increases by 
the age of 20 (%40–55), and continues to increase gradually to rise in the elderly to 
70–80% [16, 20].

C. pneumoniae is considered to affect mostly school-aged children, and initial 
infection time peaks between 5 and 15 years of age; however, with expanding knowl-
edge, this statement may alter as well. Some studies have shown that the prevalence 
rate of infection in younger children may be similar to that in older ones. A popula-
tion-based seroepidemiological survey of students from Italy showed that 23% of the 
first graders had early exposure to C. pneumoniae infection in the community [21]. It 
seems that the age of primary infection due to C. pneumonia seems to differ due to the 
diagnostic test used. Most young children are not able to develop specific antibodies 
when culture or PCR testing is used. Colonization or possible infection in younger 
children would also be identified in the absence of a detectable antibody response.

There is no evidence of seasonality. The mean incubation period is 21 days.

2.3 Clinical presentation

Chlamydia pneumoniae infection is frequently asymptomatic or manifests with 
mild symptoms. C. pneumonia, infecting the upper respiratory epithelium in chil-
dren, can cause or contribute to acute otitis media and sinusitis, as well as protracted 
cough illnesses and community-acquired pneumonia.
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Upper respiratory tract infections caused by C. pneumoniae actually do not have a 
distinctive clinical picture, and patients may be asymptomatic, mildly, or moderately 
ill, with non-specific respiratory complaints. In general, signs and symptoms of 
respiratory infections have little value in the diagnosis of C. pneumoniae.

Clinical manifestations of the C. pneumoniae infection as upper respiratory tract 
infections were established as pharyngitis, otitis, and sinusitis, with an incidence of 
5–10% in the initial studies [7, 22]. Nasopharyngitis (46%) was the most common 
clinical presentation in school-aged respiratory infections related to C. pneumoniae, 
documented by PCR positivity [23]. In a recent study, C. pneumoniae was detected by 
PCR in 38% of children under 10 years diagnosed with an upper respiratory infection 
in Brazil [24].

“Sore throat” and “hoarseness” are particular symptoms commonly mentioned in 
the studies in which either the upper or lower respiratory tract was included [22, 23]. 
Although fever and related respiratory symptoms can be self-limited, the cough usu-
ally follows pharyngitis. The clinical progress can be biphasic and end up in atypical 
pneumonia. The infection is often associated with a persistent cough when the lower 
respiratory tract is included. C. pneumoniae was isolated in 17% of the infants with 
prolonged coughing [25]. The mean duration of cough associated with a C. pneu-
moniae infection has been reported as 25–30 days.

Clinical features of C. pneumoniae pneumonia are similar to those of other 
community-acquired pneumonia (CAP), including fever, cough, tachypnea, and 
shortness of breath. Physical examination may reveal nonexudative pharyngitis, 
pulmonary rales, and bronchospasm. It is not feasible to distinguish the causative 
agent according to clinical or routine laboratory tests [26, 27]. Chest radiograph find-
ings generally are nonspecific and include patchy subsegmental infiltration, bilateral 
infiltrates, segmental and lobar consolidation, and even pleural effusion [27–30].

Data gained from the epidemics painted a clinical picture of mild but long-lasting 
pneumonia in previously healthy young adults [6]. With our expanding knowledge, 
it seems that the course of the disease may vary with the patient’s age, the presence of 
co-pathogens, or the existence of comorbidities. Severe and life-threatening infec-
tions have been reported [31]. Coinfection with other pathogens is possible and may 
affect clinical presentation [32].

C. pneumoniae can manifest as severe community-acquired pneumonia in immu-
nocompromised hosts and has been associated with the onset or acute exacerbation 
of respiratory symptoms in patients with asthma, cystic fibrosis, and acute chest 
syndrome in children with sickle cell disease; rare cases of meningoencephalitis and 
myocarditis have also been attributed to the pathogen [33].

2.4 Diagnosis

The micro immunofluorescent (MIF) antibody test is the most sensitive and 
specific serologic test for acute infections, but it cannot be used to make an instant 
diagnosis. A fourfold increase in IgG levels in acute and convalescent sera is diag-
nostic. IgM titers greater than 1:16 are indicative of acute infection. IgM increases 
1–2 weeks after the onset of primary infection, but not upon reinfection. It should be 
considered that early antibiotic treatment may suppress the antibody response.

NAATs, such as real-time polymerase chain reaction (PCR) assays, can detect 
the organism on nasopharyngeal swabs, bronchoalveolar lavages, and sputum 
samples with high sensitivity and specificity and are useful for rapid and accurate 
diagnosis [33]. C. pneumoniae can be isolated from swab specimens, sputum, 
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bronchoalveolar lavage, and tissue biopsy specimens, but the organism is relatively 
hard to culture.

2.5 Treatment

Chlamydia pneumoniae appears sensitive to tetracyclines, macrolides, ketolides, and 
the majority of fluoroquinolones (e.g., levofloxacin and moxifloxacin but not cipro-
floxacin). A total of 70–90% of children with C. pneumoniae pneumonia eradicate the 
organism from the nasopharynx after a 10-day course of erythromycin, clarithromycin, 
or a 5-day course of azithromycin [26, 34, 35]. When tetracycline or doxycycline is 
prescribed, typical treatment regimens consist of 14–21 days: 14 days for erythromycin, 
7–14 days for fluoroquinolones or clarithromycin, and 5 days for azithromycin.

Clinical improvement occurs in a high proportion of children even if they are 
untreated or given beta-lactam antibiotics which are thought to be ineffective [36]. 
On the other hand, despite 10–30 days of appropriate treatment, ongoing isolation of 
the organism persists in some patients [37].

3. Chlamydia Trachomatis

C. trachomatis is the most prevalent sexually transmitted bacterium in the world 
[38]. It is a significant public health concern [39].

Although chlamydia typically affects sexually active adolescents or adults, this 
infection can also be transmitted vertically during delivery from their infected 
mothers.

Prepubertal infection of C. trachomatis may be a sign of probable child sexual 
abuse (CSA), necessitating a multidisciplinary thorough investigation.

In addition to its role in genital diseases and associated perinatal infections, 
trachoma is one of the world’s leading preventable causes of blindness. C. trachomatis 
can also cause Lymphogranuloma venereum (LGV), a systemic, sexually transmitted 
disease characterized by genital ulceration and inguinal lymphadenopathy.

3.1 Classification

C. trachomatis encodes an abundant surface-exposed protein known as the 
major outer membrane protein (MOMP or OmpA), which is the primary deter-
minant of serologic classification. Based on antigenic variation in the major OMPs 
(serovars) and clinical expression, C. trachomatis is subdivided into subgroups. 
Microimmunofluorescence and monoclonal antibody testing have revealed that there 
are over 18 serovars of C. trachomatis classified under three biovars [4].

In developing nations, the trachoma biovar (serovars A–C) is the leading cause of 
non-congenital blindness, whereas the genital tract biovar (serovars D–K) is the most 
common sexually transmitted bacterium, each of which is associated with a distinct 
clinical presentation [1, 3] Serovars A, B, Ba, and C cause trachoma; serovars B, Da, 
Ga, Ia, and D-K cause oculogenital and neonatal disease; and serovars L1, L2, L2a, 
and L3 cause lymphogranuloma venereum (LGV).

3.2 Pathogenesis

The major symptoms of C. trachomatis infection are not due to direct pathogen 
activity but rather to the host’s immune response to infection. LGV serovars can 
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proliferate in lymph nodes and macrophages, whereas other types of C. trachomatis 
can only replicate in mucosal epithelial cells. After 7–21 days (on average, 10 days), 
various clinical symptoms manifest due to tissue degradation or the host’s inflam-
matory response. Neutrophil infiltration distinguishes the initial stages of the 
primary infection. Although lymphocytes and plasma cells contribute to the initial 
response, they also play a role in the resolution of the infection [40, 41]. Plasma cells 
predominate in ocular and genital tract infections [42, 43], whereas eosinophils and 
neutrophils predominate in neonatal pneumonia [44]. Chlamydial infections can be 
self-limiting and asymptomatic or infections can be persistent for months or years, 
it is assumed that the host will develop some form of a protective immune response 
[45–47]. However, natural C. trachomatis infection is insufficient to prevent reinfec-
tion. Since the majority of chlamydial infections of the genital tract are asymptom-
atic, the risk of chronic, untreated infections is high.

3.3 Epidemiology

Different strains of C. trachomatis infect either the mucosa of the genital 
tract or the eye. In endemic regions, primarily in Africa and the Middle East, C. 
trachomatis causes trachoma, the leading preventable cause of blindness glob-
ally. Approximately 136 million people reside in trachoma-endemic areas in 
44  countries [48].

C. trachomatis is the most common bacterial cause of sexually transmitted infec-
tions (STIs) worldwide. According to the World Health Organization’s (WHO) global 
surveillance of STIs in 2018, the global estimate of new CT cases in 2016 was 127 mil-
lion [49]. Genital Chlamydia infections are asymptomatic in 61% of women and 68% 
of men; consequently, they are frequently misdiagnosed and untreated, resulting in 
transmission to others.

The most strongly associated sociodemographic factor with chlamydial infection is 
young age (<20 years). C. trachomatis was found in 6.5% of high school students, with 
rates among girls being more than double those of boys (4.0% versus 9.7%), and rates 
of infection increased with age [50]. In a study of over 3000 sexually active middle-
school-aged female adolescents, 29% of them had at least 1 positive test result, and 
the highest age-specific prevalence rate (28%) was found in 14-year-old females [51]. 
The prevalence of CT infection was 11.5% among adolescents and 6.2% among young 
adult women.

3.4 Clinical presentations of C. trachomatis in children

C. trachomatis infects non-ciliated squamocolumnar or transitional epithelial cells 
that are susceptible (e.g., mucous membranes of the conjunctivae, posterior naso-
pharynx, urethra, endocervix, and rectum).

3.4.1 Perinatal infection

Typically, a newborn acquires an infection while passing through an infected birth 
canal, but it is known that transmission via cesarean delivery is possible, whether or 
not the membranes rupture prematurely. The prevalence of C. trachomatis infection 
in pregnant women varies depending on the population studied, ranging from 2 to 
20% [52–54]. As in the general population, young women, particularly adolescents, 
had the highest prevalence of infection during pregnancy. In a British study of 1216 
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pregnant women, the overall CT infection prevalence was 2.4%, but it increased to 
8.6% under the age of 25 years and 14.3% in the adolescent group [55]. Another study 
found that 18% of 203 pregnant adolescents had C. trachomatis infection in the third 
trimester of pregnancy [56].

The conclusion of many studies done in the 1980s was that maternal carriage 
of C. trachomatis is associated with a high incidence of clinical illness in infants. 
Prospective studies of infants born to mothers with chlamydial infection of the cervix 
have revealed a 50–75% risk of C. trachomatis acquisition in at least one anatomic site, 
including the conjunctiva, nasopharynx, rectum, and vagina [57]. Infants exposed to 
untreated C. trachomatis are estimated to have a 20–50% risk of conjunctivitis and a 
5–20% risk of pneumonia [57–59]. In a recent Chinese study, the vertical transmission 
rate was determined to be 67% after vaginal delivery and 8% after a cesarean section 
[60]. Symptomatic chlamydia appears in infants mostly between the ages of 4 and 
5 weeks, with a range of 2–20 weeks [56, 61].

