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Preface

Welcome to the world of urinary tract infections (UTIs), a common and often
underestimated health concern affecting millions of individuals worldwide.
Whether you are personally dealing with UTIs or seeking knowledge to support
aloved one, this book is designed to be your trusted companion in navigating the
intricate landscape of UTIs.

UTIs can be a source of discomfort, frustration, and even anxiety for those who
experience them. They can disrupt daily life, strain relationships, and create a sense
of helplessness. However, armed with the right information and empowered by
proactive strategies, you can take control of your urinary health and break free
from the cycle of recurring infections.

In this book, we provide a comprehensive understanding of UTIs, including their
causes, symptoms, treatments, and preventive measures. You will discover the
underlying mechanisms at play within the urinary system, gaining insights that will
help you demystify the complexities of this condition. We have compiled the latest
medical research, expert advice, and real-life experiences to offer you a holistic
perspective.

It is our sincere hope that this book will serve as a valuable resource, offering both
guidance and reassurance to those seeking solutions for UTIs. Whether you are a
healthcare professional, a patient, or a concerned family member, we invite you to
embark on this journey of knowledge, understanding, and empowerment.

With warm regards,

Wael Hegazy

Faculty of Pharmacy,

Department of Microbiology and Immunology,
Zagazig University,

Zagazig, Egypt
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Chapter1

Introductory Chapter: Urinary
Tract Infections (UTIs)

Wael Hegazy

1. Introduction

Urinary tract infections (UTIs) are a prevalent bacterial infection in humans,
accounting for about 40% of all hospital-acquired infections [1, 2]. The occurrence
of UTIs has increased by 60% in the last three decades between 1990 and 2019,
highlighting the significant public health issue they pose [3]. The UTIs symptoms
commonly include bacteriuria along with suprapubic discomfort, urgency, urinary
frequency, and dysuria [4]. UTIs are classified into two types: uncomplicated UTIs,
also known as cystitis, affect only the bladder and can be resolved with simple
antibiotic treatments. While the disseminated infections to the upper urinary tract
are referred as complicated UTIs, that require more aggressive antibiotic treatments
for longer periods. Furthermore, complicated UTIs are associated with higher rates of
sepsis, recurrent infection, treatment failure, and significant morbidity and mortality
[4-7]. Uncomplicated UTIs affect 40-60% of females, at least once in their lifetime,
on the other hand, all UTIs in males are usually considered complicated [8-10].
Recurrent UTIs are characterized by the occurrence of at least two acute UTI episodes
within a span of 10 months or three episodes within a 12-month period, with a higher
incidence in females than males [11, 12]. The UTIs can be self-infected, community-
acquired, or nosocomial. Community-acquired infections typically result from low
sanitary precautions, poor personal hygiene, or multiple sexual partners [7, 11]. The
risk of self-infections often occurs in immunocompromised individuals as commensal
inhabitants from the periurethral, vaginal, or rectal flora usually cause it [13, 14].

2. Risk factors

However, UTlIs are recurrently encountered in healthcare amenities, the high
infection rates could be associated with some risk factors. The gender, females are
usually at high risk; it is expected that 40-60% of females will get UTIs at least once
in their life, and half of them will suffer from recurrency within 1 year [9, 11, 12]. In
males, the incidence of UTIs is lower than in females (10-15%), and even lower in
circumcised males [10].

Females are at a higher risk of UTIs for various reasons; first of all, their shorter
urethra eases the spread of bacteria to the bladder establishing infection [15].
Additionally, anatomical differences between males and females make self-infection
from perineal flora more likely in females [9]. Hormonal changes during menopause,
which reduce estrogen levels, also increase the risk of infection by making urogenital
skin thinner and reducing the presence of protective Lactobacilli, as the lactic acid
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production by Lactobacilli renders the vaginal pH more acidic that does not encourage
the growth of invading bacteria conferring a protective barrier against pathogenic
infections [16]. Furthermore, the immunocompromised individuals including geriat-
rics and pregnant women are at high risk [17-20]. In diabetic patients, nephropathy,
glycosuria, and reduced immunity contribute to the higher incidence of complicated
UTIs [3, 21-23]. Other factors that increase the risk of UTIs comprise anatomical
abnormalities of the urinary tract, kidney stones, and the use of physical interven-
tions such as spermicides, contraceptive diaphragms, intrauterine devices, catheters,
and frequent pelvic examinations [10, 14].

3. Bacterial and fungal etiology of UTIs

The bacterial etiology of UTIs involves a variety of Gram-positive and -nega-
tive bacteria as well as the most common fungal infections by Candida spp., mainly
C. albicans (Figure 1) [2]. Typically, the infections are mostly originated from the
normal flora of the urogenital system, vaginal, and rectum besides the intestinal
microbiota serving as the main reservoir of infections [4, 9]. Escherichia coli is the
most frequently identified urinary tract pathogen, responsible for 65% of compli-
cated UTIs and 75% of uncomplicated UTIs [24]. Klebsiella pneumoniae is the second
most frequent cause of UTIs, accounting for 6-8% of cases, while C. albicans and
Enterococcus faecalis are significant causes of complicated UTIs, causing 7% and
11% of UTISs, respectively [14]. Other less commonly identified causative agents
include Staphylococcus saprophyticus, Staphylococcus aureus, Staphylococcus epidermidis,
group B Streptococcus, Proteus mivabilis, Acinetobacter baumannii, and Pseudomonas
aeruginosa [14, 25].

Uncomplicated UTIs| Complicated UTlIs

0/3.,1%1 %1
%3 o

UPEC ® Klebsiella pneumonia

m Staphylococcus saprophyticus ® Enterococcous spp
group B Streptococcus i Proteus mirabilis
Pseudomonas aeruginosa Staphylococcus aureus
Candida spp

Figure 1.
The most common uropathogens (adopted from Lila et al. [2]). UTIs are caused by a wide range of Gram-
positive and -negative bacterial pathogens and fungal pathogens mainly Candida spp.
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4. Pathogenesis of UTIs

The bacterial ability to breach the urethral sphincter muscle, the natural barrier
against pathogens, initiates pathogenesis employing bacterial fimbriae and adhesin to
adhere to the urethral epithelium [26, 27]. Then, bacteria ascend the urethra and colo-
nize the urinary bladder, where they express numerous virulence factors that promote
necrosis of tissues and facilitate invasion, resulting in cystitis [4, 14, 28]. UTIs symp-
toms extend to include fever, suprapubic pain, lower abdominal pain, blisters, and
ulcers in the urogenital area besides bacteriuria, dysuria, urgency, urinary frequency,
pyuria, itching, and burning sensation during urination [29, 30].

5. Catheter-associated urinary tract infections (CAUTIs)

CAUTIs are the most frequent hospital-acquired infections and account for nearly
40% of all infections [3, 21]. Urinary catheters are foreign bodies that induce local
mechanical stress, causing various inflammatory responses such as mucosal lesions
edema, and exfoliation [21]. Insufficient use of aseptic techniques while inserting
a catheter can cause contamination, which in turn can result in CAUTIs. The prob-
ability of developing UTIs is notably high when catheterization is prolonged (beyond
7 days) because the surface of urinary catheters provides an optimal environment
for bacterial growth and attachment [21, 31]. Additionally, the deposited fibrinogen
lubricates the catheter surface and serves as a nutrient source providing an ideal niche
for bacterial attachment [23].

6. Biofilm formation

Biofilm formation constitutes the cornerstone in the UTIs pathogenesis playing
the main role in CAUTIs [32-34]. Moreover, the formation of biofilms is regarded as
a crucial factor contributing to the frequent recurrence of UTIs. In Refs. [23, 32], and
antimicrobial resistance [34-37]. These biofilms are anchored in the place by an extra-
cellular polymer matrix that is secreted by the bacteria themselves, which constitute
an obstacle against antibiotics to attack bacteria [2, 26, 38]. The behavior of bacteria
in biofilms is different from that of planktonic bacteria, they prioritize fortifying
their establishment plan over motility and metabolic activities to conserve nutrients
and energy [26, 39, 40]. They upregulate extracellular toxins to cause maximum tissue
damage, releasing nutrients and cementing the biofilm in place [41, 42]. The biofilm
sheds daughter planktonic cells that persistently disseminate the infection and create
new biofilms. These biofilms are difficult to eradicate and can lead to chronic and
recurrent infections [13, 26].

7. Objectives of UTIs book

UTIs are a common health issue that affects millions of people around the world
every year, resulting in discomfort and pain that have a significant impact on a per-
son’s quality of life, and if left untreated, can lead to more serious complications. This
book aims to provide a comprehensive guide to understanding UTIs, their causes,
symptoms, and treatment options. Through this book, readers will gain a better
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understanding of the risk factors associated with UTIs, as well as ways to prevent and
manage them. The book will cover both conventional and alternative treatments, as
well as lifestyle changes that can help prevent UTIs from occurring. In addition to pro-
viding valuable information for those who have already experienced UTIs, this book
will also serve as a valuable resource for healthcare professionals who treat patients
with UTIs. By presenting the latest research and evidence-based recommendations,
this book will help healthcare providers make informed decisions about diagnosis and
treatment.
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Wael Hegazy
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Chapter?2

UTI Caused by Staphylococcus
saprophyticus

Benyamin Djawadi, Nagzila Heidari and Mojtaba Mohseni

Abstract

Coagulase-negative Staphylococci (CoNS) are one of the most frequently isolated
bacteria in the clinical microbiology laboratory. These bacteria are normal inhabit-
ants of human skin and mucous membranes; also, they have emerged as significant
nosocomial pathogens. Staphylococcus saprophyticus is a Gram-positive bacterium
well known for causing uncomplicated urinary tract infections in young sexually
active females, responsible for complications including urinary tract infections,
epididymitis, prostatitis, and acute pyelonephritis. CONS can be divided into two
groups based on susceptibility to novobiocin. The novobiocin-susceptible species
include S. epidermidis, S. haemolyticus, S. hominins, S. lugdunensis, S. schleiferi, and
the novobiocin-resistance species, including S. saprophyticus and S. xylosus. The acute
uncomplicated UTI, including cystitis and pyelonephritis, is frequent in an immu-
nocompetent nonpregnant female population, the second most common cause of
community-acquired urinary tract bacterial infection in women after the Escherichia
coli. S. saprophyticus is a part of the normal human flora which colonizes the rectum,
urethra, cervix, and gastrointestinal tract. Bacterial colonization of the bladder and
ureter epithelium occurs via several types of adhesin, including hemagglutinins with
autolytic properties. Also, some strains can create and produce biofilms to increase
their pathogenicity.

Keywords: Staphylococcus saprophyticus, UTI, coagulase-negative staphylococci,
S. saprophyticus, CoNS, urinary tract infections

1. Introduction

Staphylococcus organisms can be coagulase-positive or negative, and Coagulase-
negative Staphylococcus microorganisms are associated with human infections.
S. saprophyticus is a clustering Gram-positive Commensal CoNS (Coagulase-negative
Staphylococci), non-motile, non-spore, non-hemolytic coccus and Novobiocin-
resistant which is a common urinary tract pathogen accounting for 10-20% of cases
in young women, rarely associated with urinary tract infections in male populations,
with the cell membrane that’s made up of the typical lipid-protein bilayer made of
phospholipids and the cell wall which is composed of peptidoglycan and teichoic
acid that function to maintain the shape of the cell associated with adhesions, unique
adhesion protein which allows it to attach to human uroepithelial cells and abundant
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transporter systems to adapt to changing pH and osmolarity [1]. S. saprophyticus

is a common cause of urinary tract infections in the young, sexually active female
population. There are multiple chances of developing prostatitis and urethritis in
immunocompetent hosts. S. saprophyticus can be differentiated from other coagulase-
negative Staphylococcus by its resistance to Novobiocin, and like other uropathogens,
S. saprophyticus can produce ammonia by utilizing urease [2]. Coagulase-negative
Staphylococcus can be found on the skin, rectum, urethra, and cervix as a microbi-
ome [3-5]. S. saprophyticus is the second most common cause of UTI after E. coli. Over
40% of all sexually active females contain S. saprophyticus as part of their normal
genitourinary flora [3-5]. General risk factors for UTIs are recent sexual intercourse,
benign prostatic, pregnancy, and female sex [6]. This bacterium can encode different
transport proteins, enabling it to adjust to environmental pH changes and proliferate
urine.

2. Definition of UTI

Urinary tract infection, also called UTI, is one of the most common bacterial
infections; it is characterized into different groups: young women with uncom-
plicated cystitis, female with recurrent cystitis, women with acute uncomplicated
pyelonephritis, asymptomatic bacteriuria, and adults with cystitis complications. A
complicated UTT is a condition that increases the risk of developing severe complica-
tions like treatment failure (Figure 1) [7].

UTI is a term to explain any urinary tract infection that concludes with asymp-
tomatic bacteriuria, pyelonephritis, and cystitis. Acute complicated UTIs are typically
between 27 to 44% of the healthy female with normal urinary tracts. The incidence
of symptomatic UTI in men younger than 50 years is much lower than in women
[8]. Asymptomatic bacteriuria is found in 5% of young women and rarely in men
younger than 50 [9]. Most uncomplicated UTIs in the healthy female population has
resulted from uropathogenic, found in rectal flora in men; colonizing uropathogens
may also come from the partner’s vagina or rectum [10]. Factors predisposing patients
to develop complicated UTIs are generally caused by urine flow which facilitates the

Symptomatic ol Asymptomatic
|
[ | L
Complicated Uncomplicated Asg;:gglrjr:?:c
Acute Catheter Acute l Uncomplicated
complicated x uncomplicated o

" associated UTI " pyelonephritis

cystits cystitis

Coplicated
Pyleonephritis

Figure 1.
Classification of UTIs in young women.
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Type of Infection Risk Factors

Premenopausal women Having recently had sexual intercourse,
Previous UTT history.

Postmenopausal women History of previous UTI, Incomplete bladder
emptying

Recurrent UTI Recent sexual intercourse, Spermicide use,
Diabetes

Pyelonephritis Sexual intercourse, Mother with UTIs.

Table 1.

Risk factors for common UTIs.

entry of uropathogenic into the urinary tract by bypassing the host defense system
[11]. Recurrent types of cystitis in healthy female is triggered when an infection is
repeated during different period, which is caused by the persistence of the infected
strain in the fecal flora [12]. Asymptomatic bacteriuria occurs in patients without

any urinary infections [13]. Both pyelonephritis and cystitis are UTIs involving the
bladder and kidneys; based on the risk factors such as gender and having sexual inter-
course, other complications can be classified into complicated or uncomplicated UTIs
[14]. These classifications are made to help patients in need of diagnostic tests or even
more extended periods of antimicrobial treatments. On the other hand, an uncom-
plicated UTI can occur in a healthy nonpregnant woman with beneficial flora and no
history of bladder compilations such as bladder catheterization [15]. Diabetic women
are classified as a group having complicated infections. As mentioned before, cystitis
and pyelonephritis are depended on the patient’s risk factors, such as UTT history,
diabetes, age, e, and gender. Although cystitis can progress to hostile stages and cause
acute pyelonephritis, the occurrence is rare [16]. Acute pyelonephritis includes sepsis,
kidney infection, and perinephric abscess [17]. Recurrent UTIs are commonly defined
as infections within 12 months or predisposition to two disorders within 6 months
[18]. Females diagnosed with UTI will develop a recurrence within 3 months [19].

A summary of risk factors for common UTIs is shown in Table 1 [20-23].

For different reasons, postmenopausal women with the risk of developing UTIs,
such as lower levels of systemic estrogen, play essential roles in adjusting the vaginal
pH and maintaining the normal vaginal flora. The lower estrogen level in postmeno-
pausal women is a crucial factor contributing to UTIs in the community. Based on a
Cochrane review, vaginal estrogen, cranberries, Hyaluronic acid, and Chondroitin
sulfate have a big part in decreasing recurrent UTIs [24]. Probiotics are thought to
contribute to preventing UTIs by restoring the normal vaginal microbiome [25].

3. Pathogenicity and virulence factors

In the 1990s, Kloos and Bannerman [26] shed light on the clinical importance
of CoNS. Today, CoNS represent one of the most virulent nosocomial pathogens
which had a crucial impact on human health [27]. Staphylococci colonize and develop
complications by owning the strain-specific virulence strategies for the aggression,
invasion, and adherence factors essential for pathogenicity and evading the host
immunity mechanisms. Once the periurethral region contaminated with S. sapro-
phyticus from the gut, the microorganisms will colonize the urethra before traveling
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up to the bladder. To attach to the uroepithelial cells, S. saprophyticus expresses
adhesins: extracellular slime and fibronectin binding proteins [27]. S. saprophyticus
strains can also produce urease which hydvrolyzes the ammonia to ammonia and carbon
dioxide, ammonia will support the bacteria’s survival with the pH increasing [28]. As
soon as the host immune system cells sense the bacterial infection, phagocytes, mac-
rophages and neutrophils are being called to engulf the bacteria, then the bacteria
are trapped inside a phagosome, which occurs when the phagosome fuses with a
specialized vesicle that has degradative agents. However, S. saprophyticus bacteria can
eventually escape the digestion pocket in coating themselves with the hosts proteins
in order to disguise themselves to prevent from being identified by antibodies or
blood proteins [27].

3.1 Adherence to surface and biofilm formation

Biofilm production has a significant role in infection. It’s an accumulation of
microorganisms (primarily endogenous) and their self-developed polymeric matrix
extracellular products which form on the surface. (e.g., the ureteral stents) The
first moment of Staphylococci colony formation is adherence to host epithelium
cells which increases its virulence and also its antibiotic tolerance in comparison
with isolates without biofilm production. Adherence is critical in initiating UTI
pathogenesis [28]. The colonization of the multilayered biofilm is considered an
essential step in the pathogenesis of a foreign host [29]. In the biofilm, bacterial cell
agglomerates, extracellular DNA (eDNA), pili, flagella, and extracellular polymeric
substances are encased in an extracellular material composed of teichoic acids to
protect the microorganism from the host immune system [30]. After insertion into
the host, ions, polysaccharides, and other components diffuse toward the host cells
and provide a receptor site for bacterial adhesins, enhancing the adherence rate.

In the next step, bacterial cells release protons as signaling molecules to develop a
concentration on the surface, which can lead to the formation of a biofilm format.
Members of Staphylococcus produce various adhesins, such as proteinaceous ones,
grouped into surface-anchored proteins, also termed cell wall-anchored (CWA)
proteins [31].

In many developing countries the UTIs caused by S. saprophyticus and the struc-
ture of biofilm are not that well studied but the phases of biofilm formation by CoNS
can be divided into initial attachment, Accumulation, Maturation, Detachment,
and dispersal. The initial extension of CoNS is followed by the accumulation phase,
which includes cell proliferation, intracellular adhesion, and maturation. A devel-
oped biofilm is built up of three layers: linking film, which cattachtch to the surface
of the tissue, forming a base layer of compact microorganisms, and surface film,
where free-floating bacterial cells are spread over the surface [32]. Some Staphylococci
strains have been associated with a 240-kDa protein called biofilm-associated protein
(Bap), which mediates the attachment and biofilm accumulation and plays a role in
developing bacterial inflammation, recurrent cystitis, and chronic prostatitis [33].
The surface virulence factors include proteins such as Aas (Binds to the fibronectin),
UafA (Binds to bladder epithelia cells), UafB (Binds to fibronectin and bladder
epithelial cells), Srdl (Binds to collagen) [32]. The chosen antibiotic in uncompli-
cated S. saprophyticus UTIs is nitrofurantoin 100 mg orally twice daily for five to
seven days in more complicated cases [30]. Also the prescribing of Trimethoprim-
sulfamethoxazole (TMP-SMX) may be given alternatively in uncomplicated cases
[30]. The general steps of biofilm formation in S. saprophyticus [31].
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3.2 Teichoic acids

Teichoic acids are involved in the adherence of S. saprophyticus to host epithelium
cells, which dose-dependently is promoted by the attachment of these microorgan-
isms, which act as a bridge between fibronectin polymer material and bacteria [34].
Teichoic acids have been shown to exert binding functions for matrix molecules in
Gram-positive, including Staphylococci. Wall teichoic acid (WTA) is linked to the pep-
tidoglycan (PG), composed of glycerol phosphate units, substituted at the positions
of glycerol with alpha-glu-cocaine, alpha-glucose, alpha-6-D-alanyl-glucose [35].

3.3 Aggressive virulence factor

Coagulase-positive staphylococci have been isolated from more than 95% of cases
of toxic shock syndrome (TSS). Toxic shock syndrome toxin-1 (TSST-1) is produced
in more than 92% of cases. Compared to S. aureus, CoNS have much lower levels of
aggressiveness and mostly are not producers of super toxin antigens. The capability of
CoNS to produce exfoliate toxins has been doubted since the late 1980s [36]. TSST-1-
producing coagulase-negative staphylococci were also isolated from different cases,
but the illness episodes were mild recurrences of TSS since they did not meet all the
TSS criteria. The strains of presumed positive toxic shock syndrome toxin 1 (TSST-1)
cannot produce and exert TSST-1 [37].

3.4 Production of Lantibiotics

Lantibiotics are a group of post-translationally modified peptides that contain
unusual amino acids such as lanthionine residues. Commensal staphylococci produce
Lantibiotics like Nisin A (act against a wide variety of bacteria, including strains
of Lactococcus, Streptococcus, and Staphylococcus), Epidermin, and Mersacidin
[38]. These groups of bacteriocins are classified into cationic antimicrobial peptides
(CAMPs), which are classified into two types, including Type A (e.g. Nisin, Bisin,
Subtilisin, and Epidermin) and Type B (e.g. Mersacidin, Duraycin, and Cinnamycin).
The production plays a role in bacterial interference, creating an ecological niche
for Staphylococci [39]. These antibiotic peptides also include methyl xanthine amino
acids, which can bind to bacterial cell wall precursor lipid components and disrupt
cell wall production. Type A kills rapidly by pore-forming mechanisms, and Type B
inhibits peptidoglycan biosynthesis [40].

4. Identification and grouping of CoNS by novobiocin testing

Novobiocin is an antibiotic that interferes with DNA replication and binds to DNA
gyrase, leading to the blocking of adenosine triphosphates (ATPase) activity. If a CONS
isolate is recovered from urinary tract specimens, testing for resistance to novobiocin
will distinguish S. saprophyticus from other clinical CoNS [41]. This method is based on
the disc diffusion test using 5-pg novobiocin discs on Hinton agar or blood agar medium
[41]. As the microorganism multiplies during incubation to produce a surface of
confluent growth, cells are exposed to the antibiotic that diffuses into the agar from the
paper disk. If the bacteria are susceptible to novobiocin, there will be a formation of a
zone of inhibition around the disk representing an area where the bacterial growth has
been prevented [42]. A zone of inhibition less than 16 mm is indicative of novobiocin
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resistance. The CoNS have been classified into two groups based on this particular
pattern. The ones demonstrating novobiocin susceptibility include epidermidis, S.
capitis, S. haemolyticus, S. hominis, S. lugdunensis, S. warneri and S. saccharolyticus. The
novobiocin-resistant group consists of: S. kloosii, S. saprophyticus, and S. xylosus [42].

5. Antimicrobial susceptibility

UTlIs are individually becoming challenging to treat due to the incorrectly wide-
spread antibiotic use and bacterial resistance mechanism. Regarding antimicrobial
resistance, CoNS have been divided into two groups: 1-Susceptible to antimicrobial
agents and 2-those exposed to antibiotics in the hospital. CoNS are thought to show
an exquisite reservoir of genetic elements that led to resistance to f-lactam antibiot-
ics and other antimicrobial classes [43]. In Staphylococci, including CoNS species,
penicillin-binding protein (PBP) expression can lead to p-lactam resistance, such as
cephalosporins and carbapenem [44].

6. Preventing recurrent UTI/probiotics

Nonantimicrobial and antimicrobial prophylaxis regimens have been studied in
the female population with recurrent UTIs. Probiotics can prevent UTIs by helping to
restore the normal vaginal microbiome. Studies investing in Lactobacillus spp. to pre-
vent recurrent UTIs in women have found a link between recurrent symptomatic UTIs
and probiotics. Still, additional studies are needed for final decisions to be made [45].

6.1 Preventing recurrent UTI/cranberries

The mechanism of cranberries preventing UTI is yet to be discovered. Although,
studies show that the daily drinking of 300 mL of cranberry juice plays a role in
preventing this complication due to the function of proanthocyanidins found in
cranberry, which inhibit the microorganisms from adhering to the bladder walls and
the epithelium cells and make tissues damages [46].

