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Preface 
 

This book focuses on two primary objectives. It aims to provide general practitioners, 
paediatricians, and specialist physicians with an essential text written in an accessible 
language, and also to highlight the differences in pathogenesis and causative agents of 
meningitis in the developed and the developing world.  

Meningitis is a medical emergency requiring a rapid diagnosis and an immediate 
transfer to an institution supplied with appropriate antibiotic and supportive measures.  

Especially in the developing world, where malaria is rampant, one must maintain a 
high level of caution when confronted with a febrile child or one who has an altered 
mental status, as the first ten hours of care may make a crucial difference in the 
outcome. 

Bacterial or purulent meningitis is the most important form of infection in the United 
States in terms of incidence, sequela and ultimate loss of productive life. 

Aseptic meningitis, usually caused by a virus, is also common, however significant 
sequela are rare and the disease is self-limiting. 

In Sub-Saharan Africa, seasonal outbreaks and epidemics of meningitis and 
septicaemia numerically present the greatest public health impact on the continent.  

The three polysacharide encapsulated bacteria for which licensed vaccines are curable 
are Pneumococcus, Haemophilius influenza type b (Hib) and the Neisseia 
Meningococcus. They are also the most common causative agents of bacterial 
meningitis in Sub Saharan Africa. 

Especially in South Africa, granulomatous meningitis, caused either by M. tuberculosis 
or fungi is a major cause of neurologic injury and death. 

The necessary factors to consider for the epidemiology of the disease include age, 
ethnicity, season, host factors and regional pattern of the antibiotic resistance among 
likely pathogens. 

The first month after birth represents the period of highest attack rate for meningitis 
with likely pathogens including S. agalactiae(group B streptococcus), E. coli, other gram 
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negative enteric organisms, and L. monocytogenes. Beyond the neonatal period the most 
important pathogens are H. influenza type B, 1 up to 6 years of age, N. menigococcus and 
S. pneumoniae. 

In the US and Europe, the disease is reported with increased frequency among African 
Americans, Native Americans and individuals in rural areas. 

Even in Africa, patients with poor socio-economic factors suffer more from the 
devastating effects of meningitis. In West Africa, the meningitis belt passes through 
the Northern part of the countries where people live in overcrowded huts. It has been 
documented that especially in the dry season, meningococcal, pneumococcal and 
Haemoiphilus infection spread by the respiratory route, which is aided by 
overcrowding. It has also been documented that host factors predisposing the 
infection include congenital or Acquired Immune Deficiency status, Sickling 
Haemoglobinopathies, chronic liver or renal disease. The classic triad of symptoms in 
meningitis is fever, headache, and stiff neck. However in children under 2 years of age, 
stiff neck or other signs of meningial irritation may be absent. Alterations level of 
consumers is a common finding present in up to 90% of patients.  

In this book a detailed chapter on laboratory findings has also been provided.  

Once meningitis is suspected, an immediate examination of the CSF is indicated, 
except if a strong suspicion of an intracranial mass lesion is present, where lumbar 
puncture may be delayed until a CT scan or an MRL has been done. 

Effective treatment of meningitis depends on early aggressive supportive therapy and 
a selection of empiric antimicrobials appropriate for the likely pathogens. 

In Europe and the USA, 1 third generation cephalosporine has become the first-line 
therapy, but while these drugs remain relatively expensive, it is probably reasonable 
for most African hospitals to continue with the combination of a peniciline and 
chloramphenicol as initial therapy as long as clinicans are aware of the risk of 
recondescences, particularly if steroids are used. 

Common neurological complications in both adults and children are motor deficit, 
cognition deficit, hemiplegia epilepsy, developmental and learning disabilities, 
including blindness and deafness. A special chapter on the devastating effects of 
sensorineural hearing loss and the benefits of early rehabilitation is also included in 
this book. 

Prof. Dr. Dr. Sir George Wireko-Brobby 
President of the Ghana Postgraduate College of Physicians and Surgeons 

Professor of Otorhinolaryngology, Department of Eye, Ear, Nose and Throat, 
School of Medical Science, KNUST, Kumasi,  

Ghana 
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Bacterial Meningitis and  
Deafness in Sub-Saharan Africa  

George Wireko-Brobby 
College of Health Science, School of Medical Sciences,  

KNUST, Kumasi 
Ghana 

1. Introduction 
Bacterial Meningitis is a leading cause of childhood Deafness in Ghana and the sub- Saharan 
Africa. Children are predominantly at risk of bacterial meningitis mainly because of their 
immature immune system, and malnutrition especially in our part of the world. Lack of 
immunization practices also makes them more susceptible to significantly high morbidity 
and mortality. 

Even with the provision of highly effective antibiotic therapy, death and long-term 
disabilities are the common but still serious consequences of acute bacterial meningitis in 
developing countries. 

Common neurological complications in both adult and children are motor deficit, cognition 
deficit, hemiplegia, epilepsy, developmental and learning disabilities, blindness and 
Deafness. 

In this chapter, we shall focus more on the devastating effects of sensorineural Hearing loss 
or Deafness, after bacterial meningitis. Delay in the Diagnosis of Hearing loss occurs firstly 
because language development of Hearing impaired children, parallels that of normal 
infants till the age of nine months. Secondly, because children with profound hearing loss 
coo and bable until this age, the parents are likely to ignore any subtle evidence of hearing 
impairment such as lack of response to environmental sound. Damage to the Cochlea, 
occurs in the early stages of the illness and it is often permanent and irreversible. Woodrow 
& Brobby (1997); Daya et al. (1998). 

Prevention of deafness relies on early treatment with appropriate antibiotics, but adjunctive 
treatment with dexametnasore though controversial may be useful in preventing the sequel 
of sensorineural Hearing loss. In the long term vaccinations may be the most practicable 
means to reducing the burden of meningitis in the developing countries of Africa. 

Facilities for audiological assessment and management of children recovering from 
meningitis are crucial for the detection of significant hearing impairment and the 
implementation of rehabilitation programmes. 
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Our observation at our University Teaching Hospital (KATH) is that about 20% of patients 
who survive with neurological sequelae, permanent sensorineuraal Hearing loss, accounts 
for approximately 75% of these cases. 

In a study on causes of Deafness in Ghana, Brobby (1998) Meningitis was rated the 3rd 
amongst other childhood infections. Recent observations predict that meningitis has taken 
the 2nd position after measles. 

This is worrying because even a mild hearing loss of less than 40 Db may have long-term 
developmental consequences. Given the scale of this problem, there is the need to review 
critically our knowledge about the natural history of the hearing loss which may follow 
meningitis and to discuss the applicability of recent therapeutic interventions studied in 
industrial nations to the diseases in the African contest. 

2. Microbiology  
In Africa, acute bacterial meningitis has an overall annual endemic rate in the region of 10-
50 per 105 populations, a figure at least 10 times that for Europe and the United States, and 
this disparity appears to be growing. Fortnum (1992). More than 70 per cent of cases are 
caused by either Streptococcus pneumonia (pneumococcal) or Neisseria meningitides 
(meningococcal). Haemophius influenza type b (Hib) is responsible for fewer cases in the 
population as a whole although it is a major problem in children less than 12 months of age, 
Airede (1993). 

Epidemics of meningococcal meningitis sweep through the sub-Saharan ‘meningitis belt’ 
every 8 to 12 years. Annual incidence may reach 1 per cent of the population in certain 
areas. 

Although this review concentrates on acute bacterial meningitis in Ghana, tuberculous 
meningitis is also relatively common in certain areas and is the leading cause of meningitis 
in the Western Cape Province of South Africa, where deafness. Deafness is a well-
recognized complication. From our experience, viral meningitis has only rarely been 
associated with deafness. 

In Africa seasonal outbreaks and epidemics of meningecal meningitis and septicaemia, 
numerically represent their greatest public health impact on the continent. 

In Ghana, the three polysaccharide encapsulated bacteria for which licensed vaccines are 
curable are Pneumococcus, Haemophilus influenza type b (Hib) and the Neisseria 
Menigococcus. Our observation is that Haemophilus influenza type b is responsible for 
fewer cases of meningitis in our sub-region. 

3. Epidemiology  
A number of factors appear to influence the frequency of post-meningitis hearing loss but it 
is not possible to predict hearing loss accurately in individual cases. Factors affecting this 
figure including the causative organism, the pneumococcus causing the highest rate of 
deafness (31.8 per cent) in comparison with the meningococcus (7.5 per cent) and Hib (11.4 
per cent) All ages may develop deafness – the fact that most cases occur in infants may 
reflect their greater susceptibility to severe infection rather than a particular vulnerability to 
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hearing impairment. At a community level, meningitis is one of the most common causes of 
hearing loss. In Kumasi, Ghana, meningitis is responsible for 8.5 per cent of cases of 
sensorineural hearing impairment in children.Brobby (1998) 

4. Natural history 
Sensorineural heating loss is typically bilateral, and occurs within 48 hours of the 
development of meningitis, with the majority of children who go on to suffer permanent 
damage having abnormal hearing tests on admission to hospital. There appears to be an 
initial phase of mild, reversible damage. Significant sensorineural hearing loss persisting 
after the acute phase of the illness is characteristically permanent although cases of partial 
recovery have been documented on certain occasions. Mild, temporary, conductive deficits 
are common in the recovery phase. Pathological correlates for these clinical findings are still 
lacking but potential pathophysiological mechanisms are discussed below.DAYA et al 
(1997) 

5. Pathology 
The auditory lesion in post-meningitic hearing loss remains obscure. It is likely that more 
than one mechanism of auditory pathway damage occurs. A body of clinical and 
experimental evidence suggests that the cochlea is the most frequent site of sensorineural 
damage, bacteria gaining access to the labyrinth via the cochlear aqueduct. DAYA et al 
(1998) Cell wall components directly toxic to cochlear hair cells, setting up a serous 
labyrinthitis In addition, these components also stimulate the inflammatory response, 
leading to suppurative labyrinthitis and permanent damage; in severe cases the labyrinth 
may be completely obliterated and neo-ossification occurs. The vestibular apparatus is 
commonly damaged in conjunction with this process. Other potential mechanisms of 
deafness include septic thrombophlebitic or embolisation of blood vessels supplying the 
inner ear and damage to the VIIIth cranial never or central auditory pathways.  

6. Diagnosis 
Screening for deafness during hospitalization is an accurate predictor of hearing impairments 
at follow-up, and ideally should be performed on all cases. It is also important to examine the 
middle ear with tympanometry in order to assess conductive impairments, which can be 
expected to improve with time. A follow-up assessment at approximately 6 weeks, when acute 
inflammation has subsided, confirms the degree of sensorineural damage and allows 
appropriate rehabilitation to be instituted. Assessment of hearing loss following meningitis is 
currently based on audiometric methods. Unfortunately the inaccuracy of age-appropriate 
tests in healthy children, the infants’ lack of consistent response to sound and the effect of 
associated motor disorders tend to impair the validity of audiometry. More objective methods 
such as Brainstem Audiometry Evoked Responses (BAERs) and Oto-Acoustic Emissions 
(OAEs) have yet to reach the clinic in most parts of the continent. 

More objective methods such as Brainstean Auditory Evoked responses (BAERs) and Oto-
Acustic Emulsions (OAEs) are the latest state of the art equipments for this purpose. (DAYA 
et, al 1998)  
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Fortunately, the Kumasi Hearing Assessments Centre established through the magnificent 
generosity of the Commonwealth Society for the Deaf is the only centre, recognized by the 
WHO, in Africa, South of the Sahara which has all these facilities. 

7. Acute management 
Prompt Empirical antibiotic treatment should include Agents active agent all main 
pathogens for the eradication of the infecting organism in order to ensure optimal 
outcome. The introduction of sulphonamides in the 1950s (primarily for meningococcal 
meningitis) and of penicillins in the 1960s had a striking effect on incidence of mortality 
and mobility. The spread of plasmid-borne betalactamases in Hib led to the addition of 
chloramphenicol to therapy. This combination is still standard in most African countries. 
The latest challenge to this regimen has been the relatively recent appearance of 
penicillin-resistant pneumococci and meningococci. Further, some pneumococci are also 
chloramphenicol-resistant. This will undoubtedly affect the choice of antibiotics although 
the number of studies documenting a worsening clinical outcome is still small. In Europe 
and the USA third-generation cephalosporins have become first-line therapy but while 
these drugs remain relatively expensive, it is probably reasonable for most African 
hospitals to continue with the combination of a penicillin and chloramphenicol as initial 
therapy as long as clinicians are aware of the risk of recrudescence, particularly if steroids 
are being used. Friedland 1998. 

A large number of clinical trials have been performed addressing the issue of whether 
steroids reduce the frequency of adverse outcomes, particularly hearing loss. It is not 
possible to discuss these studies in detail here, but certain points should be borne in mind 
when considering the evidence for and against steroids. Most trials could be criticized on 
methodological grounds because data were analysed without pre-defined end-points, 
allowing multiple comparisons to be made. In the three trials where significant results 
have been obtained, there were unusually high incidences of adverse outcome in the 
placebo group. Furthermore, no study with a consistent antibiotic regimen throughout 
has shown statistically significant reduction in hearing loss. Despite these problems, the 
case for giving dexamethasone in Hib meningitis is felt by many authorities to be strong. 
The role for dexamethasone in pneumococcal and meningococcal disease is at present 
unresolved. 

Many of the trials of both dexamethasone and antibiotic regimens have been performed in 
the United States, with Hib as the dominant aetiology and so considerable caution should be 
exercised when applying conclusion to the African setting A recent reported trial in Pakistan 
found no evidence that dexamethasone was beneficial and suggested that it may be 
deleterious in this setting. Quazy (1996) Airede (2008)  

The finding of different outcomes in various settings is not uncommon. There are clearly 
huge differences in terms of population, genetics, and timing of presentation, microbiology 
and general supportive care which can explain this apparent discrepancy. Giving the added 
cost of dexamethasone to the family of a patient who has already begun receiving two 
antibiotics, we feel that there is insufficient evidence at this time to recommend routine use 
of dexamethasone for acute bacterial meningitis of unknown cause. 
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Currently, the recommended empirical treatment of meningitis is ampicillin plus an 
aminoglycoside and a third generation cephalosporin. 

The use of dexamethasore remains controversial. But our experience at KATH suggests that 
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likely to assume that speech is developing normally, ignoring any subtle evidence of 
hearing impatient such as lack of response to environmental sounds. 

The effect of deafness on a child is devastating. Ability to participate in school activities or 
in a community life at a level commensurate with others has been the comparative 
benchmark for quality of life across the millennia. Participation in the world be it modern 
or ancient, centres on communication. In ancient Greece, deafness represented a curse, an 
absence of intelligence, an inability to participate in community life. Throughout mediaval 
times the inability to understand or express speech meant that an individual was not 
allowed to inherit the family fortune. Being unable to speak, i.e. to communicate was not 
allowed to receive the sacraments of the Church, which reflected one of the primary 
elements of full participation in community life. It is therefore our duty as crusaders for 
the prevention of deafness to summon all efforts to encourage all Third World Countries 
to extend their programme of Immunization of the 6 killer diseases which have been 
eliminated in developed countries, Tuberculosis, Tetanus, Diphtheria, Pertusis, Measles 
and Poliomyelitis. 

The various National Governments should be made aware that Measles, Meningitis, 
Mumps, Tetanus and Rubellen, can be effectively prevented by cheap, readily available and 
non-toxic immunization.  

9. Vaccination 
In many industrialized nations Hib has been virtually eliminated by the use of a conjugated 
vaccine. Before these results can be applied in Africa the epidemiology of Hib disease 
(uncertain because of technical problems with culture, especially in the face of pre-
treatment) must be characterized. A recent vaccine trial, in which Hib epidemiology in The 
Gambia was thoroughly assessed prior to the vaccination campaign, showed 95 per cent 
efficacy against invasive Hib disease and should serve as a model for future studies. 
Mulhdlland (1997)  

At present, we are unaware of any African country which routinely vaccinates its children 
against Hib. Clearly, countries have many other health priorities, and the Hib vaccine is still 
relatively expensive although vaccination may actually be cost-effective in the long-term. 
Vaccination against group A and C meningococcal disease provides relatively short-lived 
immunity and has so far only been used to abort epidemics. Pneumococcal vaccine 
development has been hampered by the need to include a large number of serotypes.  

10. Rehabilitation 
Any sensorineural hearing loss is significant since even mild impairments may be of 
educational significance and subtle high-frequency deficits may interfere with the normal 
acquisition of language skills. Children with significant losses shuld be enrolled into a 
programme of rehabilitaition at a hearing assessment centre or a school for the deaf. 
Parental counselling is crucial for success. Most infants with even profound hearing loss 
retain some residual function, usually in the low frequencies. With early detection and 
management, this residual hearing can be harnessed by a comprehensive programme of 



 
Meningitis 

 

6 

likely to assume that speech is developing normally, ignoring any subtle evidence of 
hearing impatient such as lack of response to environmental sounds. 

The effect of deafness on a child is devastating. Ability to participate in school activities or 
in a community life at a level commensurate with others has been the comparative 
benchmark for quality of life across the millennia. Participation in the world be it modern 
or ancient, centres on communication. In ancient Greece, deafness represented a curse, an 
absence of intelligence, an inability to participate in community life. Throughout mediaval 
times the inability to understand or express speech meant that an individual was not 
allowed to inherit the family fortune. Being unable to speak, i.e. to communicate was not 
allowed to receive the sacraments of the Church, which reflected one of the primary 
elements of full participation in community life. It is therefore our duty as crusaders for 
the prevention of deafness to summon all efforts to encourage all Third World Countries 
to extend their programme of Immunization of the 6 killer diseases which have been 
eliminated in developed countries, Tuberculosis, Tetanus, Diphtheria, Pertusis, Measles 
and Poliomyelitis. 

The various National Governments should be made aware that Measles, Meningitis, 
Mumps, Tetanus and Rubellen, can be effectively prevented by cheap, readily available and 
non-toxic immunization.  

9. Vaccination 
In many industrialized nations Hib has been virtually eliminated by the use of a conjugated 
vaccine. Before these results can be applied in Africa the epidemiology of Hib disease 
(uncertain because of technical problems with culture, especially in the face of pre-
treatment) must be characterized. A recent vaccine trial, in which Hib epidemiology in The 
Gambia was thoroughly assessed prior to the vaccination campaign, showed 95 per cent 
efficacy against invasive Hib disease and should serve as a model for future studies. 
Mulhdlland (1997)  

At present, we are unaware of any African country which routinely vaccinates its children 
against Hib. Clearly, countries have many other health priorities, and the Hib vaccine is still 
relatively expensive although vaccination may actually be cost-effective in the long-term. 
Vaccination against group A and C meningococcal disease provides relatively short-lived 
immunity and has so far only been used to abort epidemics. Pneumococcal vaccine 
development has been hampered by the need to include a large number of serotypes.  

10. Rehabilitation 
Any sensorineural hearing loss is significant since even mild impairments may be of 
educational significance and subtle high-frequency deficits may interfere with the normal 
acquisition of language skills. Children with significant losses shuld be enrolled into a 
programme of rehabilitaition at a hearing assessment centre or a school for the deaf. 
Parental counselling is crucial for success. Most infants with even profound hearing loss 
retain some residual function, usually in the low frequencies. With early detection and 
management, this residual hearing can be harnessed by a comprehensive programme of 

 
Bacterial Meningitis and Deafness in Sub-Saharan Africa 

 

7 

amplification and auditory training (hearing aids and batteries should be commonplace 
commodities, affordable and available even in developing countries). This approach, in 
combination with simultaneous use of lip-reading and sign language, can transform the 
environment of a hearing-impaired child from a world of isolation, confusion and 
frustration to one of hope. 
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1. Introduction 
Neonatal meningitis (NM) is a serious disease with substantial mortality and morbidity 
even among treated neonates (Overall, 1970; Harvey et al., 1999). Costs associated with 
treating false positive patients include prolonged hospital stay, exposure of the neonate to 
broad spectrum antibiotics, and insertion of central venous catheters for prolonged 
antibiotic administration.  

The incidence of neonatal meningitis is difficult to accurately determine because of testing 
limitations. The incidence of bacterial meningitis is approximately 0.3 per 1000 live births in 
industrialized countries (Davies & Rudd, 1994). A recent study of neonatal infections in Asia 
(collecting data from China, Hong Kong, India, Iran, Kuwait, and Thailand), reported 
estimated incidence of neonatal meningitis from 0.48 per 1000 live births in Hong Kong to 
2.4 per 1000 live births in Kuwait (Tiskumara et al., 2009). Another recent publication that 
looked at neonatal infections in Africa and South Asia found an incidence of neonatal 
meningitis ranging from 0.8 to 6.1 per 1000 live births (Thaver et al., 2009). 

The rate of mortality from bacterial meningitis in developed countries among neonates has 
declined from almost 50% in the 1970s to less than 10% in the late 1990s due to advances in 
perinatal care over the last decades. However, a corresponding decrease in the morbidity 
rate has not occurred (Puopolo et al., 2005). Neonatal bacterial meningitis continues to be a 
serious disease with an unchanging rate of adverse outcome of 20-60%, despite a worldwide 
decline in mortality (Berardi et al., 2010). Morbidities related to neonatal bacterial meningitis 
continue to be a significant source of disability. In a prospective sample of more than 1500 
neonates surviving until age 5 years, the prevalence of neuromotor disabilities including 
cerebral palsy was 8.1%, learning disability 7.5%, seizures 7.3%, and hearing problems 
25.8%. No problems were reported in 65% of babies who survived group B streptococcal 
(GBS) meningitis and in 41.5% of those who survived Escherichia coli (E.Coli) meningitis 
(Bedford et al., 2001).  