3.4.1.1 Inclusion conjunctivitis

C. trachomatis has been reported to be the most prevalent cause of ophthalmia 
neonatorum in many countries and neonatal conjunctivitis is the primary clinical 
manifestation of chlamydial infection in neonates [62–64]. The findings of studies 
conducted in various countries clearly show that the distribution of key etiological 
agents of newborn conjunctivitis corresponds to the real prevalence of STI infections 
among pregnant women.

Ocular findings start usually between 5 and 14 days postpartum, although they 
can occur earlier if a premature membrane rupture is present. Mucopurulent dis-
charge (95%), swelling of the eyelids (73%), and conjunctival erythema (65%) are 
the defined symptoms [65]. The vast majority of cases resolve spontaneously, but 
conjunctivitis can be long-lasting and severe; in the condition of severe inflamma-
tion, a pseudomembrane formation develops as a result of large exudates adhering 
to the conjunctivae. Conjunctivae may bleed during the examination or sampling. 
Corneal ulceration, scarring, and pannus formation are uncommon; and recovery 
without visual impairment is expected. Bloodstained eye discharge was found to 
have high specificity and positive predictive value for chlamydial conjunctivitis in 
a retrospective study of 90 infants from Hong Kong with chlamydial conjunctivitis 
[66]. At least 50% of infants with chlamydial conjunctivitis also have a nasopha-
ryngeal infection, and 50% of the pneumonia cases have evidence of previous 
 conjunctivitis [56, 67].

Neonatal prophylaxis with antibiotic-containing ointments has no effect on the 
incidence of chlamydial conjunctivitis or the development of nasopharyngeal carriage 
and pneumonia [68, 69].

Differential diagnosis of gonococcal and other pyogenic conjunctivitis is not 
possible based on clinical findings, but ophthalmia neonatorum due to gonococcal 
infection usually begins earlier (postnatal 3–5 days).

3.4.1.2 Neonatal pneumonia

The importance of C trachomatis as a causal pathogen for respiratory illness in 
young infants is well documented in the literature [62]. C. trachomatis seems the 
etiological agent of 7–30% of the hospitalized pneumonia cases before 6 months of 
age [70–74].
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Clinical manifestations of chlamydial pneumonia typically appear between the ages 
of 3 and 12 weeks. The majority of the infants are only mildly ill and afebrile. Nasal 
obstruction and staccato cough worsen over one or more weeks. Tachypnea and rallies are 
found on physical examination, but wheezing is uncommon. An X-ray of the chest will 
usually show hyper aeration as well as bilateral interstitial infiltration. Peripheral eosino-
philia (>400 cells/mm3) is a distinctive laboratory finding but the total white cell number 
is usually normal [73, 75]. Concomitant or history of conjunctivitis is present in 30–50% 
of cases. The absence of fever and significant wheezing may be useful in the differential 
diagnosis of RSV infection, which is the most common pathogen in this age group.

Infected preterm neonates, may present differently. They can be symptomatic as early 
as 48 hours after birth, manifesting as idiopathic respiratory distress syndrome, which 
improved initially but was complicated by apneic spells and feeding difficulties [76]. 
Severe infections causing respiratory failure are also defined in the literature [77–79].

3.4.1.3 Infections at other sites

It is possible to detect asymptomatic rectal or vaginal C. trachomatis in 14% of 
neonates born to women with chlamydial infection, which can persist for 18 months 
[80, 81]. The presence of C. trachomatis in the genital tract can complicate the evalua-
tion of probable sexual abuse and necessitates a thorough investigation [81].

3.4.2 Infections in older children

No specific clinical syndrome has been associated with C. trachomatis in older 
infants and children. The majority of focus on C. trachomatis infection in these chil-
dren has centered on its association with child sexual abuse. As mentioned previously, 
perinatal maternal–infant transmission resulting in vaginal and/or rectal infection 
has been documented with up to three years of prolonged infection.

If C. trachomatis established in a prepubertal child from a rectal or genital site, 
sexual abuse must always be considered and a detailed multidisciplinary assessment 
of sexual abuse should be performed [82]. There is no evidence in the literature about 
the transmission of this organism without sexual activity such as via fomites.

3.4.3 Infections in adolescents

3.4.3.1 Oculogenital infections

Half of the approximately 20 million new sexually transmitted infections (STIs) 
diagnosed annually in the USA affect those aged 15–24 and both male and female STI 
rates are on the rise, with the majority of this increase occurring among adolescents 
[83]. It is estimated that one in four sexually active adolescent girls have a sexually 
transmitted infection, most commonly C. trachomatis (CT) and human papillomavi-
rus (HPV) [84].

From a behavioral and biological point of view, adolescents are presumed to 
engage in high-risk sexual behavior, such as having multiple partners or not using a 
condom. And due to the biological factors, it is known that adolescent females are sus-
ceptible to sexually transmitted diseases due to cervical ectopy, and lower production 
of cervical mucous. Studies indicate that C. trachomatis infection is more prevalent 
in patients with cervical ectopy, which is more common in adolescents [85, 86]. In 
addition, most C. trachomatis infection is asymptomatic and adolescents are less likely 
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than adults to apply for sexual health services and have STD screening. Healthcare 
professionals usually do not feel confident about questioning adolescents and young 
adults about their sexual behaviors, assessing for STI risks, and screening for STIs. 
These factors contribute to creating an ongoing reservoir for infection and a lower 
chance of diagnosis and treatment.

Females infected with Chlamydia may develop cervicitis, urethritis, and proctitis, 
and males may exhibit urethritis, proctitis, and epididymitis as manifestations. In the 
majority of cases, heterosexual transmission accounts for a high rate. Since the major-
ity of chlamydia infections, including non-genital infections, are asymptomatic, 
routine screening of at-risk populations is recommended for preventing transmission 
to sexual partners and preventing complications of untreated infections. A total of 
82 Colombian women were followed for five years using serotyping and polymerase 
chain reaction (PCR) on cervical-scrap samples; it was stated that untreated, 
approximately 46% of infections were persistent at one year, 18% at two years, and 
6% at four years, and manifesting symptoms were dysuria/pyuria syndrome, vaginal 
discharge, intermittent bleeding, and moderate abdominal pain [47]. Besides, they 
noticed that C. trachomatis can cause vaginitis in adolescence but not in adults; the 
squamous epithelium of the adult vagina is not vulnerable, and vaginal discharge is 
generally indicative of endocervical infection.

In women who do not get treatment, an ascending acute urogenital infection can 
cause severe, long-lasting pelvic inflammation. This can show up as endometritis, 
salpingitis, PID, chronic pelvic pain, etc., and it can damage the tubes, which can lead 
to infertility and ectopic pregnancy. The spectrum of PID associated with C. tracho-
matis infection extends from asymptomatic to a severe, acute disease characterized by 
perihepatitis and ascites (Fitz-Hugh–Curtis syndrome). It has been discovered that 
chlamydia screening reduces the incidence of PID [87].

In the USA, a national cross-sectional prospective cohort found that 95% of C. 
trachomatis-infected people had no symptoms. The most common symptoms among 
infected males were urethral discharge (3%) and dysuria (2%), while the most com-
mon symptoms among infected females were vaginal discharge (0.3%) and dysuria 
(4%). And seropositivity was only in 1% of vaginal discharges [88, 89]. A total of 
38% of males reporting urethral discharge and 6% of females reporting dysuria were 
found to be positive for C. trachomatis.

Epididymitis, reactive arthritis (including Reiter syndrome), and transmission to 
females are the primary complications of chlamydial urethritis in men.

Although asymptomatic rectal and nasopharyngeal carriage of C. trachomatis can 
occur in both infants and adults, C. trachomatis is also reported as a cause of proctitis 
[90, 91].

Inclusion conjunctivitis is an extra-genital manifestation of this STD in both sexes 
that results from oto-inoculation of the eyes with contaminated genital secretion, 
typically as acute follicular conjunctivitis. The symptoms are usually a sensation of a 
foreign body in the eye. In most cases, the infection resolves without complications; 
however, if left untreated, it can persist for months and cause damage.

3.4.3.2 Lymphogranuloma Venereum

LGV is a STI caused by the L1 to L3 C. trachomatis serovars.

The bubonic form of the disease is endemic to tropical and subtropical regions. 
Classically, LGV starts with a small papule or ulcer and days to weeks after 
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the primary lesion resolves spontaneously, unilateral inguinal lymphadenitis, 
and hemorrhagic proctitis develop. Systemic symptoms may accompany it, 
including fever, myalgia, and headache. Approximately one-third of inguinal 
buboes drain, and the rest involute slowly. Due to the persistence of chlamydia 
in anogenital tissues, a small proportion of patients with LGV develop a chronic 
inflammatory response with fibrosis, which can lead to chronic genital ulcers or 
fistulas, rectal strictures, or genital elephantiasis.

3.4.4 Trachoma

Trachoma remains one of the world’s primary causes of blindness; approxi-
mately 30% of children in a holoendemic region are at risk of blindness due to 
severe trachoma [47]. Both pannus formation and progressive disease with scarring 
are thought to be the result of a long-term cycle of active infection and healing over 
the years.

In areas where trachoma is endemic, infections occur early in life and the 
disease remains active for several years. Poor hygiene and the presence 
of eye-seeking insects increase the likelihood of transmission. Inclusion 
conjunctivitis’ characteristic chronic follicular conjunctivitis first appears, 
then the conjunctivae become more intensely inflamed, and finally, the tarsal 
conjunctiva fibrosis occurs. Trichiasis (turning of the eyelashes) frequently 
develops following extensive scarring of the inner surface of the lids. This 
causes additional corneal ulceration, fibrosis, opacification, and vision loss. 
Young adolescents with active trachoma can have C. trachomatis isolated from 
conjunctival scrapings and nasopharyngeal cultures.

3.5 Diagnosis

NAATs such as PCR assays are the guideline-recommended method for pathogen 
identification in acute urethritis [92]. First-catch urine or a urethral swab specimen 
can be used. NAATs also have more sensitivity and specificity than culture in naso-
pharyngeal and rectal infections both in males and females [93–96]. For urogenital 
infections in females, NAATs are the most sensitive tests as well and are recommended 
for laboratory diagnosis.

Both cell culture and nonculture assays are sensitive and specific diagnostic 
techniques such as direct fluorescent antibody tests (DFA) and NAAT, in the diagnosis 
of neonatal chlamydial conjunctivitis [97, 98]. Because eye discharge alone is not suf-
ficient, conjunctival cells are required, and the specimen should be obtained from the 
everted eyelid using a dacron-tipped swab.

For chlamydial infant pneumonia, cell culture is the definitive standard diagnostic 
test. Specimens collected from the posterior nasopharynx are recommended or 
tracheal aspirates and lung biopsy specimens if collected. Chlamydia culture in 
tissue culture is a sensitive and specific method for detecting neonatal chlamydial 
infections; however, it is time-consuming and costly and has been largely replaced 
by NAATs. DFA or NAATs can be used in the same specimens but have lower sensitiv-
ity and specificity than culture. Microimmunofluorescent (MIF) serum titer of C 
trachomatis-specific immunoglobulin Ig M > 1:32 is diagnostic.
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Only molecular testing that is specific to LGV can provide a definitive diagnosis of 
LGV (for example, PCR-based genotyping).

Trachoma of the eye is typically diagnosed clinically in countries where the disease 
is endemic.

When concerning possible sexual child abuse, it is preferred the child be referred 
for complete evaluation and management to an experienced/specialized pediatrician, 
clinic, or child advocacy center, with a prompt examination for other SDIs as well. If 
sexual abuse is suspected, appropriate social service and law enforcement agencies 
must be contacted to evaluate the situation, ensure the child or adolescent’s safety, 
and provide appropriate counseling.