6.2 Preventing recurrent UTI/hyaluronic acid and chondroitin sulfate

The glycosaminoglycan layer has been found in the bladder wall, made of
Hyaluronic acid and Chondroitin sulfate, which plays a role in preventing the adher-
ence of microorganisms to the urothelial cells [47]. A damaged glycosaminoglycan
layer could lead to an increased rate of recurrent UTIs in both the male and female
populations (Table 2) [48].

7. Treatment and resistance

Treatment with antibiotics has been indicated in complicated UTIs and pyelo-
nephritis. There is no indication for routine susceptibility tests for UTI due to S.
saprophyticus because it’s usually susceptible to empirical therapy for uncomplicated
UTI [49]. The antibiotics for uncomplicated UTI are sulfonamides, ampicillin, and
nitrofurantoin 100 mg twice daily for five days or trimethoprim/sulfamethoxazole
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Medication

Dose

Vaginal estrogen

Estradiol ring 2 mg

Probiotics

Vaginal suppositories two times a week

Cranberries

300 mL juice

Hyaluronic acid and Chondroitin sulfate

800 mg and 1 g in 50-mL solution

Antibiotics Nitrofurantoin 50 mg daily
TMP-SMX daily
Cephalexin 125 mg daily
Norfloxacin 200 mg daily
Table 2.

Prophylaxis for recurvent UTL

160/800 twice daily for three days. In acute uncomplicated UTIs, NSAIDs are a
preferred analgesic [50, 51]. resistance to trimethoprim/sulfamethoxazole can lead
to failure in empirical therapy, so an antimicrobial susceptibility test is necessary
in these cases [52]. Baicalin can be used in UTI treatment because of its inhibitory
effects on more efflux gene expression, which encode the msrA efflux pump, which
is essential in multidrug resistance in staphylococcus strains [52]. Nalidixic acid has
no rule in treating S. saprophyticus UTI due to bacterial resistance. In some studies,
the terms methicillin resistance and Oxacillin resistance is being used and recording
to CLSI guideline the cefoxitin disc is also being used [54]. Oxacillin resistance occurs
due to the production of pB2a in the microbe [52]. Pivmecillinam is another accept-
able antibiotic in pregnant patients, while mecillinam is not practical [54] (Table 3).
A single dose of fosfomycin trometamol also is a good choice in treating uncom-
plicated UTI and pregnant patients with lower UTI as a first-line empirical therapy

(Figure 2) [53].

Some S. saprophyticus species are resistant to Cefixime and fosfomycin tro-
metamol naturally, so it does not recommend to use these drugs in treating acute

Antibiotic Dose
Nitrofurantoin monohydrate 100 mg
TMP-SMX 160/800 mg
Fosfomycin 3 gonce
Pivmecillinam 400 mg
Fluoroquinolones Ciprofloxacin 250 mg
Ofloxacin 200 mg
Amoxicillin-clavulanate 500/125 mg
Cephalosporins Cefdinir 100 mg
Cefaclor 250 mg
Cefpodoxime
Ciprofloxacin 500 mg
Table 3.

Treatment with antibiotics.
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Antibiotic-resistance profile of Staphylococcus
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Figure 2.
Antibiotic-vesistance profile [54].

pyelonephritis. Ceftriaxone can be used instead of Cefixime and ciprofloxacin for
treating acute pyelonephritis [55].

8. Conclusion

CoNS are versatile Gram-positive bacteria, either coagulase-positive or coagulase-
negative, with mucous membranes and skin niches. Coagulase-negative organisms
should not always be thought of as contaminants in tissue infection. CoNS rarely get
hostile because most of them lack virulence factors. Based on the rise of weak and
susceptible patients, CoNS consequently have become major nosocomial pathogens,
and their virulence functions have led to complications such as urinary tract infec-
tions (UTI). Urinary tract infections are among the most frequent types of hospital
and community infections especially in women than man because of their anatomi-
cal differences. Pyelonephritis and cystitis are the most common UTIs based on
the factors affecting patients and are classified as complicated or uncomplicated.
Uncomplicated infections are those in nonpregnant healthy women with normal
genitourinary tract and medical history without any recent UTIs. S. saprophyticus is
one of the major pathogens causing UTIs. It is a Coagulase-negative Staphylococci
(CoNS), colonizing the ureter epithelium via adhesins with the ability to produce
biofilms to increase their pathogenicity, however little has being discovered about
antibiotic resistant patterns and biofilm functions in this topic. We must know that
the treatment of UTIs depends on the S. saprophyticus growing resistance to antibiot-
ics. The big part of S. saprophyticus infections can be treated with antibiotics as said
before but if left untreated, can progress to complications. A great deal of knowledge
of antimicrobial resistance patterns is essential when choosing an antibiotic agent.
So many questions about the ecology, pathogenesis, and phylogeny of CoNS have not
been answered yet, but hopefully, following the development of new methodology
tools, further research can be approached.
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Abstract

Urinary tract infection (UTI) is a common condition around the world, even affect-
ing immunocompromised hosts such as people with human immunodeficiency virus
(HIV) infection or acquired immuodeficiency syndrome (AIDS). Due to the anatomical
conditions of the urogenital tract, women are more susceptible to UTI. Risk factors
throughout life are determinants in the appearance of UTI. The frequency increases
especially in women and is associated with sexual activity and pregnancy. In older adults
and the elderly, again the frequency of UTI in both genders increases. In women, it is
usually related at anatomical and functional sequelae due to parity and gyneco-obstetric
surgeries. In old men, prostatic enlargement is an important concern. Chronic degener-
ative diseases such as diabetes mellitus with complications explain the high frequency of
UTI in this population. Currently, the increase in violence and accidents are the leading
cause of traumatic injuries with neurological damage, which leads the use of permanent
urinary catheter. In patients infected with HIV/AIDS, the disease can be severe and is
associated with more complications. The etiology in this population can be diverse,
including fungi, parasites, and virus; antimicrobial resistance is a therapeutic challenge.
This chapter is a comprehensive review of the epidemiology, pathophysiology, clinical
presentation, diagnosis approach, and current treatment of UTIs in HIV/AIDS patients.

Keywords: urinary tract infection, UTIs, HIV, AIDS, HIV/AIDS

1. Introduction

UTI is defined as the presence of some pathogenic microorganism that induces a
local or systemic inflammatory response. The infection can affect any structure of the
urinary tract including the renal parenchyma, pelvic, ureters, bladder, and urethra. In
general, infections located above the ureterovesical junction are considered as high
infections and below this junction are considered as low. High-location UTIs are con-
sidered more severe but less frequent, and their exact location is often difficult to
determine. UTI is considered the most common bacterial infection, estimated to affect
more than 150 million people annually [1]. From 15 to 50 years of age, UTI is practically
nonexistent in men, while in women, it has a prevalence that can reach up to 3% of the
population [2]. Approximately, one in three women suffers an uncomplicated UTI
before the age of 24 years old, and 30-44% develop a recurrent disease [3].
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People living with HIV are more likely to develop UTIs due to the suppression of
their immunity. AIDS is considered the late stage of HIV infection, when the number
of the CD4 cells falls below 200 cells/mm?® or when patients develop one or more
opportunistic infections regardless of their low CD4 count. The incidence of UTI is
increased in HIV patients, but there is a significant variance in the reported preva-
lence. Evidence suggests that HIV infection is associated with UTIs and abnormalities
of bladder function, which is demonstrated by urodynamic studies [4, 5]. However, it
is unclear whether HIV/AIDS imposes an additional risk of urinary conditions beyond
the normal risk associated with age or other risk factors.

The urinary tract may be susceptible to complications of HIV infection [6], with
Escherichia coli and Enterobacter spp. being found to be the dominant pathogens
associated with UTIs [7]. Unusual germs such as Salmonella and Acinetobacter have
also been reported. Other atypical pathogens such as fungi, Toxoplasma gondii,
mycobacteria, cytomegalovirus (CMV), and adenovirus are often disseminated at the
time of urinary tract infection, usually when CD4 counts are <100/ mm? [8-10].

Opportunistic infections are well described in patients with HIV infection, but
infections that do not define AIDS are relatively understudied. The diversity of
microorganisms that can cause UTIs and the magnitude of drug resistance may cause
treatment choices to be significantly limited. Improving knowledge on the prevalence,
uropathogen spectrum, and associated factors of UTIs could substantially improve
the current diagnostic and treatment guidelines for better prognosis of people living
with HIV/AIDS.

2. Epidemiology

UTTI is a disease of high prevalence worldwide, accounting for 150 million
infections per year [11], and UTTI hospital-acquired infections account for 40% of all
hospital infections worldwide [12]. Indwelling urinary catheterization is the most
common risk factor for hospital-complicated UTI [13].

Age and gender are conditions that impact the frequency of UTIs prominently.
Risk factors are variable at certain stages of life; women suffer from UTIs more often
than men, with nearly half of women developing UTIs throughout their lives [14].
Anatomical and physiological differences, such as a shorter urethra and hormone
fluctuations, explain the high frequency of UTIs in women [15]. This pronounced
increase in susceptibility in women is more remarkable in adolescents, pregnant
women, and adults under 50 years of age. In populations older than 65 years, the
prevalence of bacteriuria and UTTI increases substantially in men to almost equal that
of elderly women [16, 17].

HIV/AIDS continues to be a major problem throughout the world. New infections
continue to occur in a significant way in conjunction with other sexually transmitted
diseases (STIs) such as syphilis, papillomavirus, viral hepatitis, and many others. The
ignored pandemic, alcoholism, drug addiction, sexual promiscuity, and violence has
caused the increase and appearance of many diseases, including the emerging mon-
keypox infection and other diseases previously mentioned. This scenario has brought
fatal consequences on the health and economy of many countries. Poverty and mental
health issues (depression) are an important part of this vicious circle.

According to World Health Organization (WHO) data, there were an estimated
38.4 million (33.9-43.8 million) people living with HIV at the end 2021, two-thirds of
whom were in the African region. In 2021, 650,000 people died of HIV-related causes,
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and 1.5 million (1.1-2.0 million) people acquired HIV. In our current time frame, it is
estimated that 40.1 million people have died from HIV-related causes [18]. There are
many reports on the prevalence of UTI in HIV/AIDS-infected patients, some with a
small number of patients and with limitations in the design of their studies. Most of
the information comes from observational studies conducted over some period or
cross-sectionally. As patients’ ages are diverse, it is difficult to separate the inherent
risk associated with their age and gender. Most studies do not include a control group
(people who do not have HIV infection) to determine the risk.

The most cited research is the article published by Miles and associates [19], where
they refer to an incidence of 17% of UTIs; however, the article was published in 1989.
Due to the little information and the absence of well-designed studies to establish this
knowledge, Miles’ article is still taken as the main reference. The article was done
retrospectively in a hospital in Detroit, Michigan, USA, with 120 patients seen from
1984 to 1987, practically at the beginning of the HIV pandemic. Only 16% of the
patients had some urinary symptom, and at least one urine culture was performed in
56 of 120 patients, in which 17 (14%) were positive.

There is a consensus that people with lower CD4 have a high risk of developing
UTIs as well as other opportunistic infections. The female sex constitutes an additional
risk to the immunological state. The number of partners and sexual orientation are
surely additional factors of risk of UTIs; however, there are no publications that
provide sufficient clarity in this regard.

In patients with HIV who are hospitalized for any cause, the prevalence of
hospital-acquired UTTI increases significantly. In a study with 96 patients, of which 78
(81%) were men who were divided by the diagnosis of AIDS or HIV infection, the
prevalence in patients with AIDS was 50% and in patients with HIV infection was
13.6%. From 18 women, 67% suffered from UTIs versus 35% of men (p = 0.03).

The study included a control group without HIV in which the prevalence of UTI was
11.7% [7]. Studies on UTI prevalence in HIV/AIDS patients are shown in Table 1.

Author (year) Ref Patient number Age CD4 <200 CV <10° UTI

range (y) (%) log (%) number (%)
Miles (1989) [19] 120 N.A. N.A. N.A. 17 (14)
Schonwald S. [7] 96 (74 AIDS, 22 16-68 N.A. N.A (50) AIDS
(1999) HIV) (100%) (13.6) HIV
Omoregie R. [20] 421 (317 HIV vs. N.A. 30 N.A. (27) HIV
(2009) 104 non HIV) (13) non HIV
De Pinho A. [21] 415 (151 AIDS, 94 18-50 N.A, N.A. 10 (6.6) in AIDS, none in
(1994) HIV, 170 non HIV)  (100%) both HIV and non HIV
Yepes A. [22] 237 20-50 61.5 76.9 13 (5.4)
(2010) (70%)
Boaitey Y. [23] 800 (500 HIV vs. 20-50 N.A. N.A. 5(1) in HIV and 2 (0.7)
(2012) 300 non HIV) (61%) in non HIV
Mota L. (2022) [24] 57 20-30 N.A N.A. 30 (53)

(70%)

N.A. = not available.

Table 1.
Prevalence of UTI in HIV/AIDS patients.
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In a recent systematic review and meta-analysis about the magnitude and
associated factors of UTIs among adults living with HIV in Ethiopia, seven studies
were selected with 2257 participants that met the selection criteria. All were
observational studies with an overall prevalence of 12.8% (range 10.3-18% for all
studies). Additionally, it analyzed some risk factors such as gender, diabetes mellitus,
history of catheterization, and CD4 counts. Those with CD4 counts larger than 200
had a lower risk of UTI than those with CD4 counts less than 200 (OR: 0.36, 95% CI:
0.06-2.35) with statistical significance of P = 0.001 [25].

3. Pathogenesis

Urinary tract infections usually migrate through the urethra, and microorganisms
colonize the periurethral region. In a simple case, microorganisms can arrive in the
urinary tract through the blood in the presence of a systemic disease such as
perinephric abscess, renal tuberculosis, and some mycoses. A UTI may involve any
site of the urinary tract, including renal parenchyma, renal pelvis, ureters, bladder,
and urethra. Infection of the renal parenchyma is termed pyelonephritis. The infec-
tion of the upper urinary tract is usually associated with severe disease.

The ascent of bacteria colonizing the urethral meatus is more common in women
due to the short urethra and bacterial colonization in adjacent vulvar and perianal
regions [26]. Sometimes, a specific risk factor is present, such as pregnancy, indwell-
ing catheter drainage or intermittent urinary catheterization of the bladder due to
paraplegia, neurogenic bladder, bladder outlet obstruction, prostatism, urethral stric-
ture, analgesic abuse neuropathy, or ureteral stricture from recurrent renal colic.
Some of this risk factors can be inferred from proper questioning [27, 28]. The human
body is host to a wide variety of microorganisms, establishing a well-known symbiotic
relation [29]. Extensive studies on human microbiome have generated an unprece-
dented understanding of the microorganisms that colonize both the human body and
its external environment [30].

Uropathogenic reservoirs often prevail within the urinary tract and the
surrounding vaginal and gut microbiomes, causing recurrent UTIs in up to 30% of
individuals within 6 months of the initial infection [31]. Urotypes in the female
urobiome are commonly dominated by Shigella, Lactobacillus, Enterococcus,
Gardnerella, Prevotella, and E. coli. The paradigm that has existed for years stating that
urine is a liquid sterile under normal conditions has now been refuted by recent
studies in which flora has been found in the bladder of adult woman [32, 33].

Specific virulence factors and various pathogens that cause UTIs have been studied
extensively [34, 35]. Certain strains of E. coli, called uropathogenics, have been impli-
cated as the most prevalent bacterium causing ITUs in different populations. E. coli
adherence to uroepithelium is mediated by adhesins such as pili or fimbriae,
interacting with specific receptors expressed on the surface of the uroepithelial cells.
Fimbriated strains of E. coli account for 90% of pyelonephritis, and is the most
predominant strain of bacteremic cases. Cell wall O antigens, capsular polysaccharide
K antigens, and the flagellar H antigens have been associated with UTI severity. Other
bacterial virulence factors associated with UTIs include aerobactin, hemolysins, and
cytotoxic necrotizing factors [34, 35].

However, a high rate of UTIs has been described in patients with advanced HIV
[7, 21]. Bacteriuria with the consequent risk of UTI has been found in >30% in
patients living with HIV who have CD4 < 200 cell/mm? [36]. A routine study in this
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population is recommended specially in advanced disease. Urine cultures may be
negative because the patient is taking prophylactic antimicrobials against
opportunistic infections. Urine should be cultured for mycobacteria, and the use of
special culture media and stains, blood cultures, and viral titers should be considered
[9, 37]. Intravenous pyelogram, renal ultrasound, or abdominal computed tomogra-
phy may be very useful, and tissue biopsies may be necessary to establish a diagnosis,
for example, CMV cystitis [8, 38].

Immune status is decisive in the occurrence of opportunistic infections; the critical
levels associated with the occurrence of opportunistic infections are below 200 CD4/
mm?° cells in the blood. Following initial infection, HIV spreads to regional lymph
nodes within 3-6 days due to the large population of HIV-targeted CD4+ T cells and
constant cell trafficking by lymphatic vessels; systemic dissemination occurs, and
studies suggest that the lymph node reservoir may be established within the first
2 weeks of infection (6-25 days) [39-41]. Viral replication is associated with a decline
in the CD4 cell count and immune system deterioration. High viral load and low CD4
cell count are associated with a greater risk of opportunistic infections and progression
to AIDS. HIV has been isolated from blood and many other fluids and secretions [37].

Therapeutic interventions that decrease plasma HIV RNA levels are associated
with an improved prognosis [42, 43]. Since the first antiretroviral (ARV) was
produced three decades ago, ARV therapy has transformed HIV infection from
inevitable immune collapse and death into a chronic disease that can now be treated
and prevented with a pill taken once a day [44]. Despite these advances, the definitive
cure is still pending [45, 46].

4. Clinic presentation and risk factors

The clinical presentation of UTIs in patients with HIV/AIDS infection does not
appear to be different from that described in the general population; the infection
would be expected to be more severe in immunosuppressed patients, and signs and
symptoms of UTI may be mild because there is no inflammatory response to infection.
The specific clinical manifestations may be more related to the etiology and location of
the UTI where variations in the clinical presentation are to be expected. The health
consequences of UTI among HIV-infected patients can be severe, resulting in acute
and chronic kidney diseases [47], infertility, cancer, sepsis, and neurologic complica-
tion, which lead to urinary stasis [48].

Fever, dysuria, and polyuria are the most frequent symptoms of UTIs; the pres-
ence of any of these symptoms is indicative of a UTI in about 50% of cases. The
combination of symptoms increases the probability of a UTI to over 90% [49]. Low-
location UTIs such as cystitis are the most frequent, least aggressive, and least related
to factors that are predisposed to recurrences. On the other hand, high-location UTIs
(such as pyelonephritis) are usually less frequent but more aggressive and can include
sudden onset with bacteremia and high fever and may be present with signs and
symptoms such as costovertebral pain and macroscopic hematuria [19, 50]. Both
cystitis and pyelonephritis are complicated when they occur in the presence of a
condition that increases the risk of recurrence or when are caused by resistant
pathogens.

Cystitis can be defined as an infection of the urinary bladder accompanied by
symptoms of dysuria, frequency, and urgency. Chronic pyelonephritis is commonly
found in association with other renal diseases, such as chronic obstruction, uric acid
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nephropathy, analgesic abuse, and hypokalemic nephropathy. Acute bacterial prosta-
titis generally presents with abrupt onset of fever, chills, dysuria, frequency, urgency,
as well as perineal pain with symptoms of irritative and obstructive voiding dysfunc-
tion. Relapsing episodes of UTIs, either cystitis or pyelonephritis, are common [51].

Urosepsis may be defined as symptomatic bacteremia of urinary tract origin. It is a
rare but life-threatening complication of UTI. Community-acquired urosepsis in an
otherwise healthy host typically arises from acute pyelonephritis or renal abscess [52].
Hemorrhagic cystitis is characterized by hematuria, dysuria, frequency, and urgency,
and in severe cases, blood clots can result in bladder outlet obstruction. This condition
is generally associated with BK virus, adenovirus infection in bone marrow, and
kidney transplant recipients, and it occurs in the early transplant period [53-55].

Clinical manifestations, etiology, and recurrence can also change widely in relation
to host conditions, such as pregnancy, malformations of the urinary tract, and pres-
ence of lithiasis or tumor. Aging affects the function of all organs and systems and the
urinary tract is not an exception. Prostate growth, neurogenic bladder with urinary
retention, and increase frequency of asymptomatic bacteriuria are common at this
stage of life [52]. An important part of the population living with HIV are people over
65 years of age who, like the rest of the population, suffer from chronic degenerative
diseases.

In a previous cohort [56] of 33,336 male veterans with UTI, 234 (0.7%) were
diagnosed with HIV infection. Patients with HIV were significantly younger than
those without HIV (56.5 vs. 68.0 years; P < .001). Among the assessed comorbidities
known or hypothesized to be associated with UTI, several differences between
patients with HIV versus patients without HIV were observed (Table 2). Although
this study represents a very specific population, it allows to consider the most com-
mon comorbidities that can be associated with UTIs in men who are non-HIV-infected
compared with those who are HIV-infected.

Catheter-associated urinary tract infection (CAUTI) is defined as the new
appearance of bacteriuria or funguria at a concentration greater than 10° CFU mL

Comorbidity NonHIV HIV infected (n = 234) P value
(33,102)

Diabetes mellitus 34.7 23.1 <.001
Benign prostatic hypertrophy 331 19.2 <.001
Prior UTI 30.9 27.3 .25
Incontinence 16.3 13.2 .20
Chronic kidney disease 10.8 11.5 72
Prostate cancer 111 77 .10
Urethral stricture 7.8 4.3 .047
Urinary calculi 7.0 9.0 24
Spinal cord injury 4.0 3.4 32
Prostatitis 2.6 51 .02
Vesicoureteral reflux 0.1 0 .63

Adapted from: Drekonja et al. [56].

Table 2.
Percent of comorbidities associated with UTIs among non-HIV and HIV infected male patients.
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according to the Centers for Disease Control and Prevention. More than 75% of
hospital-acquired or nosocomial urinary tract infections are initiated by urinary
catheters, which are used during the treatment of 15-25% of hospitalized patients.
Infection occurs in 10-50% of patients undergoing non-Foley or short-term urinary
catheterization (7 days), but virtually all patients undergoing Foley or long-term
catheterization (>28 days) become infected [57]. There are different risk factors for
CAUTI; one of the main reason for this condition is the material used in the fabrica-
tion of urinary catheters that allows colonization by microorganisms and subsequent
bacteriuria and infection, especially for long-term catheterization [58]. Although
there is a large amount of research on CAUTI, the ideal catheter with biocompatible,
antimicrobial, and antifouling materials has not yet been developed [58].

The clinical manifestations of a patient with CAUTI may pass unnoticed or be
present in a severe way. Evidence suggests that the diagnosis of CAUTI based on
clinical signs varies widely among clinicians and is often inaccurate when compared to
published guidelines [59, 60]. Clinical practice guidelines identify several such indi-
cators, including fever, suprapubic tenderness, flank tenderness, and delirium [13].
Unfortunately, standardized procedures to assess some of these indicators have not
yet been described in the literature, and information about the consistency of some of
these assessment findings from one clinician to another is yet to be reported [61]. Ina
study of CAUTI assessment profile, three clinical manifestations, fever, suprapubic
tenderness, and delirium, had acceptable and statistically significant consistency
between three nurse rates, while flank tenderness did not [62].

Infection is a common precipitating factor for delirium, particularly in the elderly
[63, 64]. Delirium is defined as an acute change in cognitive status resulting from an
underlying medical, psychiatric, environmental, or multifactorial cause. This mani-
festation of CAUTT has four indicators: acute onset with a fluctuating course, inatten-
tion, disorganized thinking, and altered level of consciousness. In a study of 210
admissions, 72 (15%) HIV-infected patients had higher rates of infection compared
with their overall nosocomial rates of 6.9%. This study showed that the use of urinary
catheters, gastrointestinal procedures, and vascular access were the risk factors for
hospital-acquired infection [65].