The three major pathogens in developed countries are: Group B streptococcus, gram negative 
rods and Lysteria mococytogenes. Group B streptococci are the most commonly identified 
organisms, implicated in roughly 50% of all cases of bacterial meningitis, and E coli accounts 
for another 20%; identification and treatment of maternal genitourinary infections is thus an 
important prevention strategy (Klinger et al., 2000). Listeria monocytogenes is the third most 
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common pathogen, with 5-10% of cases; it is unique because it exhibits transplacental 
transmission (Heath et al., 2003). Historically regardless of the specific pathogen involved, 
neonatal meningitis is most often caused by vertical transmission during labor, but the 
increasing numbers of infants surviving premature delivery and advances in unit intensive 
care it is increasingly recognized as an emerging cause of hospital-acquired infection, 
particularly among severely debilitated or immunosuppressed patients. The accumulative 
incidence of meningitis is highest in the first month of life and is higher in preterm neonates 
than term neonates (Overall , 1970). For premature infants who develop meningitis, the 
neurodevelopmental consequences are often profound (Stoll et al., 2004). It occurs most 
frequently in the days following birth and is more common in premature infants than term 
infants (Davies & Rudd, 1994). Neonatal meningitis occurs in roughly 0.3 per 1000 live 
births; it is closely associated with sepsis, which is 5 times as common. 

Risk factors for the development of meningitis include low birth weight (< 2500 g), preterm 
birth (< 37 weeks' gestation), premature rupture of membranes, traumatic delivery, fetal 
hypoxia, and maternal peripartum infection (including chorioamnionitis). Moreover 
neonates are at greater risk of sepsis and meningitis than other age groups because of 
deficiencies in humoral and cellular immunity and in phagocytic function. Infants younger 
than 32 weeks' gestation receive little of the maternal immunoglobulin received by full-term 
infants. (Volpe, 2008a,2008b). Inefficiency in the neonates alternative complement pathway 
compromises their defense against encapsulated bacteria (Krebs et al., 2007) T-cell defense 
and mediation of B-cell activity also are compromised. Finally, deficient migration and 
phagocytosis by neutrophils contribute to neonatal vulnerability to pathogens of even low 
virulence. 

No one clinical sign is pathognomonic of meningitis. Because the signs of meningitis are 
subtle and nonspecific there may be delays in diagnosis and treatment (Feigin et al., 1992). 

 Bacterial meningitis, early onset  
 Symptoms appearing within the first 72 hours of life are referable primarily to 

systemic illness rather than meningitis. These include temperature inestability, 
episodes of apnea or bradycardia, hypotension, feeding difficulty, hepatic 
dysfunction, and irritability alternating with lethargy. (Volpe, 2008 a,2008b) 

 Respiratory symptoms can become prominent within hours of birth in GBS 
infection; however, the symptom complex also is seen with infection by Escherichia 
coli or Listeria species.  

 Bacterial meningitis, late onset  
 Late-onset bacterial meningitis (symptom onset beyond 72 hours of life) is more 

likely to be associated with neurologic symptoms. Most commonly seen are 
stupor and irritability, which Volpe describes in more than 75% of affected 
neonates.  

Between 25% and 50% of neonates will exhibit the following neurological signs: seizures; 
bulging anterior fontanel; extensor posturing/ opisthotonus; focal cerebral signs including 
gaze deviation and hemiparesis; cranial nerve palsies. Nuchal rigidity per se is the least 
common neurologic sign in neonatal bacterial meningitis, occurring in fewer than 25% of 
affected neonates.  
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Interpretation of cerebrospinal fluid (CSF) findings is more difficult in neonates than in 
older children, especially in premature infants whose more permeable blood-brain barrier 
causes higher levels of glucose and protein (Smith et al., 2008). So when faced with the need 
to make therapeutic decisions on the interpretation of CSF parameters, pediatricians, family 
practice physicians, and neonatologists often use The Harriet Lane Handbook as their guide 
(Robertson & Shilkofski, 2005). The classic finding of decreased CSF glucose, elevated CSF 
protein, and pleocytosis is seen more with gram-negative meningitis and with late gram-
positive meningitis; this combination also is suggestive of viral meningitis, especially HSV 
(Carges et al., 2006). The number of white blood cells found in the CSF in healthy neonates 
varies based on gestational age. Many authors use a cutoff of 20-30 WBC/µL. Only if all 3 
parameters are normal does the lumbar puncture provide evidence against infection; no 
single CSF parameter exists that can reliably exclude the presence of meningitis in a neonate 

(Garges et al., 2006) .Bacterial meningitis commonly causes CSF pleocytosis greater than 100 
WBC/µL, with predominantly polymorphonuclear leukocytes gradually evolving to 
lymphocytes (Garges et al., 2006). 

Emerging pathogens are those that have appeared in a human population for the first time, 
or have occurred previously but are increasing in incidence or expanding into areas where 
they have not previously been reported, usually over the last 20 years (World Health 
Organization (WHO), 1997). In our patients, the reported risk factors associated with 
emerging pathogens infection are prematurity, neurosurgical procedures (especially shunts 
and drainages), intracranial haemorrhages. Our current patients have been undergone 
several neurosurgical procedures and also, importantly, have been treated with a previous 
broad-spectrum antibiotic, which is also a suggested risk factor for infection with these 
emerging pathogens (Stenotrophomonas Maltophilia (Rojas et al., 2009), Kluyvera ascorbata 
(Rosso et al., 2007), Enterobacter sakazakii (Hunter et al., 2008) and Rhodococcus equi (Strunk et 
al., 2007). Although these pathogens are considered an infrequent cause of meningitis, it has 
become a focus of interest not only due to increasing recognition of its pathogenic potential 
but also because of its marked antibiotic resistance. 

2. Emerging pathogens and clinical case reports 
In this chapter we report several cases of these emerging pathogens meningitis in newborns 
successfully treated. Two of them have been reported previously for us. 

2.1 Rhodococcus equi (R. equi) 

Rhodococcus equi is a Gram-positive, aerobic, pleomorphic, nonmotile, branching filamentous 
coccobacillus and was first isolated from the lungs of foals in Sweden in 1923 by 
Magnusson. Called Rhodococcus because of its ability to form a red (or salmon-colored) 
pigment, R. equi can be weakly acid-fast and bears a similarity to diphtheroids. R. equi 
primarily causes zoonotic infections that affect grazing animals. The first report of human 
infection occurred in the 1960s.The natural reservoir for this organism appears to be soil. 
The two main methods of acquiring this organism are inhalation and direct inoculation 
through trauma. Infections with R. equi have a significant potential for hematogenous 
dissemination, with bacteremia occurring in up to 80% of immunocompromised patients 
(Emmons et al., 1991). 
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2.1.1 Case report 

Patient was born as the first of twin brothers at 27 +2 weeks. The pregnancy was 
complicated by twintwin-transfusion syndrome, with twin 1 being the recipient. Delivery 
was by cesarean section for fetal distress. The APGAR scores at 1 and 5 minutes were 8 and 
9, respectively. Shortly after delivery, the baby developed respiratory distress syndrome 
requiring intubation and ventilation for 2 days. After that, respiratory support was by 
continuous positive airway pressure. On day 10, sepsis with coagulase-negative 
staphylococci was treated with intravenous vancomycin (10 days) and gentamicin (3 days). 
Head ultrasound examination on day 1 was normal, but a repeated scan on day 7 revealed a 
right-sided grade III intraventricular hemorrhage. Subsequent examinations demonstrated a 
slow increase of the size of the lateral ventricles and elevated resistive indices indicative of 
posthemorrhagic hydrocephalus. Therapeutic lumbar punctures performed 2–3 times per 
week yielded sterile cerebrospinal fluid (CSF). Cerebral magnetic resonance imaging on day 
57 demonstrated post hemorrhagic aqueduct stenosis with dilated lateral and third 
ventricles. A ventriculoperitoneal-shunt was inserted on day 59 under perioperative 
antibiotic prophylaxis with intravenous vancomycin (1 dose) and cefotaxime (3 doses). On 
day 61, the baby developed apnea episodes and seizures requiring intubation and 
mechanical ventilation. A lumbar puncture was performed and CSF showed 24 106/L white 
cells (56% neutrophils) and 56 106/L erythrocytes. Gram-positive bacilli were seen in the 
CSF. Empiric antibiotic treatment with intravenous vancomycin (15 mg/kg/dose twice 
daily), meropenem (40 mg/kg/dose thrice daily), and ciprofloxacin (10 mg/kg/dose twice 
daily) was started. The VP-shunt was externalized on day 63 and removed on day 67. 
Cultures of the removed shunt and follow-up lumbar puncture CSF did not grow bacteria. 
The initial CSF culture had bacterial growth on day 68. CSF plated onto Blood Agar 
(Columbia agar base, Oxoid, Melbourne, Australia) and Chocolate Agar (GC agar base, 
Oxoid) and incubated at 35°C in a 5% CO2 atmosphere for 48 hours grew colonies 3–4 mm 
in diameter, irregularly round, smooth, and semitransparent. Production of salmon-colored 
pigmentation occurred after 4 days incubation. Gram stain revealed the presence of 
irregular shaped Gram-positive bacilli. Colonies were catalase- positive, oxidase negative, 
nitrate reduction positive, alkaline phosphatase positive, and urease negative. By the API 
Coryne system (Biomerieux, Marcyl’Etoile, France), the profile number was 1100004. The 
organism produced equi factors that interacted with the beta-toxin of Staphylococcus aureus 
to give an area of complete hemolysis on Sheep Blood Agar (Trypticase Soy agar base, 
Oxoid). Identification of Rhodococcus equi was confirmed by cellular fatty acid analysis and 
DNA sequencing. The antibiotic regimen was changed to intravenous vancomycin (15 
mg/kg/dose twice daily) and rifampin (20 mg/kg once daily) and continued until day 90. 
This was followed by oral treatment with rifampin (10 mg/kg once daily) and azithromycin 
(10 mg/kg once daily) for a further 3 months. The baby’s condition improved, and the CSF 
white cell count normalized. At the chronologic age of 6.5 months, a VP-shunt was 
reinserted without complications because of increasing hydrocephalus. When last seen at 
corrected age of 1 year, the boy had made good developmental progress with only slightly 
delayed motor skills. 

2.2 Kluyvera ascorbata (K. ascorbata) 

A new genus in the family Enterobacteriaceae in 1981 using molecular characterization and 
deoxyribonucleic acid (DNA)-DNA hybridation techniques. Strains of Kluyvera were 



 
Meningitis 

 

12

2.1.1 Case report 

Patient was born as the first of twin brothers at 27 +2 weeks. The pregnancy was 
complicated by twintwin-transfusion syndrome, with twin 1 being the recipient. Delivery 
was by cesarean section for fetal distress. The APGAR scores at 1 and 5 minutes were 8 and 
9, respectively. Shortly after delivery, the baby developed respiratory distress syndrome 
requiring intubation and ventilation for 2 days. After that, respiratory support was by 
continuous positive airway pressure. On day 10, sepsis with coagulase-negative 
staphylococci was treated with intravenous vancomycin (10 days) and gentamicin (3 days). 
Head ultrasound examination on day 1 was normal, but a repeated scan on day 7 revealed a 
right-sided grade III intraventricular hemorrhage. Subsequent examinations demonstrated a 
slow increase of the size of the lateral ventricles and elevated resistive indices indicative of 
posthemorrhagic hydrocephalus. Therapeutic lumbar punctures performed 2–3 times per 
week yielded sterile cerebrospinal fluid (CSF). Cerebral magnetic resonance imaging on day 
57 demonstrated post hemorrhagic aqueduct stenosis with dilated lateral and third 
ventricles. A ventriculoperitoneal-shunt was inserted on day 59 under perioperative 
antibiotic prophylaxis with intravenous vancomycin (1 dose) and cefotaxime (3 doses). On 
day 61, the baby developed apnea episodes and seizures requiring intubation and 
mechanical ventilation. A lumbar puncture was performed and CSF showed 24 106/L white 
cells (56% neutrophils) and 56 106/L erythrocytes. Gram-positive bacilli were seen in the 
CSF. Empiric antibiotic treatment with intravenous vancomycin (15 mg/kg/dose twice 
daily), meropenem (40 mg/kg/dose thrice daily), and ciprofloxacin (10 mg/kg/dose twice 
daily) was started. The VP-shunt was externalized on day 63 and removed on day 67. 
Cultures of the removed shunt and follow-up lumbar puncture CSF did not grow bacteria. 
The initial CSF culture had bacterial growth on day 68. CSF plated onto Blood Agar 
(Columbia agar base, Oxoid, Melbourne, Australia) and Chocolate Agar (GC agar base, 
Oxoid) and incubated at 35°C in a 5% CO2 atmosphere for 48 hours grew colonies 3–4 mm 
in diameter, irregularly round, smooth, and semitransparent. Production of salmon-colored 
pigmentation occurred after 4 days incubation. Gram stain revealed the presence of 
irregular shaped Gram-positive bacilli. Colonies were catalase- positive, oxidase negative, 
nitrate reduction positive, alkaline phosphatase positive, and urease negative. By the API 
Coryne system (Biomerieux, Marcyl’Etoile, France), the profile number was 1100004. The 
organism produced equi factors that interacted with the beta-toxin of Staphylococcus aureus 
to give an area of complete hemolysis on Sheep Blood Agar (Trypticase Soy agar base, 
Oxoid). Identification of Rhodococcus equi was confirmed by cellular fatty acid analysis and 
DNA sequencing. The antibiotic regimen was changed to intravenous vancomycin (15 
mg/kg/dose twice daily) and rifampin (20 mg/kg once daily) and continued until day 90. 
This was followed by oral treatment with rifampin (10 mg/kg once daily) and azithromycin 
(10 mg/kg once daily) for a further 3 months. The baby’s condition improved, and the CSF 
white cell count normalized. At the chronologic age of 6.5 months, a VP-shunt was 
reinserted without complications because of increasing hydrocephalus. When last seen at 
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delayed motor skills. 

2.2 Kluyvera ascorbata (K. ascorbata) 

A new genus in the family Enterobacteriaceae in 1981 using molecular characterization and 
deoxyribonucleic acid (DNA)-DNA hybridation techniques. Strains of Kluyvera were 
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divided into two named species, Kluyvera ascorbata and Kluyvera cryocrescens, and a third 
unnamed group, Kluyvera species group 3 (Farmer et al., 1981). The genus currently consists 
of 4 species, K. ascorbata, K. cryocrescens, K. georgina (formerly species group 3) and K.cochleae 
(Carter et al., 2005). It is a small, motile Gram-negative bacillus with peritrichous flagella 
that is oxidase- negative and catalase- positive, and it ferments glucose (Farmer et al., 1981; 
Brooks et al., 2003; Narchi et al., 2005; Paredes-Rodriguez et al., 2002). Confirmatory species 
identification of Kluyvera requires the demonstration of ascorbate utilization and glucose 
fermentation at 5ºC. Kluyvera is present in the environment in water, soil, sewage, hospital 
sinks, and food products of animal origin (Brooks et al., 2003). It also has been isolated from 
a variety of human specimens (most commonly sputum, urine, stool, throat, and blood).It 
was initially considered to be a benign saprophyte predominantly colonizing the 
respiratory, gastrointestinal or urinary tract (Carter et al., 2005; Narchi et al., 2005;Sarria et 
al., 2001).  

2.2.1 Case report 

A male infant was born full term with a prenatally diagnosed lumbosacral 
myelomeningocele and dilated cerebral ventricles. The herniation was reduced and the 
defect repaired and a ventriculoperitoneal shunt was inserted. Five days following surgery 
he development fever, irritable crying and poor appetite. The physical examination was 
otherwise normal. Blood tests showed a peripheral white blood cell count of 4x109 /L, 
normal hemoglobin and platelet count and a C-reactive protein of 148 mg/L. Urine analysis 
by the dipstick method was normal. Cerebrospinal fluid obtained by ventriculoperitoneal 
shunt puncture was yellow and turbid. Analysis of CSF revealed pleocytosis with a white 
blood cell count of 11664 cells/mm3 (98% neutrophils), protein 3.4 g/l, glucose 0.01 g/l. The 
concomitant plasma glucose was normal. Blood, urine and CSF cultures were obtained. The 
Gram stain of CSF was negative. Empirical antibiotic therapy with meropenem was started. 
Blood and urine cultures were normal. Kluyvera ascorbata was isolated from CSF sample. It 
was susceptible in vitro to third generation cephalosporins, trimethoprim, aminoglycosides, 
aztreonam, fluorquinolones, imipenem and amoxicillin-clavulanate; it was resistant to first 
generation cephalosporins and with intermediate susceptibility to second generation 
cephalosporins. Despite treatment with antibiotics, the patient remained febrile and with 
poor appetite. A computed tomography brain scan showed a left dilated ventricle. The 
shunt was removed and a temporary external CSF drainage was inserted. Two days after 
external CSF drainage was inserted, he became afebrile and appeared better. CSF analyses 
performed after 21 days of treatment revealed clear CSF. There were no white blood cells 
and the protein and glucose values were 2.7 g/l and 0.34 g/l, respectively. Gram stain of 
that CSF specimen failed to reveal bacteria and the culture was sterile. He received antibiotic 
therapy for 28 days, a ventriculoperitoneal shunt was replaced after infection was 
eradicated. 

2.3 Stenotrophomonas maltophilia (S. maltophilia)  

Is a nonfermentative Gram-negative bacillus, previously known as Pseudomonas maltophilia 
and later Xanthomonas maltophilia. This bacterium is found in several environments such as 
water, soil, plants, food and hospital settings (Nicodemo & Garcia –Paez 2007; Yemisen et 
al., 2008). It is increasingly recognised as a significant cause of hospital acquired infection 
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particularly among severely debilitated and immunosuppressed patients, those receiving 
longterm antimicrobial therapy and those with indwelling central venous catheters. The 
resultant infections are extensive, with the respiratory tract, soft tissues and the skin most 
frequently involved (Nicodemo & Garcia –Paez 2007; Denis et al., 1977). 

2.3.1 Case report 

A baby boy was delivered at 26 weeks of gestation after a spontaneous rupture of 
membranes. The patient was admitted to our neonatal intensive care unit with Apgar scores 
of two and eight at 1 and 5 minutes, respectively. On the 12th day of his life clinical and 
radiological signs of perforated necrotizing enterocolitis (NEC) occurred and required 
surgical intestinal resection. Cerebral ultrasound at day 15 of his life was performed and 
showed intraventricular haemorrhage and dilated cerebral ventricles. Because of NEC, 
temporary external CSF drainage was inserted. Two weeks after external CSF drainage was 
performed, he developed Klebsiella Extended-spectrum beta-lactamase (ESBL) meningitis. 
Antibiotic therapy with meropenem was started and the external CSF drainage was 
replaced. After 19 days of treatment with meropenem a new CSF sample from drainage 
revealed 1200 cells/mm3 (95% neutrophils), protein 3.4 g/L and glucose 0.03 g/L. 
Gramnegative bacillus were seen on gram strain in the CSF culture and it was positive for S. 
maltophilia. The strain was only susceptible in vitro to trimethoprimsulfamethoxazole (TMP-
SMX), with a mean inhibitory concentration (MIC) of ≤2/38, minocycline and ciprofloxacin. 
TMP-SMX intravenous therapy (50 mg/kg per day in two divided doses) was commenced. 
The external ventricular drainage was not removed at this stage because the patient’s state 
was critical. The next sample analysis of CSF from the drainage 14 days after starting TMP-
SMX revealed the following profile: white blood cell count of 1300 cells/mm3 (90% 
neutrophils), protein 1.39 g/L and glucose 0.04 g/L. The CSF culture was still positive for S. 
maltophilia and consequently ciprofloxacin (15 mg/kg per day in two divided doses) was 
added to TMP-SMX. Furthermore, the external ventricular drainage was removed and after 
7 days of therapy with ciprofloxacin in combination with TMP-SMX, the analysis of the CSF 
was normal and the culture was sterile. Finally, 21 more days of therapy were completed 
with both antibiotics. No adverse effects were found during ciprofloxacin treatment. There 
was no displacement of bilirubin with the use of sulfamethoxazole in our patient and the 
values were normal (maximum total bilirubin 127 mg/dL). A ventricular-peritoneal shunt 
was inserted after the infection was eradicated due to severe ventricular dilatation. 