3.6 Treatment

Because the elementary body is metabolically inactive, the treatment should target 
the intracellular form of the organism and have strong intracellular penetration. And, 
given CT’s 36–48-hour intracellular formation cycle, a long therapeutic duration or a 
long half-life antibiotic should be chosen to assure appropriate levels of the antibiotic.

To prevent C. trachomatis infection-related complications, decrease the risk of 
transmission to sex partners and newborns in pregnant individuals, resolve the 
symptoms, eradicate the microorganism, and prevent re-infection, screening and 
treating adolescents and young people are recommended. After starting doxycycline 
or azithromycin, clinical improvement is achieved in 83–86% of symptomatic patients 
with cervicitis and urethritis [98]. By the way, because most of the patients are 
asymptomatic, microbial eradication should be targeted.

Inclusion conjunctivitis or Pneumonia of infancy: Erythromycin (50 mg/kg/day in 
4 doses) for 10–14 days or Azithromycin (10 mg/kg/day) for 5 days [33]. Empiric 
antibiotic treatment is recommended for neonatal pneumonia till to diagnostic results 
are available, but not for conjunctivitis [98].

Genital infections in adolescents: CT is shown to be susceptible to tetracyclines, 
macrolides, and some of fluoroquinolones [99]. Although amoxicillin is effective, 
penicillins are accused of easing the in vitro persistence of the microorganism [100].

If laboratory diagnosis is not possible, symptomatic patients with cervicitis, 
urethritis, epidydymithis, or acute prostatitis who have had recent known or possible 
sexual exposure can be offered empiric treatment for CT.

Doxycycline is given as 100 mg twice daily for seven days, or single-dose 1 gram 
azithromycin is recommended by the CDC in the treatment of genital chlamydia 
infections [83].

Although doxycycline seems microbiologically more effective than azitromycin, 
especially in rectal infections [101–103], azitromycin has the advantage of better 
adherence to treatment with a single dose. Levofloxacin and ofloxacin are the alterna-
tive antibiotics recommended.

4. Chlamydia psittachi infections

Chlamydophila psittaci can cause systemic infection and pneumonia, often called 
psittacosis or ornithosis The pathogen Chlamydophila psittaci can cause systemic infec-
tions and pneumonia, often called psittacosis or ornithosis. Previously, it was classified 
under the genus of Chlamydia but now it is grouped with C. pneumoniae and some other 
veterinary species in the genus Chlamydophila of the family Chlamydiaceae [4].
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4.1 Epidemiology

Psittacosis is responsible for 1% of incident cases of CAP, according to a 
recent meta-analysis [104]. From 1990 to 2008, the Centers for Disease Control 
and Prevention (CDC) received 756 reports of psittacosis, of which 9% involved 
individuals younger than 20 years old [105]. It is not a well-recognized disease by 
clinicians, there are difficulties in the diagnosis of infection and may be due to 
underreporting, it is thought that this may not be reflecting the actual number 
of cases. It is not a well-recognized disease by clinicians, there are difficulties in 
diagnosing infection, and because of underreporting, this may not reflect the actual 
number of cases.

C. psittaci is transmitted through the inhalation of aerosols containing respira-
tory tract secretions, eye secretions, urine, or feces from infected birds. Even limited 
exposure to infected birds or their droppings can cause illness. Most reported cases of 
psittacosis have been linked to exposure to domestic birds. Since C. psittaci is resistant 
to drying and can remain infectious for months in the environment, avian exposure 
may not be reported in some cases.

4.2 Clinical manifestations

Psittacosis classically causes “atypical” pneumonia. Disease presentations can 
range from minor influenza-like symptoms to severe systemic diseases. The incuba-
tion period is typically between 5 and 14 days, but symptoms can appear up to one 
month after exposure. It is impossible to make a differential diagnosis according to 
clinical features compared to other pathogens of community-acquired pneumonia 
[106]. Psittacosis should be considered in any child with pneumonia who has had 
close contact with birds.

4.3 Diagnosis

Historically, the diagnosis of C. psittaci disease was based on clinical presenta-
tion and a positive microimmunofluorescence (MIF) with paired sera serologic test 
results. Despite the fact that the MIF test is generally more sensitive and specific 
than complement fixation (CF) assays, MIF still exhibits cross-reactivity with other 
Chlamydia species in some cases. NAATs and PCR tests are currently accessible only 
in specialized laboratories [107].

4.4 Treatment

Doxycycline, erythromycin, and azithromycin are the drugs recommended for 
treatment.
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Chapter 20

Chlamydia pneumoniae  
and Childhood Asthma
Hayriye Daloglu

Abstract

Asthma is the most common chronic disease in childhood and it is a major global 
health problem. Asthma is characterized by chronic airway inflammation and the 
pathogenetic mechanisms leading to asthma are likely to be diverse, and influenced by 
multiple genetic polymorphisms as well as environmental factors, including respira-
tory tract infections. Chlamydia pneumoniae is a human pathogen belonging to the 
Chlamydiae family. Since its recognition in 1989, C. pneumoniae has been extensively 
studied for its role as a widespread respiratory pathogen and its potential conse-
quences in both children and adults. Its ability to evade the human immune system, 
biphasic development cycle, and capacity to spread throughout the host has made 
it a suspect in many chronic inflammatory diseases, including asthma. Chlamydia 
pneumonia is of particular interest among the various infections associated with new-
onset asthma, asthma severity, and treatment resistance.

Keywords: Chlamydia pneumoniae, asthma, childhood asthma, infection-related 
asthma, severe asthma

1. Introduction

Since its recognition in 1989, Chlamydia pneumoniae has been extensively studied 
for its role as a widespread respiratory pathogen and its potential consequences for 
both children and adults. Its ability to evade the human immune system, biphasic 
development cycle, and capacity to spread throughout the host has made it a suspect 
in many chronic inflammatory diseases, including asthma.

Asthma is the most common chronic disease in childhood [1] and it is a major global 
health problem, affecting an estimated 300 million people of all ages worldwide [2].

Asthma is characterized by chronic airway inflammation. The pathogenetic 
mechanisms leading to asthma are likely to be diverse and influenced by multiple 
genetic polymorphisms as well as environmental factors, including respiratory tract 
infections. Chlamydia pneumonia is of particular interest among the various infec-
tions associated with new-onset asthma, asthma severity, and treatment resistance. 
This chapter aims to provide an overview of the association between Chlamydia 
pneumonia and childhood asthma and to summarize the most recent evidence on 
this topic.
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1.1 Asthma

Asthma is an umbrella term for heterogeneous diseases with similar clinical mani-
festations, but different underlying pathophysiological mechanisms and prognoses. 
The Global Initiative for Asthma (GINA) defines asthma as “the history of respiratory 
symptoms such as wheeze, shortness of breath, chest tightness, and cough that vary 
over time and in intensity, together with variable expiratory airflow limitation” [1]. 
These symptoms can be triggered by respiratory irritants, exercise, respiratory infec-
tions, and exposure to allergens in susceptible individuals.

Asthma symptoms and airflow limitation may resolve with or without treatment, 
and patients may remain asymptomatic for weeks or months. While many patients 
with classic asthma symptoms respond well to conventional treatments, some do not. 
These cases may be related to different underlying mechanisms.

1.2 Asthma phenotypes

Asthma phenotypes define clinically observable characteristics and are classified 
according to different elements (e.g., the age of onset, triggers, comorbidities, etc.). 
Besides, asthma endotypes define the underlying biological mechanisms making the 
clinical characteristics. Detailing the differences in the phenotypes and pathologi-
cal or molecular characteristics of the content of the inflammation are trying to be 
explained by genotypes [3–5].

In order to achieve a more personalized medicine, especially for those with severe, 
treatment-resistant asthma, it seems future research will target classifying phenotypes 
based on endotypes (pathophysiological mechanisms) and the biomarkers associated 
with them. Additionally, exploring the etiology and mechanisms of the disease would 
help to more accurately predict the persistence of childhood asthma and its prognosis.

Several key elements, such as the age of onset, triggering factors, characteristics 
of symptoms, and biomarkers, have been taken into consideration when determining 
phenotypes of asthma [6].

Phenotypes by age of onset: This group consists of patients who were diagnosed with 
asthma at the age of 12 or older, with no definite upper age limit [7]. Typically, this 
group consists of adults, particularly women, who exhibit asthma that requires high 
doses of inhaled corticosteroids or is relatively resistant to corticosteroids [8].

Phenotypes by biomarkers: Asthma phenotyping can be conducted on biomarkers 
found in bronchial biopsy specimens, induced sputum, and peripheral blood, such 
as eosinophils and neutrophils (and the associated cytokines) that are involved in the 
Th-2 and non-Th-2 pathways, respectively [5, 9, 10].

A. Type 2 asthma can be further divided into two subtypes: allergic asthma and 
eosinophilic asthma [11]. (a) Allergic asthma is typically seen in children and is 
characterized by a history of eczema, allergic rhinitis, or food-drug allergies. This 
phenotype usually responds well to inhaled corticosteroids. (b) Eosinophilic asthma is 
identified when a patient’s blood eosinophil count is >150/μl, and the eosinophil rate 
is higher than 2% in the sputum. Features of this phenotype include high eosinophil 
count, increased asthma severity, late-onset, and steroid resistance.

B. Non-Type 2 asthma refers to a group of patients who do not exhibit biomarkers 
of type-2 inflammation, such as epidermal prick test-compatible allergic comorbidities 
or eosinophils in blood/sputum. Their airway inflammation is either neutrophilic or 
paucigranulocytic (with few inflammatory cells). This non-allergic asthma group does 
not respond well to inhaled corticosteroid treatment. Neutrophil-derived inflammation, 



351

Chlamydia pneumoniae and Childhood Asthma
DOI: http://dx.doi.org/10.5772/intechopen.111711

which may be associated with disorganized airway microbiota, appears to be linked to the 
most severe forms of asthma, typically seen in very young children and teenagers [12].

Asthma severity and asthma control were often used interchangeably. Today, 
asthma severity is evaluated retrospectively and defined as a condition where high 
doses and/or multiple medications are required to control the disease. Uncontrolled/
difficult asthma is now considered a condition where symptoms persist despite treat-
ment, and patients experience frequent exacerbations or attacks [2, 6, 13, 14].

2. Asthma treatment

The goal of asthma treatment is to achieve daily symptom relief, reduce the risk 
of future exacerbations, and keep medication use within safe limits in terms of side 
effects. Asthma treatments fall into three categories: controller drugs (such as inhaled 
corticosteroids and leukotriene antagonists), symptom-relief/rescue medications 
(such as fast-acting bronchodilators and inhaled/systemic corticosteroids), and 
additional therapies (such as long-acting inhaled anticholinergics, low-dose cortico-
steroids, biologic agents, and immunotherapy) that are utilized when the patient’s 
symptoms remain unchanged despite the use of high-dose controller drugs in settings 
where the risk factors are controlled [6]. The role of macrolides in the treatment of 
asthma has been a topic of interest for decades. The use of these medications will be 
discussed in more detail later in this chapter.

2.1 Childhood asthma

Asthma is the most common chronic disease in children, with a current preva-
lence ranging from 6–9% [15]. Preschool-aged children are particularly susceptible 
to symptoms similar to those of asthma, such as acute bronchiolitis and wheezing, 
making it crucial to predict if they will eventually develop asthma. Follow-up stud-
ies have revealed that remission of the disease is possible during adolescence, with 
rates varying from 15 to 64% [16]. Individuals with a milder onset and lower allergic 
susceptibility have a higher probability of remission [6].