In a prospective cohort between February 1998 and October 1999 in a Brazilian
infectious disease unit, 257 HIV-infected patients were matched with a control group
of 204 HIV-negative patients by age, diagnosis, severity of illness, and prior hospital-
ization. The rates of hospital acquired infections (HAI) in the studied group were 8.16
for HIV-positive patients and 3.94 for HIV-negative patients per 1000 patient days
(P = .01). Bloodstream infections, UTIs, vascular infections, and pneumonia were the
most common diseases. Three UTIs were detected in HIV-positive patients and 7 in
HIV-negative patients. Although HIV-positive patients were more likely to use a
urinary tract catheter, there was no difference between both groups regarding the
incidence of UTIs. No clinical picture and CD4 data were provided [66]. The educa-
tion of competent healthcare workers is essential in CAUTI prevention. Its effective-
ness is shown especially in comprehensive and contain information course about
correct procedures of urinary bladder catheterization [67]. A well-working team of
HALI prevention experts in hospitals with high-quality and comprehensively provided
nursing care is essential [68].

Asymptomatic bacteriuria is a clinical syndrome defined as the isolation of
>10° CFU/ml of bacteria from an appropriately collected clean urine specimen [69].
By definition, a positive culture of two urine specimens for the same bacteria is
required in women, whereas a single urine culture is required in men [52].
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Studies have shown a 4-7% prevalence of bacteriuria during pregnancy,
compared to 1-3% prevalence in young nonpregnant women [70, 71]. Another risk
population is diabetics over 70 years of age and those that use permanent or
intermittent urinary catheters [72-75]. Screening and treatment of asymptomatic
bacteriuria is only recommended in pregnant women, prior to prostate surgery or
an invasive urological procedure [76]. Studies have shown a high prevalence of
asymptomatic bacteriuria in HIV-infected pregnant women than among uninfected
pregnant women [77-79]. In men infected with HIV/AIDS with a CD4 count <200,
bacteriuria can reach up to 30% [36].

5. Etiology in different scenarios

UTlIs in HIV patients are generally caused by the same gram-negative bacterial
uropathogens that cause infections in healthy hosts, with E. coli being the predomi-
nant pathogen isolated. HIV status had no significant impact on the uropathogens that
caused UTI in any setting [80]. However, the resistance of E. coli isolates demon-
strated significantly higher resistance to co-trimoxazole compared to isolates from
known HIV-negative patients (95% vs. 72%) (P: 0.001). Antimicrobial resistance has
already emerged to most oral agents in the world including HIV- and non-HIV-
infected patients.

Enterobacteriaceae, especially E. coli, is the major aerobic organism residing in the
intestine and is the most reported cause of UTI [81, 82] being a common fecal
contaminant, accounting for more than 60% of urinary isolates in HIV-infected
patients. Klebsiella, Enterococcus, Enterobacter, and Proteus species are the next most
common pathogens isolated [7, 22]. Salmonella and Neisseria gonorrhoeae can rarely
cause prostatitis [42].

The exact etiology of UTIs is difficult to know. Most of the studies are retrospec-
tive in which clinical records or databases were analyzed. Many are already very old
and have the limitation that the identification of the etiological agent is focused on
bacteria, and routine tests are not included to identify other microorganisms such as
fungi, parasites, and virus. In most centers, molecular DNA amplification tests were
not used to identify organisms of fastidious growth. Table 3 shows us the relevant
information from selected studies on the etiology of UTIs in HIV-infected patients.

Reference [83] Vignesh [7] [84] [85] [86] Marami
author Schonwald Tessema Klapaczynska

Year 2008 1999 2000 2018 2019
Country India Croatia Esthiopia Poland Ethiopia
Analysis Retrospective Retrospective Retrospective Retrospective A cross-sectional
N. patients 85 96 23 141 63
Female (%) 28.0 18.7 86.9 51.8 73.0
CD4 (cells/pl) NA NA >200 (74%) 139 (mean) <200 (55.6%)
E. coli 423 22 69.6 82 (58.2) 24 (38.1)

S. aureus 21.2 0.0 8.7 1(0.7) 7 (11.1)

K. pneumoniae 17.6 7.5 8.7 2 (1.4) 15 (23.8)
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Reference [83] Vignesh [7] [84] [85] [86] Marami
author Schénwald Tessema Klapaczynska

Enterococcus sp 8.2 26 0.0 18 (12.8) 2(3.2)
Pseudomonas sp 3.5 15 43 5(3.5) 4 (6.4)
Proteus sp 3.5 5.5 0.0 3(21) 0.0
S. epidermidis 35 1.8 0.0 7 (5.0) 0.0
Other CONS’ 0.0 0.0 0.0 3(21) 5(7.9)
Enterobacter sp 0.0 5.5 8.7 1(0.7) 0.0
Acinctobacter sp 0.0 5.5 0.0 1(0.7) 0.0
Providencia sp 0.0 3.7 0.0 0.0 0.0
S. agalactie 0.0 0.0 0.0 4(2.8) 0.0
Streptococcus sp 0.0 0.0 0.0 3(21) 0.0
C. albicans 0.0 0.0 0.0 1(0.7) 0.0
S. emteritidis 0 1.8 0.0 0.0 0.0
S. maltophilia 0.0 0.0 0.0 1(0.7) 0.0
M. morganii 0.0 0.0 0.0 1(0.7) 0.0
Serratia odorifera 0.0 0.0 0.0 1(0.7) 0.0
Sin cultivo NA NA NA NA NA
Mixed patogen 0.0 0.0 0.0 4(2.8) 0.0
Other 0.0 0.0 0.0 3(21) 0.0

'Coagulme—negative Staphylococci; ND = not done.

Table 3.
Studies showing the frequency of organisms causing UTIs in HIV infected patients.

5.1 Hospital-acquired UTIs

HIV-infected patients may be at a greater risk of HAI In a study of 210 subjects, a
rate of 15% of HAI was found in HIV-infected patients compared with only 6.9% of
their overall nosocomial rates [65]. More than 75% of hospital-acquired UTIs are
initiated by urinary catheters, which are used during the treatment of 15-25% of
hospitalized patients. Common bacteria associated with CAUTI are Staphylococcus
aureus, E. coli, Pseudomonas aeruginosa. P. mirabilis, Staphylococcus epidermidis, Entero-
coccus faecalis, and Klebsiella pneuwmoniae [57].

A retrospective cohort study [87] was carried out in an academic health system in
New York City, which included 10,575 (697 UTIs) HIV-positive discharges from four
hospitals over a period from 2006 to 2014. The rates of HAIs among HIV-infected
patients are likely to be higher than those among HIV-uninfected patients; the risk
factors were similar. The main organisms isolated in UTIs were Acinetobacter
baumannii, E. faecalis, K. pneumoniae, Pseudomonas aeruginosa, and Staphylococcus
aureus. Further research is required to address how patients’ CD4 counts and viral
loads affect their susceptibility to HAIs. Strategies to prevent nosocomial infections
among HIV-infected patients are the same control measures used in HIV-uninfected
patients [88].
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In a Brazilian study, the overall incidence of HAIs was 5.90 per 1000 patient-days.
The rates of HAI were 8.16 for HIV-positive and 3.94 for HIV-negative patients
(P = 0.01). The most common HAIs were bloodstream infection in 44%, followed by
UTIs with 18%, vascular infections in 14%, and pneumonia in 11%. Common etiologic
agents were A. baumanii, E. coli, E. faecalis, K pneumoniae, P. aeruginosa, and yeast.
Only three UTIs were detected in HIV-positive patients and 7 in HIV-negative
patients [66].

5.2 AIDS with low CD4 count

HIV patients with a CD4 count <200 cells/pL are reported by some authors to be
at a higher risk for UTIs, while others report that CD4 count is not associated with
UTIs [36, 89, 90]. Few studies report the CD4 averages of patients with UTIs, and in
some cases, etiology analysis is performed, separating patients with CD4 greater or
less than 200 cells, in which no major differences have been reported in terms of
isolated organisms. However, there are few reports of AIDS patients in very advanced
stages, including some autopsy studies. In patients with AIDS, infections by atypical
pathogens include fungi, parasites, mycobacteria, and viruses. These organisms are
often widely disseminated at the time of urinary tract involvement and are usually
associated with CD4 counts of <100/mm? [39, 91].

In patients with AIDS and disseminated Cryptococcus neoformans infection,
prostate involvement may serve as a hidden site of persistent infection [92]. Fungal
etiology is uncommon in immunocompromised and diabetic patients with chronic
prostatitis [93].

The most illustrative study is by Miles et al. [19], which was carried out very
early in the AIDS pandemic (1984-1987) in 120 patients, when there was still no
antiretroviral treatment. They found a UTI prevalence of 14% (17 patients); only
9 had standard bacterial urinary infections. In the remaining 8 patients, 1 had
gonorrhea, and 7 had positive urinary cultures that considered a manifestation of the
systemic disease (6 with CMV and 1 with Cryptococcus). Autopsies were performed in
22 males and 1 female; the predominant urogenital finding was the absence and/or
reduction of spermatogenesis in 17 patients. CMV was noted in the adrenal glands in
12 cases, one in bladder and prostate, respectively. Kaposi’s sarcoma occurred in
4 cases. Numerous genitourinary sites involved with CMV and Kaposi’s sarcoma
suggested the systemic nature of these illnesses.

Renal tuberculosis has been detected in about 6-23% of AIDS patients by autopsy;
a significant proportion of these cases were asymptomatic [42, 94, 95]. Mycobacterium
tuberculosis is the most common species reported, followed by Mycobacterium avium
and Mycobacterium intracellulare. Renal tuberculosis initially affects the kidney and
by descending matter involves the ureters and lower urinary tract structures. When
renal tuberculosis is suspected, polymerase chain reaction may be useful as a rapid
assay to detect M. tuberculosis-specific DNA or RNA materials in urine [96, 97].

5.3 Asymptomatic HIV patients

A study with 317 asymptomatic HIV patients (89 men, 228 women), the preva-
lence of UTI did not differ significantly from those with a CD4 count less or high of
200 cells/pL. Females showed significantly higher prevalence of asymptomatic UTI
than males [20]. The microbiology findings of urine culture are showed in Table 4,
and the susceptibility of the isolated pathogens is showed in Table 5.
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Organisms NonHIV HAART naive On HAART'
(n=104) (n=101) (n=216)
Escherichia coli 6 (31.5) 4 (12.9) 6 (9.4)
Kiebsiella species 0 (0.00) 1(3.2) 5(7.8)
Proteus species 0 (0.00) 132 3(4.7)
Staphylococcus aureus 6 (31.5) 8 (25.8) 17 (26.6)
Coagulase-negative Staphylococci 4 (21.5) 5(16.1) 10 (15.6)
Enterococcus faecalis 0 (0.00) 1(3.2) 8 (12.5)
Candida albicans 3 (15.8) 7 (22.6) 15 (23.4)
Trichomonas vaginalis 0 (0.00) 4 (12.9) 0 (0.00)
Total 19 (16.7) 31 (27.2) 64 (56.1)

"‘On HAART = ARV use for three to six months.
Modified from Omoregie and Eghafona [20].

Table 4.
Pathogens isolated from urine culture in asymptomatic HIV patients.

Antibacterial agents (pg/disc) Organisms

E.coli  Klebsiella sp. Proteussp. S.aureus CONS E. faecalis

(n=16) (n=6) (n=4) (n=31 (n=19) (n=9)

Amoxicillin (30) 1(6.2) 1(16.7) 1(25.0) 10 (32.2) 6(31.6) 4 (44.4)
Amoxicillin/clav (30) 6 (6.2) 1(16.7) 2 (50.0) 11 (35.5) 5(26.3) 4 (44.4)
Gentamicin (10) 3(18.7) 0 (0.0) 1(25.0) 5(161) 5(263) 4 (44.4)
Co-trimoxazole (25) 1(6.2) 1(16.7) 0 (0.0) 1(32) 1(3)  0(0.0)
Tetracycline (25) 0(0.0) 0 (0.0) 0 (0.0) 1(3.2) 0 (0.0) 1(11.1)
Nitrofuratoin (300) 9 (56.2) 1(16.7) 2 (50.0) 16 (51.6) 12 (63.2) 6 (66.7)
Nalidixic acid (30 3(18.7) 0 (0.0) 0 (0.0) ND ND ND

Ciprofloxacin (5) 6 (37.5) 2(33.3) 2(50.0) 10(32.2) 8(42.1) 5 (55.6)
Ofloxacin (5) 6 (37.5) 0 (0.0) 1(25.0) 5(161) 6(31.6) 3(33.3)

*Coagulase-negative Staphylococci; ND = not done.
Adapted from Omoregie and Eghafona [20].

Table 5.
Susceptibility of bacterial isolates (number and percent).

6. Susceptibility drugs and therapy

Bacterial resistance is a major public health problem, which mainly affects devel-
oping countries. The irrational and indiscriminate use of antibiotics and deficient
surveillance programs on antibiotic use are common in these countries [98, 99].
According to the etiological tendency, clinicians should know these changes for effec-
tive treatment of UTIs and to avoid antibiotic misuse.

In a recent study in Southern Ethiopia [84] of 224 study participants, bacteria have
been isolated from 23 patients, 11 (4.9%) with symptomatic and 12 (5.4%) with
asymptomatic UTI; most of participants were females (58.5%). Twenty-one (91.3%)
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Antibacterial agents Organisms
(ng/disc) E. coli K. pneumoniae  E. aurogenes  Pseudomonas spp.  S. aureus
(n=16) (n=2) (n=2) (n=1) (n=2)
Ampicillin 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) NA
Ciprofloxacin (30) 14 (87.5) 2 (100) 2 (100) 1 (100) 2 (100)
Cotrimoxazole (30) 6 (37.5) 2 (100) 1 (50) 0 (0.0) 0 (0.0)
Gentamicin (10) 15 (93.8) 2 (100) 2 (100) 1(100) 2 (100)
Meropenem (25) 14 (87.5) 2 (100) 2 (100) 1 (100) NA
Nitrofuratoin (300) 16 (100) 2 (100) 2 (100) 0 (0.0) 2 (100)
Amoxicillin/clav 11 (68.8) 0 (0.0) 1(50) 1 (100) NA
Cefriaxone 16 (100) 1 (50) 1 (50) 1 (100) NA
Norfloxacin 14 (87.5) 2 (100) 2 (100) 0 (0.0) 2 (100)
Ceftazidime 8 (50) 2 (100) 1 (50) 1(100) NA
Tetracycline 5(31.3) 1 (50) 1 (50) 0 (0.0) 0 (0.0)
Clindamycin NA NA NA NA 2 (100)
penicillin NA NA NA NA 2 (100)
erythromycin NA NA NA NA 2 (100)
Cefoxitin NA NA NA NA 2 (100)

Modified from Tessema et al. [84].

Table 6.
Susceptibility of bacterial isolates from UTIs of HIV infected patients (number and percent).

of isolates were gram-negative bacteria where E. coli was the most predominant
isolate. Drug testing was done by the Kirby-Bauer disk diffusion method; susceptibil-
ity findings are shown in Table 6. Most of the bacterial isolates were susceptible to
ciprofloxacin, ceftriaxone, gentamicin, nitrofurantoin, and norfloxacin. The isolates
were resistant to ampicillin, tetracycline, and co-trimoxazole. Multidrug resistant
bacteria were common in this study [84].

In another study published in 2019, E. coli was resistant to ampicillin (95.8%),
ceftazidime (95.8%), cotrimoxazole (95.8%), amoxicillin (91.7%), ceftriaxone (87.5%),
and tetracycline (87.2%); 46% were multidrug resistant. On other hand, E. coli and the
rest of the gram-negative bacilli were sensitive to quinolones (ciprofloxacin,
norfloxacin) as well as gentamicin in about 75%. S. aureus exhibited a high proportion of
resistance (85.7%) to each of ampicillin, amoxicillin, and cotrimoxazole. Coagulase-
negative Staphylococcus were 100% resistant to each of ampicillin and amoxicillin and
80% to chloramphenicol. However, it is important to note that antibiotics such as
carbapenems, piperacillin tazobactam, tigecycline, and other new antibiotics were not
tested for gram-negative bacteria and that third-generation cephalosporins, vancomy-
cin, linezolid, and tigecycline were also not tested for gram-positive bacteria [86].

E. coli isolates from known HIV-positive patients demonstrated significantly
higher resistance to co-trimoxazole. HIV status did not affect resistance patterns to
the other antimicrobials that were examined. Resistance of E. coli to ampicillin and co-
trimoxazole was greater than 60%; authors recommended that these agents should not
be used as empiric treatment for UTI. Additionally, given that there was greater than
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20% resistance to ciprofloxacin, its use would otherwise be inappropriate as an
empiric agent in the context of Botswana [80].

6.1 Treatment of UTIs in HIV infected patients

Like the general population, the treatment of UTIs should be individualized; in
patients with AIDS, a culture-specific treatment is recommended. To select a specific
treatment, it is advisable to follow the international treatment guidelines. It is
recommended that the guidelines be recent [100, 101], according to how the epidemi-
ology of UTIs and resistance evolve in specific populations. Despite clear guidelines,
practice patterns vary widely with numerous studies showing substantial discrepancies
between clinical practice guidelines and antibiotic-prescribing practices [102].

In the selection of empirical therapy of UTIs, it is necessary to define if the patient
had some risk factor for complicated UTI. The evidence suggests that HIV-infected
patients had the same or almost the same behavior as non-infected HIV population.
Microbiology studies show that enterebocateriaceae, especially E. coli, are primarily
implicated. This may apply to different populations of HIV patients, including the
most common complicated UTIs, such as hospital-acquired UTIs, associated or not
with the use of a urinary catheter, pregnant patients, elderly patients, and in cases of
asymptomatic bacteriuria.

On recent guidelines [100] for urological infections, the following tables show the
suggested therapy for different scenarios: Uncomplicated cystitis (Table 7), uncom-
plicated pyelonephritis (Table 8), parenteral antimicrobial therapy in uncomplicated
pyelonephritis (Table 9), urosepsis (Table 10), and chronic bacterial prostatitis
(Table 11).

The diagnostic approach varies according to clinical suspicion; at best, a general
urine examination accompanied by a urinary culture with antimicrobial sensitivity
tests is reasonably chosen for its already recognized activity against urinary patho-
gens. Many sites are using obsolete panels containing useless antimicrobial agents such
as tetracyclines, chloramphenicol, and others, without the new useful antimicrobial

Antimicrobial Daily dose Duration of Comments
therapy

First-line women

Fosfomycin trometamol 3gSD 1day Recommended only in women with
Nitrofurantoin macrocrystal 50-100 mg 5 days uncomplicated cystitis
Nitrofurantoin monohydrate/ 100 mg b.i.d. 5 days

macrocrystals

Nitrofurantoin macrocrystal 100 mg b.i.d. 5 days

prolonged release

Pivmecillinam 400 mg t.i.d. 3-5 days

Alternatives

Cephalosporins (e.g. 500 mg b.i.d. 3 days Or comparable
cefadroxil)

If the local resistance pattern for E. coli is < 20%

Trimethoprim 200 mg b.i.d. 5 days Not in the first trimenon of pregnancy

Trimethoprimsulfamethoxazole 160/800 mg b.i.d. 3 days Not in the last trimenon of pregnancy
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Antimicrobial Daily dose Duration of Comments
therapy

Treatment in men

Trimethoprim/ 160/800 mg b.i.d. 7 days Fluoroquinolones can also be
sulfamethoxazole prescribed in accordance with local
susceptibility testing.

SD = single dose; b.i.d. = twice daily; t.i.d. = three times daily.
Adapted from Bonkat et al. [100].

Table 7.
Suggested regimens for antimicrobial thevapy in uncomplicated cystitis.

Antimicrobial Daily dose Duration of Comments
therapy
Ciprofloxacin 500-750 mg b.i.d. 7 days Fluoroquinolone resistance should be less
than 10%
Levofloxacin 750 mg q.d. 5 days an o
Trimethoprim 160/800 mg b.i.d. 14 days If such agents are used empirically, an initial
sulfamethoxazol intravenous dose of a long-acting parenteral
K K antimicrobial (e.g. ceftriaxone) should be
Cefpodoxime 200 mg b.i.d. 10 days .
administered
Ceftibuten 400 mg q.d. 10 days

b.i.d. = twice daily; q.d. = every day.
Adapted from Bonkat et al. [100].

Table 8.
Suggested regimens for empirical oral antimicrobial therapy in uncomplicated pyelonephritis.

Antimicrobials Daily dose Comments

First-line treatment

Ciprofloxacin 400 mg b.i.d.

Levofloxacin 750 mg q.d
Cefotaxime 2gtid. Not studied as monotherapy in acute uncomplicated pyelonephritis.
Ceftriaxone 1-2gqd. Lower dose studied, but higher dose recommended.

Second-line treatment

Cefepime 1-2 gb.id. Lower dose studied, but higher dose recommended
Piperacillin/ 2.5-45gtid.

tazobactam

Gentamicin 5mg/kg q.d.  Not studied as monotherapy in acute uncomplicated pyelonephritis.
Amikacin 15 mg/kg q.d.

Last-line alternatives

Imipenem/ 0.5gt.id. Consider only in patients with early culture results indicating the
cilastatin presence of multi-drug resistant organisms.
Meropenem 1lgtid.

Ceftolozane/ 15gtid.

tazobactam
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Antimicrobials Daily dose Comments
Ceftazidime/ 25gtid.

avibactam

Cefiderocol 2gtid.

Meropenem- 2gtid.

vaborbactam

Plazomicin 15 mg/kg o.d.

b.i.d. = twice daily; t.i.d. = three times daily; q.d. = every day; o.d. = once daily.

Adapted from Bonkat et al. [100].

Table 9.

Suggested regimens for empirical parenteral antimicrobial therapy in uncomplicated pyelonephritis.

Antimicrobials Daily dose Duration of therapy

Cefotaxime 2gtid. 7-10 days Longer courses are appropriate in patients who have a
slow clinical response

Ceftazidime 1-2 g tid.

Ceftriaxone 1-2gq.d.

Cefepime 2gb.id.

Piperacillin/ 45gtid.

tazobactam

Ceftolozane/ 1.5gtid.

tazobactam

Ceftazidime/ 25gtid.

avibactam

Gentamicin’ 5 mg/kg q.d.

Amikacin’ 15 mg/kg q.d.

Ertapenem 1gqd.

Imipenem/ 0.5gtid.

cilastatin

Meropenem lgtid.

*Not studied as monotherapy in uvosepsis, b.i.d. = twice daily; t.i.d. = three times daily; q.d. = every day.

Adapted from Bonkat et al. [100].

Table 10.
Suggested regimens for antimicrobial therapy for urosepsis.

Antimicrobial Daily dose Duration of Comments
therapy
Floroquinolone  Optimal oral daily 4-6 weeks
dose
Doxycycline 100 mg b.i.d 10 days Only for C. trachomatis or Mycoplasma
infections
Azithromycin 500 mg once daily 3 weeks Only for C. trachomatis infections
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Antimicrobial Daily dose Duration of Comments
therapy
Metronidazole 500 mg t.i.d. 14 days Only for T. vaginalis infections

b.i.d. = twice daily; t.i.d. = three times daily.
Adapted from Bonkat et al. [100].

Table 11.
Suggested regimens for antimicrobial thevapy for chronic bacterial prostatitis.

agents. It is not uncommon that in a culture where an Acinectobacter baumannii grows,
sensitivity to antibiotics such as colistin and tigecycline is not included in the report.
The laboratory and the medical engineers who manufacture part of these supplies
should also be advised about these queries.

Patients with complicated infections or recurrent infections, both infected or not
by HIV, require additional studies that in many cases are aimed to find the cause of
the recurrence; sometimes, it can be obvious such as pregnancy or the use of urinary
catheter. Other factors for recurrence of UTIs such as malformations of the urinary
tract, bladder ureter reflux, retentionist bladder, and the presence of a tumor or
lithiasis are usually not in sight and require additional diagnostic tests such as plain
film of the abdomen, ultrasonography, computed tomography, magnetic resonance,
and cystography to detect correctable structural or functional abnormalities.
Urodynamic findings in HIV patients included acontractile hypoactive bladder
and detrusor-sphincter dyssynergia [4]. In patients with urinary retention,
hypocontractility of the bladder was observed in 35-45% and prostatic enlargement
in only 18%. Many of these patients required intermittent catheterization [103].