2.4 Enterobacter sakazakii (E. sakazakii) 

Is a motile, non-sporeforming, Gramnegative facultative anaerobe. It was known as ‘yellow 
pigmented Enterobacter cloacae’ until 1980 when it was designated as a new species by 
Farmer, Asbury, Hickman and Brenner in honour of the Japanese bacteriologist Riichi 
Sakazaki. They reported that DNA–DNA hybridization studies found no clear generic 
assignment for E. sakazakii as it was 53–54% related to Enterobacter and Citrobacter species. A 
comparison of the type strains of these two genera showed that E. sakazakii was 41% related 
to C. freundii and 51% related to E. cloacae. Subsequently, since it was also phenotypically 
closer to E. cloacae, Farmer, Asbury, Hickman and Brenner (1980) assigned the organism to 
the Enterobacter genus.The natural habitat of E. sakazakii is unknown, but it has been isolated 
from a number of hospital sources (Farmer et al., 1980). Most of these reports describe single 
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cases. Because pigment production, a distinguishing characteristic of E. sakazakii, is greatly 
diminished at the usual incubation temperature of 36°C, it seemed likely that a number of E. 
sakazakii isolates were not recognized as atypical E. cloacae in the past 

2.4.1 Cases report 

Infection of the newborn is probably through ingestion of contaminated infant milk formula 
and not through vertical transmission from the mother during birth (Mutyjens & Kollee, 
1990). The first reported association of E. sakazakii with contaminated Infant milk formula 
(IMF) powder was by (Muytjens et al., 1983) in the Netherlands studying eight cases of 
neonatal meningitis and sepsis. E. sakazakii was isolated from prepared milk formula, a dish 
brush and a stirring spoon. These isolateswere studied in more detail later by( Smeets et al., 
1998). In Iceland three cases were reported linked to milk formula contaminated with E. 
sakazakii (Biering et al., 1989). US Centers for Disease Control and Prevention (Himelright et 
al., 2002) reported an investigation into the 2001 Tennessee outbreak of E. sakazakii in a 
neonatal intensive care unit in which 10 cases were identified. The index case was a male 
infant (born at 33.5 weeks) who had been admitted to the neonatal intensive care unit because 
of premature birth weight and respiratory distress. After 11 days the baby developed 
symptoms of meningitis (fever, tachycardia, decreased vascular perfusions and suspected 
seizure activity) and despite being given intravenous antibiotics the infant died after a further 
9 days. E. sakazakii was cultured from the cerebrospinal fluid. Following increased surveillance 
a further 10 cases of E. sakazakii colonisation were found on the neonatal unit; 2 from ‘non-
sterile’ site with clinical deterioration. The use of infant formula milk was the only factor 
associating the cases. More recently (Simon et al., 2010) described a case of meningitis in a 
neonatal intensive care unit occurred as a result of the use of a powered infant formula 
contaminated with E. sakazakii at manufacturing level, and an inadequate preparation and 
storing of the reconstituted product were identified as risk factors. 

3. Discussion 
The potential virulence of these pathogens above mentioned have been uncertain in the 
past, owing in part to its relatively recent characterization and the small number of reported 
clinical infections. 

The reported risk factors associated with these pathogens infection are prematurity, 
neurosurgical procedures (especially shunts and drainages), intracranial haemorrhages and 
malignancies (Caylan et al., 2002). Our patients had undergone several neurosurgical 
procedures and also importantly, had been treated with a previous broad-spectrum 
antibiotic such as ampicillin, 3rd generation cephalosporins and carbapenem, which is also a 
suggested risk factor for infection. Aggressive antimicrobial intervention is lifesaving in 
neonates with suspected meningitis.  

These emergent pathogens are increasingly recognised as a cause of nosocomial infections of 
special interest because of its intrinsic resistance to multiple antimicrobial agents used to 
treat Gram-negative infections. So (Rojas et al., 2009) found S. maltophilia isolates were 
resistant to ampicillin, cefazolin and extended spectrum penicillins, but were susceptible to 
the aminoglycosides and trimethoprimsulfamethoxazole. It is resistant to a variety of 
antibiotics, for example aminoglycosides, ß-lactam agents and it is intrinsically resistant to 
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carbapenems. Based on susceptibility studies, TMP-SMX is the drug of choice for 
treatment of S. maltophilia infections. However, recent data indicate that the percentage of 
strains resistant to TMPSMX may be increasing(Nicodemo & Garcia –Paez 2007; Wen-
Tsung et al., 2002; Krcmery V et al., 1999; Van den Oever et al., 1998). In this patient the 
pathogen was susceptible to this antimicrobial therapy but CSF cultures only became 
sterile after removal of the external ventricular drainage and the addition of ciprofloxacin 
to TMP-SMX. We decided to add ciprofloxacin because TMP-SMX is bacteriostatic and the 
infant was seriously ill (Table1). The administration of sulfamethoxazole, which binds to 
albumin and competes with bilirubin, can increase the possibility of hyperbilirubinaemia 
and serious neurological complications such as kernicterus in neonates. This was not 
observed in our patient. 

Little information is available regarding the in vitro antibiotic susceptibilities and clinical 
effectiveness of antibiotics in Kluyvera infections. The agents most consistently active in vitro 
against Kluyvera are third-generation cephalosporins, fluorquinolones, aminoglycosides, 
imipenem, chloramphenicol, and nitrofurantoin. Most strains are resistant to ampicillin, first 
and second-generation cephalosporins and ticarcillin. Agents with variable activity include 
ampicillin-sulbactam, aztreonam, piperacillin, tetracycline and trimethoprim-
sulfamethoxazole. (Narchi et al., 2003; Sarria et al.,2001). In our case, above mentioned the 
Kluyvera species was also sensitive to third-generation cephalosporins, quinolones, 
aminoglycosides and carbapenems. We used meropenem with a good clinical response. We 
used this antibiotic because of predisposing factors for resistant hospital acquired 
microorganisms such as colonization with nosocomial pathogens, broad spectrum antibiotic 
usage, underlying disease and intensive care unit admission.  

 
Case 
No 

Reference/ 
Year Age/sex Neurosurgical 

procedure Therapy Outcome 

1  1977 8 months/male None Ampicilin, colistin Died 

2  1977 13 months/ 
female None Chloramphenicol, 

sulphadoxine Recovered 

3  1984 7 days/ 
male None None Died 

4  2002 4 days/ 
female None Ciprofloxacin Recovered 

5  2009 69 days/ 
male 

External (CSF) 
drainage 

TMP-SMX, 
ciprofloxacin Recovered 

Table 1. Details of children with meningitis caused by S. maltophilia  

(Lai, 2001) found all E. sakazakii isolates were resistant to ampicillin, cefazolin and extended 
spectrum penicillins, but were susceptible to the aminoglycosides and 
trimethoprimsulfamethoxazole. Whereas sensitivity to 3rd generation cephalosporins and 
the quinolones was variable. Subsequently (Lai, 2001) proposed the use of carbapenems or 
3rd generation cephalosporins with an aminoglycoside or trimethoprim with 
sulfamethoxazole. This treatment regime has improved the outcome of E. sakazakii 
meningitis though the resistanceof Enterobacter spp. to these antibiotics is increasing (Lai, 
2001; Dennison & Morris, 2002) have reported an E. sakazakii infection that was resistant to 
multiple antibiotics, including ampicillin, gentamicin and cefotaxamine. 
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Other hand selection of antibiotics should be determined based on likely pathogen, local 
patterns of antibacterial drug sensitivities, and hospital policies. When NM is suspected, 
treatment must be aggressive, as the goal is to achieve bactericidal concentration of 
antibiotics and to sterilize CSF as soon as possible with empiric antibiotic treatment should 
include agents active against all main pathogens; but we must be alert because these novel 
pathogens are resistant to a variety of antibiotics, for example aminoglycosides, ß-lactam 
agents and including to carbapenems. Here, we have reported our experience with these 
emerging pathogens in neonatal meningitis. 

4. Conclusion 
In summary we are witnessing new emerging pathogens causing potentially fatal bacterial 
neonatal meningitis. Here, we report our experience with these emerging pathogens. Given 
the expected increase in the future regarding the frequency of these emerging pathogens 
causing nosocomial infections including meningitis due to these organisms in neurosurgical 
patients and its marked resistance to antibiotics, they should be considered as a potential 
cause of meningitis in neonates with external ventricular drainage who are receiving long 
term broad spectrum antimicrobial therapy.  
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1. Introduction 
Bacterial meningitis is generally a devastating infection of the leptomeninges and 
underlying subarachnoid cerebrospinal fluid with a high mortality rate, particularly in the 
perinatal and neonatal infant. This is more worrisome because despite the more available 
potent antimicrobials and variably effective vaccines, the disease remains a significant cause 
of morbidity and mortality. Mortality rates could be as high as between 25 - 50% depending 
on which series as well as the area of practice, whilst morbidity, often neurologic, could be 
as elevated as 25 – 45%.  

Many clinical and etiologic studies performed over the recent decades have demonstrated 
that different species of bacteria can precipitate Neonatal-Perinatal bacterial meningitis. 
Streptococcus agalactiae, Staphyloccocus aureus, Group B β-Haemolytic streptococci [GBS], Gram-
negative bacilli, Haemophilus influenzae type b, Neisseria meningitides, Listeria monocytogenes 
and Streptococcus pneumoniae have all been implicated as etiologic pathogens. The ranking 
profile of the major causative organisms, however, depends majorly on the region of 
practice. 

The major burden of Neonatal-Perinatal bacterial meningitis occurs in the developing 
world, however, most evidence derives from wealthy countries even though the spectrum of 
disease, etiology and prognosis may differ.  

In this Chapter, we would dilate on the available evidence of Neonatal-Perinatal bacterial 
meningitis in developing countries; provide its detailed pathophysiologic process/pattern; 
describe the relevant clinical features at presentation; discuss its diagnosis and management 
strategy with particular highlights of adjuncts of steroids; indicate relevant differences from 
well-resourced settings; provide relevant lacunae in knowledge and comment on feasible 
preventive methods.  

2. Incidence of disease 
Bacterial meningitis is undoubtedly more common in the neonatal-perinatal period than at 
any other time in life. This newborn’s gloomy feature of increased susceptibility to infection 
is due to its innate immature immune system that is deficient in humoral and cellular 
immune responses in phagocytic and in complement functions. In the developed\affluent 
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world, mortality has dropped from nearly 50% in the 1970s to <10% currently, but 
morbidity, however, remains substantial, with 20–58% of survivors developing serious 
neurological sequelae, such as deafness.  

Most worrisome is the fact that its incidence, mortality and morbidity in the developing 
world have remained unacceptably high; variably reported as between 40–58%. With a 
documented incidence of 6.5\1000 live births, the disease has shown a rising trend in 
Nigeria as against other more affluent regions maintaining relatively stable rates of less than 
1\1000. 

3. Etiopathogenesis  
The chance of occurrence of bacterial meningitis becomes highly likely in the newly born 
baby with presence of adverse risk factors. These risk factors can generally be grouped into 
Prenatal, Intrapartum, Natal or Postnatal categories; or into Maternal, Obstetrics, or 
Postpartum divisions. These include low birth weight [LBW], very low birth weight [VLBW] 
and preterm gestation; maternal risk factors of premature ruptures of membranes, 
prolonged rupture of membranes (> 24 hours), maternal colonisation with Group B 
Streptococcus (GBS), maternal chorioamnionitis, maternal peripartum pyrexia and low 
socioeconomic status. These factors are universally important and well recognized. Table 1 
illustrates some of these factors. 

 
Table 1. Some well known predisposal risk factors to the occurrence of Neonatal-Perinatal 
meningitis. 
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4. The main pathogens of disease 
The commonly involved pathogens of Neonatal-Perinatal bacterial meningitis often differ 
from community to community, region to region and continent to continent. The pathogens 
also frequently correlate with the degree of development, advancement and environmental 
hygiene, and thus what we encounter in the developing world differs from that of the 
developed\affluent world. In developed countries, the predominant pathogens identified 
from cerebrospinal fluid [CSF] are GBS, Escherichia coli, Listeria monocytogenes, other 
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*Abbreviations: Refs – References, Yr – Year, Pts – Patients, WHO – World Health Organization, N.A. – 
Not Available, FT – Full Term, RCT – Randomized Control Trial, +ve – Positive, WCC – White cell 
count, CSFs – Cerebrospinal fluids.  

Table 2. Etiology of neonatal bacterial meningitis in developing countries  

Gram-negative enteric bacteria and Streptococcus pneumoniae. Infections in the neonatal 
period are frequently divided into ‘early onset’, (first 5–7 days, implying vertical 
transmission) when frequently isolated bacteria include GBS, E. coli and Listeria 
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monocytogenes, and ‘late onset’, (after the first week of life, implying nosocomial or 
community acquired infection), when common organisms include Gram negative 
organisms, staphylococci and GBS. 

However, in the developing world, the pathogen profile appears different with most studies 
isolating Staphylococcus aureus and other gram negative organisms as leading culprits. 
Although the rate of isolates of Escherichia coli and Klebsiella aeruginosa are similar between 
the developed and developing regions of the world, however, there remains a very 
significant less encounter with GBS in the latter.  

The speculated reasons for this difference are multi-factorial, and could include cultural 
difference in modes of genital care, population differences in colonisation, genetic 
differences in immune response and possibly geographic differences in laboratory 
techniques for pathogen isolation and reporting. Table 2 highlights the pathogen profile and 
pattern of Neonatal-Perinatal meningitis in developing countries.  

A good evaluation was a WHO-supported multi-centre study [covering Ethiopia, The Gambia, 
Papua New Guinea and the Philippines], but it only attempted to determine etiological agents 
responsible for serious infections in young infants [≤90 days]. However, this study was limited 
by identifying only 40 cases of neonatal meningitis, and the findings varied immensely 
between centres, which narrowed the conclusions that could be drawn. It is pertinent that 
unusual pathogens were identified in some other studies, e.g. Neiseria Meningitidis, 
Haemophilus Influenzae type b, and Salmonella typhimurium. Table 2 is particularly worthwhile 
as it demonstrates the geographic differences of causal pathogens of Neonatal-Perinatal 
meningitis, which could serve as good guide to empirical antibiotic therapy. 

5. Pathophysiology  
Method of acquisition: Meningitis is basically an infection of the meninges (membranes 
that surround the brain and spinal cord) that enters through the bloodstream from other 
parts of the body. Meningococcal disease was first described as early as 1805, when an 
outbreak spread through Geneva, Switzerland. However, it was not until 1887 that a 
causative agent of meningococcal meningitis was identified. The pathogens that cause 
bacterial meningitis are very common and live naturally in the back of the nose and 
throat.At any given time, 10% of the populations are carriers of the disease but never 
actually become sick. In fact, most cases of meningitis are acquired through exposure to 
asymptomatic carriers. 

Meningitis can be spread via nose and throat secretions [e.g. coughing, sneezing]. However, 
meningitis is not considered to be a highly contagious disease. Casual contact or breathing 
in the air where a person with meningitis has been normally would not expose someone to 
meningitis because the causative organisms cannot live outside the body for much long to 
allow their survival. 

Acute bacterial meningitis usually develops from an invasion of bacterial pathogens from 
mucosal surfaces in nasopharynx, sinus cavities, and middle ear space into the blood 
stream. It can also result from head injuries, penetrating wounds, or neurologic surgeries. 

In neonatal-perinatal infants, mother-to-infant transmission and aspiration of intestinal and 
genital tract secretions during labour and delivery are common modes of transmission.  
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However, the most implicated mode of acquisition of infection is via the haematogenous 
route in preponderant cases worldwide. 

Pneumococcal meningitis usually arises in the setting of sustained bacteraemia that permits 
bacterial penetration across the blood-brain barrier and into the subarachnoid space. Once 
present in the central nervous system, bacterial multiplication incites host cell toxicity and 
release of a broad range of cytokines [e.g., Interleukin-1, Interleukin-6, and Tumour Necrosis 
Factor-α] that increase inflammation and vascular permeability. This is the same pattern 
with the other meningitis-causing pathogens. The resulting injury to the cerebral 
microvasculature causes brain edema that in turn leads to intracranial hypertension. Unless 
treated, this process usually leads to mortality and\or increased morbidity, such as neural 
deafness. 

The importance of S. pneumoniae as a cause of childhood meningitis has been well described. 
S pneumoniae is also by far the most common pathogen recovered from community- 
acquired recurrent meningitis, accounting for a majority of cases of recurrent meningitis, 
even in the newborn infant. The overall case-fatality rate is close to 30%. 

H. influenzae type b meningitis, once the most prevalent form of meningitis in children, is 
now rarer in the developed world because of successful immunization practices [H. 
influenzae type b conjugates vaccine) in the past 2 decades. In fact, incorporation of this 
vaccine into the routine immunization schedule resulted in a 94% decline in the number of 
cases of meningitis caused by H. influenzae type b in developed countries. 

5.1 Detection of cases  

The meninges have no host defenses to fight off invading organisms. One of the most 
important things to determine when meningitis is suspected is whether it is bacterial or 
viral. If a bacterial pathogen is the culprit, it is essential to identify the specific causative 
agent so that the appropriate antibiotics can be prescribed immediately. If left untreated, 
bacterial meningitis can lead to severe complications such as brain damage, hearing loss, 
epilepsy and death. Viral meningitis on the other hand, is generally less severe and typically 
resolves on its own. 

The specific diagnosis of Neonatal-Perinatal bacterial meningitis remains protean and 
problematic. Its identification generally depends on a high index of suspicion. Clinically, the 
disease is often subtle and indistinguishable from that a metabolic problem or any illness 
solely due to sepsis, and without meningitis. The symptoms commonly include, lethargy, 
fever – which is better described as temperature instability, excessive crying with difficulty 
at being consoled, irritability, poor feeding, apprehension, and subtle and\or frank neonatal 
seizures. Neck stiffness or nuchal rigidity is often not detectable because of relative 
immaturity of the cranio-spinal nerve bundles with deficient myelination, but may rarely be 
present. Other problems are bulging anterior fontanelle, opistothonic posturing and any 
other non-specific neurological features. 

Positive culture of CSF remains the gold standard for diagnosis and should be performed on 
all neonates where sepsis is suspected unless a contraindication exists. However, in view of 
the anatomic immaturity of the blood-brain-barrier area, caution should be employed when 
interpreting CSF parameters in the premature neonate. 
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Gram stains of CSF may could also provide useful information, even if CSF culture is not 
available. Simultaneous blood cultures are often positive in 40–80% of cases. Furthermore, it 
is notable that Neonatal-Perinatal meningitis can be present even in the absence of CSF 
pleocytosis, and CSF protein and glucose levels are age related. The simultaneously assessed 
CSF:Blood glucose relationship should not be less than 50% in any neonate, and solely 
detected hypoglycorracia [CSF sugar of 0-<1.3mmol\L] is always diagnostic.  

5.2 Diagnostic methods  

Early diagnosis of Neonatal-Perinatal bacterial meningitis is very crucial. Because the 
symptoms of meningitis can closely mimic other viral illnesses, many clinicians miss the 
diagnosis and prescribe inappropriate treatments. In many cases, a missed diagnosis can have 
fatal consequences. All healthcare givers should be aware that early recognition of the 
symptoms can be a matter of life and death, and they should become familiar with all possible 
signs and symptoms. A careful and thorough diagnostic work-up must be undertaken. 

A detailed work-up line is shown in Table 3. The specific microbiological culture procedure 
of all major fluid areas of the body, i.e. blood, CSF and urine should be performed. This is 
often referred to as a ‘Panculture Procedure’, and has the value of identifying those neonates 
or perinates that could have a concomitant septicaemia and nephritis [UTI]. This is vital and 
highly needed since it has been well documented in several reports, that as highly as 30% of 
newborn infants with septicaemia also have concomitant meningitis.  

The CSF must be examined for general appearance, consistency, and tendency to clot. CSF 
analysis should include cell counts (including a WBC differential), glucose and protein 
analysis, and Gram staining of the centrifuged sediment. The use of C-reactive protein 
[CRP] levels has been shown to play an important role in differentiating among the various 
types of meningitis. More recently, some workers recommended the use of serum 
procalcitonin level for better diagnostic and prognostic value than CRP or leukocyte count 
to distinguish between bacterial and viral meningitis. Their cases were, however, older 
children of 4months and above. It requires validation in the neonate and perinate. 

Polymerase chain reaction has remained sensitivity and quick in detecting and 
differentiating between viral and bacterial meningitis. 

The hands, ears, nose, throat and sinuses should be checked for the possible source of 
infection, and a latex agglutination test to detect bacterial antigens of Staphylococcus aureus, 
Streptococcus pneumoniae, Neisseria meningitides, Haemophilus influenzae type b, Group B 
Streptococcus, Klebsiella sps and Escherichia coli strains, can aid in the diagnosis of Neonatal-
Perinatal bacterial meningitis. However, this test may lack sensitivity unless ultrasonic 
enhancement is used. 

Newborn infants with suspected bacterial meningitis should also undergo testing for glucose, 
serum electrolytes and blood urea nitrogen, which could indicate the degree of dehydration 
and identify hyponatraemia and hypoglycaemia; common symptoms of meningitis. 

Clinical clues signaling the presence of bacterial meningitis may include sinusitis, otitis, 
mastoiditis, infective endocarditis and characteristic skin infections [such as those seen in 
infections caused by herpes, simplex virus, varicella-zoster virus]. Cardiovascular instability 
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or focal neurologic signs such as papillary changes, hemi-paresis, and ocular palsies are 
indicative of bacterial meningitis. Patechial and purpuric rashes usually indicate 
meningococcemia or H. influenzae meningitis. Presence of arthritis may suggest the presence 
of H. influenza and N. meningitides, and head trauma or a chronically draining ear usually 
signals pneumococcal meningitis. 