Allergic asthma is the most common phenotype in childhood and is characterized 
by a history of atopic dermatitis, allergic rhinitis, food allergies, and IgE mediation. 
Eosinophilic infiltration marks airway inflammation in these patients. Nonallergic 
asthma is the second most common phenotype, which is marked by neutrophilic 
inflammation and lacks an atopic component [17].

Research suggests that multiple genetic and environmental factors interact to influ-
ence clinical manifestation, bronchial hyperresponsiveness, and the presence of atopy. 
It is now acknowledged that asthma has an integral relationship with the immune 
system. Atopy and asthma are related, although it is not a direct correlation since not all 
atopic people develop asthma, and not all asthmatics have detectable allergic sensitivity. 
Increased levels of IgE, the release of allergens from mast cells, the growth of eosinophils 
in the lungs, inflammation in the airways, and an imbalance of Th1 and Th2 responses 
indicate that a dysregulated immune system contributes to the development of asthma.

2.2 Asthma and hygiene hypothesis

Epidemiological studies have provided evidence for a rise in asthma and allergic 
illnesses in industrialized countries over recent decades, leading to the development 
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of the “hygiene hypothesis.” This hypothesis proposes that a lack of early childhood 
exposure to infectious agents, symbiotic microorganisms (e.g., probiotics), and 
parasites increases susceptibility to allergic diseases by altering the immune system. 
Evidence suggests that populations with greater exposure to infectious agents, such 
as in developing countries or families with more children, have a lower prevalence of 
allergic diseases. It is thought that decreased exposure to the microbial environment 
in more developed countries results in an immune system that is more likely to elicit 
allergic responses, rather than the protective immune responses that exposure to these 
organisms could elicit.

However, recent studies have suggested that the hygiene hypothesis may not be 
applicable to asthma, but instead, asthma may be connected to infections experienced 
during the life cycle [18–20]. The immune response generated from these infections is 
dependent on the route, duration, dose, and a person’s genetic makeup [21].

2.3 The microbiome of the airway

Recent studies have suggested that the “microbiome of the respiratory tract” may 
play a role in the development of asthma [22]. This is supported by two studies that 
revealed notable variations between the quantity and variety of microbial populations 
in healthy individuals and asthmatics [23, 24]. Microbiomes, also known as micro-
bial flora, are generally not considered to be a threat to human health since they are 
usually present in the lungs and other small environments in the body. However, as 
our understanding of these organisms and their effects on diseases such as atopy and 
asthma increases, their impact should be taken into account.

Research into the microbiome of the gut has established that the airways also con-
tain a typical flora, with varying numbers, diversity, and distribution of prokaryotic 
species. Early research into this new field has suggested that various types of bacteria 
that are present in increased numbers in asthmatic airways may be contributing to 
the chronic airway inflammation and hyperreactivity that characterize asthma. A 
study with a relatively small sample size found that treatment with clarithromycin 
improved patients with increased bacterial populations and diversity [23].

Moreover, the microbial populations of the gastrointestinal tract are also being 
studied, and early antibiotic exposure has been linked to the development of atopy 
and asthma by altering the gastrointestinal tract flora [25–27]. The significance of 
these differences is yet to be fully determined.

2.4 Asthma and infection

For more than 20 years, researchers have been investigating whether asthma is 
an infectious disease, but a definitive answer has yet to be found [28]. Investigating 
the origins of asthma is challenging because it is difficult to collect samples from the 
lungs of children. It is now believed that a combination of genetic mutations and 
environmental conditions is responsible for the various pathways of asthma, mak-
ing it a syndrome with a typical clinical presentation but with a myriad of potential 
pathogenic mechanisms.

Recent research suggests that the prolonged presence of certain microorganisms 
in the bronchi may be linked to the development of asthma. Acute viral infections 
are well-known triggers of asthma exacerbations in both adults and children. In 
contrast, little is known about the role of chronic infections in the pathogenesis of 
the disease itself.
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Asthma can be caused by a variety of factors, including atopy, respiratory infec-
tions, genetic predisposition, and a Th2-biased immune response. Polymorphisms in 
host defense genes can also influence the host’s innate immune response. The effect 
of infectious agents on asthma can vary depending on the type of asthma, such as 
childhood- or adult-onset, atopic or nonatopic, and neutrophilic, eosinophilic, or 
paucigranulocytic leukocyte airway predominance.

Numerous studies suggest that early-life lower respiratory tract infections, espe-
cially those caused by viruses such as Rhinoviruses (RV) and Respiratory Syncytial 
Virus (RSV), are linked to an increased risk of school-age asthma [29]. Additionally, 
atypical bacteria, such as Mycoplasma pneumoniae and C. pneumoniae, may also con-
tribute to persistent infections and be involved in the development of asthma [30–33]. 
Of particular interest is the role of C. pneumoniae, an obligate intracellular respiratory 
pathogen, in both asthma severity and treatment resistance [34].

3. C. pneumoniae: a pathogen causing more than pneumoniae

C. pneumoniae is a widespread cause of infection, with an estimated seropreva-
lence of over 50% among adults in many countries [35–37]. However, the prevalence 
is relatively low in children under 5 to 10 years old (7–8%), but it sharply increases to 
40–55% in those aged 20 and continues to increase gradually, reaching 70–80% in the 
elderly [38, 39].

In 1989, Grayston identified C. pneumoniae as a novel species based on its distinct mor-
phology, DNA sequence, and associated clinical disease spectrum within the Chlamydiae 
family [40]. Subsequently, C. pneumoniae has been linked to 6–22% of upper and lower 
respiratory tract infections, including pharyngitis, laryngitis, sinusitis, bronchitis, and 
pneumonia, in both children and adults [41–43]. This obligatory intracellular pathogen 
has been associated with an extensive range of conditions, such as cardiovascular disease, 
Alzheimer’s disease, arthritis, lung cancer, diabetes, and asthma [44].

3.1 Biology and developmental cycle

C. pneumoniae is a human pathogen belonging to the Chlamydiae family. Its devel-
opmental cycle is complex and involves alternating between an infectious, extracellular 
elementary body, and a noninfectious, intracellular reticulate body. These two forms 
exist in a membrane-bound compartment called an inclusion, located inside a mucosal 
cell. After multiple replications, the reticulate body returns to the elementary body form 
and is released from the host cell, enabling it to infect nearby cells. This life cycle plays a 
crucial role in the molecular pathogenesis of chronic chlamydial infections.

To inject effector molecules into host cells, Chlamydia spp. utilizes a type III secretion 
system (T3SS). This T3SS produces a unique family of proteins known as inclusion mem-
brane proteins (Incs). Incs are essential for the intracellular survival of Chlamydia spp. as 
they recruit host proteins to the inclusion, hijack the endocytic-lysosomal pathway, and 
help maintain the structural integrity of the inclusion. Additionally, Incs can enhance 
virulence by interfering with host antimicrobial pathways, promoting resistance to 
apoptosis, or constructing novel complexes with unique functions [45, 46].

Although studies of C. trachomatis have contributed significantly to our under-
standing of chlamydial infection and metabolism in humans, not all of these findings 
apply to C. pneumoniae. Significant differences in transcription, metabolism, and 
morphology exist between C. pneumoniae and other chlamydial species.
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Research has shown that C. pneumoniae can modulate host cell apoptosis to evade 
detection by the host’s immune system by interfering with tumor necrosis factor-
alpha (TNF-alpha) and various signaling pathways [47]. This trait of the microor-
ganism suggests that if the host cell can survive after the expulsion of extracellular 
vesicles, it could enable further reinfection and the maintenance of chronic, asymp-
tomatic disease. The ability of C. pneumoniae to spread from the lungs to distant body 
parts and persist in those tissues for an extended period is essential to the develop-
ment of the infection [48].

Persistence of Chlamydia Infection: Chlamydia infection is caused by the direct 
effects of chlamydial proteins, as well as mechanisms that utilize the host cell’s 
machinery. When exposed to stressful conditions, Chlamydiae cease production 
of infectious extracellular bodies (EBs) and instead form viable but noninfectious 
forms characterized by a continued synthesis of unprocessed 16S rRNA and genomic 
replication [47]. These persistent forms can remain in the host for a prolonged period 
and are often associated with enlarged and malformed RBs, which can return to 
the normal developmental cycle when the inducing factor is removed [44]. In vitro, 
experiments have shown that several factors, including exposure to interferon-gamma 
(IFN) or antibiotics (such as penicillin and amoxicillin) and nutrient deprivation, can 
trigger the formation of persistent forms.

4. Asthma and C. pneumoniae

In the early 1990s, Hahn and colleagues were the first to suggest a possible link 
between C. pneumoniae and asthma when they observed a connection between Ig 
levels, wheezing, and adult-onset asthma [49]. To further investigate this associa-
tion, they followed 10 patients who had acute C. pneumonia infection and de novo 
wheezing for 10 years, collecting clinical and microbiological data [50]. Among the 10 
patients, one had pneumonia, while the other nine had bronchitis. Of the nine with 
bronchitis, four improved without treatment, while the remaining five developed 
chronic asthma during follow-up.

The investigation of the association between C. pneumoniae and asthma is 
impeded by the lack of standardized, sensitive, and specific detection methods for 
the pathogen. Nucleic acid amplification tests (NAATs), such as real-time PCR assays, 
offer accurate and efficient means of diagnosing acute C. pneumoniae infections [51]. 
However, the microimmunofluorescent antibody test is the most sensitive and specific 
serologic test for acute infection [40], despite its technical challenges and subjective 
interpretation. C. pneumoniae culturing is difficult and should be performed in cell 
culture. Additionally, there are practical and ethical obstacles to sampling the lower 
respiratory tract in representative populations of asthma patients and control sub-
jects. Clinical research serological testing methods are limited by the high prevalence 
of antibodies to C. pneumoniae in the general population and the short duration 
of the initial antibody response (3–5 years), indicating that chronic infection and 
reinfection are common [52]. Serological methods cannot distinguish between acute, 
chronic, or reactivated prior infections. Therefore, new molecular diagnostic meth-
ods, such as PCR, have been developed to detect the pathogen’s DNA. Although PCR 
testing can detect uncultivable organisms, it cannot differentiate between viable and 
nonviable organisms when used in antibiotic treatment studies [53]. However, reverse 
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transcriptase-PCR can identify metabolic activity by detecting messenger RNA and 
may overcome this limitation [54].

Several studies using serological diagnostic techniques have linked C. pneumoniae to 
stable asthma in both adults and children. The studies used heat-shock proteins (HSPs) 
of C. pneumoniae, which are overproduced in persistent infections and associated 
with hypersensitivity and immunopathology [55]. Significant differences in the 
prevalence of antibodies to these HSPs were observed [56–58]. Falck et al. found 
that persistently increased levels of C. pneumoniae IgA antibodies were associated 
with pronounced symptoms of chronic respiratory tract disease [56]. A recent study 
concluded that asthmatics with IgA and IgG against C. pneumoniae have more severe 
disease with increased airway obstruction, higher doses of ICS, more signs of air 
trapping, and less type-2 inflammation [59].

A dose-response relationship between C. pneumoniae HSP60 IgA antibodies and 
pulmonary function has also been observed, with an inverse association seen between 
IgG antibodies to C. pneumoniae and percent-predicted FEV1 in asthmatics with 
elevated IgG and/or IgA levels. These elevated levels of IgA antibodies have also been 
associated with a higher daytime asthma symptom score and the need for high-dose 
inhaled corticosteroids. In general, higher C. pneumoniae antibody titers appear to be 
linked to several asthma severity markers [60].