6.2 Treatment of UTIs for non-bacterial causes

Patients with AIDS, especially those with <100 CD4 cells/mm?®, the etiology of
UTIs may be related to the spread of infections; the etiological agents may be diverse
as they have already been described in this population [9, 42]. These patients require
cultures and sensitivity tests not only for bacteria but also for cultures and stains for
fungi and mycobacteria. Parasites should be searched, and molecular tests should
include viruses such as CMV and adenovirus; GeneXpert for M. tuberculosis, which is a
widespread test, is accessible and with high diagnostic value. The diagnostic approach
may also vary according to the microbial epidemiology of each country and the
accessibility of diagnostic tests. Fungal pathogens are related to a weakened
immune system due to diseases such as HIV, cancer, organ transplantation, or by the
use of certain drugs, resulting in the body’s inability to fight infection. Long-term
use of antifungal drugs can easily lead to fungal resistance; more than 90% of
fungus-related deaths are caused by Cryptococcus, Candida, Aspergillus, Histoplasma,
and Preumocystis [104].

To choose the treatment in cases of UTIs by a fungal pathogen, it is necessary to
have knowledge of the various therapeutic options, especially some pharmacological
principles about the spectrum of antifungals, the safety of their use, and the possibility
of resistance. Hospital-acquired UTIs and overall those associated with long-term
urinary catheter use in AIDS patients with very low CD4 counts have a high risk for
Candida and other fungi UTIs [105]. Figure 1 shows the current antifungals and their
modes of action, and Table 12 shows the generalities about the spectrum of antifungal
agents by family.
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Figure 1.

Simplified schematic diagram depicting the curvent antifungals and their modes of action. Adapted with
permission from: Wall and Lopez-Ribot [105].

Antifungal Biological effect Spectrum of action
class
Polyenes Fungicidal Broad spectrum antifungal in treatment of invasive

fungal infections; resistance is rare.

Flucytosine Fungicidal against Cryptococcus ~ Almost exclusively used for cryptococcal meningitis,
spp. but resistance is extremely common so never used in

monotherapy.
Azoles Mostly fungistatic As a class they display broad spectrum against yeasts

and filamentous fungi, although some species display
intrinsic resistance to commonly used derivatives;
secondary resistance can often develop during
treatment.

Echinocandins Fungicidal against Candida spp., First line of defense for candidiasis and used in
but fungistatic against Aspergillus aspergillosis when refractory to other treatments;
spp. resistance is emerging.

Modified from: Wall and Lopez-Ribot [105].

Table 12.
Agent classes for the treatment of invasive fungal infections.

Candida UTI can be caused by a hematogenous spread following candidemia or
by retrograde route via the urethra. Fluconazole is the treatment of choice for symp-
tomatic infections, having a high urine concentration. Other antifungal azoles and
echinocandins do not reach sufficient urinary levels. Amphotericin B deoxycholate
(AmB) is the recommended therapy in cases of intolerance or resistance to
fluconazole. Table 12 shows the treatment of UTIs caused by Candida species [106].

In 1990, Fluconazole became available and is now the most used azole for systemic
fungal infections, particularly those caused by yeast (i.e., Candida, Cryptococcus).
Emerging fungi such as Aspergillus show intrinsic resistance to fluconazole, requiring
the use of itraconazole or voriconazole. Mucorales are another group of aggressive
fungi that cause systemic infections and for which posaconazole and more recently
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isavuconazole have been used. Azole resistance is common during treatment due to
various mechanisms, including mutations in the ERG11 target gene and
overexpression of efflux pumps [107]. Despite resistance, azoles are still some of the
most used antifungal drugs.

Fluconazole is one of the few antifungals with a good elimination by urine,
reaching a concentration of about 80% of the drug in unchanged form. The use of
fluconazole may have some limitations due to drug interactions, liver toxicity,

QT prolongation, and resistance of some non-Candida albicans species such as

C. glabrata and C. krusei. Treatment of C. glabrata infections may require high doses
(800 mg/day) or definitive use of AmB as an alternative if the isolate is highly
resistant to fluconazole [108, 109]. Other azole antifungals are poorly eliminated in
the urine, which limits their use in cystitis. For example, itraconazole achieves a
concentration of only <1%, voriconazole <5%, and posaconazole <1% [110].
Isavuconazole also has negligible urinary excretion and is unlikely to be useful for the
treatment of UTIs [111]. Posaconazole and voriconazole are well concentrated in renal
tissue and may be effective in the treatment of Candida pyelonephritis [110]. The
echinocandins (caspofungin, anidulafungin, and micafungin) are only <2%
concentrated in urine, so they are not recommended for the treatment of lower
urinary tract infections, but they can reach high concentrations in the renal
parenchyma [112]. There are some reports of cases that were successfully treated with
echinocandins as rescue in complicated UTIs [113-115]. Caspofungin was the first
echinocandin to be approved for use in humans in 2001; subsequently, two other
echinocandins (micafungin in 2005 and anidulafungin in 2006) were approved

[116, 117]. As a consequence of increased drug exposure, there has been an increase in
the development of resistance mostly in strains different to C. albicans [116].

The major problem with amB has always been its toxicity presenting itself as chills,
fever, dyspnea, hypokalemia, and nephrotoxicity that can lead to kidney failure. Thus,
several lipid formulations of amB, including liposomal amB, amB lipid complex, and
amB colloidal dispersion, have been developed, which generally show decreased
toxicity and improved pharmacokinetic parameters that depend to a large extent
on the composition and particle size of the nanoformulations [118]. The Infectious
Diseases Society of America (IDSA) recommends deoxycholate AmB but not lipid
formulations for the treatment of Candida UTI [109, 112].

Reactivation of latent CMV infection (usually acquired during childhood) occurs
in >40% of patients with AIDS. UTI caused by CMV is often asymptomatic, but rare
cases of symptomatic CMV cystitis have been reported; antiviral agents, for example,
ganciclovir or foscarnet, can be necessary in the treatment of this disease [19, 42]. In
1989, ganciclovir became the first anti-CMV agent approved by the US Food and Drug
Administration for the treatment and prevention of CMV infection and disease,
followed by foscarnet, cidofovir, and valganciclovir. New agents with a novel mecha-
nism of action such as letermovir and possibly maribavir are brought to clinical use;
combination therapy for the treatment of CMV infection and disease becomes, for the
first time, a possibility, especially in serious clinical presentations [119].

Treatment of tuberculosis in HIV-infected patients represents great challenges.
Drug interactions and adverse events must always be taken as a risk, and a close
monitoring must be carried out to avoid complications and clinical worsening. Per se,
the standard (first-line) anti-TB therapy is already associated with adverse events and
even intolerance. The interaction between rifampicin and many ARV drugs requires
adjustment from a standard ARV regimen to a modified one. In addition, there is a
risk of developing resistance when tuberculosis is treated using intermittent therapy.
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The treatment recommendation for HIV-infected patients receiving ARVs who
have drug-sensitive tuberculosis consists of a 6-month regimen, of which during the
first 2 months (intensive phase), 4 drugs are given daily: isoniazid (INH), rifampicin
(RIF), pyrazinamide (PZA), and ethambutol (EMB), which is usually given as
compacted tablets that are calculated by weight. In the continuation phase, only two
drugs (INH and RIF) are used and are administered every third day for 4 months.

In the rare situation where HIV-infected patients do not receive ART during TB
treatment, the recommendation is to extend the continuation phase with INH and
RIF for an additional 3 months (i.e., a continuation phase of 7 months in duration,
corresponding to a total of 9 months of therapy) [120]. Pyridoxine (vitamin B6) is
given with INH to all persons at risk of neuropathy (e.g., pregnant women; breastfed
infants; persons infected with HIV; patients with diabetes, alcoholism, malnutrition,
or chronic renal failure; or those who are of advanced age) [121, 122].

The use of intermittent tuberculosis treatment regimens in HIV-infected patients has
been associated with high rates of relapse and the emergence of drug resistance
[123, 124]. Relapse and resistance were associated with low CD4 lymphocyte counts, as
all recurrences occurred in patients with baseline CD4 lymphocyte counts of <100 cells/
pL. Lower plasma concentrations of rifabutin and INH were identified as key risk factors
for acquiring rifamycin resistance [125]. ART should ideally be started within 2 weeks for
those patients with a CD4 count of <50 cells/pL and by 8-12 weeks for those with a CD4
count of >50 cells/pL [126]. The concurrent administration of ARV and rifamycin is a
major therapeutic challenge. RIF can modify the concentration of some drugs in the
treatment of HIV infection, especially protease and integrase inhibitors [127, 128].

Late-stage HIV patients with CD4+ cell counts of <50 cells/pL who initiate ARV
therapy are at high risk of developing immune reconstitution inflammatory syndrome
(IRIS) [129]. IRIS can present with high fever and generalized lymphadenopathy or
with localized manifestations including respiratory symptoms, infiltrates or pleural
effusions, abdominal pain, retroperitoneal abscesses, headache, seizures, and focal
neurological deficits. M. tuberculosis, Toxoplasma, P. jirovecii, and C. neoformans are
the main pathogens involved [130]. For more severe cases of IRIS, treatment with
corticosteroids is effective. In a placebo-controlled trial of prednisone for patients
with moderate IRIS, prednisone 1.25 mg/kg/day significantly reduced the need for
hospitalization or surgical procedures [131].

7. Conclusion

UTI is considered the most common bacterial infection, mainly affecting women.
From 15 to 50 years of age, UTI is practically nonexistent in men, but in those older
than 65 years, the prevalence of bacteriuria and UTI increases substantially in men to
almost equal that of elderly women. The prevalence of hospital-acquired UTI
increases significantly in AIDS patients, mainly in patients with <200 CD4 cells/mm°.
Asymptomatic bacteriuria is more prevalent in HIV-infected pregnant women than
among uninfected pregnant women. Bacteriuria can reach up to 30% in AIDS patients.

A specific risk factor for UTI can be present, including sexual activity, pregnancy,
indwelling catheter drainage, neurogenic bladder, prostatism, and urethral stricture,
among many others. Some of these risk factors can be inferred from proper
questioning. There is a consensus that people with lower CD4 have a high risk of
developing UTIs as well as other opportunistic infections. However, it is unclear
whether HIV/AIDS imposes an additional risk for UTI.
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UTIs in HIV patients are generally caused by the same gram-negative bacteria that
cause infections in healthy hosts, with E. coli being the predominant pathogen iso-
lated. Klebsiella, Enterococcus, Enterobacter, and Proteus species are the next most
common pathogens isolated. In AIDS patients, especially those with <100 CD4 cells/
mm?, the etiology of UTIs may be diverse and associated with disseminated infections
by atypical pathogens including CMV, adenovirus, Cryptococcus, Candida, M. tuber-
culosis, and Kaposi’s sarcoma. Figure 2 summarizes the most relevant aspects of this
chapter.

URINARY TRACT INFECTION

MAIN RISK FACTORS
Urinary malformation
Female sex
Pregnancy
Urinary catheterization
Aging
Prostatic enlargement
Asymptomatic bacteriuria

- Complicated Non infected
Additional studies patients

required

Infected
patients

500 Epidemiology:
Increased prevalence of UTI hospital-acquired,
increased asymptomatic bacteriuria in pregnancy
women and men.
Etiology:
E. coli, Klebsiella sp, Enterococcus sp,
Enterobacter sp and Proteus sp, Staphylococcus
aureus, A. baumanit, P. aeruginosa, and yeast.

=200 Epidemiology:

Increased prevalence of UTI hospital-acquired,
mcreased asymptomatic bacteriuria in pregnancy
women and men.

Etiology:

Diverse and associated with disseminated infections by
atypical pathogens: CMV, Adenovirus, Cryptococcus
sp, Candida sp, Myecobacteria sp and Kaposi's sarcoma.

Figure 2.
Summary of the most relevant features of UTI in HIV/AIDS patients.
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The diagnostic approach may also vary according to the microbial epidemiology of
each country and the accessibility of diagnostic tests such as molecular techniques.
Like the general population, the treatment of UTIs should be individualized; an
etiology determination is recommended in AIDS patients in order to select a specific
treatment; it is advisable to follow the international treatment guidelines.
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Chapter 4

Emphysematous Urinary Tract
Infections

Guadalupe Aguirve Avalos

Abstract

Emphysematous urinary tract infections are severe necrotizing infections of the
urinary tract. The descriptive term emphysematous is used for the gas location site:
pyelonephritis, pyelitis, and cystitis. Most cases occur in adult females. Diabetes
mellitus constitutes the most commonly associated comorbidity and a risk factor for
necrotizing infections. Pathogenesis still needs to be fully understood. Escherichia
coli is the most common microorganism, followed by Klebsiella pneumonia, Proteus
mirabilis, and Pseudomonas aeruginosa. Bacteremia occurs in more than half of cases.
The treatment includes resuscitation, glycemic control, and antimicrobial therapy,
followed by early drainage. Emphysematous cystitis is the most common and fre-
quently least morbid gas-forming urinary tract infection. Using minimally invasive
image-guided procedures for drainage of gas and abscess is a conservative strategy
with renal preservation, while emergency nephrectomy is considered the last option.
Mortality rates have a direct correlation between the computed tomography findings
and the modalities of treatment.

Keywords: necrotizing urinary tract infection, emphysematous urinary tract
infections, emphysematous pyelonephritis, emphysematous pyelitis,
emphysematous cystitis

1. Introduction

Emphysematous urinary tract infections are severe necrotizing infections
characterized by the presence of gas. Classification is based on the gas location site
and extent: emphysematous pyelonephritis is gas in the renal parenchyma and the
surrounding tissues; emphysematous pyelitis is gas only in the collecting system;
emphysematous cystitis is gas within the bladder wall and lumen. The coexistence of
emphysematous pyelonephritis (EPN) and emphysematous cystitis (EC) is uncom-
mon. The cases of pneumaturia in which gas develops in the urinary tract through
some fermenting microorganism were described in 1898 [1]. Other researchers have
confirmed that the mixed acid fermentation of glucose by microorganisms is the
primary pathway of gas formation [2]. The term emphysematous pyelonephritis was
first used in 1962, with the first series of cases included from 1989 to 1962 [3]. The
diagnostic challenge in these infections is that clinical manifestations do not distin-
guish the severity of necrotizing infections. The diagnosis depends on detecting gas
in or around the kidney, collecting system, or bladder. The best diagnostic method
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is computed tomography (CT) to confirm EPN [4]. Empiric antimicrobial therapy
should primarily target Escherichia coli, Klebsiella pneumoniae, Proteus mivabilis, and
Pseudomonas aeruginosa. The current trend in using minimally invasive procedures for
EPN is to perform a percutaneous intervention or internal drainage in most patients
[5]. The case series EPN from 1980 to 2011 showed a mortality rate of 18% [4].

2. Emphysematous pyelonephritis

EPN is a severe necrotizing infection characterized by gas in the renal parenchyma and
the surrounding tissues. The term EPN was first used in 1962 with a report of a female
with a tender mass in the right flank. Her abdomen X-ray revealed gas surrounding and
infiltrating the right kidney. Retrograde pyelogram showed that renal calyces and pelvis
are compressed and displaced medially by a gaseous inflammatory process [3].

2.1 Epidemiology

Most reported cases of EPN occur in adult patients. The incidence is higher in
females than males, with a preponderance (3:1) and mean age of 56.6 years. Diabetes
mellitus (DM) constituted the most commonly associated comorbidity and a risk factor
for EPN, with an incidence of 85% [4, 6, 7]. Other comorbidities include urolithiasis, a
previous history of treated pyelonephritis, and chronic kidney disease [6]. To date, few
cases of EPN have been reported in pediatric patients. Risk factors for pediatric: neu-
rogenic bladder, ureteropelvic junction obstruction, obstruction due to ectopic ureter,
renal stone, nephro-urological congenital malformation, congenital ureterocele, and
acquired immunodeficiency [8]. The left kidney is most commonly affected in 52-67%,
on the right side in 25-37.7%, and bilateral in 10.2-15.3% [4, 6, 7, 9].

2.2 Pathogenesis

The pathogenesis of EPN is not yet fully understood; it could be different between
patients with diabetes and no diabetics. The cases of pneumaturia in which gas devel-
ops in the urinary tract through some fermenting microorganisms were described
in 1898 [1]. Mixed acid fermentation of glucose by microorganisms is the primary
pathway of gas formation. Emphysematous infection in the urinary tract requires four
critical conditions to develop: (1) the presence of gas-forming bacteria or fungi, (2)
high local tissue glucose level, (3) impaired tissue perfusion, and (4) an inadequate
immune response [2].

A urinary tract obstruction is seen in 75% of patients. It is attributable to ureteric
calculi, renal papillary necrosis, ureteric stricture, and fungal bezoar [7]. Urolithiasis
may be the most important contributing factor in the pathogenesis of EPN among no
patients with diabetes [5]. Accumulating the gas in unrelieved urinary tract obstruc-
tion can raise pelvicalyceal pressure. Further impairing renal circulation results in
poor tissue perfusion and infective parenchymal destruction [7].

A gross examination of nephrectomy specimens shows multiple abscesses in the
renal parenchyma. On microscopic examination: blurred corticomedullary dif-
ferentiation, congested medulla, patchy areas of hemorrhage, empty spaces, acute
inflammatory cell infiltration in the surrounding areas, vasculitis, extensive necrosis,
microscopic abscesses, glomerulosclerosis, arteriosclerosis, intrarenal vascular
thrombi, and infarcts, or papillary necrosis [10-12].
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2.3 Clinical presentation

The clinical manifestation and urinalysis do not distinguish the different types and
severity of pyelonephritis. In EPN, the mean duration from the onset of symptoms to
diagnosis ranged from 4 to 11 days [12]. Clinical manifestations of EPN include fever
and rigors in 74.7%, flank pain in 70.4%, acute renal failure in 45.2-80%, pneumatu-
ria in 35%, and shock in 24.6%. Septic shock at admission indicates a poor prognosis.
A palpable tender kidney has been identified as one of the poor clinical prognostic
parameters requiring prompt intervention and intensive monitoring. Approximately
40.4% of the patients require admission to the intensive care unit [4, 6, 11, 13].

2.4 Diagnosis

Laboratory findings demonstrate leukocytosis in 70.9% and thrombocytopenia in
25.8% [14]. Urinalysis results are positive for pyuria and hematuria [4, 7, 15]. Urine
culture identified E. coli as the most common infective microorganism, followed by
K. pneumoniae, Proteus sp., Pseudomonas sp., Candida albicans, and Enterococcus sp.,
among others [4-6, 9, 15, 16]. Polymicrobial infections are found in 10-23.5% [10, 16].
Extended-spectrum f-lactamase-producing Gram-negative pathogens are found in
39% of the cases [7]. Bacteremia occurs in more than half of cases (54-75%). The blood
culture is positive for the same microorganism identified in the urine. E. coli and K.
pneumoniae are the most common microorganisms in blood cultures [4, 6, 9, 10].

The diagnosis depends on detecting gas in or around the kidney. The best diagnos-
tic method is CT to confirm EPN, which also aids in staging the EPN and underlying
urinary tract obstruction. While the accuracy rate for ultrasonography is 67.9% and
for X-ray film of the abdomen is 53.2% [4, 7].

Classification of EPN is based on radiological imaging. The most commonly used
is the CT scan classification system Huang-Tseng. This classification established the
location and extent of gas or abscess in the renal parenchyma and surrounding tissues.
The classification focused on the radiological severity, prognosis, and management:
class 1, gas in the collecting system; class 2, gas in the renal parenchyma without
extension to extrarenal space; class 3A, an extension of gas or abscess to perinephric
space; class 3B, an extension of gas or abscess to pararenal space; and class 4, bilateral
involvement or solitary kidney with EPN [9].

2.5 Treatment

There are different treatment options and effective ways of initial management of
EPN, which improves survival and helps preserve renal function. Employing differ-
ent measures, which include aggressive resuscitation, glycemic control, and paren-
teral antimicrobial therapy followed by early drainage of the infected fluid, as well as
gas and release of urinary tract obstruction [7].

2.5.1 Antimicrobial therapy

Empiric antimicrobial therapy should primarily target E. coli, K. pneumoniae,
P. mirabilis, P. aeruginosa, and Enterococcus sp. Third-generation cephalosporins are
recommended as initial treatment. Carbapenems are the empiric therapy of choice
in patients, with histories of prior hospitalization, antibiotic use, those needing
emergency hemodialysis or developing disseminated intravascular coagulation, and
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clinically unstable patients irrespective of CT findings (low/high risk) [16, 17]. There
has yet to be a consensus on the duration of antimicrobial therapy for ENP. At the
time of discharge, the duration of treatment could reach >4 weeks [18].

2.5.2 Minimally invasive procedures

Using minimally invasive image-guided procedures for drainage of the gas and
abscess is a conservative strategy with renal preservation. In 1986, EPN was successful
management by percutaneous drainage (PCD) under fluoroscopic guidance and medi-
cal management [19]. This report was followed by CT-guided interventional drainage.
PCD tube placement is best done with CT guidance. Monitoring response to PCD,

CT was done 4 to 7 days later to ascertain the location of the catheter and assess the
abscess resolution. Catheters were removed when follow-up scans indicated complete
resolution. Antimicrobial therapy with PCD was associated with improved survival
rates [20]. The PCD and relief of urinary tract obstruction (if it exists) combined with
antimicrobial therapy is the choice for class 1 or 2 of the CT scan classification system
Huang-Tseng. However, for extensive classes, 3 or 4 may be attempted too [9].

Other alternative intervention strategies include JJ stent insertion or percutane-
ous nephrostomy insertion. [6] The preference for placing JJ stents as the choice of
drainage procedure is because it can be performed endoscopically [15]. The current
trend in using minimally invasive procedures for EPN is to perform a percutaneous
intervention or internal drainage in most patients [5].

2.5.3 Open surgical drainage

Available evidence has suggested that if antimicrobial therapy with PCD is not
improving the patient’s condition, open surgical drainage must be considered before
considering a nephrectomy [4]. Perinephric and extensive pararenal abscesses are
other indications for open surgical drainage with the placement of large caliber tubes.
Opening the Gerota fascia in cases of perinephric collections is a crucial and reward-
ing step to drain the gas and infected fluid [7].

2.5.4 Emergency nephrectomy

Since the early series reported, the immediate nephrectomy has been a subject
of controversy [10, 12]. More recently, kidney preservation should be the pri-
mary goal in treating EPN when the differential renal clearance is >10% because
the preserved kidneys maintained their function during the follow-up [13, 17].
Emergency nephrectomy is considered the last option. Furthermore, it is reserved
only for patients with extensive EPN and fulminant courses or for patients who
can not be stabilized despite aggressive resuscitation or by failure percutaneous
measures. [5, 7, 9] Considering these indications, the number of patients requir-
ing emergency nephrectomy is 6% [5-7, 17].

2.6 Mortality

Mortality rates had a direct correlation with the CT findings and the modalities
of treatment. Patients with extensive EPN class 3B or 4 of the CT scan-classification
system Huang-Tsengn had a high mortality rate of 45% [11]. The mortality rate
approached 46% among patients who received medical treatment only [12]. Using
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minimally invasive procedures with medical treatment showed a mortality rate of
18.8% [4, 5]. Risk stratification of the lethality of the EPN based on the prognostic
scoring system reaches an overall mortality rate of <6%. A score of 1-8 is very low
risk, a score of 9-15 is low-risk, a score of 16-20 is intermediate risk, and a score of
>20 is high risk. A higher prognostic score was associated with mortality. Identifying
prognostic indicators and risk stratification allow prompt and appropriate medical
and surgical treatments [6].

The factors associated with mortality: systolic BP <90 mm Hg at admission,
decreased platelet count <100,000/mm”, urine culture for E. coli, hyponatremia,
radiological severity with higher CT grade at admission, higher creatinine levels, and
emergency nephrectomy [5, 14]. Over 54% of patients with septic shock died from
EPN [4]. Early risk stratification, intensive management, and prompt treatment
according to a protocol can reduce mortality even further in patients with EPN [17].

3. Emphysematous pyelitis

Emphysematous pyelitis (gas only in the collecting system-class1) is classified into
mild class EPN with a better prognosis. In this class, conservative management should
be considered [4].

4. Coexistence of emphysematous pyelonephritis and emphysematous
cystitis

The coexistence is an uncommon presentation that has been reported rarely [11].
Patients with EC can progress ascending emphysematous infections, and 10.2% may
subsequently develop EPN, which could significantly increase the associated morbid-
ity and mortality of these infections [21-23].