 
Table 3. Tests commonly utilized in the diagnosis of Neonatal-Perinatal bacterial meningitis  

Bacterial meningitis in the newborn can be difficult to distinguish from other infectious 
diseases. To aid in the differential diagnosis, physicians should take a complete 
epidemiologic history, including contact with sick persons; maternal dietary habits, and\or 
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illicit drug use; medication history; exposure to insects, rodents, or arthropods; and recent 
travel history. 

Major epidemic of meningitis frequently occur during the hot dry seasons. Sub-Saharan 
Africa is plagued by the highest meningitis [N. meningitides] disease burden, is usually 
referred to as the “meningitis belt”. 

5.3 Treatment intervention 

It cannot be overemphasized that treatment must be started early in the course of the 
disease, especially as it is of bacterial aetiology. Prompt intervention can reduce the risk of 
death to below 15%. If not treated as a medical emergency, bacterial meningitis can lead to 
seizures, coma, increased intracranial pressure, nerve damage, stroke and even death. 

By identifying the causative agent, the appropriate antibiotic can be administered. The 
baby’s age, co-morbidities and the status of his or her immune system can aid in this 
identification. For example, immunocompromised patients are at particular risk for infection 
with S. pneumoniae, N. meningitidis, Listeria monocytogenes, and aerobic Gram-negative bacilli. 
In the developing countries, S. aureus remains a highly predominant organism in the 
neonatal age, whereas GBS is rarely encountered. Antibiotic intervention only improves the 
baby’s prognosis if the antimicrobial therapy is administered before the patient’s clinical 
condition has deteriorated. If antibiotics are started when the baby is already in an advanced 
stage of the disease, the chances of survival is poor. 

Administration of antibiotics can also protect the development of the disease among 
children, or parents who have been exposed to another case of meningitis. According to 
some investigators, giving the appropriate antibiotics to household contacts of the patient 
with meningococcal disease can reduce their risk of infection by 89%. Antibiotic therapy 
must be effective against common causative pathogens and must achieve adequate 
bactericidal activity without toxicity in the CSF. Most often used antibiotics include; 
ampicillin or penicillin and an aminoglycoside [e.g. Gentamicin] or a third-generation 
cephalosporin, such as ceftriaxone or cefotaxime. The recommendation of ceftriaxone 
includes the awareness that it may cause billiary sludge leading to jaundice in the neonate. 
Such caution appears to be theoretical, as in practice, the problem rarely occurs. Penicillin 
and gentamicin are widely available, cheap and the first line antimicrobial therapy in many 
resource-poor settings. In developed countries, initial therapy often includes some 
combination of three agents: Penicillin, an aminoglycoside and a third-generation 
cephalosporin – considered by some school-of-thought to be over use and miss use of 
antibiotics.  

First-line therapy is usually either ampicillin and gentamicin or ampicilin and cefotaxime, or 
ceftriaxone and gentamicin. The value of the cephalosporins is their widely spaced dosage 
regimen with satisfactory better compliance. The use of cephalosporins has coincided with a 
reduction in mortality from neonatal meningitis in developed countries but with no 
associated fall in morbidity.  

Gentamicin remains an effective antimicrobial, despite its small therapeutic window. 
Despite the fears of its causing renal toxicity and deafness, there is no documented 
occurrence of these complications during clinical use. 
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Third-generation cephalosporins (cefotaxime and ceftriaxone) are active against the major 
pathogens of neonates worldwide, including aminoglycoside-resistant strains. They have 
good CSF penetration and achieve adequate therapeutic concentrations in the CSF. Third-
generation cephalosporings were recommended in the multi-centre WHO study group of 
serious infections in young infants.  

If available, vis-à-vis a resource-poor setting, cefotaxime and ceftriaxone are currently 
recommended for use in Neonatal-Perinatal bacterial meningitis in view of the added 
advantage of a longer half-life, allowing less frequent administration.  

However, it is pertinent that empiric antibiotic choice should be tailored to local 
epidemiology, early versus late infections and whether the infection was nosocomially 
acquired.  

5.4 Adjunctive therapy 

The use of corticosteroids as an adjunct to antibiotic therapy has been shown to render 
treatment of bacterial meningitis more effective, especially in children by reducing CSF 
inflammation and hearing loss. This has been shown conclusively for disease caused by H. 
influenzae type b and S. pneumoniae and it is, therefore, now routinely used worldwide. Its 
efficacy is said to improve if administered before, or along with the antibiotics. Though few 
studies have documented the valuable effects of steroids [dexamathasone] as an adjunct in 
neonatal meningitis, more evaluation requires to be done without timidity or over anxiety 
by clinicians. Table 4 elucidates the improved outcome with its use in Nigeria. 
 

 
* The disabilities and handicaps were: hearing-defects, subdural effusion, hydrocephalus, hemiparesis 
and recurrent afebrile seizures.  

Table 4. Value of steroids (dexamethasone) and quality of recovery from Neonatal-Perinatal 
bacterial meningitis. 

There was significant less mortality and improved full recovery with adjunctive use of 
steroids, p=0.006. 

5.5 The interplay of bacterial resistance 

Penicillin resistance is mediated by alterations in penicillin binding proteins (PBPs). PBPs 
are membrane-bound enzymes that catalyze the terminal steps in the assembly of the 
bacterial cell wall. The key PBPs involved in penicillin susceptibility includes PBP 1a, 1b, 2a, 
2b, and 3. Strains with reduced susceptibility to penicillin also exhibit reduced susceptibility 
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to beta-lactam drugs such as cephalosporins. S. pneumoniae resistance to other antibiotic 
classes is also now widespread, and includes resistance to macrolides, trimethoprim-
sulfamethoxazole, chloramphenicol, and quinolones. Multiple mechanisms mediate 
resistance and are briefly described in Table 5. Drug resistance to a single class of antibiotics 
may also be mediated by multiple mechanisms. Acquired resistance to a particular class of 
antibiotics increases the likelihood that the strain will be resistant to other classes of 
antibiotics. For example, 94% penicillin-susceptible strains of S. pneumoniae were recently 
found to be susceptible to azithromycin, but 17% of penicillin-resistant strains were 
azithromycin-susceptible. 

Resistance to macrolides, and trimethoprim-sulfamethoxazole is also widespread. 
Macrolides resistance is mediated by either an efflux pump [low-level resistance] or a 
ribosomal methylase [high-level resistance]. 

Penicillin-resistant strains are often resistant to cephalosporins such as ceftriaxone and 
cefotaxime. Vancomycin is active against all strains of S. pneumoniae but vancomycin-
tolerant strains have now been described. The individual members of the flouroquinolone 
class demonstrate differential activity against S. pneumoniae. 

 

 
Table 5. Mechanisms of antibiotic resistance of S. pneumoniae 

6. Conclusion  
It is intriguing that Neonatal-Perinatal bacterial meningitis continues to be a major cause of 
morbidity and mortality in the developing world. It is vital that more efforts are required for 
its control rather the offer of appropriate diagnosis and treatment. It is majorly necessary 
that efforts must be directed to community health education, provision of regular 
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information, and a versatile up-keep of hygiene and routine cleanliness. The importance of 
immune boosting through vaccinations and their acceptance is further worthy, as 
prevention is always better than cure. Important differences in aetiology have been noted 
but early and focused treatment of established disease, with the use of steroid adjunct, 
remains essential.  

7. References 
[1] Airede AI. Neonatal bacterial meningitis in the middle belt of Nigeria. Developmental 

Medicine and Child Neurology 1993; 35:424–430. 
[2] Airede K, Adeyemi O, Ibrahim T. Neonatal bacterial meningitis and dexamethasone 

adjunctive usage in Nigeria. Nigerian Journal of Clinical Practice 2008; 11:235–245. 
[3] Airede KI, Jalo I, Bello M, Adeyemi S. Observations on oral Sultamicillin/Unasyn 

CP45899 Therapy of neonatal infections. International Journal of Antimicrobial Agents 
1997; 8: 103-107. 

[4] Airede KI. Neonatal seizures and a two-year neurological outcome. Journal of Tropical 
Pediatrics 1991; 37: 313-317. 

[5] Airede Ki. Prolonged rupture of membranes and neonatal outcome in a developing 
country. Annals of Tropical Paediatrics 1992; 12: 283-288. 

[6] Airede KI. Urinary tract infections in African neonates. Journal of Infections 1992; 25: 55-
62. 

[7] American College of Chest Physicians/Siciety of Critical Care Medicine Consensus 
Conference. Definitions for sepsis and organ failure and guidelines for the use of 
innovative therapies in sepsis. Critical Care Medicine 1992; 20: 864-874. 

[8] Aronin SI, Quaggliarello VJ. Clinical pearls: Bacterial meningitis. Infectious Medicine 2003; 
20: 142-153.  

[9] Al-Harthi A, Dagriri K, Asindi AA, Bello CS. Neonatal meningitis. Saudi Medical Journal 
2000; 21:550–553. 

[10] Smith PB, Garges HP, Cotton CM, Walsh TJ, Clark RH, Benjamin DK. Meningitis in 
preterm neonates: importance of cerebrospinal fluid parameters. American Journal of 
Perinatology 2008; 25(7):421-6. 

[11] Delouvois J, Blackbourn J, Hurley R, et al. Infantile meningitis in England and Wales: a 
two year study. Archives of Disease in Childhood 1991; 66: 603–607. 

[12] Doctor B, Newman N, Minich N, et al. Clinical outcomes of neonatal meningitis in very-
low birth-weight infants. Clinical Pediatrics 2001 (Phila); 40: 473–480. 

[13] El-Said MF, Bessisso MS, Janahi MA, Habob LH, El-Shafie SS. Epidemiology of neonatal 
meningitis in Qatar. Neurosciences 2002; 7: 163–166. 

[14] Isacs D, Barfield CP, Grimwood K, Mcphee AJ, Minutillo C, Tudehope DI. Systemic 
bacterial and fungal infections in infants in Australian neonatal units. Medical 
Journal of Australia 1995; 162: 198–201. 

[15] Koutouby A, Habibullah J. Neonatal sepsis in Dubai, United Arab Emirates. Journal of 
Tropical Pediatrics 1995; 43: 177–180. 

[16] Laving AMR, Musoke RN, Wasunna AO, Revathi G. Neonatal bacterial meningitis at 
the newborn unit of Kenyatta national hospital. East African Medical Journal 2003; 
80: 456–462. 



 
Meningitis 32

information, and a versatile up-keep of hygiene and routine cleanliness. The importance of 
immune boosting through vaccinations and their acceptance is further worthy, as 
prevention is always better than cure. Important differences in aetiology have been noted 
but early and focused treatment of established disease, with the use of steroid adjunct, 
remains essential.  

7. References 
[1] Airede AI. Neonatal bacterial meningitis in the middle belt of Nigeria. Developmental 

Medicine and Child Neurology 1993; 35:424–430. 
[2] Airede K, Adeyemi O, Ibrahim T. Neonatal bacterial meningitis and dexamethasone 

adjunctive usage in Nigeria. Nigerian Journal of Clinical Practice 2008; 11:235–245. 
[3] Airede KI, Jalo I, Bello M, Adeyemi S. Observations on oral Sultamicillin/Unasyn 

CP45899 Therapy of neonatal infections. International Journal of Antimicrobial Agents 
1997; 8: 103-107. 

[4] Airede KI. Neonatal seizures and a two-year neurological outcome. Journal of Tropical 
Pediatrics 1991; 37: 313-317. 

[5] Airede Ki. Prolonged rupture of membranes and neonatal outcome in a developing 
country. Annals of Tropical Paediatrics 1992; 12: 283-288. 

[6] Airede KI. Urinary tract infections in African neonates. Journal of Infections 1992; 25: 55-
62. 

[7] American College of Chest Physicians/Siciety of Critical Care Medicine Consensus 
Conference. Definitions for sepsis and organ failure and guidelines for the use of 
innovative therapies in sepsis. Critical Care Medicine 1992; 20: 864-874. 

[8] Aronin SI, Quaggliarello VJ. Clinical pearls: Bacterial meningitis. Infectious Medicine 2003; 
20: 142-153.  

[9] Al-Harthi A, Dagriri K, Asindi AA, Bello CS. Neonatal meningitis. Saudi Medical Journal 
2000; 21:550–553. 

[10] Smith PB, Garges HP, Cotton CM, Walsh TJ, Clark RH, Benjamin DK. Meningitis in 
preterm neonates: importance of cerebrospinal fluid parameters. American Journal of 
Perinatology 2008; 25(7):421-6. 

[11] Delouvois J, Blackbourn J, Hurley R, et al. Infantile meningitis in England and Wales: a 
two year study. Archives of Disease in Childhood 1991; 66: 603–607. 

[12] Doctor B, Newman N, Minich N, et al. Clinical outcomes of neonatal meningitis in very-
low birth-weight infants. Clinical Pediatrics 2001 (Phila); 40: 473–480. 

[13] El-Said MF, Bessisso MS, Janahi MA, Habob LH, El-Shafie SS. Epidemiology of neonatal 
meningitis in Qatar. Neurosciences 2002; 7: 163–166. 

[14] Isacs D, Barfield CP, Grimwood K, Mcphee AJ, Minutillo C, Tudehope DI. Systemic 
bacterial and fungal infections in infants in Australian neonatal units. Medical 
Journal of Australia 1995; 162: 198–201. 

[15] Koutouby A, Habibullah J. Neonatal sepsis in Dubai, United Arab Emirates. Journal of 
Tropical Pediatrics 1995; 43: 177–180. 

[16] Laving AMR, Musoke RN, Wasunna AO, Revathi G. Neonatal bacterial meningitis at 
the newborn unit of Kenyatta national hospital. East African Medical Journal 2003; 
80: 456–462. 

 
Perspectives of Neonatal-Perinatal Bacterial Meningitis 33 

[17] Longe C, Omene J, Okolo A. Neonatal meningitis in Nigerian infants. Acta Padiatrica 
Scandinavica 1984; 73: 477–481. 

[18] McCracken GH Jr, Mize SG, Mize NT. Intraventricular gentamicin therapy in gram-
negative bacillary meningitis of infancy. Report of the Second Neonatal Meningitis 
Cooperative Study Group. Lancet 1980; 1: 787–791. 

[19] Usama M Alkholi, Nermin Abd Al-monem, Ayman A Abd El-Azim, Mohamed H 
Sultan. Serum procalcitonin in viral and bacterial meningitis. Journal of Global 
Infectious Diseases 2011; 3: 14-18. 

[20] Weber MW, Carlin JB, Gatchalian S, et al. Predictors of neonatal sepsis in developing 
countries. Pediatric Infectious Disease Journal 2003; 22: 711–716. 

[21] WHO. World Health Organization Young Infants Study Group. Clinical prediction of 
serious bacterial infections in young infants in developing countries. Pediatric 
Infectious Disease Journal 1999a; 18(Suppl. 10): S23–S31. 

[22] WHO. World Health Organization Young Infants Study Group. Conclusions from the 
WHO multicenter study of serious infections in young infants. Pediatric Infectious 
Disease Journal 1999b; 18 (Suppl.): S32–S34. 

[23] WHO. Bacterial etiology of serious infections in young infants in developing countries: 
results of a multicenter study. The WHO Young Infants Study Group. Pediatric 
Infectious Disease Journal 18 (Suppl 10): S17–S22. 

[24] WHO. Pocket Book of Hospital Care for Children - Guidelines for the Management of 
Common Illnesses with Limited Resources. World Health Organisation, 2005, 
Geneva.  

[25] Saez-Llorens X & McCracken GH Jr. Bacterial meningitis in children. Lancet 2003; 361: 
2139–2148. 

[26] Stoll B. The global impact of neonatal infection. Clinics in Perinatology 1997; 24: 1–21. 
[27] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of 

bacterial meningitis. Clinical Infectious Diseases 2004; 39: 1267–1284. 
[28] Vergnano S, Sharland M, Kazembe P, Mwansambo C, Heath P. Neonatal sepsis: 

aninternational perspective. Archives of Disease in Childhood. Fetal and Neonatal 
Edition 2005; 90: F220–F224. 

[29] Gaschignard Jean, Levy Corinne, Romain Olivier, Cohen Robert, et al. Neonatal 
Bacterial Meningitis: 444 Cases in 7 Years. Pediatric Infectious Disease Journal 2011; 
30: 212-217. 

[30] Nel E. Neonatal meningitis: mortality, cerebrospinal fluid, and microbiological findings. 
Journal of Tropical Pediatrics 2000; 46: 237–239. 

[31] Odio CM. Cefotaxime for treatment of neonatal sepsis and meningitis. Diagnostic 
Microbiology and Infectious Disease 1995, 111–117. 

[32] Rahman S, Hameed A, Roghani M, Ullah Z. Multidrug resistant neonatal sepsis in 
Peshawar, Pakistan. Archives of Disease in Childhood-Fetal and Neonatal Edition 2002; 
87: F52–F54. 

[33] Chotpitayasunondh T. Bacterial meningitis in children: etiology and clinical features, an 
11- year review of 618 cases. Southeast Asian Journal of Tropical Medicine and Public 
Health 1994; 25: 107–115. 

[34] Milledge J, Calis JCJ, Graham S, et al. Aetiology of neonatal sepsis in Blantyre, Malawi: 
1996– 2001. Annals of Tropical Paediatrics 2005; 25: 101–110. 



 
Meningitis 34

[35] Molyneux E, Walsh A, Phiri A, Molyneux M. Acute bacterial meningitis in children 
admitted to the Queen Elizabeth Central Hospital, Blantyre, Malawi in 1996–97. 
Tropical Medicine and International Health1998; 3: 610–618. 

[36] Molyneux E, Riordan F, Walsh A. Acute bacterial meningitis in children presenting to 
the Royal Liverpool Children’s Hospital, Liverpool, UK and the Queen Elizabeth 
Central Hospital in Blantyre, Malawi: a world of difference. Annals of Tropical 
Paediatrics 2006; 26: 29–37. 



 
Meningitis 34

[35] Molyneux E, Walsh A, Phiri A, Molyneux M. Acute bacterial meningitis in children 
admitted to the Queen Elizabeth Central Hospital, Blantyre, Malawi in 1996–97. 
Tropical Medicine and International Health1998; 3: 610–618. 

[36] Molyneux E, Riordan F, Walsh A. Acute bacterial meningitis in children presenting to 
the Royal Liverpool Children’s Hospital, Liverpool, UK and the Queen Elizabeth 
Central Hospital in Blantyre, Malawi: a world of difference. Annals of Tropical 
Paediatrics 2006; 26: 29–37. 

4 

Neurologic Complications of  
Bacterial Meningitis 

Emad uddin Siddiqui 
Aga Khan University Hospital 

Pakistan 

 

1. Introduction 
Bacterial meningitis is a serious and potentially life threatening CNS infection. It often 
results in disabling or deaths in 170,000 patients each year worldwide. Younger children 
are predominantly at risk of bacterial meningitis, mainly because of their immature 
immune systems and malnutrition while lack of immunization practices also makes them 
more susceptible to significantly high morbidity & mortality. (Anderson, V. et al., 2004). 
Even with the provision of highly effective antibiotic therapy, death and long-term 
disabilities are the common but still seroius consequences of acute bacterial meningitis in 
developing countries. Common neurological complications in adult are hearing loss, 
motor deficit, cognition defect and speech problem, whereas sensorineural deafness, 
followed by seizure disorder and motor deficit are more common in children. Sixteen 
percent of pediatric patients from developed countries have neurological complications, 
while this figure rose 26 percent from developing countries. (Braff, LJ. et al., 1993). Two 
third of all pediatric deaths due to meningitis occur in low income countries and as many 
as 50% survivors of childhood meningitis experience some neurological sequel. (Mace, SE 
2008)  

Neurological complications of meningitis can occur at any time during the course of 
disease and even after the completion of therapy. Neurological complications may either 
be focal or generalized or it may be of sudden or gradual in onset. Patients either remain 
conscious or may present with altered consciousness or even coma. Usually the 
complications develop during the course of acute bacterial meningitis but some of them 
manifest or persist as the long-term sequel such as; hearing loss, epilepsy, hemiplegia, 
neuropsychological impairment, developmental and learning disabilities. Shock or 
disseminated intravascular coagulation, frequently is associated with meningococcal 
meningitis. Pneumococcal meningitis is associated with the highest case fatality rate. 
Apnea and respiratory failure may occur with any bacterial meningitis, especially in 
infants. Post meningitis complications may occur in almost half of all cases, 81% of them 
may present with neurological sequel. A part of this may present with systemic sequel, 
while a quarter of them have both neurological and systemic complications. (Pfister, HW. 
et al., 1993) 
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2. Risk factors for neurological complications 
There are multiple risk factors either directly or indirectly related to any one or more of the 
neurological complications as listed in Table 1. Extremes of age is directly associated with 
the consequences and prognosis. Organism type, virulence and number of bacteria entered, 
portal of entry along with the susceptibility of host all count in the development of 
neurological complications. Duration and progression of illness before initiation of effective 
antibiotic therapy is also associated with neurological complication. On the other hand 
mode of presentation, and compliance to the appropriate treatment or any associated co-
morbid may also have detrimental effect on patient neurological outcome and morbidity. 
Patients on immunosuppressive drug, chronic liver disorders, alcoholics, diabetics and 
patients with congenital or acquired immune deficiency disease, malignancy and HIV, are at 
increased risk of meningitis and its sequel as compare to general population. Streptococcus 
pneumoniae is associated with most of the sequel as compared to the other organisms.  