A study involving 332 asthmatic patients discovered a significant correlation 
between asthma and elevated levels of IgG antibodies to C. pneumoniae, with the 
strongest correlation being observed in non-atopic longstanding asthma [58]. 
However, a population-based study conducted in Italy found a significant correlation 
between C. pneumoniae seropositivity and atopy among young adults [59].

Regarding children with reactive airway disease, Emre et al. discovered a correla-
tion between C. pneumoniae infection and wheezing, with 85.7% of the 14 wheezing 
asthmatic patients testing positive for C. pneumoniae [61]. Immunoblotting detected 
anti-C. pneumoniae IgE, while anti-C. pneumoniae IgG and IgM were not detected by 
microimmunofluorescence. This suggests that the production of specific IgE may be 
a mechanism underlying reactive airway disease in some patients with C. pneumoniae 
infection. A subsequent study of asthmatic children found C. pneumoniae-specific IgE 
antibodies even in the absence of acute airway infection (negative PCR), suggesting 
that C. pneumoniae can stimulate allergic responses [61].

Studies comparing the T helper responses in C. pneumoniae-infected peripheral 
blood mononuclear cells (PBMC) of asthmatic patients to those of non-asthmatic 
control subjects revealed that C. pneumoniae infection can induce allergic responses in 
asthmatic PBMC, as indicated by an increase in the production of Th2-type cytokines 
(such as IL-4) and induction of IgE responses [62]. Recent studies with similar find-
ings have suggested that C. pneumoniae infection may trigger IgE-specific responses 
in both asthmatic children and adult asthma patients [63, 64].

Research has indicated that C. pneumoniae infections can lead to the development 
of organism-specific IgE chemical mediators, which can cause airway inflammation 
and consequent wheezing. Furthermore, CP-specific IgE has been linked to severe 
persistent asthma, indicating that persistent infection may be causing asthma symp-
toms. Therefore, treating the underlying C. pneumoniae infection may help to lessen 
or even abolish symptoms [65].

Teig et al. conducted a study involving 38 children with stable chronic lung disease 
and 42 healthy controls. They found that 24% of the children with lung disease tested 
positive for C. pneumoniae using PCR, while none of the controls tested positive [66]. In 
a similar study, Cunningham et al. detected C. pneumoniae DNA in nasal specimens from 
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28% of stable asthmatic children, and the PCR result remained positive for a few months 
[67]. Biscione et al. utilized reverse transcriptase PCR to detect RNA of the major outer 
membrane protein (MOMP) from C. pneumoniae, which is only created during produc-
tive infection. This method was found to distinguish colonization from productive infec-
tion. They reported an increase in the detection of this organism in asthmatic patients 
compared to nonatopic spouses of asthmatic patients who served as controls [68].

There is evidence that C. pneumoniae infection may be related to asthma exacerba-
tions. Acute asthma exacerbations are a common cause of hospitalization and visits 
to the Emergency Department (ED) in children, and they account for a significant 
proportion of asthma-related issues. Respiratory infections have been strongly linked 
to exacerbations, making them potential targets for treatment. Evidence suggests 
that C. pneumoniae is associated with asthma attacks, particularly in cases of severe 
attacks in children [69, 70]. Furthermore, atypical bacterial infections have been 
shown to cause attacks that are associated with persistent symptoms and a slower rate 
of recovery after 3 weeks [71].

Mounting evidence suggests that C. pneumoniae could play a role in the pathogenesis of 
asthma. Components of C. pneumoniae, such as transcription factors, have been found to 
activate components in bronchial tissue, leading to increased cytokine release and airway 
remodeling [72]. Furthermore, studies have shown that patients with C. pneumoniae-
specific antibodies are more likely to experience severe airway inflammation than those 
without [73]. These findings suggest that C. pneumoniae reactivation could be a potential 
trigger for neutrophilic airway inflammation in people with asthma.

C. pneumonia infections might be worsening asthma. Webley found that 33% of asthma 
patients had C. pneumonia present in their bronchoalveolar lavage (BAL) samples 
by culture, and 67% were PCR-positive [74]. In a study of a heterogeneous group of 
children with asthma and recurrent bronchial obstructions, Schmidt et al. reported a 
52% PCR-positivity rate for C. pneumonia in bronchoalveolar lavage specimens [75]. 
This suggests that C. pneumonia infections are more common in asthmatic patients than 
previously thought. It is worth considering whether C. pneumonia infection or coloniza-
tion has a worsening effect on chronic respiratory diseases, as these invasive procedures 
such as bronchoscopy are only performed in treatment-resistant patients.

C. pneumoniae infection has been linked to an increase in the number and longev-
ity of immune and inflammatory cells, which can lead to a reduced response to steroid 
treatment and increase the likelihood of treatment resistance [76].

A subpopulation of 5–25% of asthmatics, typically those with more severe 
disease and uncontrolled symptoms despite high doses of steroids, are labeled as 
having severe, steroid-resistant asthma. Respiratory infections are being implicated 
in the pathogenesis of severe, steroid-resistant asthma, and neutrophil-dominated 
endotypes of disease. Neutrophilic asthma is found to be associated with increased 
bacterial burden and interleukin 8 levels [34]. It has been suggested that neutrophilic 
asthma is less responsive than eosinophilic asthma to anti-inflammatory therapies, 
including corticosteroids. A study of children with asthma found that those who were 
PCR-positive for C. pneumoniae had higher concentrations of IL-8 and neutrophils 
in their bronchoalveolar lavage fluid than those who were PCR-positive for C. tra-
chomatis or mycoplasma organisms but PCR-negative for C. pneumoniae [34]. This 
suggests that undiagnosed C. pneumoniae infections in children may contribute to 
inadequately controlled asthma by inducing IL-8.

Several studies have suggested that chronic C. pneumoniae infection is associated 
with a decline in respiratory function and more severe disease in both children and 
adults [68, 77, 78], and these associations are supported by biologically plausible 
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mechanisms [79]. Cigarette smoke exposure is a known risk factor for steroid resis-
tance in asthma [80]. Similarly, C. pneumoniae (CP) is known to induce ciliostasis of 
the pulmonary bronchial epithelium [81] and can infect alveolar macrophages and 
lung monocytes, resulting in increased production of TNF-, IL-1, IL-6, and IL-8, as 
well as human bronchial smooth muscle cells, leading to the production of IL-6 and 
basic fibroblast growth factor (with potential effects on bronchial hyperreactivity and 
lung remodeling) and chronic infection exposes tissues to cHSP60 and LPS, which 
have been linked to increased inflammation and asthma [82].

Numerous clinical studies have found associations between C. pneumoniae infection 
and the onset of childhood asthma. However, the relationship between C. pneumoniae 
infection and late-onset asthma in adult studies has yielded contradictory findings. A 
cross-sectional study conducted on patients with severe, late-onset, nonatopic asthma 
showed intriguing results suggesting a possible link between C. pneumoniae infection 
and fixed airway obstruction in adults [83].

A case-control study conducted in Italy found that children aged 2–14 years who 
presented to the pediatric emergency department with an acute episode of wheez-
ing had a significantly higher incidence (15.5%) of acute C. pneumoniae infection 
compared to healthy controls [83]. Follow-up revealed that those who were not 
treated with antibiotics were more likely to experience recurrent wheezing than those 
without the infection. A study conducted in Japan also demonstrated similar findings, 
with higher CP-IgM levels present in hospitalized wheezing infants than in controls 
and a higher incidence of asthma in those with C. pneumoniae infection than in those 
without [84]. A larger follow-up study conducted 2 years later revealed that C. pneu-
moniae infection, a family history of allergic diseases, the number of eosinophils, and 
the serum IgE concentration at the initial examination were risk factors for asthma 
progression [85].

The use of mouse models has enabled researchers to determine the mechanisms by 
which Chlamydia respiratory infections in early life may be associated with the emer-
gence and increased severity of allergic airway disease (AAD) later in life. Infections 
at all ages (neonatal, infant, and adult) were found to induce inflammation. However, 
it was observed that chlamydial infection during early life, but not in adulthood, was 
associated with the development of asthmatic characteristics in allergen-induced AAD. 
In particular, neonatal and infant infections were found to result in mixed type 1/type 2 
immunity with increased levels of interleukin-13 (IL-13) and interferon (IFN), which, 
in turn, was associated with increased mucus-secreting cells and airway hyperreactivity 
(AHR) in AAD later in life, when compared to age-matched uninfected controls [86, 87]. 
Jupelli et al. later confirmed the effects of infant infection on the structure and function 
of the respiratory system [88]. Interestingly, it was found that infant infection increased 
the number of airway eosinophils [84, 85, 89]. Further investigation revealed that 
inflammation and AHR can lead to steroid resistance [75].

5. Macrolides in asthma treatment

Macrolides, such as clarithromycin and azithromycin, have been extensively stud-
ied for decades as a potential treatment for asthma. Although the results of clinical 
trials have been controversial, they are now included in severe adult asthma treatment 
guidelines as an additive agent due to their antibacterial, antiviral, anti-inflammatory, 
and immunomodulatory features [90–92]. The anti-inflammatory effects of macro-
lides may be particularly beneficial for patients with type 2 inflammation, while the 



Chlamydia – Secret Enemy from Past to Present

358

Author details

Hayriye Daloglu1,2

1 Faculty of Health Sciences, Antalya Bilim University, Turkey

2 Department of Pediatric Bone Marrow Transplantation Unit, Medicalpark Antalya 
Hospital, Turkey

*Address all correspondence to: hayriye.daloglu@gmail.com

antibiotic and antiviral effects may prevent respiratory infections in patients with 
neutrophilic inflammation [93].

Macrolides have been found to be effective in treating both eosinophilic and non-
eosinophilic asthma phenotypes as adjunctive therapy in severe asthma [91, 94].

It is well-known that severe asthma can present with different phenotypes, such 
as increased concentrations of eosinophils or neutrophils and IL-8 in the airways. 
Patients with neutrophilic asthma have been shown to respond better to macrolide 
therapy and this type of asthma is thought to be more associated with bacterial 
pathogens and IL-8 [95]. Infection-mediated asthma is particularly related to neutro-
philic, steroid-resistant asthma, leading many studies to focus on atypical bacterial 
infections in asthma and the effectiveness of macrolide treatment [96].

Two randomized, double-blind, placebo-controlled studies have reported con-
trasting results. Kraft and colleagues reported that clarithromycin treatment substan-
tially increased FEV1 in asthmatic patients with PCR evidence of C. pneumoniae or 
M. pneumoniae infection in upper or lower airway samples [97]. However, the study 
conducted by Sutherland and colleagues did not support these findings [98]. The 
contrasting results can be attributed to the difficulty of accurately diagnosing atypical 
bacterial infections, as reported in a related meta-analysis [99].

6. Conclusion

Asthma is a heterogeneous disease that presents with similar clinical manifesta-
tions, is characterized by airway inflammation, and is likely to have different mecha-
nisms of pathogenesis. Research suggests that multiple genetic and environmental 
factors, including respiratory pathogens and airway microbiome, interact to influence 
clinical manifestation, bronchial hyperresponsiveness, and the presence of atopy.