5. Emphysematous cystitis

Emphysematous cystitis (gas within the bladder wall and lumen) is the most com-
mon and frequently the least morbid gas-forming urinary tract infection.

5.1 Epidemiology

The incidence of EC is unknown since the number of EC might be underdi-
agnosed, as imaging studies are not routinely used in patients with urinary tract
infections. The main risk factors for EC are DM in 70%, chronic kidney disease,
neurogenic bladder, recurrent urinary tract infection, and urinary stasis secondary to
bladder outlet obstruction [21, 23].

5.2 Anatomopathological findings

A pathological assessment of involved bladder tissue might show bladder wall
thickening with vesicles of varying size. Microscopic findings showed multiple gas-
filled vesicles predominantly within the bladder mucosa lined by flattened fibrocytes
and multinucleated giant cells [24].
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5.3 Clinical presentation

Patients can be asymptomatic in 7%, with diagnosis incidental to abdominal imag-
ing for other concurrent illnesses [23]. Symptoms of acute cystitis are nonspecific and
usually mild; dysuria, urinary frequency, and urinary urgency occur in approximately
50% of patients. Fever may be observed in approximately 30-50%. Other symptoms
may be present, such as abdominal pain and hematuria [22].

5.4 Diagnosis

E. coli is the most common cause of EC in 40.4%, followed by Klebsiella pneumo-
nia, Enterobacter aerogenes, P. mirabilis, and Streptococcus spp. Extended-spectrum
p-lactamase-producing Gram-negative pathogens are identified in 36.5% [21]. EC is
diagnosed by: radiological studies, through direct visualization on cystoscopy, and
during laparotomy, on tissue from bladder biopsy or autopsy. Most cases are diag-
nosed using simple plain films of the abdomen, 84%. CT detects cases of EC that are
not apparent on plain abdominal films. CT accurately defines the extent and severity
of EC and allows an assessment of ascending infection [23].

5.5 Treatment

Most patients are treated successfully with glycemic control, antimicrobial
treatment, urethral catheterization, and hydration [21, 23]. The severity of the EC
determines the surgical method. Surgical involved cystectomy, partial cystectomy,
or debridement. Surgery is required in patients exhibiting a poor response to initial
medical management or those with severe necrotizing infection.

5.6 Mortality

The overall death rate of EC is 7%. Among the patients that die are the following
associated conditions: septic shock, late presentation, perforation of the bladder, and
nonresponse to medical therapy [22, 23].

6. Casereport

A 51-year-old man was admitted to the hospital with malaise, left flank pain, fever,
chills, and dysuria lasting 5 days. He has a history of 20 years with diabetes mellitus
and hypertension, receiving insulin, metformin, and telmisartan therapy. On physi-
cal examination, he had a 103/52 mm Hg blood pressure with mild left costovertebral
angle tenderness. Laboratory values revealed impaired renal function with a serum
creatinine of 3.2 mg/dL and blood urea of 198.5 mg/dL. Procalcitonin of 12.9 ng/ml,
white blood cell counts of 19x10°/L, HbA1c 9.7%, D-dimer of 1707 ng/ml, and gly-
cosuria. An urgent abdominal CT scan showed class 3B, CT scan-classification system
Huang-Tseng with an extension of gas or abscess to pararenal space (Figure 1) and EC.
Initial empiric antimicrobial therapy with ertapenem started. On day 1 of admission,
the patient was transferred to the intensive care unit after open surgical drainage of
gas, an abscess of 80 mL, and placement of large caliber tubes. At the time of admis-
sion, he was intubated with a blood pressure of 95/51 mm Hg and vasopressor sup-
port. The sequential organ failure assessment (SOFA) score was 8, with an estimated
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Figure 1.
CT scan of a 51-year-old male with left side class 3B ENP CT scan-classification system Huang-Tseng with an
extension of gas and abscess to pararenal space. It shows an enlarged left kidney with intraparenchymal gas.

mortality of 15-20%. SOFA score was used to quantify the degree of organ dysfunction
or failure present on admission and stratify for mortality prediction in intensive care
unit patients. The acute physiology and chronic health disease classification system
(APACHE) II score was 22, with an estimated mortality of 57.4%. This score includes
weightage for age, past comorbid conditions, acute physiological parameters, emer-
gency surgery, and reason for intensive care unit admission. APACHE II score was
designed to measure the severity of disease for adult patients admitted to intensive

care units. After 4 days in the intensive care unit, he was transferred back to the ward.
On day 22 of hospitalization, open surgical drainage of an abscess in a pararenal space
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Initial medical management:

Pyelonephritis Fluid resuscitation, glycemic

control, antimicrobial therapy. Other:

Urethral catheterization. Minimally invasive procedures
- |
Pyelitis (Percutaneous or internal
drainaje)
i1 Consider Intensive Care Unit
I Cystitis admission in unstable patients Release of urinary tract
inrrespective of CT findings. obstruction
Non response or perforation of Open-surgical drainage
bladder (Loculated perinephric or
pararenal collection
Emergency nephrectomy
Surgical cystectomy Extensive and fulminant e
kourses)
Figure 2.

Management of emphysematous urinary tract infections.

of 200 mL with debridement was realized. On day 27, a nephrectomy was performed
(Figure 2). E. coli was isolated from urine and abscess with the same sensitivity pattern
and positive for extended-spectrum p-lactamase. He received meropenem for 4 weeks,
and his renal function gradually returned to normal. He was discharged after 44 days
of hospital stay.

7. Conclusions

Emphysematous urinary tract infections are severe necrotizing infections of the
urinary tract. Septic shock at admission and a palpable tender kidney have been
identified as poor clinical prognostic parameters. The diagnosis depends on detect-
ing gas in or around the urinary tract. The best diagnostic method is CT to confirm
emphysematous urinary tract infections. Extended-spectrum p-lactamase-producing
Gram-negative pathogens are found in high percentages of cases. This type of resis-
tance is a global public health concern. Mortality rates had a direct correlation with
the CT findings and the modalities of treatment.
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Chapter 5

Noninvasive Bladder Volume
Monitoring Using Bioimpedance

Victor Hugo Mosquera

Abstract

Due to the electrical conductivity of the urine, several bioimpedance techniques
have been considered for bladder volume monitoring. This chapter shows several
approaches for bladder volume estimation; among these, Global Impedance (GI),
presents a high accuracy in volume estimation. Other proposed approaches are Volt-
age Change Ratios (VCR), Impedance Ratio Method (IRM), and Focused Impedance
Method (FIM), which presents highly sensitive to changes in the conductivity, just
like GI. Therefore, these approaches are not suitable for long-term monitoring of the
bladder, because the conductivity of urine varies with health status and diet. The
proposal FIM-IE presents a low sensibility to the conductivity uncertainty; being a
promising technique for long-term monitoring of the bladder and would support the
assisted bladder emptying process.

Keywords: bioimpedance, bladder volume monitoring, EIT, global impedance,
impedance ratio, voltage change ratio

1. Introduction

Electrical impedance tomography (EIT) is a noninvasive technique to obtain
images of the internal conductivity of an object. The EIT systems are based on the
injection of current signals and the measurement of the generated potentials at the
boundary of the object under study. In EIT applications on biological tissues, the
currents are usually sinusoidal, with amplitudes below 1 mA and frequencies ranging
from 1 kHz to 100 kHz. Once the potentials and currents are known, an image
reconstruction method is used to estimate the spatial distribution of the internal
electrical conductivity of the analyzed object [1].

The so-called vesicoureteral reflux is a pathology that is presented by the leakage of
urine from the bladder to the kidneys. This pathology can generate chronic renal failure,
urinary tract and kidney infections, nephrotic syndrome, and scarring of the kidneys,
among others. For this reason, the EIT seeks to monitor the bladder volume and support
the diagnosis of this pathology [2]. It is the case of Li and colleagues [3], who designed
an EIT system based on 16 electrodes, with a frequency range from 0 to 12.5 MHz; this
system monitors the distribution of impedance in the bladder, and so establishes a close
relationship between the bladder volume and estimated conductivity in healthy
patients. On the other hand, Schlebusch and collaborators [4-6], with the aim of assist
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to paraplegic patients, which present decreased bladder volume sensation due to dam-
age to their neuronal structures, and used the EIT to monitor the bladder volume.

This chapter presents several bioimpedance indexes for bladder size monitoring,
such as Global Impedance (GI), Voltage Change Ratio (VCR), and Impedance Ratio
Method (IRM), which show promising results in bladder volume estimation, with the
limitation that they are highly sensitive to urine conductivity. On the other hand,
methods based on Focused Impedance Measurement (FIM) are presented, which have
a matrix electrode configuration, different from the classical ring arrangement of the
GI, VCR, and IRM methods; this matrix arrangement allows for decreasing the sensi-
tivity of urine conductivity in the process of bladder volume estimation.

2. Urodynamics

The study of lower urinary tract function is called urodynamics, which consists of
monitoring the filling and emptying of the bladder for the diagnosis and management
of lower urinary tract dysfunction. This dysfunction occurs in elderly people or those
with neural disorders, such as spinal cord diseases, which generate urinary inconti-
nence (UI), detrusor hyperactivity, and prostatic hyperplasia, pathologies that cause
urinary tract infections [7, 8].

Urodynamics is currently performed by means of filling cytometry, pressure-flow
studies, uroflowmetry, and electromyography [9]. Cystometry is an invasive ambula-
tory technique that is performed by medical professionals in a Urology Unit. For this
technique, a small amount of liquid at room temperature is injected through a catheter
and then another equal amount of warm liquid; the patient indicates when the sensa-
tion of urination begins; when the bladder is full the patient proceeds to empty the
bladder; finally, the catheter is removed from the urinary tract. During this proce-
dure, the pressure in the bladder is measured by a cytometer [8, 10]. On the other
hand, the pressure-flow study allows analysis of bladder and detrusor pressure; to
determine urinary tract obstructions and alterations in detrusor contraction. This
technique involves the use of a probe inside the patient’s urethra to measure the
detrusor pressure, so it must be performed by trained personnel [10]. Electromyogra-
phy is an electrophysiological test that measures muscle activity simultaneously with
cystometry. This technique seeks to detect striated muscle activity and evaluates
nerve integrity, location, and severity of the lesion [10].

Another method is uroflowmetry, which measures external urine flow per unit
time (Q ml/s). This is a noninvasive technique for measuring urinary flow. The
patient voids the bladder into a flowmeter when he/she has the sensation of urination.
This measurement reflects the kinetics of detrusor contraction. This method cannot be
used as the only alternative for the diagnosis of urinary tract pathologies [7, 8, 10].

Invasive methods of urodynamic studies can cause irritation of the urethra or
bladder from catheter insertion, urethral bleeding or bloody urination, infection
through the catheter, urethral fistula at catheter placement, and bladder wall rupture
at catheter placement [10].

EIT is a noninvasive, radiation-free clinical monitoring technique that has been
investigated for many years and has shown promising results [1]. EIT measures the
spatial distribution of conductivity by injecting alternating current through electrodes
located at the boundary of the body under study; the voltage generated by the injected
current is measured by the electrodes at the boundary; these voltages allow the
estimation of the conductivity distribution and are mapped to an image with the help
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of a reconstruction algorithm [11]. In addition, several low-cost EIT systems have
been proposed for biomedical applications with high performance [12]. Therefore,
this technique is a promising alternative for the diagnosis and monitoring of biological
tissues and fluids since they present differences in their dielectric properties.

In bladder volume monitoring, EIT presents many advances that have made it
possible to establish a correlation between urine conductivity and bladder volume using
the Global Impedance Index (GI) [4], which is calculated from the pixels of the EIT
image reconstruction. On the other hand, there are indices based on bioimpedance
measurements that do not require image reconstruction algorithms to estimate bladder
volumes, such as the IRM (Impedance Ratio Method) [6], VCR (Voltage Change Ratio)
[13], and MVCR (Modified Voltage Change Ratio) [7], which, like GI, present a corre-
lation between bioimpedance measurements and bladder volume. The aforementioned
methods are highly sensitive to the change in urine conductivity, which occurs due to
infections or the patient’s diet, so volume estimation with these methods cannot be
applied in the long term. For this reason, a method based on global focused impedance
(FIM) is proposed in Ref. [7] that allows the estimation of bladder volume indepen-
dently of urine conductivity, which allows long-term monitoring.

Methods based on bioimpedance measurements are a very good alternative for
bladder volume monitoring because they require low-cost equipment and are nonin-
vasive. Considering that GI indices, MRI, VCR, and MVCR are sensitive to urine
conductivity, they may also be promising in the study of urinary tract alterations due
to infections.

3. Electrical impedance tomography

Figure 1 presents the concept of the EIT, which consists of applying currents (I) on
a set of electrodes connected to the boundary (9Q) of a body (Q); subsequently, the
resulting voltages (V) are measured on the remaining electrodes. The mathematical
background of the EIT is explained in Ref. [7]; where Maxwell equations and the
Faraday and Ampere laws are formulated in the differential form to define the rela-
tionship between the admittivity (y) and the potential on the electrodes (¢) (Eq. 1).

V-(yVg)=0 1)

Electrode

+

Figure 1.
Conductivity changes detection with EIT.
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v is a complex value y = ¢ + joe, where o represents the conductivity i21/—1 is the
imaginary unit, @ denotes the angular frequency, and ¢ is the permittivity. This
equation describes the electrical potential inside. Whenever Q is stimulated with
low-frequency currents (w=~0), the following EIT equation is obtained:

V- (6Ve) =0 (2)

The nonlinear partial differential Eq. 2 has infinite solutions. Particular solutions
are obtained by applying either the Dirichlet or Neumann conditions. The former is
used when voltages are applied to the boundary electrodes:

o(x)=vii=12,..,m 3)

where x; is a point on 0Q that indicates the position of the electrode i, v; is the
voltage applied to such electrode and m is the total number of electrodes. Neumann
conditions are used when currents are injected and drained through the surface
electrodes. In such a case:

oVo(x;) - n=Li=1,2, ..,m 4)

where 7 is a unitary vector perpendicular to dQ in x;. I; is the current density
through the electrode 7 and it is positive for the injecting electrode and negative for the
draining electrode. Additionally, Kirchoff’s current law must be satisfied:

ili =0 (5)

The solution to the EIT problem is divided into two parts: i) estimate the potentials
on the boundary knowing the injected current and assuming a conductivity distribu-
tion, this part is called forward problem, and ii) assess the conductivity distribution
knowing the injected currents and the measured potentials or inverse problem
(Figure 2). The forward and inverse problems are detailed below.

"0

FEM model ,|  Solution of ,| Estimated
generation forward problem potentials

Solution of l Image
inverse problem " reconstruction
ry | | |

EIT Measured
System potentials

Figure 2.
EIT image reconstruction.
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3.1. Forward problem

The forward problem can be solved analytically or numerically. The analytical
methods are preferable as computation time is reduced; however, their usage is
limited to a few idealized geometries [8]. For numerical solutions, the governing
equation is discretized using the finite elements method (FEM) or the generalized
FEM (GFEM) [9]. For general geometries and inhomogeneous materials, FEM is well
suited to solve the forward problem and is the most used in EIT [10]. In EIT, the
approach based on FEM consists of dividing Q into a finite number of regions of
constant conductivity. A relation can be obtained between the voltage measurements
on the boundary and the conductivity of such regions (Eq. 6) [11, 12].

o =]Jo (6)

where J is known as the sensitivity matrix or Jacobian matrix, which relates the
vector of voltage measurements (®) with the vector of conductivities (¢). If 6 and J
are known. Then, the estimation of ®is simple. Considering the variety of methods
available in EIDORS (Electrical Impedance Tomography and Diffuse Optical Tomography
Reconstruction Software).

3.2. Inverse problem

The inverse problem seeks to obtain the conductivity distribution using the poten-
tial on the electrodes and the injected currents. To solve the inverse problem is
necessary to use a forward model to minimize the difference between the potentials
estimated and measured on the boundary (Figure 2). There are several approaches to
solve the inverse problem, which is ill-posed and is based on linearization and regu-
larization [8]. The conductivity estimation obtained from 3.2 is:

J'o =]"o 7)
o= (") o (8)

The matrix (JJ7) is ill-conditioned. The best way to solve this problem is to use
regularization techniques [13], which are necessary to obtain a unique solution from
an ill-posed EIT problem [14]. Additionally, a regularized solution to the inverse
problem improves the reconstructed image quality [15, 16]. For these reasons, many
regularization methods, such as Tikhonov [17, 18], Laplace [19], Total Variation [20],
Noser [21], Helmholtz-Type [12], projection error propagation-based [15], have been
proposed.

4. Volume estimation with bioimpedance

This section presents the GI (Global Impedance), FIM (Focused Impedance Mea-
surement), IRM (Impedance Ratio Method), and VCR (Voltage Change Ratio) tech-
niques, which have been recently proposed for volume estimation in medical
applications. GI is defined as the sum of the pixels of an image and as a consequence, it
requires to solve the EIT inverse problem. On other hand, the FIM approach does not
need the reconstruction matrix; the potential variation is enough to estimate volume.
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FIM estimates the impedance of the region of interest by means of two potential
measurements mutually perpendicular giving a higher sensitivity in the central region
compared to its surroundings [22]. Similar to FIM method, IRM and VCR do not
require an image reconstruction algorithm. IRM, proposed in Ref. [6], estimates the
volume estimation of an object employing three impedance measurements. On the
other hand, VCR requires two voltage measures to estimate the volume [23], although
the robustness against the uncertainty of conductivity has not been analyzed. The GI,
FIM, IRM, and VCR are explained below.

4.1. Global impedance index

The GI approach is based on reconstructed images of differential EIT (dEIT) in
which homogeneous (v;,) and nonhomogeneous (v’;h) vector measurements are taken.
The superscript f, which ranges from 1 to Ny, indicates the frame. N is the number of
voltage measures per frame and is hence the number of elements of vectors v, and vflh.

Differences between v, and v';h are used in an EIT reconstruction algorithm to calcu-
late changes in the conductivity inside the object under study [5, 24]. Hence, varia-
tions in the potential for any frame f are calculated using the following operation:

(k) — (k)

f
Av* (k) v

,k=1,2,..N 9)

where A (k), v';h(k) and vy, (k) are the k-th elements of the vectors Aof, v’;h and
vy, respectively. To solve the pixel conductivity vector Ir, the matrix Rf must be
calculated using a differential EIT reconstruction algorithm. Rf has M rows and N
columns (M, number of pixels of the conductivity image). Hence, the vectors F and
AV are related by the equation I = Rf Aof. GI of dimensionless units is calculated by
adding the values of all pixels of I’ for each frame as follows (Eq. 10):

GI = i ZN: If (10)
f

=1 k=1

4.2. Focused impedance measurement (FIM)

FIM Method is a technique of impedance measurement that can localize a zone of
interest in a volume, eliminating the effects of neighboring regions and using 8, 6, or 4
electrodes [25-27]. FIM shows promising results in gastric monitoring [28], breast
tumors [29], and lung ventilation [21]. We propose a modification of the FIM
approach using eight electrodes; the classical FIM and modified FIM are explained
then.

4.2.1 Classic FIM method

Tetrapolar FIM’s are based on the sum of independent measurements of mutually
perpendicular and concentric potentials. This is done to detect changes that are gen-
erated by the injected current on the equipotential lines inside the object under study.
Saha and collaborators [30] show that changes in the conductivity/impedance of the
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Figure 3.
a) Focused avea in an 8-Electrodes FIM arrangement and b) Placement of electrodes on the bladder phantom.

object under study lead to proportional differences in electrical potential between
equipotential lines. This assumption remains valid for a constant injected current. The
arrangement of electrodes for FIM is shown in Figure 3.

When the current is injected through the EO and E2 electrodes, equipotential lines
are represented as a—a’ and b—b'. Similarly, when current is injected through the E,
and E; electrodes, then the equipotential lines are represented as c—c’ and d—d'. These
potentials are measured on electrodes E4, Es, Eg, and E;, and the focused area O is
defined for equipotential lines [31]. Changes in potential are estimated relative to the
reference measure P,.r, which is the potential when there is no object in the region O
of Figure 3. In this case, the conductivity is homogeneous throughout the cross-
section under study. P, is calculated using Eq. 11 as follows:

P.s =Pl +Po, (11)

P ¢ is the difference in potential between the electrodes E4 and Es for the homo-

geneous configuration (indicated with the superscript o). Similarly, P, is the differ-
ence in potential between the electrodes Es and E;. Hence, given a conductivity
change in region O (Figure 3), the potential is defined in Eq. 12 as follows:

P=Py6+Ps; (12)
Injection Measurement
Potentials on internal electrodes Eo-E; Pys Psg¢
Ei-E, Pi¢ Ps7
E4-Es Pgy
Es-Es Puz
Potentials on external electrodes E4-Es Py Py
Es-Es¢ P, Py3

Table 1.
Injection and measurement patterns for the proposed FIM approaches.
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The variability of potential is then defined as:

_ P - Pref

AP
Pref

(13)

The opposite pattern for injection and measurement using the classic FIM
approach has been applied in previous studies [32], with promissory results.

4.2.2 Modified FIM method

The modified FIM approach [32] employs adjacent patterns for injection and
measurement, using the same electrode arrangement of FIM classic. The electrodes
were divided into externals (Eg, E4, E», and E3) and internals (E4, Es, Eg, and E;)
according to the configuration presented in Figure 3. Table 1 shows the injection and
measurement electrodes used for the two proposed FIM approaches. In the first
proposed FIM approach, FIM-I (I, internal), the variable P of Eq. 13 was equal to Pj,
which is calculated as P, = P45 + P56 + P’S,6 + Pg 7. In the second proposed
approach, FIM-IE (IE, Internal-External), P = Pj,; + Py wWith Peyy = Po1 + P’1,2 +
Py, + P53 and Pjy, as for FIM-I. In the previously described FIM-4 approach [32],
variable P;,; = P47 + Pg 7. As indicated in Table 1, FIM-I requires two injections of
current and four measures of voltage, whereas FIM-IE requires four injections of
current and eight measures of voltage. In contrast, classic FIM-4 requires two injec-
tions of current and two measures of voltage. Pref for each approach is defined as P.

4.3. Impedance ratio method (IRM)

IRM relates volume with impedance change. This technique searches the volume
estimation robustness against the conductivity variability of the object under study.
The three tetrapolar measurements required to calculate the impedance ratio are
presented in Figure 4 [22]. The frontal measurement is used to calculate Z¢ = V¢/If, the
backward measurement defines Zy, = Vi /I, and the side measurement determines
Zs = V4/1;. The potentials and the currents are measured and injected on boundary
electrodes, which are placed in a ring arrangement. The measurements proposed in
Ref. [22] present higher sensibility of impedance variations; assuming that the object
under study must be close to the electrodes, being that the current densities are the
biggest in the vicinity of these. Therefore, the volume increase of the object implies a
higher change in the sensitivity of impedance measurements. Eq. 14 defines the IRM.

Figure 4.
Injection and measurement of signals for IRM.
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Zs*Zf

IRM =
Zy — Z¢

(14)

4.4. Voltage change ratio (VCR)

VCR [23] associates the voltage change with the volume of the object under study.
This is calculated by considering a reference measurement (Vy), which is obtained
when the object studied has the lowest volume. Other potential measurements (V) are
taken during the increasing volume to determine the VCR (Eq. 15).

[V -V

R =
VvC Vo

(15)

The electric potentials are measured by considering the electrode configuration
shown in Figure 5.

VCR index uses two voltage measurements only, one reference and the other to
determine the change in volume; to have redundant voltage measurements, the mod-
ified VCR (MVCR) is proposed for Ref. [32]. The MVCR requires 8 voltage measure-
ments, as indicated in Figure 6. The MVCR is calculated using Eq. 16.

8 [Vi—Vyl
MVCR = 21287‘70 (16)

Figure 5.
Injection and measurement of signals for VCR.

Figure 6.
Injection and measurement of signals for MVCR.
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where n is the number of voltage measurements and VJ, is the reference voltage
obtained when the current is injected by electrodes 1 and 2 and the studied object has
the lowest volume.

5. Results of noninvasive bladder volume monitoring

GI, VCR, MVCR, MVCR, MVCR, IRM, FIM, FIM-I, and FIM-IE indices were
employed for in vitro experiments to estimate bladder volume employing a
bioimpedance measurement system previously designed in Ref. [33, 34], the results of
the volume behavior are detailed below.