Neurological  Systemic (Non Neurological)  

Acute onset  
Altered mental status/ coma 
Cerebral edema and raised intracranial 
pressure 
Acute onset Seizures 
Subdural effusion or empyema 
Cranial nerve palsies 
Hydrocephalus  
Sensorineural deficit 
Hemiparesis or quadriparesis  
Blindness  

Late onset 
Late onset seizure (epilepsy) disorder  
Ataxia 
Cerebrovascular abnormalities  
Neuropsychological impairment 
Developmental disability 
Intellectual deficit  

Prolong fever 
Septic shock and DIC 
Vasomotor collapse 
Loss of airway reflexes 
Respiratory arrest 
Pericardial effusion 
Hypothalamic and other 
endocrine dysfunction 
Hyponatremia 
Bilateral adrenal hemorrhage  
Death  

 

Table 1. Complications of meningitis and its types 

Several studies have been conducted to identify the clinical factors that are associated with 
adverse outcomes in children with bacterial meningitis. Unconsciousness early in the 
disease, multiple or prolong seizures (>72 hours), use of inotrops, and leucopenia are 
important predictors of adverse neurological outcome. It has been observed that patients 
with neurological symptoms lasted for >24hrs, focal neurological signs, ataxia, or 
deteriorating conscious level despite the commencement of adequate and appropriate 
therapy and serum sodium concentration <130 mmol/L are associated with adverse 
outcomes. Other clinical presentations of meningitis that are associated with increased risk 
of neurologic complications are low CSF glucose concentration, and CSF bacterial count of 
≥10 cfu/ml. (Feldman, WE. 1997). Patients on ventilatory support and PRISM score of ≥20 in 
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first 24 hours of admission are few other common clinical predictors associated with 
increased incidence of neurological complications. (Madagame, ET. et al., 1995) 

3. Altered mental status 
Inflammation of CNS is responsible for the hallmark presentation of CNS infection which 
including fever, meningismus, and altered mental status. Altered mental status is described 
as irritability or lethargy. However in pediatric patients altered mental status is highly 
variable. Increased intracranial pressure (ICP) is one of the major causes of altered mental 
status. In adults, the incidence of altered mental status ranged from 78 to 83 percent at 
presentation, (de Gans, J et al., 2002), most patients are either confused or lethargic, while a 
quarter may be responsive only to pain only, and 6 percent unresponsive to all stimuli. 
(Durand, ML. et al., 1993). In adult patients with pneumococcal meningitis, 29% were found 
semi comatose or comatose at the time of admission. Coma with GCS <8 at initial 
presentation may present in 14 percent. (Durand, 1993 & Aronin 1998). From a pediatric 
study (Roine, I. et al., 2008) with bacterial meningitis, approximately 78% were irritable or 
lethargic, 7% were somnolent, and 15% semi comatose or comatose at the time of admission. 
The level of consciousness at the time of admission has prognostic significance; patients who 
are obtunded, semi conscious, or comatose at the time of admission are significantly more 
likely to have an adverse outcome than those who are lethargic or somnolent. 

4. Cerebral edema & raised intracranial pressure 
Cerebral blood flow (CBF) normally is maintained at a relatively constant rate by an auto 
regulatory mechanism. This auto regulation adjusts the CBF according to the metabolic need 
and regulates the changes in cerebral vascular resistant (CVR). During fever or seizures 
activity there is increase in the metabolic activity in brain, this result in increased CBF.  

 CBF = (CAP - JVP) ÷ CVR  (1) 

(CAP is carotid arterial pressure, JVP is jugular venous pressure, and CVR is 
cerebrovascular resistance). 

Arterial PaO2 and PaCO2 also have well-defined effects on CBF. Arterial PaO2 ≤ 50 mmHg 
has its most significant effect on CBF, and it cause vasodilatation in order to maintain the 
necessary oxygen and nutrient supply to the brain. High arterial PaCO2 also causes cerebral 
vasodilatation and increased CBF, whereas hypocapnia reduces CBF. Regulating PaCO2 by 
hyperventilation is a useful tool in the acute management of increased ICP.  

Increased ICP in patients with bacterial meningitis seems to be multi factorial in origin. 
Released cytotoxic mediators and interstitial edema with increased permeability of the 
blood-brain barrier are some of the main factors leading to increased ICP, although 
increased intracranial blood volume and disturbances in CSF flow are also important. 
Inflammation on the other hand itself increases the permeability of the blood-brain barrier, 
via vasogenic mechanism and edema formation. (Tunkel, AR. 1993). 

Cerebral edema in the nonexpendable cranial vault increases intracranial pressure (>300cm 
of H2O) and results in secondary injury from diminished (<50cm of H2O) cerebral perfusion 
(MAP-ICP) and ischemia. Mild to moderate increase in ICP causes headache, confusion, 
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irritability, nausea, and vomiting. More severe increases can produce coma, Cushing reflex 
(bradycardia with hypertension), papilledema, cranial nerve palsy, mostly the abducent (VI) 
nerve, and herniation of the cerebellar tonsils, which may lead to death. (Durand, 1993 & de 
Gans 2002). Hydrocephalus is hardly ever reported to be the cause of raised ICP at 
presentation. Raised intracranial pressure is reported to be an indicator of a more severe 
disease related with a much higher mortality than in simple uncomplicated cases of bacterial 
meningitis.Judicious fluid management, dexamethasone, mannitol, hypertonic saline and 
hyperventilation to keep PaCO2 to 25- 35mmHg and 30o head elevation, are helpful in 
reducing the raised ICP and cerebral edema. (Lindval, P. et al., 2004). 

5. Seizures 
Little is known about the pathogenesis of seizures in bacterial meningitis. Other than fever 
in younger children, inflammatory exudates, bacterial toxins, chemical mediators and 
neurochemical changes within brain parenchyma are supposed to cause seizures in 15 – 30 
percent of adults (Zoons, E. et al., 2008) and 20-30 percent of children (Feigin, RD. et al., 
2009). Seizures in bacterial meningitis may develop at any time during the course of disease 
or later on. Seizures are either generalized or partial; those occurring early in the course are 
rather easily controllable by anticonvulsant drugs, and are rarely associated with permanent 
neurologic deficit. In contrast, prolonged and difficult to control seizures, or seizures that 
begin after 72 hours of hospitalization are more likely to be associated with permanent 
neurologic sequel. (Arditi, M. 1998). Prolonged & intractable seizures may also suggest that 
a cerebrovascular complication might have occurred. Pneumococcal meningitis has 5-fold 
increase risk of seizures activity. (Zoons, E. et al., 2008). Patients with other inter current 
illnesses and infections, low GCS, focal neurological deficit, low CSF leucocytes and high 
protein are associated with increased risk of seizure activity. Seizures during acute phase of 
illness are associated with increased risk of neurological complication and deaths. (Aronin, 
1998 & Annegers, 1988). 

6. Subdural effusions 
Subdural effusion is the collection of fluids in subdural spaces. This is another common 
complication of meningitis and occurs in 50 percent of adult meningitis and 10-30 percent of 
children. (Agarwal, A. et al., 2007). It is usually asymptomatic in most of the cases and is 
benign or self limiting. Mild effusions mostly resolve spontaneously and do not require any 
intervention. Subdural tap is indicated if there is persistent or recurrent fever, signs of raised 
ICP, focal neurological sign and presence of subdural empyema. Subdural empyema is 
usually unilateral but has the potential to spread rapidly through the falx cerebri in to 
tentorium cerebella and can spread to the base of brain and in to the spinal column. H. 
Influenzae meningitis is commonly associated with effusion. Clinical manifestations of 
effusion are often subtle or absent. Bulging fontanelle and irritability may be the only sign in 
infants. Diastasis of sutures, enlarging head circumference in infant, recurrence or new onset 
seizures, emesis and fever, and abnormal cranial transillumination are other common 
clinical findings. In older children it can produce increased ICP, a focal neurological sign 
and a mid line shift of intracranial structures. CT or MRI confirms the presence of effusion. 
In pediatric patients, subdural effusions produce few symptoms and so require no 
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treatment. However, development of subdural empyema or symptomatic effusion requires 
drainage. (Snedeker, JD. Et al., 1990) 

 
Fig. 1. MRI brain showing subdural fluid collection along the left cerebral convexity with 
ring enhancement in the contrast images 

7. Cranial nerve palsies 
Meningitis with basal exudate collection is often related with cranial nerves (CN) 
involvement. CN palsies likely to occur when the cranial nerve are sheathed by exudates 
(perineuritis) within the arachinoidal sheath. CN may also be affected by compressible 
pressure of brain in general. Abducent (VI) nerves with its longest intra cranial route 
adjacent to brain stem are more prone to raised ICP and exudates (perineuritis) related 
compression. Other CNs like III, IV, and VII may also be affected. CN involvement is more 
common in pediatric patients and is described in 5-11 percent of cases. Focal neurological 
sign may or may not be present. CN deficits related to meningitis are usually transient. 
Strabismus may be the presenting feature early in the course with only gaze towards the 
paralyzed side. Optic nerve involvement can lead to transient or permanent visual loss 
while optic nerve atrophy may result in irreversible total blindness, a rare complication of 
severe meningitis. Cranial nerve palsies may be the warning sign of raised intracranial 
pressure. 

8. Hydrocephalus 
Hydrocephalus is the complication of acute meningitis which usually manifest later as post 
meningitis sequel. It is commonly associated with untreated or partially treated pyogenic 
meningitis and tuberculous meningitis. Hydrocephalus more commonly occurs in infants and 
neonates especially with group B streptococcus type III. (de Louvois, J. 1994). Mild to moderate  
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type can be treated pharmacologically while severe hydrocephalus compressing the brain 
parenchyma should be manage surgically with various types of shunt. 

9. Focal neurological deficits 
Focal neurological deficits account for most of the common complication of meningitis and 
it may account up to 50 percent of all neurological complication. (van de Beek, D. et al., 
2004). This depends on the multiple factors like extremes of ages, duration of pretreatment 
illness, causative organism and efficacy of treatment. Pneumococcal and meningococcal in 
adults with the addition of H. Influenzae in children are associated with most of these 
complications. Majority of focal neurological complications tend to resolve with appropriate 
treatment but long term disability may persist.  

 
Fig. 2. CT scan brain with low attenuated areas and increase enhancements in right 
thalamus, posterior limb of internal capsule and right superior cerebellar peduncle with 
hydrocephalus. 

9.1 Hemiparesis or quadriparesis 

General weakness of the body following meningitis is usually generalized (quadriparesis) or 
on one side (Hemiparesis), rarely isolated monoparesis are also observed. This usually 
results from vasculitis, cortical vein or sagittal vein thrombosis, cerebral artery spasm, 
subdural effusion or empyema, hydrocephalus, cerebral infarct or abscess, or cerebral 
edema. Paresis generally improves with time. 
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9.2 Hearing loss 

Hearing impairment after meningitis may have several reasons. Pneumococus organism 
invading the cochlea through the internal auditory canal with exudative and inflammatory 
damage to the vestibulocochlear nerve, cochlea, and labyrinth, leads to sensorineural 
hearing loss. Animal studies and catastropic studies have shown that purulent material 
entering from the subarachnoid space to the perilymphatic space of the inner ear through 
the internal ear canal or aqueductus cochlearis of the temporal bone causes destruction of 
hair cells in the labyrinth following inflammation. The possibility of sterile labyrinthitis 
caused by toxic components (lipopolysaccharides) of the bacterial cell wall or perineuritis 
and damage of the eighth cranial nerve can also be there. (Bhatt, 1993 & Merchant, 1996). 
Thrombophlebitis and vascular occlusions with lesions and focal necrosis in peripheral and 
central auditory pathways may be the other possible mechanism. This may be transient or 
permanent. All of the children with hearing loss had either one or more of the risk factors 
which includes disease symptoms for ≥2 days before admission, CSF glucose concentration 
≤10.8 mg/dL, streptococcus pneumoniae infection, and ataxia. Audiometry must be done in 
all patients with acute pyogenic meningitis before discharge. Delay response of brain stem 
evoked potential occurs within days and generally recovers in the initial two weeks of 
treatment. However major deficit may persist in 11 percent of children and 12-14 percent in 
adults with pyogenic meningitis.  

Anti inflammatory agents like dexamethasone can reduce the neurologic complications of 
bacterial meningitis like sensorineural hearing loss by decreasing the intracranial pressure 
and modulating the production of cytokines particularly in H. Influenzae type b (grade 1A). 
However it does not reduce these post meningitis complications induced by other 
organisms. Similarly demographic studies support the use of dexamethasone in high 
income countries, while results are not promising from low income countries. (van de Beek, 
D. et al., 2004)  

10. Cerebrovascular abnormalities  
Brain tissues are extremely vulnerable to ischemic injury because of its relatively high 
oxygen consumption and near-total dependence on aerobic glucose metabolism. 
Interruption of cerebral perfusion, metabolic substrate (glucose) or severe hypoxemia 
rapidly results in functional impairment; reduced perfusion also impairs the clearance of 
potentially toxic substrates from brain. If oxygen tension, blood flow, and glucose supply 
are not reestablished to its normal range within 3–8 min, ATP stores start depleting and 
irreversible neuronal injury begins in most of cases. During ischemia, intracellular K+ 
decreases and intracellular Na+ increases. More important, intracellular Ca2+ increases 
because of failure of ATP-dependent pumps to either extrude the ion extracellularly or into 
intracellular cisterns, increased intracellular Na+ concentration, and release of the excitatory 
neurotransmitter glutamate causes damage to neurons. Other than intracellular Ca+, 
chemical mediators like prostaglandins and leukotrienes are potent cellular killers. Lastly, 
reperfusion of ischemic tissues can cause additional tissue damage due to the formation of 
oxygen-derived free radicals. 

Other than ischemia thromboembolism, hemorrhage or infarction, and cerebral vessel 
anomalies like aneurysm and vasculitis may also lead to cerebrovascular complications of 
bacterial meningitis. Thrombosis of superior sagittal sinus is also evident in literature. 
Cerebral infarction in survivors of childhood bacterial meningitis emerges as a grave and 
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moderately frequent complication. Factors associated with the development of cerebral 
infarction in childhood bacterial meningitis include age less than one year, infection with S 
pneumoniae, severe hypoglycorrachia, early inappropriate antibiotic therapy and male sex. 

11. Brain abscess 
Patient with meningitis induce intracranial abscess  usually differs clinically from patients 
with meningitis or encephalitis. They are generally nontoxic with sub acute onset, but 
clinical condition rapidly deteriorates if brain abscess ruptures. Focal deficit and 
papilledema are usually present in most of these patients, while fever and neck stiffness are 
infrequent findings. Brain abscess is associated with high morbidity, seizures (80% of cases), 
persistent altered mental status, and focal motor deficits. Brain abscesses are common with 
rare pathogens like Enterobacter but are relatively rare in patients with S. pneumoniae, H. 
influenzae, and N. meningitides. 

Mortality from a brain abscess has decreased to 20 percent, as a result of earlier diagnosis 
and appropriate treatment. CT scan with contrast is essential to make the diagnosis of brain 
abscess. The typical finding on CT scan is a hypodense area with a contrast ring 
enhancement. Lumber puncture is not recommended when cerebral abscess is suspected 
because of raised ICP and risk of herniation.  

The management of brain abscess requires appropriate antibiotics and neurosurgical 
consultation. Broad spectrum antibiotics along with anaerobic coverage include third-
generation cephalosporin and metronidazole. For penetrating trauma, surgical procedure or 
suspected staphlococcal add vancomycin.  

 
Fig. 3. MRI Brain showing multiple abscesses  
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12. Neuropsychological impairment 
Neuropsychological impairment and cognitive dysfunction range from mild to severe 
disability and are well-recognized complication of bacterial meningitis. Neurobehavioral 
(50%) and neuro developmental (10-20%) sequel is more often found as residual long term 
defect in pediatric patients. A larger proportion of children with meningitis has IQ <70 and 
categorize as intellectual disability. (Braff, LJ et al., 1993). Meningitis in children under 12 
months of age with high cellular count in CSF is significantly associated with impairment of 
language, learning, behavioral and cognitive skills. Cognitive impairment in adults is the 
commonest intellectual impairment in post meningitis patients. (Hogman, M. et al., 2007).  

Other cognitive and somatic complaints, mood problems, social issues, thought and 
attention deficits, and delinquent behavior are amongst few rare complications, which need 
further research. (Halket, S. et al., 2003). Early identification and intervention may help to 
minimize the long-term impact of these problems, speech therapy. 

13. Unusual complications 
Severe permanent hydrocephalus, transverse myelitis, cortical visual impairment, aneurysm 
formation of focal intracranial vessels, aphasia and ataxia (Koomen, L et al., 2003) are rare 
neurological complications of meningitis. Reading and understanding the words and 
language deficit are other long term problems which should be anticipated and mange 
through special teaching modalities.  
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1. Introduction 
Newborn infants (especially premature infants) are susceptible to bacterial infections and 
may develop primary meningitis or suffer a bacterial attack-associated neuroinfection.1 
Bacterial meningitis in newborns infants remains as a serious disease with significant long-
term neurological morbidity.2-5 Prediction of outcome is important in decision-making to 
provide information to parents, and for identification of subjects requiring close intervention 
and early follow-up. Clinical evaluation includes neurological examination, cerebrospinal 
fluid (CSF) culture, neuroimaging studies and neurophysiological studies, such as the 
electroencephalogram (EEG) and evoked potentials. 

Neonatal bacterial meningitis continues to be a serious disease with an unchanging rate of 
adverse outcome of 20-60%, despite a worldwide decline in mortality. The 3 major pathogens 
in developed countries are: Group B Streptococcus, gram negative rods and Lysteria 
monocytogenes. Signs and symptoms of meningitis may be subtle, unspecific, vague, atypical or 
absent. In order to exclude neonatal meningitis, all infants with proven or suspected sepsis 
should undergo lumbar puncture. Positive culture of cerebrospinal fluid may be the only way 
to diagnose meningitis and to identify the pathogen, as CSF parameters smay be normal at 
early stages and meningitis may occur frequently (up to 30% of cases) in the absence of 
bacteraemia. When meningitis is suspected, treatment must be aggressive, as the goal is to 
achieve bactericidal concentration of antibiotics and to sterilize CSF as soon as possible. 
Antibiotics should be administered intravenously, at the highest clinically validated doses. 
Empiric antibiotic treatment should include agents active against all main pathogens; currently 
the recommended empiric treatment of meningitis is ampicillin, plus an aminoglycoside and a 
third-generation cephalosporin. Therapy should be reassessed after cultures and antibiotic 
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In the newborn, EEG provides an extremely useful non-invasive test for brain function. The 
degree of background activity abnormality has proved to be a predictor of long-term 
neurologic outcome.7 Our goal, in this chapter was to show the contribution of neonatal 
EEG and its correlation with the neurological examination during the first year of life in 
clinical follow-up (at age 9 month) of newborns with bacterial neonatal meningitis.8 
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2. Neurologic assessment and follow-up 
Twenty seven patients were studied: average maternal age at the birth of the infant was 
27.59±5.41 years (range, 17-39 years). Fourteen mothers (50%) had one previous gestation, 
for seven mothers (25%) it was the first pregnancy, and the remaining mothers had two or 
more gestations (25%). Two infants (7%) were born vaginally and 25 (92%) by cesarean 
section. 

Fifteen infants were male (55%) and 12 female (44%). Clinical characteristics of infants are 
shown in Table 1. Fourteen infants (51%) were born at age <32 weeks of gestation (wG), 10 
between 32 and 36 wG (37%) and three with 37 or more wG (11%). Sixteen subjects (59%) 
had birthweight <1,500 g, eight were between 1501 and 2500 g (29%), and three (11%) 
infants weighed 2,501 g or more at birth. Height at birth ranged from 26 and 50 cm, while 
cephalic perimeter had a range of between 24 and 39.3 cm. Apgar score at 1 min (Apgar 1) 
ranged between 2 and 8, and 5-min Apgar (Apgar 5) score had a range of between 4 and 9, 
and Silverman-Andersen score ranged between 5 and 2. 

 
SD. Standard deviation 

Table 1. Clinical features of infants with neonatal bacterial meningitis 

Bacterial cultures reported Staphylococcus aureus and Staphylococcus coagulase-negative in 
seven cases of each (25%). Group B Streptococcus was positive in four subjects (14%), Group 
D Streptococcus was positive in two cases (7%), and different bacteria in each of the seven 
remaining cases (3%). Antibiotic treatment included a combination of vancomycin-ce-
photaxim in 20 subjects (74%), vancomycine alone in four (14%) and an ampicillin-amikacin 
combination in three cases (11%). Average hospitalization days was 54.4±29.4 days with 
range of 10-120 days. 