In addition to the role of viral infections in early life, many clinical and animal 
studies support the role of Chlamydia related respiratory infections in the develop-
ment of asthma. Furthermore, Chlamydia pneumonia has been linked to severe and 
steroid-resistant asthma.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 21

Adolescents’ World: Know One 
Tell One against Unsafe Sexual 
Behaviours, Teenage Pregnancies 
and Sexually Transmitted 
Infections Including Chlamydia
Walter C. Millanzi

Abstract

Addressing adolescents’ sexual and reproductive health (SRH) matters using 
multidisciplinary pedagogical innovations may assure the proper development and 
well-being of adolescents so that they reach the adulthood stage healthy and strong 
enough to produce for their future investment. This is in response to sustainable 
development goal number 3, target 3.7, and SDG4, target 4.7 in particular emphasizes 
the universal availability and accessibility of sexual information and education among 
people and knowledge and skills for gender equality, human rights and sustainable 
lifestyles by 2030, respectively. Yet, the innovative strategies may respond to a call 
stated by SGD5 (gender equality), target 5.3 which advocates the elimination of child, 
early, and forced marriages, and target 5.6 which focuses on ensuring universal access 
to SRH and rights to all by 2030.

Keywords: adolescents, chlamydia infection, sexual behaviours, sexual and reproductive 
health, sexually transmitted infections, teenage pregnancies, young people

1. Introduction

This chapter has been informed and validated by several published reports,  
literature, relevant international organizational publications, country-based  
materials, and ongoing initiatives (between 2017 and 2022 years). The reviewed 
documents included those related to young people’s sexual and reproductive health 
against sexually transmitted infections (STIs) including human immunodeficiency 
virus (HIV), chlamydia, and teenage pregnancies among adolescents around the 
globe. Search engines for published research articles, reports, web pages, books, and 
or conferences preceding included google, google scholar, WBMED, and/or PUBMED. 
The criteria for the articles were set at not <2017 year of publications, and or only 
articles that addressed issues around STIs among young people. The review started 
by analysing the concept of adolescents, the global trend of unsafe sexual behaviours 
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among young people, followed by the global trend of STIs/HIV, chlamydia, teenage 
pregnancies, factors linked with unsafe sexual behaviours, and the global trend of 
various strategies against STIs among adolescents.

2. Findings

2.1 The global trend of adolescents

Addressing adolescents’ sexual and reproductive health (SRH) matters using multidis-
ciplinary pedagogical innovations may assure the proper development and well-being of 
adolescents so that they reach the adulthood stage healthy and strong enough to produce 
for their future investment [1, 2]. This is in response to sustainable development goal 
number 3, target 3.7, and SDG4, target 4.7 in particular emphasizes the universal availabil-
ity and accessibility of sexual information and education among people and knowledge 
and skills for gender equality, human rights and sustainable lifestyles by 2030, respec-
tively [3]. Yet, the innovative strategies may respond to a call stated by SGD5 (gender 
equality), target 5.3 which advocates the elimination of child, early, and forced marriages, 
and target 5.6 which focuses on ensuring universal access to SRH and rights to all by 2030.

From the point of view of human life history theory, adolescence marks the begin-
ning of a young individual’s journey into sexual development, which can be an exciting, 
worrying, and/or difficult period. Adolescence is a stage of socio-sexual maturation and 
the construction of social and economic skills, which may increase reproductive success 
during later life. It is acknowledged through global statistics that adolescents determines 
a huge opportunity to transform the social and economic fortunes of any nation if they 
are formed properly during the early years of their lives [4, 5]. The proper formation 
here means developing adolescents with safe, good, and age-appropriate personal 
characters, identities, and social responsibilities for healthy adulthood [6].

Reports have defined adolescence as a transition period from childhood to adult-
hood [7]. The adolescence stage has been categorized into three stages including early 
adolescents (10–12 years), middle adolescents (13–16 years), and late adolescents 
(17–19 years) [8]. All stages are reported to be characterized by a tremendous amount 
of changes including biological, pubertal, and neuro-behavioural changes [9]. The 
term ‘biological changes’ here means physical growth and intellectual maturity 
milestone from childish to adulthood behaviours; while ‘pubertal change’ is a series of 
significant releases of sex hormones that influence physical maturity and emotional 
fluctuation [10]. Neuro-behavioural changes are deliberated to encompass all adoles-
cent-related characteristics including an increase in risk-taking, attention-seeking, 
trial and error, violence, and or injuries [11].

Scholars have defined adolescence as a period whereby adolescents experience changes 
in social responsibilities that need close parental guidance, monitoring, and social support 
toward their life potential [12, 13]. Social responsibilities are defined here as a person’s 
concern for self, others’ welfare, sense of duty, avoidance of destructive behaviours, civil 
involvement, and responsible attitudes towards others [14]. Timely and age-appropriate 
sexual and reproductive health (SRH) information and education among adolescents 
are closely linked with healthy adolescence stages. As described by Denno et al. [15], the 
adolescence stage is always considered to be a healthy period when nurtured in ethical 
standards and acceptable socio-cultural norms. It is impressive to note that the number of 
adolescents keeps on increasing around the globe, which is perceived as a result of good 
parenthood demonstrated by parents, relatives, and other people.
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The 2010 data shows that about 55% of the total global adolescents live in Asia 
and the Pacific with 29% in South Asia and India, 26% in East Asia, and the Pacific 
including China. Contrariwise, adolescents in Sub-Saharan Africa account for 16% 
of the world’s total adolescent population with equal distribution between Eastern, 
Western, Southern, and Central Africa. Referring to the UNFPA [16] report, the ado-
lescent population distribution is predicted to decline by 18% in Asia and the Pacific 
while in Sub-Saharan Africa, adolescents aged 10–17 years old will significantly rise to 
about 23% by 2030. Data indicate that the largest national increase in adolescent girls 
will mostly happen in the Sub-Saharan African countries including Tanzania which 
encompasses about 90%, the highest being Zambia (99%) followed by Malawi (93%).

Adolescents aged 10–19 years are of school age which is authoritatively well-
defined at the country level for secondary and tertiary education [16, 17]. Updated 
data on adolescents by [18] estimates that of the 7.2 (higher than that reported in 
2010) billion world population, 42% (over 3 billion) are younger than 25 years, while 
18% (1.2 billion) are adolescents aged 10–19 years. About 88% of adolescents live in 
developing countries whereby Sub-Saharan Africa (SSA) constitutes 18%. It is also 
projected that between 2010 and 2030 the adolescent population in Sub-Saharan 
Africa will increase to 1.3 billion [19]. Tanzanian adolescents aged between 10- and 
19 years account for 11,858,193 (23%) of the country’s population (N = 51,557,365). 
Early adolescents (10–14 years) make up 13%, while late adolescents (15–19 years) 
make up 10% of the total population, respectively [20–22].

The global view holds the belief that, if adolescents are nurtured well, and the rear-
ing process, parental control, and social scaffolding are assured to them they will one 
day be young professionals, entrepreneurs, farmers, teachers, social workers, engi-
neers, nurses, doctors, technicians, politicians, designers, good parents, and new brave 
thinkers [23, 24]. However, adolescents at the adolescence stage may feel that they are 
old enough to start sexual activities, which need future-oriented parenting styles to 
assure proper character, good social responsibilities, and future investments [10, 25].

Although their sexual freedom and activity patterns differ markedly according to 
geographical, cultural, and religious backgrounds, it is acknowledged that they need 
continuous parental and academic guidance to reach their adulthood with good health 
and strong enough to produce to contribute to the socio-economic prosperity of their 
nations [26, 27]. Effective support, particularly on sexual education interventions for 
adolescents who are about to begin their sexual lives appears to have potential and 
long-lasting effects in enhancing their academic and behavioural outcomes.

2.2 The global trend of unsafe sexual behaviours among adolescents

A healthy adolescence stage is argued to determine strong and healthy adulthood, 
which is associated with increased job market opportunities that are believed to 
increase productivity rates in reproductive health and economic aspects, respectively 
[28]. Increased productivity rates are argued by scholars to have the potential of pro-
moting economic growth and prosperity at individual, family, and national levels in 
response to the sustainable development goal number 1 (SDG1) of no poverty in the 
world [29, 30]. However, the literature argues that most adolescents are not developed 
appropriately in their characters, identity, and social responsibilities to contribute to 
economic opportunities [31].

Aristotle [32] notes that adolescents often live out of their control with a sense that 
they are always right to their desires and acts, regardless of how beneficial or hazard-
ous they are to live. Literature has demonstrated that adolescents in their early years 
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of life are driven by a sense that they are mature enough, and thus, they are obsessed 
with impulses to interact with diverse people and the largest social networks that con-
stantly require them to be socially competent [33, 34]. Sometimes they demonstrate 
attention-seeking and reckless behaviours including disputes with their parents, 
peers, teachers at schools, and other people in society, and unsafe sexual behaviours 
that expose them to sexual exploitation [35].

Unsafe sexual behaviours among adolescents aged between 10 and 19 years, for 
example, have become the most prevailing problem around the globe [36–38]. Unsafe 
sexual behaviours include such manners as; early initiation, unsafe sexual behaviours, 
incorrect and inconsistent usage of contraceptive methods, having multiple sexual 
partners, frequent sexual intercourse, drug abuse before, or while having sexual 
activity, and or engaging in sexual intercourses for money or materials gain [36, 39]. 
Early initiation of unsafe sexual behaviours among adolescents is considered a prob-
lem as it is often associated with early and unintended teenage pregnancies and or 
new sexually transmitted infections (STIs) such as syphilis, gonorrhoea, chlamydia, 
and/or human immunodeficiency virus (HIV) just to mention a few [40, 41].

Reports such as that by UNICEF [42] indicate that 11 and 6% of girls and boys, 
respectively claim to have had sex before the age of 15 years. They reported early sexual 
debut, being involved in a sexual partnership with older men, and having unprotected 
sexual intercourse in their lives. Almost 57% of young women and 48% of young men 
across the world report having had sexual intercourse by the age of 18 years [43]. An 
estimate of unsafe sexual behaviours among young people in Tanzania shows that 
approximately 57 and 48% of young women and men, respectively, report having had 
sex by the age of 18 years [20]. These pieces of data show that unsafe sexual behaviours 
among adolescents are still a public concern around the globe.

Available data may indicate that despite the effect of the existing strategies, there 
might be a need to rethink, adapt and test other pedagogies that aim at empower-
ing young people with soft skills against unsafe sexual behaviour. Participatory 
and collaborative sexual education pedagogies among teachers and health workers 
that involve adolescents in the first position may become a sustainable solution in 
addressing unsafe sexual behaviours among adolescents. Addressing unsafe sexual 
behaviours among them may promise a fruitful fight against STIs/HIV, teenage 
pregnancies, and school dropouts among adolescents.

Unintended pregnancies in the adolescence stage for example are also linked 
with several adverse health outcomes associated with childbearing such as obstetric 
complications before, during, and after delivery including eclampsia, post-partum 
haemorrhage, fistula, and or premature deaths [37, 44]. Children born from an 
adolescent girl are at risk of higher potential deaths, and low birth weights [45]. 
Unintended teenage pregnancies from unsafe sexual behaviours are more often 
associated with educational outcomes such as interrupting schooling leading to school 
dropouts [46, 47]. Early and unintended teenage pregnancies are linked with social 
and economic outcomes including endangering their future economic opportunities 
such as reduced job market opportunities that would contribute to the economic 
growth and prosperity at an individual, family, and national level at large [15].

Although sexual behaviours may be seen as emotional involvement, for some ado-
lescents it may start as a commercial endeavour that may lead to emotional (or vice 
versa) and health, educational and socioeconomic consequences [48]. Adolescents 
who are empowered with sexual and reproductive health (SRH) knowledge, and soft 
skills (self-esteem, and assertiveness skills) are believed to be able to demonstrate 
self-control over the urges to engage in sexual relationships, marry young, and or 
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have children at young ages [49]. However, different reports on sexual education in 
developing countries claim that adolescents are not well empowered with the neces-
sary soft skills for safe sexual behavioural change [50, 51].