5.1. Sensitivity of approaches for volume estimation

The sensitivity distribution of an impedance measurement determines the imped-
ance change caused by a given change in conductivity distribution. The sensitivity
distribution also establishes the impedance contribution of each region within the area
under study. The sensitivity map is the superposition of all the sensitivity distributions
corresponding to each measurement. Based on Geselowitz’s theorem [35], a study of
sensitivity maps for the FIM, GI, VCR, and IRM approaches was performed.

Figure 7 shows that the region center of GI approach has a very low sensitivity,
near to zero (represented by white color); on the other hand, the IRM, VCR, and
MVCR approaches show a negative sensitivity (blue color). Considering the sensitiv-
ity maps, these indices could have the best performance if the object under study is
placed near the electrodes, where the sensitivity is high (dark red color).

The sensitivity maps for the approaches based on FIM are generated through the
FEM model of the phantom-like Figure 3; the green circles represent the location of
the electrodes on the phantom. Figure 8 shows the sensitivity of the approaches base

a b c d

Figure 7.
Sensitivity maps of a) GI, b) IRM, ¢) VCR, and d) MVCR.

Figure 8.
Sensitivity maps of a) FIM4, b) FIM-I y and c¢) FIM-IE.
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on FIM has greater sensitivity in the central zone than the approaches with the
electrodes around the boundary. These results demonstrate that FIM-based
approaches are very promising for volume estimation.

5.2. Performance of bladder volume estimation

The experiments in vitro to bladder volume estimation showed a linear correlation
between abdominal electrical impedance and bladder volume. In Ref. [36], it is evi-
dent the linear correlation of GI index with bladder volume. On the other hand, in
[mosquera20] the linear relationship positive between GI and volume was confirmed.
It was also found that the GI index shows low sensitivity to measurement noise.

On the other hand, the approaches for volume estimation that do not require image
reconstruction algorithms show the next results:

* The IRM in in vitro experiments does not correlate positively or negatively with
the volume [32]. This is because when the object under study is symmetrically
located with respect to the electrodes, the front, rear, and side voltages are the
same, and as a consequence, the IRM becomes a quotient of noises. This fact
makes IRM unsuitable for bladder volume estimation.

¢ The VCR in Refs. [23, 32] evidence that the median values of the VCR
measurements significantly differ for the volume. Also, VCR has a positive
correlation with human bladder monitoring. Furthermore.

* The MVCR is an extension of VCR that uses eight voltage measurements to
improve robustness against noise, as is evidenced in Ref. [32]. Like VCR, MVCR
leads to significant differences in the volume measurement.

The results in vitro show that GI, VCR, and MVCR are suitable approaches for
volume monitoring when the conductivity of the object under study is unknown but
constant. VCR has the highest sensitivity to volume variation, while MVCR had the
highest noise robustness. Both VCR and MVCR are easier to implement than GI
because they do not require an image reconstruction algorithm.

The studies show that when the volume remains constant, but the
conductivity varies, the VCR and MVCR estimates also vary, making it
impossible to distinguish between changes in volume and changes in conductivity.
GI suffers from the same problem as VCR and MVCR because it is calculated as the
sum of the conductivity pixels of an image; as a consequence, a large object with
moderate conductivity can have a similar GI as a medium object with high
conductivity. The bioimpedance approaches presented in this chapter detect changes
in volume when the conductivity of the object under study remains constant. Fur-
thermore, these methods require less computational effort than the GI approach,
which is based on differential EIT and as consequence requires to solve the inverse
problem.

The FIM-4 approach was proposed in a previous study [22] and comprises two
mutually orthogonal tetrapolar measurements to estimate the impedance of an
object that is located below the plane formed by the electrodes. Based on FIM-4, a
method for organ volume estimation was proposed [37], and it was shown that
simulations that are based on finite elements give linear relationships between
volumes of study objects and sensitivity, which is defined as the quotient of
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impedance variation and the distance between electrodes. In addition, iz vitro
experiments demonstrated that the constant that relates volume and sensitivity
depends on the conductivity of the object and on its depth with respect to the

plane of electrodes. Similarly, FIM-I and FIM-4 approaches depend on the
conductivity of the object under study. The experiments with FIM-IE, however,
showed a strict dependence on the volume. The main difference between these three
FIM approaches is the additional information required to calculate variations of
electrical potential. Unlike FIM-I and FIM-4 procedures, FIM-IE is performed by
injecting current and measuring the voltage on internal and external electrodes. When
current is injected through internal electrodes, voltage is measured at the external
electrodes, and vice versa.

In in vivo experiments it was found that the GI index shows a high variation to
changes in urine conductivity [5, 23] making it a method that can be oriented to short-
term monitoring. In [23] shows a significantly enhances the sensitivity of the mea-
surement with VCR index, suggesting a better protocol to maximize the value of
electrical impedance in monitoring the accumulation of bladder urine.

Each of the present bioimpedance approaches for estimating bladder volumes
in vivo requires a calibration procedure that begins by emptying the patient’s bladder
and then using urodynamics to relate bladder volumes to the bioimpedance variable.
The resulting equations relate measurements with volumes but are only valid when
urine conductivity is equal to that during the calibration phase. Because urine con-
ductivity varies physiologically, it is important to use bioimpedance approaches for
which measured variables are independent of urine conductivity. The FIM-IE
approach meets these criteria.

The results obtained in studies lead us to conclude that the proposed FIM-IE
approach has low sensitivity against conductivity uncertainty, allowing volume mon-
itoring to long-term; contrary to the performance shown by VCR, IRM, and GI
indices, which have a high sensibility to conductivity uncertainty as is reported in
Refs. [6, 23, 31, 32].

6. Conclusions

Since the methods currently used (cytometry, pressure-flow studies, and electro-
myography) for urodynamic studies are invasive and can cause irritation, bleeding,
infection, urethral fistula, and rupture of the urinary system [10], bioimpedance-
based methods are an excellent alternative for bladder monitoring because they do not
involve risks due to the use of catheters or probes in the urinary tract. On the other
hand, uroflowmetry, being a noninvasive method, is not suitable for the diagnosis of
urinary system pathologies [8]; therefore, the use of bioimpedance, being sensitive to
urine conductivity and allowing estimation of bladder volume, is a method that could
generate a diagnosis of the behavior and state of the urinary system; being a better
alternative than uroflowmetry.

Unlike the VCR, MRI, and GI approaches, which are highly sensitive to conduc-
tivity changes, FIM-IE is very robust to uncertainty in this variable, making it suitable
for long-term bladder volume monitoring. Therefore, FIM-IE is a promising alterna-
tive to avoid inappropriate catheterization in patients with loss of voiding sensation
and the future, detect vesicoureteral reflux. On the other hand, GI, VCR, and MVCR,
being highly sensitive to urine conductivity, may be promising alternatives to test
urine conductivity for abnormalities due to bacteria or infections.
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Chapter 6

Anti-Bacterial Use and Resistance
Pattern in Urinary Tract Infections

Tsegaye Melaku Kebede

Abstract

Despite warnings at the beginning of the industrial antibiotic era 70 years ago,
antimicrobial resistance (AMR) has become an increasingly intractable health issue. For
common bacterial infections, such as urinary tract infections (UTIs), sepsis, and sexually
transmitted infections, high rates of antibiotic resistance have been observed globally for
the commonly used antibiotics used to treat these infections. This observation indicates
that we are facing a shortage of effective antibiotics. This global problem has a significant
impact on pregnant women, necessitating urgent multi-sectoral action to achieve the
Sustainable Development Goals, with a particular focus on perinatal health. The current
chapter focuses on shedding light on the commonly prescribed antibiotics for treating
UTI during pregnancy. This chapter also addresses the overview of UTT management
and principles of antibiotic regimen selections (effectiveness). Furthermore, it also
pointed to the safety concern for selected antibiotics or class of antibiotics primarily used
for treatment of UTL. Finally, it provides the details of current tsunami of AR specifi-
cally among pregnant women diagnosed with UTI in different settings and countries.

In general, without the effective and cautious use of antibiotics, the progress made by
the United Nations in reducing maternal and child mortality and morbidity by treating
infections during pregnancy, such as UTI, would be at a heightened risk.

Keywords: antibiotics, antimicrobial resistance, pregnancy, urinary tract infections,
asymptomatic bacteria

1. Introduction

Despite the fact that both men and women are susceptible to urinary tract
infections (UTIs), women are more prone to them due to various factors. These fac-
tors include having a shorter urethra compared to men, proximity to the anus which
increases the risk of fecal contamination, hormonal changes, and pregnancy [1, 2].
UTIs frequently happen during pregnancy. It is the most typical bacterial illness that
pregnant women get. It refers to the invasion of microorganisms and their subsequent
growth in any part of the urinary tract system including the kidneys, ureters, bladder,
and urethra (Figure 1). It can be asymptomatic (positive urine culture in an asymp-
tomatic woman), as well as symptomatic, complicating the diagnostic and antibiotic
use process. The three main manifestations of UTI during pregnancy are asymptom-
atic bacteriuria (ASB), acute cystitis, and pyelonephritis [2, 3]. Approximately, 30%
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Female Urinary System
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Ureter
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Figure 1.

Female urinary tract system. I declare that there are no copyrights and that the figure is quoted from any other
published work for this figure and it is available from the following web link (https://www.drugs.com/cg/urinary-
tract-infection-in-women.html).

of women with ASB will experience acute cystitis during their pregnancy, despite
the fact that the general incidence of UTI in pregnancy is about 8% [2, 4]. It is of
great importance to obstetricians due to its association with significant maternal and
perinatal morbidity and mortality.

Pregnancy-related significant bacteriuria is a frequent, serious factor that con-
tributes to maternal and perinatal morbidity and mortality [2, 5]. Bacteriuria during
pregnancy raises the mother’s risk of anemia, pre-eclampsia, chorioamnionitis,
preterm delivery, and postpartum endometritis. Both the fetus and the newborn are
at risk of various dangers due to UTI, including preterm birth, stillbirth, perinatal
mortality, mental impairment, and developmental delay [1, 3]. The cause is hypoth-
esized to be a combination of direct bacterial endotoxin damage and cerebral hypo-
perfusion. All are amenable to investigation and treatment, which improves outcomes
significantly. However, the rising trend of antimicrobial resistance (AMR) has had a
negative impact on the overall outcome of UTI management, as well as neonatal and
maternal outcomes [1, 3, 5].

2. Causative pathogens

A meta-analysis of 20 studies from Ethiopia found that 15% of pregnant women
receiving prenatal care in various regions had significant bacteriuria [6]. Similar
to this, another study from low-income nations found that 13.5% of bacterial uro-
pathogens that cause UTIs were isolated from the urine sample [7]. The majority
of the times, the bacteria that cause UTIs in pregnant women are also present in
non-pregnant patients. Gram-negative aerobic bacilli that originate in the diges-
tive system are the most frequent cause of UTI. Frequent pathogens responsible for
UTI include Citrobacter, Entevobacter, Enterococcus, Escherichia, Klebsiella, Proteus,
Pseudomonas, Serratia, and Staphylococcus, which colonize the genitourinary tract
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[6, 8, 9]. Escherichia coli accounts for 60-80% of all UTIs in pregnancy and is the most
prevalent pathogenic bacterium linked to both asymptomatic and symptomatic bacte-
riuria [6, 7, 10]. Other bacteria identified in UTIs during pregnancy include Klebsiella
pneumoniae (K. pneumoniae), Staphylococcus aureus, coagulase negative Staphylococci,
Enterobacter spp., Pseudomonas aeruginosa, Enterococcus spp., Proteus mirabilis, and
others [7]. Klebsiella, E. coli, Pseudomonas, and Proteus spp. are the most influential
gram-negative organisms responsible for UTIs [8]. Among gram-positive bacterial
pathogenic strains, Staphylococcus and Streptococcus spp. have been found to be the
most common bacteria responsible for UTIs [6, 11].

3. Anti-bacterial use in UTI management

Antibiotics are used to treat ASB and acute cystitis. Because ASB is a known risk
factor for developing pyelonephritis and having a premature delivery, pregnant
women should be screened for it using urine culture and treated with appropriate
antimicrobials. Active UTI should be treated as soon as possible after diagnosis; wait-
ing for culture and sensitivity results in the pregnant population is not recommended
due to the risk of developing ascending infection [3, 5]. A microbiologic sample must
be obtained prior to treatment in order to tailor antibiotic treatment as per the “Start
Smart Then Focus principles” of antibiotic stewardship. Any treatment decision should
be reconsidered once culture and sensitivity reports are available. All women should
be checked to ensure that their urine is sterile after treatment for both ASB and active
infections [1, 5].

3.1 General principles of anti-bacterial selection

Antibacterial are among the most often prescribed drugs for UTI treatment
worldwide, and they are vital to global health. Despite their importance, the develop-
ment of resistance threatens antibiotics’ long-term effectiveness. The overuse and
misuse of antibiotics has been the primary cause of antibiotic resistance. The misuse
of antibiotics by the general population is a significant risk factor for antibiotic
resistance [12], while some studies have also reported that some pregnant women are
ignorant of the management of common infections which results in AMR [13].

When the actual cause of the infection and the pattern of resistance are uncertain,
empirical antibiotics are chosen [2]. The antibiotics used to treat UTIs are chosen
based on a variety of factors, including the relative frequency of uropathogenic
organisms, local resistance patterns, levels of observed resistance, the clinical syn-
drome presented by the patient, and the source of the infection, whether nosocomial
or acquired in the community. Therefore, an empirical antibiotic for the treatment of
UTlIs should be active against gram-positive organisms like Staphylococcus saprophyti-
cus and, ideally, Enterococcus spp. as well as gram-negative Enterobacteriaceae like E.
coli (E. coli) and Klebsiella spp.

Pregnant women should be treated when bacteriuria is identified (Table1).

The choice of antibiotic should address the most common infecting organisms (i.e.,
gram-negative gastrointestinal organisms). The risk of resistance mutations in the
population as well as the specific patient has a significant impact on the selection

of empirical antibiotics. Therefore, it is crucial to obtain a comprehensive clinical
history since certain patient groups may require early treatment with broad-spectrum
antibiotics. Patients who have recently been admitted as inpatients, those who have
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Antibiotic Dosage Pregnancy category
1. Cephalexin 50 mg two or four times daily B

2. Erythromycin 250-500 mg four times daily B

3. Nitrofurantoin 50-100 mg four times daily B

4. Sulfisoxazole 1 g four times daily c

5. Amoxicillin clavulanic acid 250 mg four times daily B

6. Fosfomycin One 3g sachet B

7. Trimethoprimsulfamethoxazole 160/180 mg twice daily c”

*Contraindicated in pregnant women at term.
*Avoid during first trimester and at term.

Table1.
Antibiotic selection for treatment of UTIs during pregnancy [14, 15].

taken repeated antibiotic courses, and those who live in nursing homes are particu-
larly at risk of contracting infections with multidrug resistant (MDR) organisms.
Experts recommend that the choice of antibiotic for empirical treatment should take
into account local rates of resistance in uropathogens. Choosing the right antibiotics
for pregnant patients with UTIs is critical. It is not only important to choose the right
drug, but also consideration should be given to selecting the right dose and treatment
duration. When urine culture results are available, antibiotic selection can be tailored
based on organism sensitivities. In pregnancy, 1-day antibiotic treatments are not
recommended. Instead, 3-day courses are recommended and have been proven to be
effective [16, 17]. It is hoped that by effectively treating UTIs, the risk of maternal
sepsis, pyelonephritis, preterm labor, and adverse fetal outcomes will be reduced.
When selecting antibiotics, potential teratogenicity should be taken into account. The
antibiotic should be safe for both the mother and the fetus.

Amoxicillin, ampicillin, ceftriaxone, nitrofurantoin, and trimethoprim-sulfa-
methoxazole are common antibiotics. Due to conflicting studies on teratogenicity,
fluoroquinolones are not recommended as first-line treatment in pregnancy [18].
However, it is reasonable to take this class of medication with resistant or recur-
rent infections because short courses are unlikely to be detrimental to the fetus.
Historically, ampicillin was the drug of choice, but E. coli has become increasingly
resistant to ampicillin in recent years. Around 20-30% of E. coli isolated from urine in
an outpatient environment have ampicillin resistance [17]. The high urine concentra-
tion of nitrofurantoin makes it a good choice. Cephalosporins, on the other hand, are
well tolerated and effectively treat the key microorganisms. Fosfomycin is a novel
antibiotic that is administered in a single dose. Sulfonamides are safe to use during
the first and second trimesters, but they increase the risk of kernicterus in the third
trimester, especially in preterm infants. Other common antibiotics (for example, fluo-
roquinolones and tetracyclines) should not be used during pregnancy due to potential
fetal toxicity [17, 18].

Usually, a 7- to 10-day course of antibiotics is enough to completely get rid of the
infection(s). However, shorter treatment durations, including 1-day therapy, have
been recommended by some experts. There is still debate over whether pregnant
individuals should take shorter antibiotic rounds of treatment. In a clinical trial
conducted by Masterton et al. [14], it was found that for isolates that were sensitive
to ampicillin, the cure rate reached up to 88% with a single 3 g dosage of ampicillin.
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According to several other studies, cure rates for bacteriuria ranged from 50% to 78%
when amoxicillin, cephalexin, or nitrofurantoin was given as a single dosage [15, 19].
Fosfomycin is effective when taken as a single, 3g sachet [20, 21]. Further research

is necessary to evaluate whether a shorter course of other antibiotics would be as
successful as the standard treatment duration for UTIs because other antibiotics have
not been well studied for use in UTIs [15]. Following the completion of the treatment
regimen, a repeat culture should be obtained to document successful bacteriuria
eradication [19].

3.2 Anti-bacterial safety concern in pregnancy

Due to the excretion of several drugs through the kidneys, they may prove benefi-
cial in treating UTI due to their potential to concentrate in the renal system. However,
where the safety of the fetus or newborn is a concern, the pregnancy state prohibits
the use of certain antibiotics. When the benefits outweigh the risks, the antibiotic
can be used if no other option is available. As a result, the choice of antibiotics during
pregnancy may be limited in comparison to the general population due to the risk of
teratogenicity, or harm to the developing fetus. For example, trimethoprim is avoided
in the first trimester due to a risk of neural tube abnormalities, and the danger of
hemolysis prevents the use of nitrofurantoin at term [22].

3.2.1 Sulfa derivatives and nitrofurantoin

Recent research suggests that using nitrofurantoin and sulfa derivatives during
the first trimester of pregnancy increases the risk of congenital disabilities. While
acknowledging the severe limitations of these trials, current guidelines advise against
using these drugs during the first trimester of pregnancy when alternatives are
available [23]. However, due to the potential serious implications of untreated UTIs
during pregnancy, it is considered reasonable to use these drugs when necessary, as
the benefits significantly outweigh the associated risks. There are additional warnings
regarding these two types of antibiotics. Patients with glucose 6 phosphate dehydro-
genase (G6PD) deficiency should not be prescribed sulfa derivatives or nitrofurantoin
as these medications can precipitate hemolysis. Trimethoprim sulfamethoxazole
(TMP-SMX) should be avoided in the late third trimester due to the potential risk for
the development of kernicterus in the newborn after birth. If sufficient serum levels
are present at the time of delivery, sulfonamides pose a risk of neonatal jaundice. The
addition of trimethoprim increases activity but trimethoprim inhibits folate syn-
thesis, which is crucial for preventing neural tube deformities. Trimethoprim alone
or TMP-SMX combinations should be avoided in the first trimester as well as after
32 weeks gestation [23].

3.2.2 Beta lactam antibiotics

Usually, data on pregnancy safety is very limited, which raises serious concerns
during prescription. Furthermore, many studies on the safe use of antibiotics during
pregnancy are inconclusive or require more evidence. Nevertheless, beta-lactam
antibiotics, known for their extensive use without causing significant adverse
effects on fetuses, continue to be the safest choice during pregnancy. Due to their
mechanism of action, which involves targeting the bacterial cell wall—a structure
exclusive to bacteria—beta-lactam antibiotics exhibit higher selective toxicity. As a
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result, all penicillin antibiotics are classified as “category B” in terms of safety during
pregnancy. Furthermore, with over 80 years of clinical experience, these antimicro-
bial agents are among the oldest known antibiotics [24, 25]. For example, ampicil-
lin is semi-synthetic safest penicillin and particularly active against enterococcus.
Ampicillin shows high levels of concentration in the urinary tract, which explains

its continued use despite the emergence of resistance. Furthermore, the addition of
clavulanic acid, a B-lactamase inhibitor, enhances its efficacy against B-lactamase
producing E. coli [24-26].

The beta-lactam ring and comparable mechanism of action, which interfere with
the formation of the bacterial cell wall, make cephalosporins and penicillin very
similar antibiotics. They are the most commonly administered antibiotics during
pregnancy after penicillin, although they also have significant selective toxicity. The
Hungarian study [27] observed that 458 (1.2%) women used some kind of cephalo-
sporin. Food and Drug Authority (FDA) considers these antibiotics as “category B”.
Cephalosporins are generally thought to be safe to use during pregnancy, however
if administered a day before delivery, ceftriaxone’s strong protein binding capac-
ity may displace bilirubin, increasing the risk of neonatal jaundice, especially in
preterm infants. Other cephalosporins have also specific recommendation based on
their pharmacokinetics profiles. There is little information on the use of cefadroxil
during pregnancy and lactation. It is unknown whether cefadroxil passes through
the placenta. Teratogenicity studies in rodents are reassuring. Cefadroxil, like most
cephalosporins, is safe to use during pregnancy and lactation [28]. Cephalexin crosses
the placenta in a carrier mediated fashion. As a result, fetal concentrations are greater
than the Minimum inhibitory concentration (MIC) for most sensitive pathogens.
Cephalexin is the most often prescribed cephalosporin during pregnancy. Women
using this antibiotic have not yet been linked to any teratogenic concerns. Cephalexin
excretes very little into breast milk and is usually thought to be safe for nursing
[29, 30]. Cefixime can be found in amniotic fluid after maternal treatment, indicat-
ing that it crosses the placenta. Rodent teratogenicity studies are reassuring. Most
cephalosporins are excreted in breast milk, and cefixime appears to be no exception.
Cefixime, like all cephalosporins, is generally thought to be safe to use while breast-
feeding [31].

Postpartum infections have been successfully treated with other beta-lactams
(carbapenem antibiotics), such as imipenem and meropenem [32]. However, there
is little or no substantiated clinical experience with imipenem in pregnancy, and
there have been no reports of teratogenicity. It is classified as “Category C” by FDA
[33]. Aztreonam is a monocyclic beta-lactam antibiotic that is highly effective against
gram-negative aerobic bacilli. The spectrum of activity is similar to that of the
aminoglycoside agents, but without side effects such as ototoxicity and nephrotoxicity
[34]. Although the drug crosses the placenta, it is only found in trace amounts in fetal
serum and breast milk [35]. The great majority of studies on aztreonam use in preg-
nant women were conducted during the perinatal period, and all of them concluded
that the drug is safe. During the first trimester of pregnancy, very few inconclusive
investigations were conducted [36]. Thus, the teratogenic potential of aztreonam has
not been well established.

3.2.3 Fosfomycin

Neither clinical investigations nor animal models have shown any evidence
linking the usage of fosfomycin to teratogenic side effects [37]. Fosfomycin crosses
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the rat placental barrier and has no teratogenic effects in pregnant rats at extremely
high doses such as 1000 mg/kg/day, which is approximately nine times the human
dose based on body weight. Perhaps, lack of teratogenic effects of fosfomycin may
be explained by its mechanism of action. By inactivating the enzyme enolpyruvyl
transferase, this synthetic antibiotic prevents bacterial cell wall synthesis. It is
well absorbed orally and effective against a variety of common UTIs. A single dose
results in high serum concentrations, exceeding the MIC for common urinary
pathogens for up to 3.5 days [38]. According to comparative clinical trials, a single
dose of fosfomycin is as effective as 7-10 day treatment regimen of nitrofurantoin,
norfloxacin, or cotrimoxazole. However, it is important to note that due to the lack
of adequate and well-controlled human studies, the FDA classifies fosfomycin as
“category B” [37].