EEG recordings during neonatal period were normal in nine patients (one third of the 
sample, 9/27 of patients), while eight were mildly abnormal (8/27), nine were moderately 
abnormal (9/27), and one was markedly abnormal (1/27). Clinical characteristics 
comparison of infants by EEG alteration severity detected differences in Apgar 5 score 
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between groups, and post-hoc analyses revealed that infants with moderately and markedly 
abnormality had significantly lower scores (p = 0.005). Amiel-Tison neurological examina-
tion9 was performed in 26 infants at 3 and 6 months of age, and in 27 infants at age 9 
months; results are show in Table 2. 

 
n = normal, abn = abnormal, x = average, SD = standard deviation, cm = centimeters 

Table 2. Neurological examination results (in percentages) in infants with neonatal bacterial 
meningitis 

No statistical differences were found when overall results were compared from both the 
Amiel-Tison neurologic examination and neonatal EEG (p = 0.08). Significant association 
was found between neonatal EEG result and cephalic perimeter alteration at 3, 6, and 9 
months using normative data from our country10 (Wald score = 11.40, 9.96, and 10.42; p = 
0.001, 0.002, and 0.001 respectively) and active tone at 9 months (Wald score = 8.94; p = 
0.003). EEG sensitivity and specificity for predicting change in neurologic examination at 9 
months of age were 72% and 44% respectively. 

CT was performed in two infants and both studies were abnormal. Magnetic resonance 
imaging (MRI) was performed in one patient who had abnormal result. US studies were 
abnormal in eight subjects (30%), abnormalities found included intraventricular hemorrhage 
in five patients (18%), and periventricular leukomalacia and hydrocephalous in three 
subjects each (11%). 

3. Comments 
We found that an EEG performed in the neonatal period during acute bacterial meningitis 
predicts adverse outcome early within the first year of life. Few studies have examined the 
value of neonatal EEG as a prognostic tool in patients with bacterial neuroinfection. 

Watanabe et al.11 studied EEG-polygraphically in 29 newborns with meningitis, and visual 
and auditory evoked potentials were also obtained in some infants: clinical findings 
correlated with outcomes. The authors commented that EEG background activity was a 
good prognostic tool but could not indicate complication type, although persistent 
abnormalities correlated with severe brain injury. Unfortunately, this study included infants 
without culture-proved meningitis. 

Chequer et al.12 retrospectively studied 29 infants with culture-proven meningitis. They 
found that degree of EEG background activity abnormality proved to be a good predictor of 
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long-term neurologic outcome. Infants with normal or mildly abnormal EEG have normal 
outcomes, whereas those with markedly abnormal EEG died or manifested severe 
neurologic damage at follow-up. 

Klinger et al.13 studied 37 infants during the neonatal period and 21 had adverse outcomes; 
nine died and 12 infants had moderate to severe disability at 1 year of age. EEG background 
activity and overall EEG description were identified as predictors of adverse outcome; 
multivariate analysis indicated that the latter was a stronger predictor, with sensitivity of 
88% and specificity of 90%. Infants with normal or mildly abnormal EEG had good 
outcomes, whereas those with moderate to markedly abnormal EEG died or survived with 
neurologic sequelae. Our data are in agreement with these latter results, although we found 
lower values of sensitivity and specificity.  

Recently, ter Horst et al.,14 carried-out Amplitude integrated EEG (aEEG), recordings in 22 
infants with sepsis/meningitis, cases were retrospectively evaluated. Mean gestational age 
was 38 weeks (range: 34-42 weeks). Thirteen infants had meningitis. Survivors were seen for 
neurological follow-up. Four infants died, two were severely abnormal at 24 months. 
Amplitude integrated EEG background pattern, sleep-wake cycling (SWC) and 
electrographic seizure activity (EA) were analyzed. All infants with continuous low voltage 
or flat trace on aEEG (n = 4) had an adverse outcome. Low voltage aEEGs (n = 9) had a 
positive score for an adverse outcome at 6 h and at 24 h after admission. EA was more 
frequent in infants with adverse outcome and had a positive score for adverse outcome. 
SWC appeared more frequent in infants with good outcome. In conclusion, authors found 
that low voltage background pattern, SWC and EA on aEEG were helpful to predict 
neurological outcome in infants with neonatal sepsis or meningitis. 

Etiologic agents found in our infants sample are in agreement and in partial agreement with 
those of other studies carried out at other NICUs in Mexico City,15,16 but are not in total 
agreement with other studies performed elsewhere.4,17 Thus any consideration with regard 
to differences in neurological outcomes related with specific bacterial agents must be 
performed carefully, more research is necessary in the future with larger number of patients 
and with multicenter samples with clinical, neurophysiological, neuroimaging and 
microbiological techniques to answer this question. 

Correlation between EEG results and results concerning cephalic perimeter and active tone 
on the neurological examination were reported here and deserve greater attention. 
Correlation between Amiel-Tison examination and outcomes with other methods such as 
US, EEG, and cerebral function monitoring at 12-15 months of age was reported as good. 
The sensitivity to detect neurological abnormalities with various techniques is variable. 
Sensitivity for detecting infants with abnormal brain US was 0.97, whereas with EEG 0.89, 
and with cerebral function monitoring 0.88.18 Thus combined EEG examination with the 
clinical Amiel-Tison neurological examination and other techniques augments probability of 
detection of early brain damage. 

A significant relation between Apgar 5 with severity of EEG abnormalities was found. This 
finding underlines additive effects of early adverse conditions at birth in infants with central 
nervous system infection; this point has been observed in many diseases, such as post-
hemorrhagic hydrocephalus, and apnea in infants.19,20 We suggest that clinicians and 
investigators must perform a multivariate weighting of each risk-factor, neurological 
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examination, neurophysiologic, and neuroimage studies, for prediction of neurological 
sequelae in infants with neonatal bacterial meningitis. 

Our patients survived during the acute phase of neuroinfection and during the 9-month 
follow-up; therefore disease severity could be less than infants in the samples of Watanabe 
et al.11, Chequer et al.12, Klinger et al.13, and ter Horst et al.14 Infants with normal or mildly 
abnormal EEG survived without sequelae, and those with moderately and markedly 
abnormal activity were neurologically abnormal at follow-up. EEG abnormalities included 
an infant with burst-supression, and others with slowing of background activity, spikes and 
slow waves. Seizures occurred in some of these infants, others had intraventricular 
bleeding-related hydrocephalous in which ventriculo-peritoneal shunt placement was 
performed and were under control during follow-up period. 

4. Conclusion 
In conclusion, it is our recommendation that EEG recording be obtained early in acute phase 
of the neuroinfection, because neonatal EEG is useful for predicting abnormalities in 
cephalic perimeter and active tone at 9 months of age in infants with bacterial neonatal 
meningitis. 
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1. Introduction 
Vaccines are among the most effective public health interventions available. Global 
eradication of smallpox infection, the elimination of polio from the Western hemisphere, 
and dramatic reductions in diseases like diphtheria, tetanus, pertussis, measles, mumps, 
rubella, varicella, rotavirus, hepatitis A and B have all been achieved through immunization 
programs. The public health impact of well-structured immunization programs is well 
appreciated, but logistic and financial obstacles can interfere with vaccine availability and 
delivery. The frequency and severity of bacterial meningitis in children has also been 
favorable impacted by the widespread use of vaccines in all areas of the world where 
resources have allowed them to be implemented since the three most common causes of 
childhood meningitis, Haemophilus influenzae type B (HIB), pneumococcus, and 
meningococcus, are now, at least partially, vaccine preventable. In developed countries of 
the world, vaccines for all three of these bacterial infections are now considered the standard 
of care. Substantial progress is also being made in resource poor countries where, slowly 
and surely, the public health impact of immunization programs is being appreciated and 
international assistance to provide the money and knowledge needed for widespread 
vaccine delivery is being realized. 

Bacterial meningitis is a life threatening infection that occurs in all age groups but 
disproportionately affects infants and young children. Most cases of bacterial meningitis 
result from hematogenous seeding of the meninges during a bloodstream infection. Direct 
extension of a bacterial infection from the sinuses, middle ear, or mastoid represent other 
routes of meningeal seeding. The most common microbiologic causes of bacterial meningitis 
differ based on the age of the affected patient. Common etiologic agents of bacterial 
meningitis in the first week of life include Streptococcus agalactiae (group B Streptococcus), 
Escherichia coli, and Listeria monocytogenes. Sadly, vaccines to prevent infections caused 
by these agents have remained elusive, although some progress has been made with 
experimental vaccines against group B streptococcus. Late-onset neonatal meningitis occurs 
after the first week of life and up to three months of age and may be caused by the agents 
listed above, other enteric gram negative bacilli, Pasteurella after animal exposure, 
pneumococci, meningococci, and staphylococci.  
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During later infancy and early childhood, S. pneumoniae and N. meningitidis, account for 
80% of cases of bacterial meningitis in developed countries. Many of these infections are 
now vaccine preventable. The remaining 20% are caused by L. monocytogenes, 
Streptococcus pyogenes (group A strep) S. agalactiae (group B strep), H. influenzae (type B 
and nontypeable isolates), E. coli and other enteric gram negative rods (including 
salmonella species). Among these agents, only H. influenzae type B vaccines have been 
successful. Bacterial meningitis in adolescents and younger adults is usually caused by 
either S. pneumoniae or N. meningitides, however after the age of 50 years, L. 
monocytogenes becomes more prevalent. In elderly individuals, S. pneumoniae, N. 
meningitidis and L. monocytogenes remain the more common microbiologic etiologies, 
however a broad array of other pathogens have been described depending on the presence 
of co-morbidities, travel, and unusual exposures. 

At present, bacterial meningitis is most common in children, particularly those living in 
under-developed countries of the world. In some parts of Africa, 1 in 250 children 
developing meningitis during their first year of life (Greenwood, 1987; Scarborough et al., 
2007, Scarborough & Thwaites, 2008), and while epidemiologic surveys from the United 
States, Europe, Brazil, Israel and Canada show that bacterial meningitis is less common in 
developed parts of the world, infections are typically caused by the same bacterial species in 
all geographic areas. As noted, safe and effective vaccines have been developed to prevent 
infections caused by the three most common agents of bacterial meningitis in children—
Haemophilus influenzae type B (HIB), Streptococcus pneumoniae, and Neisseria 
meningitidis. The introduction and implementation of these vaccines have had dramatic 
effects on the incidence of bacterial meningitis in all areas of the world where they have 
been successfully introduced, but challenges remain.  

Obstacles to the prevention of bacterial meningitis in resource poor areas of the world relate 
to the cost of the vaccines, and the lack of solid infrastructure to store and deliver the 
vaccines to those most in need. A growing, and somewhat unanticipated barrier to vaccine 
coverage rates in developed countries has been a loss of public confidence in the safety of 
routine immunizations to the extent that immunization coverage rates are not as high as we 
have once achieved successfully. Even in countries where vaccine coverage remains 
excellent, cases of pneumococcal and/or meningococcal meningitis can still occur, as not all 
serotypes of these organisms are included in present day vaccines. For the most common 
causes of bacterial meningitis, vaccines are indeed available for the predominate serotypes, 
but since vaccines do not exist for every known serotype, cases will still be seen. This is 
especially important for Neisseria meningitidis serotype B, a common cause of meningitis in 
young infants. Moreover, the common etiologic agents affecting newborns (Escherichia coli 
and Streptococcus agalactiae, also commonly referred to as group B strep) and less common 
causes of bacterial meningitis in older children (Listeria monocytogenes, Staphylococcus 
aureus, Streptococcus pyogenes, and Salmonella species) are not currently preventable 
through licensed vaccines. 

2. Available licensed vaccines for the prevention of bacterial meningitis 
2.1 HIB vaccines  

Haemophilus influenzae type B is an encapsulated pleiomorphic gram negative rod that 
causes bacteremia, sepsis, pneumonia, facial cellulitis, epiglottitis, and meningitis. Before the 
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causes bacteremia, sepsis, pneumonia, facial cellulitis, epiglottitis, and meningitis. Before the 
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mid 1980’s, HIB caused roughly 20,000 cases of invasive disease per year in the U.S. alone. 
Almost all of these infections occurred in children under five years of age, and half of these 
infections were meningitis, making HIB the most common cause of bacterial meningitis in 
children at the time, and identifying HIB disease as a logical target for vaccine development. 
Other capsular serotypes, and non-typeable strains of H. influenzae are less common causes 
of invasive infection, but non-type B cases of meningitis are still encountered on a regular 
basis. 

2.1.1 Early HIB vaccine efforts 

In 1985, the first HIB vaccines were licensed for use in the United States for children 
beginning at age two years. The original formulations of the vaccine were pure 
polysaccharide, had an efficacy of 55-92%, and was well tolerated. Three vaccines were 
licensed—Praxis introduced b-Capsa-1, Lederle introduced Hib-imune; and Connaught 
introduced Hibvax. At the time, this was a major advance in pediatric vaccination since HIB 
was the most common cause of meningitis in children under five years of age, and carried a 
significant morbidity and mortality. Many of the infected children developed profound 
sensorineural hearing loss as a complication of developing meningitis, others suffered 
developmental and cognitive deficits, and some died. In the early days of HIB vaccine, there 
was controversy regarding the overall value of routine immunization, especially since the 
early formulations of vaccines were not effective in infants. Although it was a start, the 
strategy that employed the use of pure polysaccharide vaccines was suboptimal for the 
prevention of invasive HIB infection for several additional reasons. First, polysaccharide 
vaccines are not immunogenic in patients under two years of age, the age group at highest 
risk for HIB disease. Second, polysaccharide immunogens are processed by the immune 
system in a T-cell independent manner. In the absence of T-cell engagement, immunity 
cannot be effectively boosted with subsequent doses of vaccine. B cells are certainly 
stimulated to produce antibodies, but the effect is relatively short lived, and antibody titers 
wane over the period of several years. An absence of T-cell help impairs the durability of the 
immune response. Five years following receipt of a polysaccharide vaccine, the humoral 
evidence of prior vaccination (and immunity), is reduced or no longer detected. Third, serial 
re-administration of polysaccharide vaccines to individuals at any age, particularly if done 
so at closely spaced intervals, leads to lower antibody titers than the first dose. This 
phenomenon, known as ‘hypo-responsiveness’ remains a major limitation for the use of any 
pure polysaccharide vaccine.  

2.1.2 Solving the problems of polysaccharides vaccines 

Clinical vaccine research suggested early on that the limitations associated with the use of 
polysaccharide immunogens could be overcome through the use of an elegant biochemical 
trick. The same polysaccharide antigens used in the original HIB vaccines were covalently 
linked to a simple peptide. Peptides that have been used successfully in this manner include 
tetanus and diphtheria toxoids, the outer membrane protein of Neisseria menigitidis, and 
CRM197 (cross reacting material 197, a protein similar to naturally occurring diphtheria 
toxin). The presence of such a peptide altered the manner in which the immune system 
processed the antigen, specifically with regard to T-cell engagement, and allowed the 
vaccine to induce a robust immune response in children as young as six weeks of age. Serial 
doses provide additional protection and higher antibody concentrations, and booster doses 
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show clear evidence of immune memory. The technique whereby polysaccharide antigens 
are biochemically linked to a peptide produces a ‘conjugate’ vaccine. Table 1 shows examples 
of polysaccharide and conjugate vaccines made by different manufacturers, the conjugate 
protein used to develop them, and the year each was introduced in the United States. The 
successful development of conjugate HIB vaccines paved the way for the development of 
several other conjugate vaccines, including those currently in use for the prevention of both 
pneumococcal and meningococcal infections. Early pure polysaccharide, and later generation 
conjugate vaccines for all three types of infection are included in the Table. 

Vaccine Trade name Manufacturer Immunogens Conjugate 
protein 

Introduced 
in the U.S. 

HIB 
B-Caspa-1 
Hib-Imune 
Hibvax 

Praxis 
Lederle 
Connaught 

PRP 
PRP 
PRP 

None 1985, no 
longer used 

 HIBTITER Wyeth HbOC CRM197 1990, no 
longer used 

 PedvaxHIB Merck PRP OMP N. 
meningitidis 1989 

 ActHIB Sanofi Pasteur PRP Tetanus 
toxoid 1993 

 OmniHIB GlaxoSmithKline PRP Tetanus 
toxoid 

1993, no 
longer used 

 ProHIBIT Connaught PRP Diphtheria 
toxoid 

1987, no 
longer used 

 Hiberix GlaxoSmithKline PRP Tetanus 
toxoid 2010 

Pneumococcal Pneumovax Merck 14 valent None 1977, no 
longer used 

 Pneumovax 
23 Merck 23 valent* None 1983 

 Prevnar Pfizer 4, 6B, 9V, 14, 
18C, 19F, 23F CRM197 2000 

 Prevnar 13 Pfizer 

1, 3, 4, 5, 6A, 
6B, 7F, 9V, 14, 
18C, 19A, 19F, 
23F 

CRM 197 2010 

Memingococcal Menomune Sanofi Pasteur A, C, Y, W135 None 1981 

 Menactra Sanofi Pasteur A, C, Y, W135 Diphtheria 
toxoid 2005 

 Menveo Novartis A, C, Y, W135 CRM197 2010 

*1, 2, 3, 4, 5, 6B , 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, 33F 
Abbreviations: PRP (polyribosylribitol phosphate), CRM (cross reacting material), OMP (outer 
membrane protein), HbOC (Haemophilus B oligosaccharide conjugate) 

Table 1. Vaccines to Prevent HIB, Pneumococcal and Meningococcal Infections in the United 
States 
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With the introduction of conjugate HIB vaccine during the late 1980s throughout the U.S. 
and other developed countries, rates of all cause bacterial meningitis fell dramatically along 
with the observation that the mean age at presentation from any cause of bacterial 
meningitis went from 15 mos in 1986 to 25 years in 1995 (Schuchat et al., 1997; Berg et al., 
1996; Giorgi Rossi et al., 2009; Mishal et al., 2008; Theodoridou et al., 2007; Urwin et al., 1994; 
Weiss et al., 2001; Schlech et al., 1985 Wenger et al., 1990). This age shift was a direct effect of 
near complete elimination of HIB meningitis in the under five-year old age group. This is 
perhaps the most notable recent, and publically under-recognized vaccine success story of 
recent years. Once a cause of approximately 10,000 cases of bacterial meningitis in children 
every year in the U.S. alone, there is currently an average of fewer than 100 cases of invasive 
HIB disease reported annually.  

HIB vaccine programs are among the most effective modern public health interventions of 
the 20th century. Pediatric cases seen in the U.S. in the present day are almost always 
described in unvaccinated, under-vaccinated, or immune deficient patients. When invasive 
HIB disease is discovered in a vaccinated child, testing should always be performed to 
determine if that child has an immune deficiency. The HIB success story is mirrored across 
the globe in areas where resources have permitted widespread introduction of vaccine to 
children. These results are clear and impressive. In every area of the world where vaccine 
programs are initiated, HIB disease, including HIB meningitis, virtually disappears.  

The public health benefits of HIB vaccination have not been realized in all corners of the 
globe, however. Delivery of HIB and other vaccines to resource challenged areas of the 
world remains suboptimal. Globally, it is estimated that about 38% of infants have HIB 
vaccine available to them, but progress in improving this percentage is steady. Even 38% of 
the worlds’ children translates to roughly 130,000 lives saved annually from pneumonia and 
meningitis caused by HIB. In the last decade alone, combined efforts on the part of the 
World Health Organization, UNICEF, the Bill and Melinda Gates Foundation, and other 
international agencies have led to more vaccine availability in the areas of the world that 
still need it the most. In 1997, 29 countries were using conjugate HIB vaccine, but by 2009, 
161 countries had introduced it. To date, 29 countries are still without access to HIB vaccine 
for infants, and the epidemiology of HIB infection in those areas remains similar to the 
problem seen in the U.S. prior to 1985. While there has been progress in Africa and some 
parts of Asia, significant effort, education, and resources are still needed in the 
underdeveloped world to prevent this form of meningitis. 

2.2 Pneumococcal vaccines 

Streptococcus pneumoniae are encapsulated gram positive diplococci that continue to cause 
invasive infections at all ages. Of the 92 different pneumococcal serotypes (grouped into 46 
serogroups based on immunologic similarities) that have been identified based on antigenic 
differences in their capsular polysaccharides, ten serogroups account for most of the 
pediatric invasive pneumococcal infections worldwide with serogroups 1, 3, 6, 14, 19 and 23 
being the most common. Pneumococci commonly infect the sinopulmonary tract causing 
otitis media, sinusitis, and pneumonia. Bacteremia with sepsis is not uncommon. Meningeal 
seeding, with a resulting bacterial meningitis can occur at any age, including previously 
healthy individuals, and patients with defined risk factors, including immune deficiency, 
HIV infection, asplenia, hemoglobinopathies, diabetes and alcoholism. Worldwide, S. 



 
Meningitis 

 

56

pneumoniae remains the most common cause of bacterial meningitis identifying it as an 
important target for vaccine development. 

2.2.1 Early vaccine development 

Vaccines designed to prevent invasive pneumococcal disease were available in the early 
1900s, but early goals were focused primarily in the prevention of lower respiratory tract 
infection in adults. Two hexavalent vaccines were licensed for use in adults after World War 
II, but with the emerging availability of antibiotics, enthusiasm for the use of vaccines to 
prevent disease waned. In the absence of public demand, the vaccines were removed from 
the market. Interest in the prevention of pneumococcal infections re-emerged in the 1960s. A 
14-valent pure polysaccharide vaccine was licensed for use in adults in 1977, ultimately 
being replaced by a new generation polysaccharide 23-valent vaccine in 1983. The 23-valent 
polysaccharide vaccine, which is still available, was FDA licensed in the United States in 
1983 for use in adults and high-risk children older than 2 years. Its role has been primarily to 
prevent pneumococcal pneumonia in high-risk adults. Its major limitation as a pure 
polysaccharide vaccine (it is not a conjugate vaccine) is that it is poorly immunogenic in 
young children. Like other polysaccharide vaccines, it is processed by the immune system in 
a T-cell independent manner so the duration of immune protection is brief, and there is no 
potential for boosting with subsequent doses.  