Needless to say, scholars such as Envuladu et al. [39] and Kaale et al. [37] disclose 
that unsafe sexual behaviours among adolescents are very obvious with misinformation 
about SRH matters and poor self-regulation of sexual emotions and behaviour at an 
early age, something that may need to be addressed accordingly. Tallying with a belief 
of the current study, poor self-regulation among adolescents is reported to be proximal 
to sexual risk-taking and might have more sexual partners later in their lives [45, 52].

The majority of adolescents tend to fail to make informed and reasoned decisions 
about sexual activities early in their lives when they encounter sexual pressures, 
dilemmas, and or temptations from peers, adults, or strangers [53]. Mlyakado [54, 55] 
exposes that most adolescents have less negotiating power over sexual pressures and 
coercions on safer sexual behaviour. To embark on the situation, Chilisa et al. [56] 
argue that by improving their SRH knowledge and soft skills, adolescents may be 
able to abstain from sexual intercourses and hence decide to delay sexually aroused 
relationships, intend to reduce the number of sexual partners if any and or negotiate 
for consistent and accurate use of condoms for safe sexual activities.

2.3 A global trend of STIs/HIV among adolescents

Reports have provided pieces of evidence, which demonstrate that sexually 
transmitted infections have increased to >1 million newly infected people on daily 
basis. An estimate made by the World Health Organization [57] indicates that about 
376 million people were newly infected with chlamydia (127 million), gonorrhoea 
(87 million), syphilis (6 million), and trichomoniasis (150 million) while 500 million 
people were infected with genital herpes, respectively. Being at young ages, many 
adolescents engage in unsafe sexual behaviours, which are commonly associated with 
incidences of sexually related infections [37].

Adolescents’ health problems, for example, have been connected to the prevalence 
of sexually transmitted infections (STIs) and human immunodeficiency virus (HIV) 
infections which account for 60 and 69% of global and Sub-Saharan Africa, respectively 
[58]. STIs such as gonorrhoea, syphilis, trichomoniasis, HIV, chlamydia, and/or genital 
herpes among the cohort of adolescents are prevailing at the global, regional, and 
national levels [59, 60]. The HIV report by UNAIDS [61], for example, has informed that 
although trends of new global HIV infections have continued to decline from 3.4 million 
in 1996 to 1.8 million in 2017, the UNAIDS report published online in 2021 has reported 
38,000,000 people are living with HIV, up from 30.7 million in 2010.

Approximately 690,000 died of AIDS-related causes in 2019, a decrease (37%) 
from 1.1 million in 2010; of which, an estimated 600,000 deaths occurred among 
adults and 95,000 deaths among children <15 years [62]. Available reports uncover 
that about 76 million people have been infected with HIV since the beginning of the 
HIV epidemic [63]. However, the current UNAIDS report has exposed that there were 
still 1.7 million new HIV infections in 2019, which is equivalent to about 5000 new 
HIV infections per day [62]. Sums of 1.5 million people are adults while 150,000 are 
adolescents. Approximately, 250,000 young people of school age were newly HIV-
infected whereby about 182,599 (73%) of them were residing in Sub-Saharan [64].

The overall global HIV decline progress rate (including that of young people) 
has been counted in the report to be slower than the requirement to reach a decline 
to 500,000 new infections by 2020. Needless to say, like other developing countries, 
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Tanzania has 4.8% of people living with HIV of which there has been a remark-
able increase in the prevalence from 1.3 million in 2010 to 1.7 million in 2019 [65]. 
However, it is worth noting that deaths associated with acquired immunodeficiency 
syndrome (AIDS) have decreased from 52,000 people in 2010 to 27,000 in 2019. The 
same decline in the trend of HIV/AIDS has been reported in Zanzibar whereas, the 
prevalence is low with only 6990 people living with HIV while the number of new 
HIV infections has decreased from 82,000 in 2018 to 77,000 in 2019.

Despite the decrease in HIV prevalence among adolescents and adults (15–
49 years) from 5.1% in 2014 to 4.8% in 2019 in Tanzania, 5.8% (N = 104,400) of the 
adolescents who are living with HIV in the globe (N = 1,800,000), are in Tanzania 
[65]. Almost 8600 new HIV infections occur among children between the ages of 
zero and the middle adolescent stage (0–14 years); whereas 93,000 children of the 
same age range live with HIV. Out of the 27,000 estimated AIDS-related deaths in the 
country, 5900 deaths occur among children (0–14 years).

Approximately, 99,000 adolescents aged between 10 and 19 years are living with 
HIV; of whom about 57,000 are adolescent girls. It is estimated that out of the 77,000 
new HIV infections occurring in the country, 10,000 are adolescents aged between 
10 and 19 years. Despite some improvements in reducing the rate of new STIs/HIV 
among adolescents, the reported trend may imply that the existing strategies are 
either not sustainable, not reaching a large and appropriate age group of adolescents, 
or something is missing, be it in their design, implementation, or evaluation.

2.4 A global trend of chlamydia infections among adolescents

By considering its significance not only in this book but also in the promotion of 
sexual and reproductive health among young people, reports have uncovered that 
chlamydia infections among others have become to be the most diagnosed STI with 
an incidence of 1.6 million in 2020, which is equivalent to 481 per 100,000 population 
regardless the existing strategies to lower down its burden [66, 67]. Nevertheless, the 
report has demonstrated that of the infected individuals with STIs, 53% were young 
people between 15 and 24 years adolescents inclusive. It may feel upsetting to find 
that 62% of STIs were incidences of chlamydia among adolescents in the year 2020.

Such a piece of data may imply that despite all good and positive initiatives against 
STIs at the global, regional and national levels, it appears that the trend of chlamydia 
infections among you people including adolescents is critical and may need to be 
prioritized by engaging them in the front line against it. Although the uptake of 
chlamydia screening is keeping in a high race, an international organization such as 
the Centers for Disease Control and Prevention (CDC) has demonstrated the intent to 
boost it to 77% by 2030 [66].

Sometimes STIs may be counted to be less fatal in peoples’ health but, chlamydia 
can result in reproductive tract morbidities including but not limited to ectopic 
pregnancies (to females), infertility, pelvic inflammatory diseases particularly in 
women of reproductive age, and new-borns morbidity and mortality health outcomes 
[68, 69]. Additionally, the health burden of chlamydia infection may be linked with 
someone feeling shame after acquiring it, being faced with different forms of mal-
treatment from stigma, the reluctance of young people to talk about SRH matters, 
exposure to active sexual relationships and or engage in the productive activities [70].

The increasing trend of chlamydia infection among young people including adoles-
cents may be used as an alert to the respective authorities for special collaborative efforts 
to be given appropriate weight to reach them [71]. Tallying to the existing initiatives 
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against chlamydia infections among young people, mounting the scope of SRH preven-
tive interventions such as screening programs, and education programs may be crucial to 
the proper development of the young generation towards a healthy adulthood [72].

A strong and healthy generation is believed to have the appropriate social respon-
sibilities and fuel economic fortunes for the prosperity of regions and nations around 
the globe [28, 44]. Needless to say, the trend compels the need for increased collabor-
ative initiatives that will focus on reaching and bringing out the forgotten and hidden 
young cohort so they to be provided with rehabilitative services such as timely and 
right health treatments, counselling, and extra-curricular activities [73]. It appears to 
be timely for the higher authorities such as policymakers and ministry, schools, health 
facilities, religious facilities, parents/caregivers, and other stakeholders to unite and 
advocate for young people against chlamydia.

2.5 A global trend of teenage pregnancies among adolescents

Apart from the trend of STIs/HIV among adolescents, adolescents aged between 
15 and 19 years face the challenge of getting unplanned pregnancies [74]. Although 
WHO [75] estimated a high (16 million) number of girls aged 15–19 years give 
birth each year, the number declined to 12 million girls in 2019 [76]. WHO [76] has 
reported a decline in the adolescent fertility rate from 56 births per 1000 adolescent 
women in 2000 to 45 births in 2015 and 44 births in 2019.

Despite the decline of the fertility rate in the globe, the level has remained high 
(19.3%) in Sub-Saharan Africa whereby, adolescent fertility accounts for 101 births 
per 1000 adolescent women. Owing to the high adolescent fertility rate, an estimated 
21 million girls (15–19 years) become pregnant every year, while 12 million of them 
give birth and approximately 2.5 million (12%) of them become mothers by the age of 
16 years. The prevalence appears to be high in East Africa (21.5%) and low (9.2%) in 
Northern Africa [33, 52].

Reports about teenage pregnancies in East African regions show that the high-
est percentage exists in Uganda (23.8%) and Tanzania (22.8%). Rwanda (7.3%) 
and Ethiopia (12.4%) have the lowest rate as compared to other African regions. 
Currently, the adolescent fertility rate in Tanzania, in particular, has reached 128 
pregnancies per 1000 women against the target of fewer than 100 pregnancies per 
1000 women by 2020 [20]. MoHCDGEC [77] reports that 27% of adolescents in 
Tanzania get underage pregnancies. Adolescents are always blamed for the current 
trend as their fault as perceived by parents and the community at large [78].

The trend of teenage pregnancies among adolescents is perceived by what has com-
monly been reported to be due to poor parenting, and sexual masculinities which are 
linked to sociocultural norms, migrations, social media, drug abuse, peer pressure, pov-
erty, and or the existence of sugar daddy and sugar mommy [79]. The trend is also linked to 
inadequate implementation and evaluation of health policy and co-related health strategic 
plans and lack of health-seeking behaviour (to access the available SRH services) among 
adolescents [74]. However, the most forgotten aspect, which, if addressed to its maximum, 
might change the current trend of teenage pregnancies, would be soft skills, which are 
believed to enhance informed and reasoned decisions over an act among people.

2.6 Factors associated with trends of unsafe sexual behaviours among adolescents

Scholars such as Wolinsky [80] have argued that nothing under the earth occurs 
without a cause. Figure 1 shows the bioecological concepts that root in the ecological 
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system of human life, which demonstrate factors that potential in determining 
adolescents’ SRH [81]. The theory believes that an individual’s behaviour is shaped by 
several factors ranging from biological, social, cultural, and technological to politics. 
The theory stipulates that the environment where a child is put affects the shaping of 
a child’s behaviour, and thus, needs to be structured into layers or systems as impor-
tant building blocks to their development.

The five recommended systems by the theory include microsystem (child’s proxi-
mal interaction with family, school, neighbourhood, or childcare environment); 
and mesosystem (indirect child’s interaction with the microsystem structures such 
as child’s teacher and parents, and parents with neighbours). Other systems consist 
of the exosystem (child’s distal interaction with society to feel positive or negative 
outcomes to the microsystem such as parents’ work schedules or community-based 
resources). “A child interacts outside of his/her system via the macro-system” (the 
outermost layer of a child including cultural values, customs, and laws that can also 
influence the mesosystem and exosystem).

On the other hand, the review of existing documents, interventions, projects, poli-
cies, and guidelines revealed that the RH content focuses more on biological contents 

Figure 1. 
Bioecological correlates of adolescents’ sexual behaviours. Source: Dr. Walter C. Millanzi (PhD).
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such as definitions of concepts, biological changes in human beings’ health, diseases 
and their causes, effects of the disease on health, and the preventive measures of 
diseases. However, issues around the emotional and psychological aspects (soft skills: 
critical thinking and reasoned judgment, resilience, self-esteem, assertiveness skills, 
and negotiation skills) were less addressed in the RH contents for adolescents.