3.2.4 Quinolones

Quinolones are broad-spectrum bactericidal antibiotics that inhibit bacterial
DNA-gyrase. Ciprofloxacin, norfloxacin, gatifloxacin, levofloxacin, and ofloxacin
are examples of this class [39]. Due to the significant similarity between mammalian
gyrase and bacterial gyrase, there is great concern regarding the use of these agents
during pregnancy. The quinolones are found in high concentration in the umbilical
cord blood and amniotic fluid [40]. Due to their ability to attain high concentrations
in the urinary tract, they are used to treat urinary infections that are unresponsive
to conventional treatment methods [41]. However, the use of these drugs during
pregnancy is still highly debated. Several studies have found no evidence of an
increased risk of major malformations, fetal musculoskeletal defects, spontaneous
abortions, prematurity, intrauterine growth retardation, or postnatal disorders. For
example, Ciprofloxacin crosses the placenta. While short-term therapy seems safe,
the impact of ongoing exposure (for example, in inflammatory bowel disease) is
still unknown. Ciprofloxacin is found to enter breast milk at varying concentrations.
One breastfed infant has been diagnosed with Clostridium difficile pseudomem-
branous colitis, and discolored teeth have been reported in neonates treated with
ciprofloxacin [42, 43]. Although ciprofloxacin is generally regarded as safe for
breastfeeding mothers, some experts advise against use or caution when using it. In
many circumstances, there are better options that have been proven to work during
pregnancy and lactation.

3.2.5 Macvolides

Macrolides have become the group of choice for the “allergic-to-penicillin”
patients. These agents are bacteriostatic and they act in the bacterial ribosome, link-
ing to the 50S sub-unit inhibiting protein synthesis [44], which is different from the
human ribosome. The spectrum of activity favors gram-positive cocci and has little
effect on S. aureus. Macrolides are only permitted to be used during pregnancy to
treat upper respiratory illnesses and syphilis in patients who have a history of penicil-
lin allergies. Moreover, it has been used to treat urethritis brought on by Chlamydia
trachomatis and toxoplasmosis [45]. Erythromycin is the oldest known macrolide and
it is usually presented as estolate or stearate formulation. Pregnant women should
avoid the estolate formulation because it causes hepatoxicity in 2-10% of the users;
FDA classifies erythromycin as a “category B” agent. There are no reports about the
teratogenic effects of this antimicrobial agent [46].
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4. Anti-bacterial resistance pattern in pregnant women diagnosed
with UTI

While antibiotics are highly effective at treating UTISs, they are also associ-
ated with AMR, which is a global health threat. AMR refers to the evolution of
microorganisms to develop resistance to antimicrobial treatment. AMR kept
rising as a result of the worldwide rapid growth of resistant microorganisms [47].
Recent World Health Organization (WHO) surveillance data from 22 high- and
low-income countries show a high level of AMR to numerous bacterial infec-
tions, with E. coli and K. pneumoniae being the most common resistant pathogens
[48]. Additionally, a meta-analysis of 23 studies from various parts of the world
revealed that pregnant women with substantial bacteriuria had a high incidence
of Enterobacteriaceae that produce extended-spectrum beta-lactamases (ESBLs)
[49]. Uropathogenic resistance to third-generation cephalosporin, amoxicillin, and
other antibiotics in pregnant women, particularly in Africa, poses a significant
barrier to the treatment of UTI during pregnancy [49, 50]. Increases in bacterial
resistance and the emergence of antibiotic-resistant diseases are closely correlated
with the prescription and use of antibiotics.

Resistant infections are difficult to treat and have a high morbidity and mortal-
ity rate. There is evidence to suggest that antibiotics to treat UTIs are overused in
pregnant women [51], potentially leading to an increase in resistant UTIs. Resistant
UTIs can be particularly concerning during pregnancy [2]. Treating such infections
can already be challenging, but the additional complexity of ensuring the safety of
both the woman and the fetus adds further difficulty in the context of pregnancy.

In the majority of low-income nations, routine antibiotic susceptibility testing is

a significant problem [52]. As a result, most pregnant women are treated with an
unnecessary antibiotic, which contributes to the emergence of resistant pathogens
[53]. Considering this, it is necessary to monitor the use of antibiotics in pregnancy
to optimize prescribing and consumption of these valuable medicines and facilitate
antimicrobial stewardship in antenatal care.

Antibiotic resistance has led to significant challenges in treating UTI [54].
Different studies from low-income countries showed high level of drug resistance. For
example, the pooled analysis from Ethiopia showed gram-negative bacteria such as
E. coli was highly resistant to amoxicillin (81%) and ampicillin (80%) [6]. Similarly,
report from Ghana showed that 79.3% of E. coli were ampicillin resistant [55]. A
multicenter investigation in Tanzania found higher resistance of E. coli to ampicillin
(94.5%) and cotrimoxazole (88.8%) [56]. In contrast, a meta-analysis in Ethiopia
revealed that relatively lower percentage (40%) of E. coli isolates were cotrimoxazole-
resistant [6]. The results showed that E. coli was less resistant to the antibiotics
nitrofurantoin (19%), ceftriaxone (20%), and ciprofloxacin (21%). Similarly, Emami
etal. [50] reported that E. coli was 22% resistant to nitrofurantoin. The Ethiopian data
report by [6] showed that 83% of the E. coli isolates were MDR and 19% were ESBL
producers. This resistance burden is expected to be more prevalent in low resource
settings like countries in Sub-Saharan Africa. For example, recent data from Ethiopia
showed significantly high burden of anti-bacterial resistance among pregnant women
diagnosed with UTI (Figures 2 and 3) [6]. Similar findings were reported in another
meta-analysis by Mansouri et al. [49] and a study by Sekikubo et al. [53], where 17%
and 18% of the E. coli strains identified from pregnant women with UTIs were ESBL
producers, respectively.

98



Anti-Bacterial Use and Resistance Pattern in Urinary Tract Infections
DOI: http://dx.doi.org/10.5772/intechopen.111817

90

80 - M E.coli M Klebsiella Species

70 4

60 -

50 4

Perecentage

40 -

30 4

Types of antibiotics

Figure 2.
Pattern of antimicrobial resistance of gram-negative bacteria among pregnant women in Ethiopia [6],
pp. 663—686.

100 m Staphylococcus aureus

90 m Coagulase negative staphylococci

Percentage

Types of antibiotics

Figure 3.
Pattern of antimicrobial vesistance of gram-positive bacteria among pregnant women in Ethiopia [6],
pp. 663—686.
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Similarly, different studies showed significantly high burden of gram-positive
resistance pathogen to common antibiotics. For instance, a meta-analysis from
Ethiopia [6] revealed that 89% of the S. aureus isolates from urine samples of preg-
nant women with severe bacteriuria were MDR. Similarly, a study from Nigeria [57]
which found that S. aureus isolated from urine samples of pregnant women was 90%
resistant to cefoxitin, vancomycin, tetracycline, and cotrimoxazole. Another study by
Asmat et al. [58] revealed that all S. aureus isolates were also MDR, with resistance to
tetracycline, doxycycline, tobramycin, and pipemidic acid.

Unsurprisingly, multidrug-resistant bacteria such as extended spectrum beta-lac-
tamases (ESBL), vancomycin-resistant Enterococci (VRE), and carbapenem-resistant
Enterobacteriaceae (CRE) have increased and spread globally in recent years [59].
Understanding the local epidemiology of multidrug-resistant bacteria is critical for
determining empirical antimicrobial therapy. Furthermore, in order to combat these
multidrug-resistant bacteria, clinicians and scientists around the world are working
against the clock to develop new antibiotics [59, 60].

5. Conclusion

In conclusion, significant bacteriuria is common among pregnant women.
Resistance to commonly used antibiotics is widespread among common bacteria (E.
coli, Klebsiella species, Staphylococcus species) causing UTIs in pregnant women. The
high occurrence of bacteriuria in pregnant women should serve as a warning to health
workers to screen for bacterjuria at least once using urine culture during antenatal
care and treat if urine cultures are positive. Because of the high prevalence of drug
resistance, it is imperative to create an effective infection control and stewardship
program as well as routine epidemiological surveillance of antibiotic resistance.
Failure to do so not only prolongs sickness and exposes patients to complications,
but also contributes to the development of bacterial resistance as a result of injudi-
cious antibiotic use. It is shown that a high number of antibiotics could be used with
relatively great safety during pregnancy to treat UTI.
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Abstract

Uropathogenic Escherichia coli (UPEC) is the leading causal agent of urinary tract
infections (UTIs), which present high morbidity and limitations in antibiotic treat-
ments. UTIs can also manifest as recurrent (RUTIs) in children and adults and repre-
sent a severe public health problem, mainly because there are no treatment and
control alternatives that are 100% effective. Patients with RUTIs have a decreased
quality of life and are prone to significant complications of UTIs, such as pyelone-
phritis and urosepsis. Recently, we described UPEC clinical strains related to UTI that
have a high profile of antibiotic resistance [multidrug-resistant (MDR) and
extensively drug-resistant (XDR)] and genes encoding several fimbrial adhesins, such
as FimH of type 1 fimbriae, PapG of fimbriae P, and CsgA of Curli fimbriae. Recently,
the expression of fimbrial adhesins (FimH, CsgA, and PapG) was shown to be
involved in the release of the interleukins (IL) 6 and IL-8 in vitro. This work aims to
present a broad overview and description of the pathogenic attributes of UPEC,
including the infection processes, pathogenicity mechanisms, and host immune
responses, as well as an integral perspective to generate new studies that would
contribute to the implementation of preventive strategies against UTI.

Keywords: uropathogenic Escherichia coli, resistance, adherence, vaccine, prevention

1. Introduction

Urinary tract infections (UTIs) represent a severe public health problem, and 150
million cases occur annually worldwide. In addition, approximately 40% of women
and 12% of men experience at least one UTI event with symptoms in their lives.
Different epidemiological data have indicated that a quarter of women who have
developed a UTI may present a recurrent infection within six to 12 months [1].

Despite the regular flow of urine, the physiological barriers, and the different
defense mechanisms of the host, the urinary tract constitutes one of the most common
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sites affected by bacterial infection. UTIs originate from the presence of microorgan-
isms in the urinary tract in sufficient quantity to cause clinical symptoms. Depending
on the characteristics of the infectious process and the affected site, UTIs can be
defined as lower UTIs (cystitis) and uncomplicated pyelonephritis; complicated UTIs
with or without pyelonephritis, urinary sepsis or urethritis; and UTIs considered to
be special disease types (prostatitis, epididymitis, and orchitis). Depending on the
evolution time, they are considered acute and chronic due to symptomatic and
asymptomatic clinical manifestations (Figure 1) [2].

From a microbiological perspective, UTIs exist when pathogenic microorganisms
are detected in the urine, urethra, bladder, kidney, or prostate. Regarding the patho-
genesis of UTIs, most begin as a bladder infection (cystitis) caused by bacteria that
colonize the perineum, later reach the urethra, and finally colonize the bladder. In
cases where cystitis is not properly treated, the bacteria that colonize the bladder can
ascend through the ureters and cause pyelonephritis or acute kidney infection, which
can even lead to permanent kidney damage (Figure 1). In severe cases of pyelone-
phritis, the bacteria infect the epithelium and endothelium in the kidney and thereby
pass into the bloodstream (bacteremia) and cause systemic infection and sepsis, which
can result in fatal consequences for the affected individual [3, 4]. The UTI diagnosis,
in general, is attained using a general urine test, looking for the presence of leukocyte
esterase, the reduction of nitrates to nitrites, the inflammatory cell count (more than
10 cells), and the presence of bacteria. This test has a sensitivity of 75-90% and a
specificity of 70—82%. However, urine culture has the limitation of the ability to have
an adequate sample for the process; if the urine is obtained from a collection bag, the
sensitivity and specificity are very low, since the samples may be contaminated.
Additionally, if urine is obtained by catheter, the sensitivity and specificity are greater
than 70%, while with collection by suprapubic puncture, the presence of any number
of bacterial colonies allows us to ensure the diagnosis. The number of colony-forming
units (CFU) necessary to establish the diagnosis of a UTI depends on the type of
sample obtained, although it has been considered that this number should be equal to
or greater than 10° CFU/mL. In the diagnosis, procedures such as excretory urography
with a voiding histogram and ultrasound can be used, and this approach has gradually
displaced the previous procedure [5].

UTIs are caused by gram-negative and gram-positive uropathogens, in order of
importance: uropathogenic E. coli (UPEC), Klebsiella pneumoniae, Staphylococcus
saprophyticus, Enterococcus faecalis, group B B-hemolytic Streptococcus, Proteus
mirabilis, Pseudomonas aeruginosa, Staphylococcus aureus, and Candida spp. [6].

UPEC is the causal agent of more than 80% of community-acquired cystitis, more
than 70% of unreported acute pyelonephritis, and 3.6—12% of UTIs complicated
by urosepsis [7].

E. coli is a commensal bacterium of the intestinal tract of humans and animals and
is widely distributed in hospital units. Several clinical features of intestinal infections
are caused by extraintestinal E. coli (ExPEC) and diarrheagenic E. coli pathotypes
[8-10]. Meanwhile, the diarrheagenic pathotypes of E. coli tend to produce self-
limited infections. EXPEC causes infections in various nonintestinal anatomical sites,
rapidly progressing to complicated infections of bacteremia, sepsis, and meningitis,
which requires immediate antibiotic treatment. In addition, ExXPECs have indepen-
dent virulence factors that confer their ability to survive diverse ecological niches and
cause damage [10, 11]. Various lineages of ExPEC have been responsible for infections
in humans and animals worldwide [12]. The ExPEC pathotypes recognized so far are
neonatal meningitis E. coli (NMEC), sepsis-associated E. coli (SEPEC), avian

108



New Strategies for the Prevention of Urinary Tract Infections by Uropathogenic...
DOI: http://dx.doi.org/10.5772/intechopen.108911

E FimH % Globoside 04

PapG Mannosylated
€ CsgA uroplakin
7%= Flagella —a» UPEC “ﬁ’ﬂ\’ Extracellular matrix

Kidney - Pyelonephritis

AT T
Cebebbbb bbbl

POt N

7 Ureter - Uretritis

. { B 1t

T Bladder - Cystitis

T

Vagina - Vaginitis

Prostate - Prostatitis

Epididymis - Epididymitis 1L

Figure 1.

Urinary tract infection localizations. Men and women have different localizations and usual veservoirs for
complicated UTI. Infection establishment starts in the bladder by FimH adhesin from fimbria type 1 binding to
mannosylated uroplakins, which are strongly associated with invasion processes, and by CsgA adhesin from Curli,
which binds to the extracellular matrix. Some flagellated UPEC organisms are capable of ascending to the ureters
and to the kidney; next, P fimbriae bind to globoside receptors by the recognition of PapG. In male patients, the
forms of infection and probable reservoirs involve the prostate and epididymis. In the prostate, invasion of the
epithelia has also been observed, while in the epididymis, metabolically active UPEC bacteria have been localized
in the ducts. In female patients, the vagina is a veported reservoir. In the prostate, vagina, and epididymis, the
adhesins involved in the adherence and invasive process are not known.
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pathogenic E. coli (APEC), and mammary pathogenic E. coli (MPEC) [10].
Diarrheagenic E. coli strains and EXxPEC have been recovered from animal infections,

such as pneumonia in pigs, bovine and porcine mastitis, pyometra, and UTI in
dogs [13, 14].

2. Virulence of UPEC to the urinary tract

UPEC is the leading etiological agent and has been related to more than 80% of
UTIs [15]. The plasticity of this bacterium has allowed it to acquire different patho-
genic attributes as tools to colonize the epithelium of the urinary tract. Analysis of
various UPEC genomes has shown that the acquisition of virulence factors occurs in
pathogenicity islands, plasmids, and phages through horizontal gene transfer [16].
Some virulence factors are secreted, while others are anchored in the outer membrane
as molecules that promote bacterial colonization of the urinary tract and, therefore,
the development of a clinical pathology [17]. Among the main colonization and viru-
lence factors involved in UPEC pathogenicity are toxins, fimbriae, iron acquisition
systems, autotransporter proteins, flagellum, lipopolysaccharides (LPS), and capsules
[7, 18]. Briefly, the pathogenicity mechanism of UPEC mainly begins with adherence
through the participation of three fimbrial adhesins (FimH, PapG, and CsgA), which
are assembled in the distal part (type 1, P, and Curli fimbriae) as shown in Figure 1
[19, 20]. These adhesins interact with cell receptors (a-D-mannosylated proteins,
glycosphingolipids, neuraminic acid, factors that accelerate decay, and extracellular
matrix proteins) in the urinary tract and favor bacterial colonization through different
signaling pathways, generating apoptosis [21, 22]. The expression of a-hemolysin
(HlyA), secreted autotransporter toxin (Sat), and cytotoxic necrotizing factor (CNF-
1) has been related to an increase in the cytotoxicity of UPEC to the urinary tract
(Table 1) [17]. Iron uptake via the yersiniabactin (fyu#A) and aerobactin (iutD) sys-
tems are necessary elements for UPEC to colonize and persist in anatomical areas with
low iron levels (Table 1) [17].

Category  Proteins Name Function Evaluated in Reference
vaccines

Adhesin FimH Type 1 fimbriae Adherence to the Yes [7,23-30]
uroepithelium; binding to
mannosylated residues

CsgA Fimbriae P Adherence to kidney cells; Yes [7, 23]
binding to sphingolipids
PapG Curli Adherence to the Yes [7, 23,
uroepithelium; binding to 24, 27]
the extracellular matrix
Hemolysin  HlyA Alpha hemolysin Increase in cytotoxic Yes [17, 23]
capabilities
Toxin Sat Secreted Increase in cytotoxic No [17]

autotransporter toxin capabilities

CNF-1  Cytotoxic necrotizing Increase in cytotoxic No [17]
Factor capabilities
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Category  Proteins Name Function Evaluated in Reference
vaccines
Vat Vacuolating Increase in cytotoxic No [23]
autotransporter toxin capabilities
Siderophore FyuA Yersiniabactin Iron metabolism; iron No [17]
acquisition
TutA Aerobactin Iron metabolism; iron Yes [17, 29,
acquisition 30]
Ent Enterobactin Iron metabolism; iron No [23]
acquisition
IroN Salmochelin receptor Iron metabolism; iron Yes [23, 29,
acquisition 30]
ChuA Heme receptor Iron metabolism; iron Yes [29, 30]
acquisition
Hma Haem acquisition Iron metabolism; iron Yes [29, 30]
protein acquisition
Tha Iron regulated-gene-  Iron metabolism; iron Yes [29, 30]
homolog adhesin acquisition
IreA Catecholate Iron metabolism; iron Yes [29, 30]
siderophore (iron- acquisition
regulating element)
Protectins  Iss Increased Survival Bloodstream survival; No [23]
Serum factor critical for urosepsis
development
ProP Proline permease Osmoprotection; survival in  No [31]
urine
Motility FliC Flagella Motility; related to Yes [32]

pyelonephritis develop

Table 1.

UPEC virulence factors and their vaccine-evaluation status.

UPEC adhesion to the urinary tract cells is an initial process prior to the invasion,
and a mechanism to withstand the flow of urine, the activity of antibodies and pro-
teins with bactericidal properties, and the action of antibiotics (Figure 2) [33]. Inva-
sion occurs through a “zipper” type mechanism, a process that involves the host cell
membrane enveloping the bacteria via the activation of several proteins (tyrosine
kinases, phosphoinositol-3 (PI-3) kinase, and cell division control proteins), which
promote complexes between components of the cytoskeleton (actin, microtubules,
and vinculin) [34]. Each of these steps allows UPEC to survive within macrophages as
a mechanism of dissemination in the urinary tract [35]. In the cytoplasm, the bacte-
rium initiates the formation of intracellular bacterial communities (IBCs) in three
stages [early stage (IBC formation), intermediate stage (IBC maturation), and late
stage (IBC efflux and release)], which are encapsulated in RAB27b spindle-shaped
vesicles to associate with intermediate filaments of urinary tract cells (Figure 2)

[36, 37]. The interaction of LPS with the “Toll”-like receptor (TLR) 4 favors an
increase in cyclic adenosine monophosphate (cAMP) and the expulsion of UPEC
wrapped in RAB27b" vesicles [36, 38, 39]. TLR4 activation by UPEC via LPS, FimH,
and/or PapG generates an intracellular oxidative state that causes filamentation by
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Events associated with recurrence of urinary tract infections. A) Antibiotic resistance: UPEC strains can harbor
resistance genes that allow them to evade the antibiotic function, with eventual failure of the antibiotic treatment.
B) Adherence and invasion of UPEC: Fimbria type 1 binding facilitates invasion of the superficial cells from the
uroepithelium, by the realigning of actin in Rab26b fusiform vesicles. Some of these vesicles can be released. C)
Maturation of the intracellular bacterial community: After the invasion of cells by metabolically active UPEC
strains, the bacteria multiply inside fusiform vesicles in a biofilm-like matrix. The increased stvess environment
makes division difficult, and the UPEC organisms appear as filiform nonsegmented bacteria. The maturation of
this structure can lead to different paths. D) Efflux: Filiform bacteria can be veleased by the fusion of fusiform
vesicles with the cellular membrane. E) Apoptosis: The host cell begins programmed cell death, and apoptosis
vesults in the release of filiform bacteria. F) Adherence to intermediate cells: The apoptosis of superficial cells
endangers the intermediate cells, and the UPEC bacteria bind to and invade this new layer. G) Quiescence
reservoirs: In the intermediate cell layers, the UPEC organisms become quiescent, and these low-metabolic and
nonmultiplying bacteria can lie dormant until a better environment is encounteved, at which time the bacteria can
readily reactivate. H) Strong resistance to phagocytosis: Some strains of UPEC are capable of resisting phagocytosis
by neutrophils. By avoiding reactive oxygen species and resisting bactericidal mechanisms, UPEC organisms can be
released from the phagolysosome.

inhibiting bacterial division [40]. The growth of UPEC filaments promotes host cell
lysis, bacterial efflux, and the initiation of a new cycle of infection [41, 42]. Moreover,
UPEC can enter a quiescent state for prolonged periods in exosomes, a mechanism
that favors the bacteria to go unnoticed by the immune system (Figure 2) [43]. The
TRP mucolipin-type channel 3 is expressed on the surface of exosomes activated by
UPEC, promoting the neutralization and exocytosis of exosomes with bacteria in a
quiescent state [44]. The release of UPEC wrapped in spindle-shaped vesicles is
probably promoted by its fusion in the cell membrane of the uroepithelium, where the
increase in the cell surface and distention of the bladder is favored (Figure 2) [45].
The exit of the bacteria from the quiescent state promotes the reinfection of the
urinary tract by the same bacteria, defined as a recurrent UTI (RUTI), and its com-
plications lead to the presence of pyelonephritis and urosepsis [45, 46]. UPEC
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pathogenicity, through different mechanisms, promotes colonization, persistence,
and recurrence of infection, although the host also mounts an immune response
against UTIs.

3. UPEC is mainly responsible for recurrent urinary tract infections
(RUTIs)

UTIs are an inflammatory response to the colonization and multiplication of a
microorganism, such as UPEC, mainly in any organ of the urinary system, which are
accompanied by symptoms, such as dysuria, hematuria, urinary frequency and
urgency, and occasionally suprapubic pain [47, 48]. UTIs occur more frequently in
women, and the incidence rate of cystitis has been reported to be 12.6% in women and
3.0% in men in the USA [49]. Additionally, it has been estimated that 25% of UTI
cases will present a new infectious episode after 3 months [50].

RUTIs occur when a patient has more than two episodes of UTIs within
6 months or more than three episodes within 1 year [51]. RUTIs represent a global
health problem and have been related to poor clinical outcomes and a negative
impact on patient’s quality of life [52]. Recurrent cystitis in women and children is
one of the most frequent infections; such episodes are usually disabling and present
a more significant number of symptoms, and more than 80.3% are treated with
various antibiotics. Recurrence prophylaxis is a clinical option; however, 73% of
antibiotic prophylaxis patients have persistent infections and a high percentage
have mental stress [53]. The incidence and prevalence of UTIs vary and depend
on age, sex, and comorbidities. In Mexico, the epidemiological journal of the
Ministry of Health recently reported 4,348,079 cases of UTIs, considering patients
from <2 years to >60 years. UTIs are the third cause of morbidity in the Mexican
population, with a higher-frequency age group between 25 and 44 years; however,
in pediatric patients, UTIs are the most frequent infections considered healthcare-
associated infections (HAIs). The rate of recurrence of UTIs in pediatrics is
15—20%, especially in the first year of life; after an initial case, the risk increases
with the number of previous occurrences, ranging from 60 to 75% of cases with
three or more occurrences [54, 55]. Timely diagnosis of RUTIs in pediatric patients
is complicated since the signs and symptoms reported by the patient, or in some
cases by family members, may be nonspecific. The damage that a RUTI can cause in
this age group can be reflected in poor growth and anatomical function of the
urinary tract, in addition to the generation of antimicrobial resistance in pediatric
strains [55].