In 2000, a heptavalent pneumococcal vaccine, Prevnar, was added to the universal pediatric 
immunization schedule in the U.S. resulting in an almost immediate reduction in invasive 
pneumococcal infections, including a reduction in cases of meningitis. U.S. population-
based data from the Active Bacterial Core Surveillance was published in 2003 showing a 
59% decline in pneumococcal meningitis in young children (Whitney et al., 2003), and 
Nationwide Inpatient Service data showed that the incidence rate fell by 33% in children less 
than 5 years of age (from 0.8 to 0.55 cases per 100,000 population) (Tsai et al., 2008).  

The power of national surveillance, coupled with the impressive efficacy of pneumococcal 
vaccine illustrated the public health benefits in just three years following vaccine 
introduction. When it is appreciated that Prevnar was in somewhat short supply during 
much of those early years, the dramatic beneficial effect becomes even more obvious. The 
majority of children in the U.S. during 2000-2002 received a 3-dose primary vaccine series, 
but an Advisory Committee on Immunization Practices recommendation to defer the 
booster fourth dose until supplies were available led to substantial delays in the timeliness 
of completing the four dose series. Despite this difficulty with timeliness to vaccine series 
completion, the public health impact of conjugate vaccine was almost immediately 
recognized through surveillance networks. 

The heptavalent (7-valent) pneumococcal vaccine Prevnar included conjugated 
pneumococcal polysaccharide antigens against serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F. At 
the time of licensure, these capsular types were the most likely to cause invasive infection in 
children in the Unites States. Serotype prevalence varies somewhat according to world 
geography, but for the most part, the same types are responsible for invasive infection in 
most of the world. As conjugate pneumococcal vaccine was being developed, another public 
health problem related to infections caused by S. pneumoniae had already become well 
recognized. Strains of S. pneumoniae had gradually emerged that were less and less 
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susceptible to penicillin. Treatment of pneumococcal infections with penicillin or other beta-
lactam antibiotics was no longer ‘guaranteed’ to eradicate infection. This problem impacted 
empiric management of mild to moderate infections such as otitis media and pneumonia, 
but also raised serious concerns about how to best manage empiric antibiotics in serious and 
life-threatening infections such as meningitis.  

As antibiotic resistance increased in pneumococci, moderate and severe infections began to 
be managed with different antimicrobial regimens. Penicillin treatment of severe disease 
was used only after antimicrobial susceptibility profiles were confirmed. The problem was 
not isolated to the use of penicillin, as the mechanism of penicillin resistance in S. 
pneumoniae depends on a series of mutations in its penicillin binding proteins (PBPs) that 
also alter the antimicrobial susceptibility to all beta lactam antibiotics. It should be 
understood that this mechanism of antibiotic resistance does not depend on the production 
of a beta-lactamase enzyme, and that beta lactamase producing S. pneumoniae isolates have 
not ever been described. Instead, antibiotic pressure has led some strains of S. pneumoniae 
to alter their PBPs so that their affinity for penicillin is reduced. When this occurs, the 
penicillin can no longer bind to and inhibit the transpeptidase activity of the PBP, a function 
that is necessary for peptidoglycan cross linking. This biochemical alteration becomes 
obvious in the laboratory as gradual increases in the minimal inhibitory concentrations 
(MICs) of penicillin, and ultimately in the observation that the organism is ‘intermediate’ or 
‘resistant’ to penicillin. As penicillin resistant strains gain additional mutations in these 
PBPs, the MICs to all beta lactam antibiotics begin to increase. MICs to first, then second, 
and then to third generation cephalosporins increase. Pneumococci that are resistant to 
advanced generation cephalosporins like cefotaxime and ceftriaxone are now encountered 
on a regular basis. The emergence of these resistant strains has led to a change in how 
bacterial meningitis is treated empirically, where a third generation cephalosporin 
(ceftriaxone or cefotaxime) in combination with vancomycin is typically used until 
antimicrobial susceptibility profiles are known. The rationale for incorporating vancomycin 
into the empiric regimen is to be sure that every patient with pneumococcal meningitis has 
effective antimicrobial therapy initiated at the time that meningitis is suspected. When the 
microbiology laboratory confirms that the infection is caused by S. pneumoniae, and that the 
infecting organism is susceptible to penicillin or a third generation cephalosporin, the 
treatment can be ‘de-escalated’ to the appropriate antibiotic.  

One of the under-appreciated benefits of introducing the conjugate pneumococcal vaccine in 
the U.S. in 2000 was the observation that the original seven conjugate vaccine serotypes 4, 
6B, 9V, 14, 18C, 19F, and 23F were among the most likely to be penicillin resistant. This 
offered the potential to reduce infection caused by the most prevalent pneumococci, while at 
the same time reduce the possibility that infections would be caused by antibiotic resistant 
strains. During the decade following introduction of the 7-valent conjugate vaccine, there 
was a substantial reduction in invasive pneumococcal infections reported in children, 
including meningitis, but a troubling pattern began to emerge in the form of nonvaccine 
replacement serotypes. Like early prevalent pneumococcal serotypes, several of these 
replacement types were resistant to beta lactam antibiotics. 

In 2010, the heptavalent pneumococcal vaccine was replaced with a newly developed 13-
valent vaccine (by the same manufacturer) to expand the number of covered serotypes. The 
new generation 13-valent vaccine became available in 2010, and was immediately 
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recommended as a replacement for the 7-valent vaccine. The additional serotypes included 
1, 3, 5, 6A, 7F, and 19A. The inclusion of serotypes 6A and 19A are of particular importance 
in this new generation vaccine as these capsular types were the ones that emerged as the 
most serious replacement serotypes during the successful decade following introduction of 
the heptavalent vaccine. Serotype 19A remains a serious threat. Some infections caused by 
this strain are highly resistant to all penicillins, cephalosporins, and carbapenems making 
treatment for infections of the central nervous system challenging. In such situations, 
treatment with vancomycin and/or lineazolid has been successful. As experience with and 
implementation of the 13 valent conjugate vaccine continues, an optimistic possibility is that 
infections caused by the most difficult-to-treat pneumococcal strains will diminish. The 
possibility that new serotypes could emerge as novel replacement serotypes remains a 
threat, highlighting the need for ongoing surveillance. 

Like HIB vaccines, conjugate pneumococcal vaccines are not available in all parts of the world. 
In the developing world, invasive pneumococcal disease remains the 5th leading cause of 
childhood mortality with an estimated one million deaths annually in children under five 
years of age. It is the single most common cause of bacterial meningitis beyond the newborn 
period in all age groups. By the end of 2009, 44 countries worldwide had introduced conjugate 
pneumococcal vaccine representing approximately 11% of the global birth cohort.  

The prevention of invasive pneumococcal infection in developing areas of the world has 
been identified as a priority of the Bill and Melinda Gates Foundation. Working with the 
Global Alliance for Vaccines and Immunizations (GAVI), a collaborative effort between the 
World Health Organization (WHO), UNICEF, the U.S. Center for Disease Control and 
Prevention, and the World Bank, the Bill and Melinda Gates Foundation and other civil 
organizations have initiated a long term strategy to bring conjugate pneumococcal vaccine 
to eligible countries. Through the efforts and resources of GAVI, conjugate pneumococcal 
13-valent vaccines have recently been introduced in Kenya, Sierra Leone, Yemen, Guyana, 
Honduras and Nicaragua. A dozen more countries will be included in the effort by the end 
of 2011, and 40 GAVI eligible countries will have infant and childhood pneumococcal 
vaccination programs by the end of 2015. Data to track the impact of such vaccine programs 
on childhood morbidity and mortality will be collected and shared with all stakeholders to 
ensure that the programs develop sustainability over time. Reminiscent of programs such as 
the polio vaccination partnership with the March of Dimes in the 1940s, this ambitious 
initiative will save lives and bring education regarding the value of immunizations to areas 
of the world that need them most.  

2.3 Meningococcal vaccines 

N. meningitidis is a gram-negative diplococcus that is commonly carried in the human 
nasopharynx. The specific risk factors that lead to invasive disease are incompletely defined. 
When an individual acquires the organism from another person, the most common outcome 
is colonization for a period of time. Some individuals can carry N. meningitidis in their 
upper respiratory tract for prolonged periods of time. Presumably, such individuals develop 
mucosal immune responses, including secretory immunoglobulin A that prevents  
invasion. Specific risk factors for the development of invasive disease include new 
acquisition of a new serotype, recent or current upper respiratory tract infection, smoking, 
alcohol consumption, and age.  
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When N. meningitidis invades, it enters the bloodstream, causing septicemia. 
Meningococcemia is classically associated with a petechial rash that rapidly progresses to 
purpura. It the most violent form of infection, referred to as purpura fulminans, death can 
ensue within a few hours. Bacteria seed the meninges in approximately half of all cases. Less 
commonly, patients develop lobar pneumonia, epiglottitis, septic arthritis, or purulent 
pericarditis. Meningitis accounts for nearly half of all invasive meningococcal infections; 
more than half of survivors have long-term complications including cognitive defects, 
cranial nerve palsies, and sensorineural hearing loss.  

The 12 serogroups of N. meningitidis known to infect humans are characterized by the 
polysaccharide expressed on their capsule: A, B, C, 29-E, H, I, K, L, W-135, X, Y and Z. 
Clinically, the most relevant, and most prevalent types are A, B, C, W135, and Y. While 
uncommon, outbreaks caused by other capsular types have been described. Nasopharyngeal 
carriage of the bacterium is relatively common. In the U.S., carrier prevalence in the general 
population is approximately 10%. During the teen years, carriage has been described to be 
as high as 35%, and in environments of close contact such as military barracks and college 
residence halls, carriage rates may approach 100% (vanDeuren et al., 2000). The balance 
between carriage and the development of infection is influenced by both host and 
environmental factors (Caugant et al., 2007; Dull et al., 2001). Social factors also increase risk, 
such as intimate contact with an infected person, or living or working under crowded 
conditions, smoking, and alcohol consumption (MacLennan et al., 2006; Imrey et al. 1995).  

The proportion of cases of meningococcal disease caused by individual serogroups A, B, C, 
W-135, and Y vary by geographic region. In developed countries, serogroup distribution 
also differs within regions. In Great Britain, for example, serogroups B and C account for 
over 90% of cases, while in New Zealand, serogroup B alone causes 87% of all cases. In 
contrast, meningococcal meningitis diagnosed in the African “meningitis belt,” is usually 
caused by serogroup A. Attack rates during epidemics in Africa approach 1% of the 
population (Pinner et al., Moore P.s., 1992; Moore et al., 1989). In Saudi Arabia, where 
serogroup W-135 predominates, attack rates have been described at 25 per 100,000 
population during the Hajj (Rosenstein et al., 2001; Pollard AJ, 2004; Wilder-Smith et al., 
2003; Wilder-Smith et al., 2003). The country of Niger has recently experienced the 
emergence of serogroup X where it caused half of 1,139 cases in 2006 (Boisier et al., 20007). 

In the U.S. between 1200 and 3500 cases of meningococcal disease occur annually  
(0.9 to 1.5 cases per 100,000 population). Data for 2006 through 2008 show that serogroups B, 
Y and C account for most of the U.S. cases (http://www.cdc.gov/abcs/reports-
findings/survreports/mening09.html). Unlike the African ‘meningitis belt’, and areas of 
Asia where meningococcus type A infections are endemic, disease caused by serogroup A 
has not been detected in the U.S. since the late 1970s. Serotyping of 843 strains isolated 
between 1964 and 1967 demonstrated that serogroup A accounted for 1.3% of infections 
during that time period (Evans et al., 1968). An outbreak among skid row occupants 
occurred between 1975 and 1977 (Centers for Disease Control and Prevention 2009). Since 
that time, there has been a shift in serogroup predominance. Based on serotyping of 261 
isolates from patients with meningococcal disease between 1989 and 1991, serogroups B and 
C accounted for more than 90% of cases. Furthermore, between 1998 and 2000, the 
proportion of serogroup Y cases increased from 2% to 33% of the total. Data for 2006 



 
Meningitis 

 

60

through 2008 show that serogroups Y (33%) and C (29%) continue to account for a large 
proportion of U.S. cases.  

Given the fulminant nature of the infection, with an overall mortality rate of ~10%, 
prevention has become a priority. Vaccines for the prevention of invasive meningococcal 
infection were first available in the United States in 1971, but for more than two decades 
targeted only higher risk individuals. The first available vaccine, a polysaccharide capsular 
type C vaccine, was used almost exclusively in military recruits to control outbreaks that 
were being seen in military barracks. The high attack rate of meningococcal infection in this 
cohort of individuals is not surprising. Otherwise young, healthy individuals from different 
geographical areas of the country, where different N. meningitidis serotypes are prevalent, 
are brought together in close proximity under stressful conditions. Acquisition of a new 
serotype is common under such condition, and invasive disease more likely during 
physiologic stress and other behavioral risk factors.  

A quadrivalent, non-conjugated pure polysaccharide meningococcal vaccine containing 
serotypes A, C, Y and W135 (Menomune) became available for use in the U.S. in 1981, and 
was primarily used to protect military recruits, travelers going to endemic areas and 
immunocompromised individuals. By 1999, the U.S. Centers for Disease Control and 
Prevention (CDC) and American College Health Association (ACHA) recommended the 
vaccine for all incoming college freshmen given the increased risk of invasive disease 
described in this population. As with other pure polysaccharide vaccines, protective 
immunity is short-lived, but given the brief period of increased risk in college freshman and 
in military recruits, the vaccine was widely used. As with pure polysaccharide HIB and 
pneumococcal vaccines, lack of T-cell engagement leads to inability to boost prior responses. 
Similarly, no change in nasopharyngeal carriage was expected. Subsequent vaccine 
development allowed for emerging conjugate vaccines, and led to changes in how these 
vaccines are used currently.  

Globally, the first large scale experience with conjugate meningococcal vaccines occurred in 
the 1990s. One of the best examples comes from the United Kingdom where an epidemic of 
group C meningoccocal infection was causing a serious public health problem. The epidemic 
peaked in 1999 with an estimated 1500 cases and 150 deaths in that country alone. In 
November 1999, the public health ministry introduced a monovalent group C meningococcal 
vaccine as a public health measure, focusing first on vaccinating teenagers. Population based 
surveillance was used to monitor the incidence of disease as the vaccination program was 
introduced. Within 12 months of vaccine delivery through public health efforts, a marked 
decline in the incidence of disease was observed, and the vaccine program was expanded to 
young children. Vaccine effectiveness was estimated to be 90% for vaccinated individuals, but 
a broader scale benefit was noted for the overall population, argued to be secondary to a 
reduction in nasopharyngeal carriage of the organism leading to reductions in disease 
transmission among the unvaccinated population as well. The observation that conjugate 
vaccines lead to reductions in nasopharyngeal carriage and provide a community immunity 
benefit that extends to those who are not vaccinated is unique to conjugate vaccines as pure 
polysaccharide formulations do not afford this benefit. In addition to the monovalent 
conjugate group C vaccine used to control the U.K. epidemic, several other mono and bivalent 
conjugate vaccines are currently available in the global market.  
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The first conjugate meningococcal vaccine (which includes immunogens targeting the 
same four serotypes in the polysaccharide vaccine Menomune-- A, C, Y and W135) 
became available in the U.S. in 2005, it was immediately recommended that it replace 
polysaccharide vaccine for most individuals. Since clinical vaccine trials demonstrated 
safety and efficacy up to age 55, but not beyond, the polysaccharide vaccine is still 
officially recommended for individuals 55 years and older. Conjugate meningococcal 
vaccines are recommended for use in high risk individuals including those with terminal 
complement deficiency, asplenia, HIV infection, and in those who travel to areas of the 
world endemic for meningococcal infection. In addition, given the epidemiology of 
invasive meningococcal infection during adolescence, conjugate meningococcal vaccine 
was added to the universal immunization schedule starting at 11-12 years of age in 2005. 
Because of concerns that vaccine effectiveness may drift over time, the U.S. Advisory 
Committee on Immunization Practices added a second dose recommendation at age 16 
years (up to age 21) as a booster. 

Recent clinical trials have also evaluated the conjugate vaccines for safety and efficacy in 
younger children, and by 2011, vaccine became available for use as early as 9 mos of age for 
high-risk individuals and travelers (Menactra). A combination HIB-Meningococcal C/Y 
vaccine that was studied in clinical trials in the U.S. is currently under review for licensure 
by the Food and Drug Administration. In the U.S., the ACIP has been reluctant to 
recommend universal use of meningococcal conjugate vaccines under the age of 11 years, 
since more than half of infant infections are currently caused by the non-vaccine serotype B 
meningococcus. Meningococcal vaccines designed to protect individuals against serogroup 
B illness are in phase 3 clinical vaccine efficacy trials. 

2.3.1 Meningococcus serotype B and the unique challenges it presents 

Given the epidemiology of invasive meningococcal disease, including a substantial 
contribution from N. meningitidis type B should not be capitalized, it is logical to question 
why it has been so difficult to develop a serotype B vaccine. The native group B 
polysaccharide is a poor vaccine candidate because it contains epitopes that cross-react with 
sialylated proteins in human brain. New strategies have emerged to use alternative 
components of the group B meningococcus as vaccine antigens since such residues have 
been identified that are not cross reacting with the same human tissues. Ultimately, the 
development of a safe and effective B vaccine will likely capitalize on these non-cross 
reacting group B antigens from genetically modified strains. Several such vaccine candidates 
are already undergoing clinical trials.  

Reported cases of meningococcal meningitis in the U.S. are currently at historically low 
rates. It is premature to credit the introduction and implementation of conjugate 
meningococcal vaccines for this epidemiologic observation, but in the coming years it will 
become clear whether this promising trend continues. The obvious decline in both HIB and 
pneumococcal meningitis following the introduction of vaccines for those infections is 
already compelling. Vaccine programs are highly effective. A summary of the current 
Advisory Committee on Immunization Practices for use of HIB, pneumococcal and 
meningococcal vaccines in summarized in Table 2. 
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Vaccine Age Given Recommendation High Risk 
Conditions  

HIB conjugate 2, 4, 6, 12-15 
mos* 

Universal Universal 

Pneumococcal 
polysaccharide 

After 23 mos Following conjugate 
series, 2 doses 5 yrs 
apart 

Sickle cell disease, 
asplenia, inherited 
or acquired immune 
deficiency, chronic 
cardiac and/or 
pulmonary disease, 
CSF leaks, renal 
insufficiency, 
diabetes 

Pneumococcal 
conjugate 

2, 4, 6, 12-15 mos Universal Universal 

Meningococcal 
polysaccharide 

56 yrs and older High risk See risk factors in 
conjugate box below. 
Meningococcal 
conjugate vaccine 
not approved for use 
after age 55 yrs. 

Meningococcal 
conjugate 

11-21 yrs 
 
9 mos-55 yrs 

Universal 
 
High Risk 

Universal 
 
Terminal 
complement or 
properdin 
deficiency, asplenia, 
military recruits, 
college freshman 
living in catered 
halls, HIV infection, 
travel to endemic 
areas of the world 

 *6 mos dose not needed if PedvaxHIB is used 

Table 2. Summary of recommendations from the Advisory Committee on Immunization 
Practices (ACIP) of the United States for the use of HIB, pneumococcal and meningococcal 
vaccines 

3. References  
Berg S, Trollfors B, Claesson BA, Alestig K, Gothefors L, Hugosson S, Lindquist L, Olcen P, 

Romanus V, Strangert K. Incidence and prognosis of meningitis due to 
Haemophilus influenzae, Streptococcus pneumoniae and Neisseria meningitides in 
Sweden. Scand J Infect Dis. 1996;28:247-252. 
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1. Introduction 
Tuberculosis (TB) was initially described during the fifth century B.C. by Hippocrates who 
reported patients with “consumption” (the Greek term is phthisis), a term used to describe 
wasting associated with chest pain, coughing and blood in the sputum. Since then it remains 
a devastating disease with more than 9 million new cases and over 1 million related deaths 
among human immunodeficiency syndrome (HIV) negative populations every year (Smith, 
2003; Yasar et al., 2011). Mycobacterium tuberculosis complex, the causative agent of human 
TB is the most common pathogen of both pulmonary and non pulmonary tuberculosis cases, 
nevertheless as a result of their association with HIV infections nontuberculous Mycobacteria 
(NTM) species are encountered with increasing frequency. While pulmonary disease is the 
most common manifestation of TB, the involvement of the central nervous system (CNS) 
and associated tuberculous meningitis (TBM) represents its most severe form (Christensen 
et al., 2011; Puccioni-Sohler & Brandão, 2007; Venkataswamy et al., 2007). The case fatality 
rate of untreated TBM is almost 100% and a delay in treatment may lead to permanent 
neurological damage, therefore prompt diagnosis is needed for the timely initiation of 
antituberculous therapy in order to prevent secondary complications (Chandramuki et al., 
2002). TBM may also involve children with the peak incidence during the first 4 years of life 
(van Well et al., 2009; Haldar et al., 2009). 