Most programs, and or projects have been reported to depend on external fund-
ing to work [82]. Depending on external funding from program donors may open 
new avenues for Non-governmental Organizations (NGOs) to decide and prioritize 
what, why, when, and how to facilitate SRH learning among adolescents. The content 
scenarios, problems, stories, and examples in the existing SRH lesson materials, for 
example, appear to be more of western styles than African situations. Adopting and 
implementing western styles for facilitating SRH learning among African countries’ 
adolescents without considering the input factor to adolescents’ behaviours predicts 
the permanent mismatch between what is supposed to be provided, the right dosage, 
timing, and frequency among them, and the real-life events in low-resource countries.

The review of the existing documents exposed that despite the RH lesson materials 
borrowing western styles, conventional pedagogies are commonly used to facilitate 
SRH learning in adolescents. If the RH lesson materials and its associated pedagogical 
knowledge mismatch continue, adolescents will not only continue to be formed in a 
conventional style but also lack soft skills to solve social and economic problems in their 
real-life phenomena. With this brief review, this chapter disseminates a need to address 
the gap by adopting ecological systems of human life theory to help shape the materials 
by considering important factors to be addressed too during the development and imple-
mentation of integrated RH lesson materials in PBP. Figure 1 illustrates the concept.

Literature [10, 52, 83–85] claims that factors such as age, sex, religious influ-
ence, and unsafe sexual behaviours among adolescents contribute greatly to teenage 
pregnancies amongst adolescents. Furthermore, limited education and employment, 
drug abuse, exposure to media, low self-esteem, and inability to refuse sexual tempta-
tions catalyse the trend of unsafe sexual behaviour among adolescents resulting in 
STIs/HIV, teenage pregnancies, and school dropouts [86, 87]. Factors such as socio-
cultural, economic, and environmental factors including peer influence, coerced 
sexual relations, and sexual intercourse with adults have been linked to the early onset 
of adolescents’ unsafe sexual behaviour [36, 88].

Similarly, unequal gender power relations, the pressure to marry and bear children 
early, poverty, lack of parental counselling and guidance, and inadequate comprehensive 
sexuality education have been mentioned as contributing to the persistence of the trend 
[89]. Still, health services related to factors such as inadequate and unskilled health 
workers, lack of youth-friendly comprehensive sexuality education at health facilities, 
costs of contraceptives, and long waiting times at clinics have been associated with ado-
lescents’ unsafe sexual behaviour [28]. The detailed trend of STIs/HIV, teenage pregnan-
cies, and school dropouts among adolescents with co-related factors presented above, for 
example, has been linked closely with the early onset of unsafe sexual behaviours [90]. 
This may be the case because, as argued by previous studies, sexual emotions and abili-
ties to make reasoned and informed decisions develop gradually at young ages [91].

Sexual emotions here include the desire for intimacy, friendship, and belonging, 
which at this age translate into temptations to sexual acts at an age when they have 
little understanding of their consequences [92]. Indeed, suggested data from Schiller 
[93] on neuroscience is that changes in affective processing during adolescence 
may be critical to understanding unsafe behaviour in this age period. Christopher 
et al. [94] unfold that adolescents with poor self-regulation of sexual emotion and 
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behaviour at an early age are more prone to sexual risk-taking and might have more 
sexual partners later in their lives. In that regard, it appears that although sexual 
behaviour may be seen as emotional involvement, for some adolescents it may start 
as a commercial endeavour that may lead to emotional (or vice versa) and health, 
educational and socio-economic consequences.

2.7 Global response to adolescents’ SRH

The reviewed reports and literature indicate a remarkable need to rethink innova-
tive, sustainable, and multidisciplinary pedagogical strategies to enhance the proper 
formation of the right personality and character leading to social responsibility among 
adolescents [95]. Initiatives have been in place to develop adolescents with good per-
sonalities and characters for social responsibilities and their future investment through 
multidisciplinary strategies to enhance their sexual selves [96]. The initiatives are rooted 
in the sustainable development goals 3 (SDGs3) target 3.7 (universal accessibility of 
sexual information and education among people by 2030) and SDG4 target number 4.7 
(knowledge and skills for gender equality, human rights and sustainable lifestyles by 
2030) [30].

Various health policies and SRH guidelines have been developed to be adopted and 
implemented across the world including low and middle-income countries Tanzania 
inclusive [97]. The policies and guidelines seem to work better in ensuring that sexual 
and reproductive health rights and associated services (such as menstrual hygiene edu-
cation and pads, and contraceptives) are available and accessible among adolescents 
in health facilities and schools. Owing to the presence of political and health policies 
in middle and low-income countries, whereby, for example, adolescents are advocated 
against sexual abuses and exploitations towards preventing teenage pregnancies, STIs/
HIV, and school dropouts that are linked with teenage pregnancies [98, 99].

Several interventions include, but are not limited to, building boarding schools, 
enrolment of students to stay at school hostels, policy and legislation reinforcement 
by the government, sexual education clubs, large-scale reproductive and family 
planning methods campaigns, projects, and sexual health education training among 
teachers are being implemented to address unsafe sexual behaviour among adoles-
cents [20, 100]. The National School Health Program provides adolescents with many 
healthcare services such as SRH information and its associated services and counsel-
ling support to address their SRH challenges [20].

Although the SRH content varies widely across nations and schools, the Ministry 
of Education and Vocational Training has tried to integrate sexual education and 
STIs/HIV education into the national school curriculum [101–104]. Scholars’ works 
[105, 106] reveal that parents, teachers, and or health workers have a positive attitude 
towards STI screening and the implementation of school-based sexual educational 
syllabi among adolescents. However, they claim to experience trouble when they try 
teaching the social and physiological parts of it by using conventional pedagogies 
such as lectures, discussions, demonstrations, and storytelling, and or initiating com-
munication with adolescents about SRH matters.

However, the outcry among stakeholders links the permanent use of conventional 
pedagogies with the permanence facilitation of biological than psychological SRH 
contents among adolescents [107, 108]. Topics such as the human reproductive system 
and sexual health behaviour are taught in the classrooms with great care and respect; 
taking into consideration the prevailing socio-cultural sensitive issues. School teach-
ers and health workers who are invited to facilitate SRH learning among adolescents 
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in schools, tend to make their own decisions regarding what, how, and when to imple-
ment it, which is commonly facilitated by using didactic pedagogies [100].

The SRH lesson materials are claimed to adopt more western lifestyle contents, 
problems, and scenarios, which hardly reflect the existing contexts of adolescents 
[109]. The noted SRH pedagogical situation may indicate that there is no formal 
guideline with pedagogical prescriptions to guide teachers, health workers, and other 
facilitators in facilitating SRH learning among adolescents [82, 110]. Furthermore, as it 
has been exposed by literature the existing guidelines seem to lack robust prescriptions 
about the coverage, dosage, timing, frequency, and associated pedagogies to facilitate 
comprehensive and age-appropriate SRH lesson materials among adolescents [111].

Findings by Bilinga and Mabula [100], for example, have noted that teachers and 
or health workers implement the existing curriculum materials using conventional 
teaching and assessment approaches as pedagogical bases in facilitating SRH learn-
ing among adolescents. Pressures on schools to demonstrate the effective inclusion 
of comprehensive SRH issues alongside innovative pedagogical approaches open 
new avenues for educators to decide what, why, when, and how to facilitate SRH 
learning among adolescents [82]. The permanent use of conventional pedagogies in 
school curricula, project, interventions, and other programs is argued here to lead to 
pedagogical inadequacies when facilitating SRH learning among adolescents [111].

To continue implementing SRH education programs via conventional pedagogies 
may imply that teachers, health workers, and or other facilitators might continue 
experiencing challenges in assisting adolescents to develop self-control over sexual 
temptations, harassment, and peer/parental sexual pressure when they resort to using 
didactic pedagogies [112]. Developing adolescents under conventional pedagogies may 
imply that they will grow up misinformed about comprehensive SRH information, and 
its consequences will remain common [109]. To facilitate the empowerment of ado-
lescents on their SRH matters, information about sex, pubertal development, teenage 
pregnancy, STIs/HIV, and contraception; multidisciplinary strategies, which advocate 
participatory, collaborative, and age-appropriate pedagogies are proclaimed [113].

Scholars and practitioners [114–119] encourage basic education to adopt and imple-
ment participatory and collaborative pedagogies in facilitating sexual and reproductive 
health learning among adolescents. The implementation of collaborative and participa-
tory pedagogies has also been supported by some literature to be timely as they enhance, 
not only inquiry learning but also active engagement in learning and the development 
of hands-on skills in solving real-life problems among adolescents [6, 45, 83, 120]. 
Moreover, most projects advocate extra-curricular activities among adolescents such as 
farming, gardening, games, and or entrepreneurship works. Extra-curricular activities 
are believed to promote adolescents’ hard skills more than soft skills, which they need to 
make informed, conscious, reasoned, and responsible decisions over sexual behaviours.

Yet, scholars [2, 13] have argued that if comprehensive sexual and reproductive 
health education is facilitated by using participatory and collaborative pedagogies, the 
interaction and communication about sensitive SRH topics among teachers, health-
care workers, and other facilitators become very easy. Amidst the existing efforts, 
most of the existing strategies focus more on adolescents’ empowerment in life skills 
than the pedagogical issues prescribed in school curricula. The projects are argued to 
not advocate multidisciplinary strategies in facilitating SRH learning to adolescents 
including education and health fields [121]. Some projects are claimed to be unsus-
tainable because they largely depend on external funding along with the prescribed 
curricula, which are more of a conventional style and have adopted western styles that 
do not blend with the African context [122, 123].
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2.8  Sexual information and education versus sexual behaviours among adolescents

Adolescents’ behaviours have been described by medical, psychosocial, and educa-
tional scientists as being malleable owing to internal and external stressors [120, 124, 125]. 
Owing to globalization, changes in social roles and responsibilities, and migrations, the 
current situation has plenty of sources of sexual information and education among ado-
lescents including schools, healthcare professionals, parents, religious facilities, media, 
and peers [6, 83, 126]. These sources are expected to enhance the sexual well-being of 
adolescents by developing them with good SRH knowledge, and soft skills and thus, shape 
their safe sexual behaviours. However, literature has critiqued some of the sources to be 
not valid enough to provide accurate and age-appropriate SRH information and education 
among adolescents such as media and peer groups [121].

Most social media including television, radio, online music, movies, cinema, and 
peer groups, just to mention a few, are currently disseminating SRH health informa-
tion and education without considering the sociocultural, age, and gender differences 
contexts of the consumers. Sources, including parents, healthcare professionals, and 
religious facilities are reported to be rarely available to sit and educate their children 
about SRH [23, 46]. The duty of providing accurate and age-appropriate SRH infor-
mation and education among adolescents seems to fall on schools [127]. However, 
the identification of factors that determine adolescents’ biological changes, neurobe-
havioral changes, and social maturation to pursue their roles and responsibilities in 
society needs to be given priority during the development of SRH lesson materials 
[5]. Based on this context scholar appear in the frontline in advocating innovative 
interventional researches to address the informative contextual gap observed in 
this chapter for the well-being of young people to contribute to the socio-economic 
prosperity of nations, regions and the globe at large [128].

3. Conclusion

Although the uptake of chlamydia screening and treatment is keeping in the high 
race, its incidence among young people remains high. With this regard to the knowl-
edge disseminated in this chapter, there seems to be a need for establishing a multidis-
ciplinary pedagogical guideline for teachers, health workers, and or other facilitators 
of SRH learning for adolescents, especially in middle and low-income countries.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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