One of the essential characteristics of RUTIs is the number of previous infectious
episodes, and it has been identified that when there is a history of previous episodes,
the recurrence rate is 25% with an increase of up to 75% when there are more than two
episodes [56]. Complications of UTIs can lead to changes in kidney function, even
where the first episode of acute pyelonephritis can be the cause of kidney damage in
57% of cases [3, 57]. In children, one of the most critical risk factors for RUTI is
urinary reflux, alone or in combination with dysfunctional urination [58, 59]. A
second important risk factor is antimicrobial therapy since, in recent years, it has
become more common to observe an increase in resistance to different antimicrobials
in different parts of the world [60, 61]. This situation is complicated in children with
vesical-urinary reflux because they require prophylactic treatment for prolonged
periods, which invariably contributes to the selection of resistant strains.
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Recently, RUTIs have been considered reinfections in the urinary tract; in these
cases, it is considered that the etiological agent is usually different from the one that
caused the initial symptoms. Among the associated microorganisms are Klebsiella spp.,
Proteus spp., and Enterobacter spp., and the participation of new and different strains
of E. coli, a microorganism that in the RUTTI is also considered the main agent respon-
sible for this disease. Under this proposal, it has been proposed that the selective
pressure exerted by antimicrobials during therapy is one of the factors responsible for
the emergence of new strains of E. coli resistant to antimicrobials, considering the
intestine as the main reservoir of the bacteria [62].

Generally, RUTIs are caused by different strains than those that caused the original
condition; therefore, a RUTI is considered a reinfection with a new clinical strain [63].
Other studies have reported that in 50—78% of the cases, the collected strains contain
the same characteristics as the identified initial strains; thus, the infection is consid-
ered a persistence of the original strain [64, 65]. The persistence of UPEC strains in
the bladder could be related to their presence as part of the fecal biota for long
periods, leading to recurrent ascending infections [4]. Local treatment of the peri-
neum with antibiotics does not prevent the recurrence of UTIs, which indicates that
the migration of the pathogen from the anus to the urinary tract is not an event
associated with RUTIs (Figure 2) [66]. There are reservoirs of intracellular bacteria
that persist for weeks and months in the urethral epithelium. Likewise, bacterial
communities, as structures similar to biofilms, have been identified in the cells of
women with cystitis. Other data have confirmed that UPEC strains invade the epithe-
lium and form reservoirs of bacteria to produce RUTIs (Figure 2) [67-69]. In a study
carried out from 2007 to 2011, the authors described 75 cases of RUTI whose etiolog-
ical agent was UPEC strains; 52% (39/75) of them were persistent infections, and 48%
(36/75) were associated with reinfections [63]. The average persistence fluctuated
between 15 days and 42 months regarding reinfections. In addition, some patients
presented reinfection by different UPEC strains for more than 36 months. This infor-
mation reflects the importance of both clinical events (persistence and reinfection),
with a high possibility of kidney damage due to the duration of the infectious process.

4. UPEC resistance impacts the course of UTI

Multidrug resistance (MDR) is a critical factor in UPEC strains that cause RUTIs
worldwide due to the high costs of antimicrobial treatments [70]. One of the main
resistance mechanisms is the participation of genes that code for extended-spectrum
p-lactamases (ESBLs) and resistance genes that code for quinolones and sulfonamides
[71]. Additionally, three mechanisms by which UPECr may cause RUTIs have been
suggested: (1) The presence of resistance genes, which can cause treatment failure, as
well as the selection of MDR strains that persist in the urinary tract. UPEC MDR
strains can reactivate once treatment is completed. (2) The activation of invasins,
toxins, siderophores, and metabolic fitness factors allows the invasion of uroepithelial
cells, forming IBCs. In this process, the UPECr strains remain inside the cells of the
transitional urinary epithelium, isolated and protected from antimicrobial treatment
and the host’s immune response. (3) The formation of quiescent reservoirs (QRs) by
UPECTr strains is maintained in the deepest layers of the urinary epithelium, where
they can remain for long periods and be reactivated by various signaling systems that
have not been described in detail (Figure 2). These mechanisms can be independent
or act jointly in a single process. For the prevention of RUTIs, specifically in women,
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various treatment options, including continuous antibiotic prophylaxis, accompanied
by behavioral therapy, probiotics, estrogens, and intravesical instillations of
hyaluronate, have been proposed. However, the results have shown variable efficacy
in the short and long term [72].

5. Use of antimicrobials in UTIs

The World Health Organization (WHO) has considered that the excessive use of
antimicrobials is one of the main causes related to the increase in bacterial resistance,
generating an important public health problem of inadequate medical prescription,
excessive use, and increasingly (and sometimes unnecessarily) prolonged times in the
treatment schemes. In addition, the administration of nonoptimal doses and failures in
medication consumption has contributed significantly to the increase in antimicrobial
resistance rates [73, 74]. The purpose of antimicrobial treatments against UTIs is to
use antibiotics that guarantee the eradication of the responsible microorganisms, such
as UPEC; however, it is crucial to consider the exact timing of antibiotic use to avoid
adverse side effects. The selection of antimicrobials will depend on the causal agent,
the sensitivity patterns in the community and/or hospital environment, and patient’s
characteristics (age, sex, pregnancy, anatomical location of the infection, and
comorbid conditions). Factors related to the antimicrobial to be used include its
pharmacodynamics, adverse effect profile, and ease of administration [75].

In general terms, antimicrobial therapy resolves most symptomatic cases of UTlIs.
Among the most frequently used antibiotics of choice are trimethoprim-
sulfamethoxazole (TMP-SMX), fluoroquinolones, nitrofurantoin, amoxicillin with or
without clavulanic acid, second- and third-generation cephalosporins, and
aminoglycosides. In recent years, issues related to inadequate drug management, such
as incomplete dosages, intolerance, and side effects, have been host factors that,
together with bacterial resistance to antibiotics, lead to failures in the management
and treatment of infections. In cases of complicated UTIs, the duration of antibiotic
treatment should not be less than 7 days, and between 10 and 15 days is
recommended. Severe infections often require treatment with broad-spectrum ceph-
alosporins, such as cefotaxime or ceftriaxone, or with other beta-lactams that have
excellent activity against microorganisms and good tissue penetration. A clinical study
conducted in the United States of America (USA) showed that of 10,161 urine culture
samples, 17% of E. coli and P. mirabilis isolates, 11% of K. pneumoniae isolates, and 3%
of Streptococcus saprophyticus isolates were resistant to TMP-SMX. However, the fre-
quencies and antimicrobials vary between hospital-acquired and community-acquired
infections; an example is resistance to ampicillin (63%) in E. coli isolates from samples
of nonhospitalized children in Israel.

Recently, in the HIMFG, we described some specific characteristics of 105 UPEC
strains isolated from urine samples of children diagnosed with acute UTIs, observing a
resistance rate of 86% for ampicillin, 69% for amoxicillin-clavulanic acid, and 55% for
nalidixic acid. Regarding the presence of multidrug resistance, 19% of the isolates
were resistant to 3 or more groups of antibiotics. In 2010, a prospective study of UTIs,
including 289 E. coli, isolates showed that 78% were resistant to ampicillin; 60%, to
trimethoprim-sulfamethoxazole; 40%, to ciprofloxacin; 50%, to ceftriaxone; and 32%,
to gentamicin. These data show how resistance to the different antimicrobials used for
treating UTIs is maintained with a high frequency and, in some cases, higher than that
reported in other parts of the world.

115



Urinary Tract Infections — New Insights

6. Biofilms formed by UPEC favor the development of UTIs

The formation of biofilms by UPEC is a process that is made up of a series of
sequential events, where virulence and aptitude factors are activated and repressed; in
addition, it is regulated by environmental signals that allow the change in the condi-
tion of planktonic cells until the establishment of biofilms, with the relevant changes
in the gene expression of bacterial strains [76, 77]. Bacteria express various virulent
factors through the use of nutrients to form biofilms, which change their spatial
organization and alter the expression of surface molecules as a mechanism of resis-
tance to environmental stress. Changes in environmental conditions within the bacte-
rial biofilm can lead to the emergence of bacterial subpopulations that express
different genes in response to the availability of nutrients and oxygen [78-80].
Biofilms, as highly organized structures, confer an advantage to bacterial pathogenesis
and make eradicating such organisms more complex, resulting in chronic infection.
Biofilm formation during UTIs is an event that can lead to severe infections in hospi-
talized and community patients [81, 82]. UPEC is the uropathogen most closely
related to RUTIs, employing a complex pathogenic cascade to colonize extra- and
intracellular niches during the infectious process [83]. UPEC strains activate numer-
ous virulence factors during colonization of the urinary tract, such as adhesins, toxins,
iron acquisition systems, capsular structures, flagellum, and islands of pathogenicity
[82, 84, 85]. The processes of adhesion, invasion, and formation of CBI as mechanisms
that contribute to the persistence of UPEC are related to the expression of external
appendages, known as fimbriae or pili (Figure 2). Several fimbriae that participate in
the adherence to various epithelia (such as the urothelium) or processes of invasion
and CBI formation, thereby facilitating the persistence of UPEC, have been described
(Figure 2).

Bacterial biofilms are a significant cause of antibiotic resistance and infection
persistence; in this context, biofilm control is essential in reducing MDR bacterial
infections. Recently, the reuse of drugs with anti-biofilm activity has been
implemented in treating UTIs due to UPEC. Auranofin is a drug approved by the FDA
in 1985 for treating rheumatoid arthritis and has shown effectiveness as an
antibacterial agent [86]. Interestingly, auranofin significantly inhibits the biofilm
formation of UPEC strains [87]. Likewise, trans-cinnamaldehyde (CNMA) is a natural
molecule derived from Cinnamomum zeylanicum, which has shown its usefulness in
treating high blood pressure and low blood glucose in diabetic patients. CNMA and its
derivatives maintain an antimicrobial spectrum and anti-biofilm activity against
UPEC at a minimum inhibitory concentration of 50—100 pg/mL. Additionally, they
inhibit flagellar mobility and reduce the production of extracellular polymeric sub-
stances in UPEC [88]. Trans-resveratrol and oxyresveratrol are compounds with
antimicrobial, antiviral, antioxidant, anti-inflammatory, anticancer, neuroprotective,
and anti-biofilm activities against several bacterial pathogens [89-93].

Trans-resveratrol and oxyresveratrol significantly reduce biofilm formation by
UPEC at sub-inhibitory concentrations of 10—50 pg/mL, and they also present an
antivirulence strategy against the persistence of bacterial infections through a reduc-
tion in the production of fimbriae and swarming mobility. Furthermore, t-resveratrol
and oxiresveratrol markedly decrease the hemagglutinating capacity of UPEC and
increase the killing of bacteria by the human blood complex [94]. Finally, many plant-
derived compounds can act in conjunction with existing antibiotics. A synergistic
effect has been demonstrated between Type A procyanidin and the antibiotic
nitrofurantoin at pH 5.8 due to a deregulation process of the expression of UPEC
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fimbrial adhesins [95]. These studies support the need to carry out synergism tests
between various agents used in treating chronic diseases and derived from plants in
conjunction with antibiotics as a strategy to identify anti-biofilm agents and with
antimicrobial effects that support the treatment of infections by UPEC-MDR [87].

7. Fimbria type 1, PapG, and Curli in the CBI process by UPEC

UPEC is the main uropathogen recovered in more than 80% of RUTIs [96]. The
pathophysiology of RUTIs due to UPEC is a complex process that has not yet been
fully characterized. Several studies have described the participation of various viru-
lence factors associated with UPEC pathogenicity, such as adhesion fimbriae: fim
(fimbria type 1), csg (Curli), pap (fimbria P); siderophores: ent (enterobactin), iut
(aerobactin), fyu (yersiniabactin); toxins: 4ly (hemolysin), sat (autotransporter
secreted toxin), vat (autotransporter vacuolating toxin); and capsule production and
variations in lipopolysaccharides. The presence of metabolic regulators and protectins,
such as iss (factor for increasing serum survival) and pro (proline permease), also have
an essential role in the persistence of UPEC (Table 1) [23].

8. Nonantibiotic alternatives for the treatment of UTIs

The vaccines available for treating of UTIs are products focused on stimulating the
systemic immune response due to the difficulty of stimulating mucosal immunity
[97]. Different bacterial antigens, such as O antigen (major compound of LPS),
FimCH (bound of the FimC chaperone and FimH adhesin), and PapDG (the bound to
the chaperone PapD and PapG adhesin), HlyA and IroN, have generated a systemic
specific response but not generated a response at the mucosa level (Table 1) [24-27].
Indeed, bacterial antigens efficiently induce mucosal immunogenicity via intranasal
(IN), intravaginal, and oral administration. Meanwhile, parenteral administration
induces an inefficient response [98].

The SolcoUrovac® vaccine approach (rebranded StroVac®) is a formulation from
a suspension of 10 E. coli, which were inactivated from different serotypes and
including other uropathogens. Administration through the vaginal mucosa signifi-
cantly reduces recurrent UTIs, according to phase II clinical studies; however, they
have generated adverse reactions such as pain and irritation of the vaginal epithelium
(Table 2) [99, 100]. In a randomized, double-binding, placebo-controlled, parallel-
group study, intramuscular administration of three injections 2 weeks apart showed a
nonstatistical reduction in clinically relevant UTI episodes (86/188 patients, 46.0%)
when compared with the placebo group (97/188 patients, 51.6%). However, the same
data showed a statistical reduction of UTIs in patients with more than seven UTIs in
the previous year [101].

The oral administration of the immunomodulator Urostim®, another
uropathogens lysate, in phase clinical II the one tablet dose for 3 months, stimulates
the cellular phagocytosis and secretory IgA humoral response, without generating
protection against UTIs [31]. Oral administration of OM-89/Uro-Vaxom®, a
lyophilizate biological extract from 18 E. coli strains, reduces RUTIs; however, it pro-
duces adverse effects related to immunological tolerance and clinical manifestations at
the gastrointestinal level (Table 2) [102].

117



Urinary Tract Infections — New Insights

Name Formulation Administration Doses and Adverse responses
treatment and protection effect
duration

SolcoUrovac® Heat lysate of 10 Intramuscular ~ Three Significant reduction in

vaccine (rebranded uropathogenic strains, injection injections of ~ RUTI. There are no

StroVac®) Escherichia coli (6), 0.5mL, at long-term clinical

Morganella morganii, intervals from studies. Localized
Proteus mirabilis, 1to2 weeks. adverse reactions such
Enterococcus faecalis and as pain and irritation.
Klebsiella pneumoniae. Systemic reactions such

as fever, headache,
dizziness, and nausea.

Immunomodulator Uropathogenic Oral One tablet per Stimulation of the
Urostim® bacterial lysates from day for two to  cellular and humoral
E. coli, P. mirabilis, E. three response. It does not
faecalis, and K. consecutive generate protection.
pneumoniae months.
OM-89/Uro- Lyophilized biological =~ Oral One tablet per Reduction in recurring
Vaxom® vaccine extract of E. coli (18c). day for three  UTIs. It produces
consecutive immunological
months. tolerance and clinical

manifestations at the
gastrointestinal level,
diarrhea, nausea, and
abdominal pain. At the
cutaneous level, it can
lead to pruritus and

rash.
ExPEC4V vaccine  Conjugated with the Intramuscular ~ One Low reduction in
exotoxin A of intramuscular RUTIs; mild adverse
Pseudomonas aeruginosa injection of effects.
bound to four 0.5mL.
polysaccharide
antigens of the
serotypes of E. coli
01A, 02, O6A, and
025B.
UROMUNE® Whole bacterial cells Sublingual Two sprays Reduction of 55.7% and
(MV140) vaccine  from inactive daily for 3to  58% in the frequency of
uropathogens: E. coli, 6 months. RUTIs in 3 and
Proteus vulgaris, E. 6 months of treatment,
faecalis, and K. respectively. The 1.7%
pneumoniae of patients manifest

mild adverse effects.

Table 2.
Available commercial vaccines for the treatment and prevention of RUTL

The ExPEC4V conjugate vaccine is a long-term development for a bioconjugate of
exotoxin A from P. aeruginosa with four polysaccharide antigens of E. coli strains. The
parental vaccination with the tetravalent o-conjugate was well tolerated with mild
adverse events but safe. A preliminary study showed a low UTI reduction; the func-
tional immune response was shown for a bacterial count reduction (Table 2)

[103, 104]. The efficacy and safety of the UROMUNE® (MV140) vaccine showed
only 1.7% of mild adverse responses. This vaccine was generated with glycerinated
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suspensions of heat-inactivated whole bacteria of four uropathogens and adminis-
trated daily by a sublingual spray for 3 months. While reported evidence suggests that
this vaccine can be effective, reports concluded that some patients with RUTI can
achieve a non-UTI status (Table 2) [105].

Finally, the transurethral immunization of mice with attenuated UPEC strains is
not persistent in the urinary tract and favors nonspecific protection [106]. Intranasal
immunization (IN) with different UPEC antigens (ChuA, Hma, Tha, IreA, IroN, IutA,
and FimH) induces the activation of high concentrations of IgA in saliva, vagina, and
urine (Table 1) [29, 30]. According to this information, IN vaccination of fimbrial
adhesins may be a potential strategy to generate a humoral immune response with IgA
antibodies in the mucosa of the urinary tract as a mechanism of host protection
against UTIs by UPEC.

9. Fimbrial adhesins and immune response

Various studies have described the development of effective strategies for the
prevention, treatment, and/or management of UTIs caused by UPEC. However,
there are no effective vaccines generated from fimbrial adhesins, autotransporters,
toxins, siderophores, flagella, and outer membrane proteins of UPEC. These proteins,
located on the bacterial surface, are expressed during infectious processes and can
stimulate an immune response from the host [107]. UPEC mainly expresses three
types of fimbrial adhesins during the colonization of urinary tract cells: FimH located
in the upper part of the type 1 fimbria, PapG in the P fimbria, and CsgA in the Curli
fimbriae [19].

Data generated by our working group have revealed that 90% of clinical strains of
UPEC isolated from pediatric patients express fimbria type 1. This fimbrial adhesin
has been related to adherence, invasion, and formation of bacterial colonies in the
urinary tract (Figure 2) [108]. In addition, we have reported that more than 95% of
clinical strains of UPEC contain csgA, a gene that codes for the CsgA protein (a
structural adhesin of the Curli fimbriae) and has been associated with urosepsis
processes [109, 110]. More than 35% of UPEC clinical strains express the P fimbria, a
homopolymeric structure that participates in the colonization of the kidney via inter-
action with globoceramides located in renal cells. The diversity of globoceramides in
the kidney has favored the appearance of three allelic variants in the papG gene
[papGJ96 (variant I), papGAD/IA2 (variant II), and prsGJ96 (variant III)] [111]. It is
important to note that the FimH, CsgA, and PapGII adhesins are three essential
protein structures in the pathogenesis of UPEC and may be viable biomolecules for the
generation of an effective vaccine that stimulates an immune response.

10. FimH of type 1 fimbria is immunogenic

The FimH adhesin (fimbria type 1) is a protein used in preliminary studies in
animal models to evaluate its potential as a viable vaccine. Sera from C3H/HeJ mice
immunized with the FimH adhesin and type 1 fimbria inhibit adherence to human
bladder cells [28]. Other studies have shown that the mannose-binding domain of
FimH, plus the complete protein and in association with FimC (flagellin and chaper-
one), significantly reduces adherence in the bladder and kidney in mice and
cynomolgus monkeys; in addition, specific anti-FimH antibodies inhibit the
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colonization of UPEC [26, 28, 112-114]. The recombinant FimH protein fused with the
FliC protein induces a significant increase in the cellular and humoral immune
response against UTIs in a murine model [101]. Subcutaneous immunization induced
high levels of immunoglobulins (IgG1 and IgG2a) and cytokines [(INFy: interferon
gamma) and IL4 (interleukin 4)] [32]. IN immunization with FimH (UPEC) and
MrpH (P. mirabilis) protein as a fused molecule induces the release of IgG and IgA
antibodies in mouse samples (serum, urine, nasal wash, and vaginal). Th1- and Th2-
type cellular immunity generated by FimH/MrpH proteins with or without MPL
adjuvant suggests that one of these proteins functions as an adjuvant molecule [115].
The FimH protein interacts with TLR4 through the a-mannosylated coreceptor,
favoring the activation of CD4- epithelial cells via Tirap-MyD88 to recruit neutrophils
in the mucosa [116, 117].

11. The PapG adhesin is an immunogenic molecule

The expression of the adhesin PapG contributes to the UPEC colonization in the
kidney during the pyelonephritis process in humans [118]. The interaction of PapG
with TLR4 activates the secretion of IL-6 and IL-8 [118, 119]. Intraperitoneal immu-
nization of the P fimbria and a protein complex of PapDG (chaperone) generates
protection against kidney inflammation and production induces specific antibodies in
mice and cynomolgus monkey sera [24, 120]. In these studies, no significant differ-
ences showed between the number of bacteria recovered in urine and the control
group, probably due to the expression of other accessory fimbriae involved in bacte-
rial colonization [81].

12. CsgA is an immunogenic protein

Preliminary data obtained by our working group showed that CsgA from the Curli
fimbriae is an adhesin that contributes as an accessory molecule in the adherence of
UPEC to bladder cells; however, more studies are still required to determine the
specific role in the pathogenesis of UPEC [110]. High levels of anti-CsgA antibodies
recognize the CsgA protein in sera from patients convalescing from sepsis. These data
suggest the expression of the protein iz vivo; however, more studies are necessary to
evaluate the immunogenicity of this protein [110]. In other E. coli, the Curli fimbriae
induce the release of proinflammatory cytokines (TNFa, IL6, and IL8) in macrophage
cells [121]. The recombinant protein CsgA from Salmonella and Curli from E. coli
MC4100 participate in the release of IL8 in human THP-1 macrophage cells through
the cooperative interaction of TLR1 and TLR2 [122]. The CsgA protein has also been
considered a pathogen-associated molecular pattern (PAMP), responsible for gener-
ating an IL6 and IL1f response via the inflammasome (NLRP3) [123, 124].

13. Conclusions

Several studies have reported that UPEC is responsible for 90% of community
UTIs and approximately 60% of hospital-acquired UTIs; however, more studies are
required to elucidate the specific characteristics of UPEC, such as its serotypes, viru-
lence factors, and antimicrobial susceptibility. The innate plasticity of the genome of
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this bacterium allows it to acquire various virulence factors, resistance mechanisms,
and adaptative advantages to colonize the urinary tract. The presence of clinical
strains of MDR and XDR UPEC is a highly worrisome phenomenon that alerts health
specialists who are left without therapeutic options to treat acute and recurrent UTIs
effectively. The FimH, CsgA, and PapG adhesins are the main virulence factors of
UPEC. These adhesins can be considered new targets in the elaboration of biomole-
cules with immunogenic potential for protection against UTIs.

The search for new alternative antibiotics has led to the emergence of potential
biomolecules that can generate an efficient vaccine that protects against UTIs, signif-
icantly reducing or eliminating disease cases. These biomolecules with the capacity to
generate protection can act alone or in association with antibiotics of a lesser spectrum
for treating UTIs. Recently, we reported that the best way to generate protection is by
intranasal inoculation of mixtures of these protein adhesins with the ability to gener-
ate antibodies in mucous membranes; however, more studies are still necessary to
solidify this premise. Finally, frontier science may lead us to the paradigm of improv-
ing our understanding of mucosal immunity and the role of these adhesin-based bio-
molecules as an alternative to the overuse of antimicrobials to treat UTlIs.
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RUTI recurrent urinary tract infections
MDR multidrug-resistant

XDR extensively drug-resistant
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LPS lipopolysaccharides

TLR “Toll”-like receptor

cAMP cyclic adenosine monophosphate
TRP transient receptor potential

HAIs healthcare-associated infections
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ESBL extended-spectrum f-lactamases
UPECr UPEC recurrent strains

QR quiescent reservoirs

WHO World Health Organization
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IL interleukin

PAMP pathogen-associated molecular patterns
TNFo tumor necrosis factor-alpha
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