2. Causative agents of tuberculous meningitis 
Mycobacteria are aerobic, nonmotile, gram-positive rods ranging in appearance from 
spherical to short filaments, which may be branched. Their cell wall contains lipids, 
peptidoglycans, and arabinomannans. One distinct characteristic is their ability to retain 
dyes that are usually removed from other microorganisms by alcohols and dilute solutions 
of strong mineral acids such as hydrochloric acid. This ability is attributed to a waxlike layer 
composed of mycolic acids in their cell wall. As a result, they are termed acid-fast bacilli 
(AFB) after Ziehl-Neelsen (ZN) staining (Panicker et al., 2010; Rajni et al., 2011). The 
causative agents of TBM are mainly the members of M. tuberculosis complex and less 
commonly NTM. The incidence of CNS infection due to the latter has increased 
substantially since the onset of the HIV epidemic (Lai et al., 2008; Puccioni-Sohler & 
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Brandão, 2007). According to literature, although the NTM species involved in 
theaetiopathogenesis of meningitis include all four groups of the Runyon classification, 
those more commonly encountered are the Mycobacterium avium complex (MAC), 
Mycobacterium kansasii, M. bovis, M. abscessus, M. fortuitum and Mycobacterium 
nonchromogenicum, the latter being a nonpigmented, slow growing organism which belongs 
to Runyon group III and a part of the Mycobacterium terrae complex. It is reported that M. 
avium complex remains the most common organism causing systemic opportunistic 
bacterial infections in patients with HIV infection, carrying a higher mortality rate despite 
appropriate treatment, while M. kansasii meningitis is similar to M. tuberculosis meningitis. 
Therefore, when NTM are isolated in culture of cerebrospinal fluid (CSF), they should not 
routinely be dismissed as contaminants but considered a significant finding (Cegielski & 
Wallace, 1997; Flor et al., 1996; Jacob et al., 1993; Koirala, 2001; Lai et al., 2008; Maniu et al., 
2001; Mayo et al., 1998; Puccioni-Sohler & Brandão, 2007; Wu et al., 2000).  

3. Epidemiology 
Tuberculosis of the central nervous system is the most severe manifestation of 
extrapulmonary TB and constitutes approximately 1% of all new cases annually, with TBM 
being the commonest form of the disease (Christensen et al., 2011). Several studies have 
attempted to assess its epidemiology with variable conclusions as the disease’s incidence 
and mortality rates differ from country to country according to their individual 
socioeconomic and public health statuses. Mortality rates for instance have been described 
to range from 7 – 40% in developed countries, while the percentages from TB endemic 
countries as well as countries with high HIV prevalence have been found to be significantly 
higher, reaching a 69% in South Africa (Karstaedt et al., 1998; Kent et al., 1993). The key 
point in understanding the epidemiological pattern of the disease is the fact that TBM and 
tuberculosis infection are closely related in this aspect, so that it is generally accepted that 
occurrence of the former in a community is correlated with incidence of the latter and vice 
versa (Chakraborty, 2000). It is therefore considered safe to assume that at a global level 
these two entities share a common trend. According to the latest available data, in 2009 the 
global incidence of TB was 9.4 million cases which is equivalent to 137 cases per 100 000 
population with most of them occurring in Asia and Africa and a smaller proportion 
occurring in Europe and the Region of the Americas. Developing countries in particular 
account for more than 80% of the active cases in the world. The global incidence rate after an 
initial fall during the 20th century rose due to the HIV epidemic with a peak in 2004 and a 
subsequent slow but steady decline that also involves the absolute number of TB related 
deaths. This impact of HIV on TB has accordingly influenced the pattern of TBM’s incidence 
rates (Dye et al., 2009; Varaine et al., 2010; World Health Organization [WHO], 2010). In fact, 
HIV infection constitutes the most important determinant for the development of TBM 
followed by age. As far as the latter is concerned it is in turn determined by the 
socioeconomic status of a certain population. Therefore in populations with a low TB 
prevalence adults seem to be more affected than children. This is reversed in populations 
with a higher TB prevalence. Concerning childhood disease, TBM appears to affect mainly 
children under the age of 5 years with the mean age ranging from 23 to 49 months and 
according to literature close contact with a confirmed case of pulmonary tuberculosis is 
usually the culprit (van Well et al., 2009). 
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theaetiopathogenesis of meningitis include all four groups of the Runyon classification, 
those more commonly encountered are the Mycobacterium avium complex (MAC), 
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bacterial infections in patients with HIV infection, carrying a higher mortality rate despite 
appropriate treatment, while M. kansasii meningitis is similar to M. tuberculosis meningitis. 
Therefore, when NTM are isolated in culture of cerebrospinal fluid (CSF), they should not 
routinely be dismissed as contaminants but considered a significant finding (Cegielski & 
Wallace, 1997; Flor et al., 1996; Jacob et al., 1993; Koirala, 2001; Lai et al., 2008; Maniu et al., 
2001; Mayo et al., 1998; Puccioni-Sohler & Brandão, 2007; Wu et al., 2000).  

3. Epidemiology 
Tuberculosis of the central nervous system is the most severe manifestation of 
extrapulmonary TB and constitutes approximately 1% of all new cases annually, with TBM 
being the commonest form of the disease (Christensen et al., 2011). Several studies have 
attempted to assess its epidemiology with variable conclusions as the disease’s incidence 
and mortality rates differ from country to country according to their individual 
socioeconomic and public health statuses. Mortality rates for instance have been described 
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these two entities share a common trend. According to the latest available data, in 2009 the 
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occurring in Europe and the Region of the Americas. Developing countries in particular 
account for more than 80% of the active cases in the world. The global incidence rate after an 
initial fall during the 20th century rose due to the HIV epidemic with a peak in 2004 and a 
subsequent slow but steady decline that also involves the absolute number of TB related 
deaths. This impact of HIV on TB has accordingly influenced the pattern of TBM’s incidence 
rates (Dye et al., 2009; Varaine et al., 2010; World Health Organization [WHO], 2010). In fact, 
HIV infection constitutes the most important determinant for the development of TBM 
followed by age. As far as the latter is concerned it is in turn determined by the 
socioeconomic status of a certain population. Therefore in populations with a low TB 
prevalence adults seem to be more affected than children. This is reversed in populations 
with a higher TB prevalence. Concerning childhood disease, TBM appears to affect mainly 
children under the age of 5 years with the mean age ranging from 23 to 49 months and 
according to literature close contact with a confirmed case of pulmonary tuberculosis is 
usually the culprit (van Well et al., 2009). 
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4. Pathophysiology 
Since the first description of the disease in 1936 there has been undisputable progress in the 
understanding of the pathogenesis of TBM, with further ongoing research in the field. 
Nevertheless, the exact mechanism of establishment of this uncommon yet devastating 
manifestation of tuberculosis has not been fully elucidated. The disease develops as a result 
of a new infection or of reactivation of a latent one, but in both cases it constitutes a 
disseminated form of a primary extrameningeal focus rather than a primary localization of 
the tuberculous infection. According to recent evidence certain strains seem to be more 
capable of dissemination and might be more predominant in the development of CNS 
disease with the exact mechanisms of neurovirulence being uncertain (Arvanitakis et al., 
1998; Nicolic, 1996). In this direction, studies have demonstrated the possible influence of 
the M. tuberculosis genotype in association with the host’s genetic polymorphisms on the 
disease phenotype as different mycobacterial genotypes seem to induce separate patterns of 
host immune response (Dormans et al., 2004; Manca et al., 2004; Reed et al., 2004). For 
instance, there is evidence that some strains of M. tuberculosis commonly found in Europe 
and America are less likely to cause tuberculous meningitis in Vietnamese adults than 
strains predominantly found in Asia (Caws et al., 2008). The pathogenesis of TBM at a 
cellular level is incompletely understood. According to modern concepts the triad of 
macrophages, T helper lymphocytes and the host plays a central role and through 
interactions of its components the produced γ-interferon, interleukin 1-β and tumour 
necrosis factor promote granuloma formation in a manner similar to pulmonary disease. On 
a macroscopic level it is evident that the development of TBM is a two- step process, the 
onset of which is the entrance of the bacilli into the host with subsequent lung invasion and 
regional lymph node dissemination leading to the primary complex formation. In case of 
central nervous system involvement the characteristic lesions known as Rich’s foci, first 
described in the early 1930s, which represent tuberculous subpial or subependymal foci 
about 1 mm in diameter, are formed through spread of the bacilli to the meninges or brain 
parenchyma (Be et al., 2009; Drevets at al., 2004). Although it is unclear whether M. 
tuberculosis crosses the blood brain barrier as an extra-cellular organism or via infected 
phagocytes (Chackerian et al., 2002), the spread takes place haematogenously. This transport 
occurs either during the short stage of bacteremia that accompanies the primary complex 
formation or as a result of a more prolonged bacteremia in those cases in which the primary 
compex fails to heal and which account for the 10% of all cases. If miliary TB develops, 
dissemination to the CNS is more probable and seems to be particularly involved in the 
pathogenesis of TBM in childhood (Donald et al., 2005). The infrequent possibility of direct 
spread from a site of tuberculous otitis or calvarial osteitis also exists. When mycobacteria 
are deposited in large numbers as part of primary tuberculosis in infants or young children, 
they form the characteristic lesions and cause TBM usually within six months of primary 
infection (Garg, 1999; Prince, 2002). However, in adults and older children deposited 
mycobacteria may not elicit any immune response and may cause latent disease until 
immune recognition or reactivation causes formation of the CNS lesions. The second step of 
the process involves the rupture of a Rich’s focus and the release of bacilli into the 
subarachnoid space giving rise to a T cell dependent granulomatous inflammatory response 
resulting in the development of tuberculous meningitis (Burns, 1997). This inflammatory 
reaction can lead to adhesion formation due to the cell and fibrin rich basal meningeal 
exudates, to obliterative vasculitis mainly affecting the internal carotid artery, proximal 
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middle cerebral artery and perforating vessels of the basal ganglia, or may even extend into 
the parenchyma leading to encephalitis. If the adhesions compromise the interpendicular 
fossa, cranial nerves (mainly II, IV and VI) are affected while in case of obstruction of the 
basal cisterns, the outflow of the forth ventricle or the cerebral aqueduct, hydrocephalus 
develops, the presence of which has been associated with poor prognosis and therapeutic 
failure (Lu et al., 2001). Vasculitis and parenchymal involvement lead to infarctions (most often 
involving the distribution of the middle cerebral artery and striate arteries) and encephalitis 
respectively, which account for the majority of the neurological deficits of the disease. Another 
entity of tuberculous meningitis is that affecting the spinal cord. Spinal meningitis can either 
develop due to direct extension from the vertebrae, secondary to downward extension of 
intracranial TBM or less commonly as a primary tuberculous lesion. In the fist case, 
tuberculous involvement of vertebral bodies known as Pott’s disease is established through 
either haematogenous spread of the bacillus or less frequently through spread from involved 
contiguous para-aortic lymph nodes. In case of extension of intracranial disease, the most 
usual mechanism is the rupture of a Rich’s focus into the spinal arachnoid space instead of the 
basal meninges (Dass et al., 2002; Garg, 1999; Harsha et al., 2006). 

5. Clinical features 
Tuberculosis of the central nervous system may take several forms, which cannot be easily 
classified (Table 1). Besides inflammation of the meninges, which is the most common form 
(Blaivas et al., 2005), it also includes space-occupying lesions in the brain parenchyma as 
well as focal disease of the spinal cord and its osseous structures.  

Intracranial central nervous system 
tuberculosis 

Tuberculous meningitis 
Tuberculous meningitis with miliary 
tuberculosis 
Tuberculous encephalopathy 
Tuberculous vasculopathy 
Central nervous system tuberculoma 
Tuberculous brain abscess 

Spinal central nervous system tuberculosis Pott’s spine and paraplegia 
Tuberculous arachnoiditis 
Non osseous spinal tuberculoma 
Spinal meningitis 

Table 1. Classification of central nervous system tuberculosis  

Each of these variable entities may represent a distinct subset of the central nervous system 
tuberculous infection or severe sequelae of TBM. Due to the significant overlap that exists 
between the clinical features of TBM and those of its complications, in this section besides 
TBM we will also emphasize on those manifestations that are part of its continuum, without 
differentiating them from the disease’s spectrum. 

5.1 Intracranial tuberculous meningitis  

TBM is characterized by a broad spectrum of manifestations, posing a diagnostic challenge 
and requiring a high index of clinical suspicion (Table 2). TBM tends to present subacutely, 
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over a period of variable duration that ranges in literature from weeks to months 
(Christensen et al., 2011; Komolafe et al., 2008; Newton, 1994) but in the majority of patients 
there is a history of vague non specific symptoms of a duration of two to eight weeks prior 
to meningeal irritation. These prodromal symptoms are constitutional and include malaise, 
fatigue, anorexia, fever and headache. According to studies, 75% of individuals have a 
tuberculous infection at least twelve months before admission for meningitis and 
radiological evidence of active pulmonary tuberculosis is present at a 30-50% of the cases 
upon admission (Cherian & Thomas, 2011; D’Souza et al., 2002). At the time of examination 
adults usually present with altered mental status ranging from lethargy to coma, meningeal 
symptoms and focal neurological signs but studies have demonstrated that meningeal 
stiffness may be absent in as many as three quarters and headache and fever in as many as 
25% of the patients (Christensen et al., 2011). In infants prodromal symptoms include 
irritability, drowsiness, poor feeding, and abdominal pain often associated with neck 
retraction and bulging fontanelles. As far as the elderly are concerned, headache and mental 
status changes are more common, on the other hand fever is frequently absent (Berger, 
1995). Atypical presentations include a rapid progression mimicking pyogenic meningitis, 
dementia, and a predominant syndrome of encephalitis with frequent convulsions occurring 
at any stage (Christie et al, 2008; Golden & Vikram, 2005). Cranial nerve palsies occur in 20-
30% of patients due to adhesions and may be the presenting manifestation of the disease or 
complicate its course. They most commonly involve cranial nerves II, III, IV, VI and VII, 
with VI being the one most commonly affected. Focal neurological deficits may also include 
hemiplegia, monoplegia and aphasia. Visual manifestations include visual impairment and 
opthalmoplegia and are attributed to optochiasmatic arachnoiditis, compression of optic 
chiasm in the setting of hydrocephalus, or optic nerve granulomas (Malik et al., 2002; Sinha 
et al., 2010). In case of tuberculomas or tuberculous brain abscess complicating meningitis 
the clinical features vary in accordance to their location. Tuberculous arachnoiditis is a rare 
complication of intracranial TBM, as a result of downward extension of the latter, that can 
lead to severe peripheral neurological deficit (Poon et al., 2003) often after an initial response 
to antituberculosis treatment, while syndrome of inappropriate antidiuretic hormone 
(SIADH) secretion is not an uncommon complication and is linked to a poor prognosis. As 
the inammatory process progresses it might result in foci of encephalitis properly 
described as a diffuse meningoencephalitis with symptoms of cerebral disorder 
predominating and evolving from increasing lethargy to terminal illness coma (Drevets at 
al., 2004) 

5.2 Spinal tuberculous meningitis 

The clinical picture of spinal tuberculous meningitis is variable, depending on the stage of 
the disease and the mechanism involved in its pathogenesis. When secondary to a Rich’s 
focus rupture, it may present acutely with fever, headache, radiating root pain and 
myelopathy, or progress gradually with symptoms of spinal cord compression dominating 
the picture which may lead to misdiagnosis of an intradural tumor. The clinical spectrum 
may also include paradoxical reaction after initiating antituberculous therapy, spinal 
arachnoiditis, and simultaneous or preceding manifestations of TBM. If Pott’s disease is in 
the background, chronic manifestations of variable intensity reflecting the progressive 
destruction of the involved disc space and vertebral elements precede the meningeal 
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involvement and should guide the diagnosis. In such cases spinal meningitis is associated 
with focal tenderness over the spinous processes, focal kyphosis and cord compression 
phenomena, depending on the level of the spine that is affected (Garg, 1999; Harsha et al., 
2006; McLain & Isada, 2004). 

Symptoms Signs 
Headache 
Vomiting 
Low grade fever 
Lassitude 
Depression 
Confusion 
Behavioural changes 

Meningism  
Oculomotor palsies 
Papilloedema 
Depressed level of consciousness 
Focal hemisphere signs 

Table 2. Most common clinical features of tuberculous meningitis (adapted from Allen & 
Lueck, 2002)  

6. Staging 
TBM tends to be classied according to its severity at presentation in an attempt to assess 
prognosis. The Medical Research Council staging system has been applied since 1948 to 
patients with TBM and uses three stages of increasing severity. Stage I refers to alert patients 
without focal neurological signs, stage II to non comatose patients with altered 
consciousness and focal neurological deficits and stage III to comatose patients and those 
with multiple cranial nerve palsies and hemiplegia or/and paraplegia (Prasad & Singh, 
2008). Modifications of the above mentioned staging system have been adopted in recent 
literature (Heemskerk et al., 2011). The Acute Physiology and Chronic Health Evaluation II 
as well as the Glasgow Coma Scale have also been proposed for predicting the outcome of 
patients with TBM and are considered superior to the Medical Research Council scoring 
system by certain authors (Chou et al., 2010). Nevertheless, it is uniformly accepted that the 
stage of TBM at the onset of treatment seems to be the most crucial determinant of outcome, 
with mortality being highest if treatment started at Medical Research Council stage III. 

7. Differential diagnosis 
The diagnosis of TBM is challenging as it may mimic a wide range of medical conditions. 
It is generally based on clinical grounds and cerebrospinal fluid (CSF) examination (Table 
3). The differential diagnosis of the disease is particularly wide and at a clinical basis 
includes:  

1. Infections: bacterial (partially treated bacterial meningitis, brain abscess, listeriosis, 
Neisseria species infection, tularemia, brucellosis), spirochetal, viral (herpes, mumps, 
retrovirus, enterovirus), fungal (cryptococcal, histoplasmosis, actinomycetic, 
nocardiasis, candidiasis, coccidiosis) and parasitic (cysticercosis, acanthamoebiasis, 
strongyloidiasis, toxoplasmosis) 

2. Non infective conditions: vasculitis, systemic lupus erythematosus, neoplastic, 
chemical meningitis, cardiovascular, Behçet disease, acute hemorrhagic 
leukoencephalopathy etc. 
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CONDITION WHITE BLOOD 
CELLS PROTEIN GLUCOSE 

TBM Elevated, L > PMN Increased Decreased 
Cryptococcal 
meningitis Elevated, L > PMN Increased Decreased 

Partially treated 
bacterial meningitis Elevated Increased Decreased 

Viral meningitis Elevated, L > PMN Increased Normal or 
decreased  

Acute syphilis Elevated, L > PMN Increased Normal 
Late stage 
trypanosomiasis Elevated, L > PMN Increased Decreased 

Malignancy Elevated, L > PMN Increased Decreased 
Leptospirosis Elevated, L > PMN Increased Decreased 
Amoebic  Elevated, L > PMN Increased Decreased 

PMN: polymorphonuclear leucocytes, L: lymphocytes 

Table 3. Differential diagnosis of TBM based on CSF findings (adapted from Harries et al., 
2004)  

From a radiological point of view, taking into consideration the fact that bacterial 
meningitis, therefore TBM as well, is not an imaging diagnosis, such investigations are 
carried out in order to exclude the presence of other conditions mimicking meningitis and to 
detect possible contraindications for lumbar puncture such as increased intracranial 
pressure. Based on radiological findings the differential diagnosis of TBM also includes 
other infectious agents as well as non-infectious inflammatory diseases affecting the 
leptomeninges and neoplastic meningeal involvement (meningiomatosis, neoplastic 
meningitis from a peripheral tumor source etc.) (Junewick, 2010). 

8. Laboratory diagnosis  
Taking into consideration the fact that the high mortality rate associated with TB meningitis 
is related to its late diagnosis as well as the difficulties not only in obtaining a precise history 
but also in collecting an adequate volume of CSF for laboratory investigation, lumbar 
puncture and the examination of CSF are key points in its diagnosis.  

8.1 CSF parameters 

Examination of CSF in TBM usually reveals an increase in pressure with the fluid’s 
appearance ranging from clear to slightly turbid with, occasionally, a delicate web-like clot 
formation, due to the high protein level that is typical to the disease and a pleocytosis of 10–
1000 leucocytes/ mm3 with a lymphocytic predominance. The cell count rarely exceeds these 
values, on the contrary it is less than 500/ mm3 in the majority of cases. CSF biochemistry 
reveals reduced glucose levels, increased lactate levels, while protein levels are increased, 
especially in cases in which there is a CSF flow obstruction and which are associated with a 
worse prognosis. Early in the course of the disease a polymorphonuclear reaction as well as 
normal biochemical parameters might be found complicating the differential diagnosis, 
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particularly from bacterial meningitis. This polymorphonuclear predominance has been 
associated with a higher culture positivity and may even have a prognostic value, especially 
in HIV positive patients. In fact these patients occasionally exhibit a persistent 
polymorphonuclear predominance, which has been associated to higher survival rates, as it 
seems to have a protective role against M. tuberculosis (Hooker et al., 2003; Puccioni-Sohler & 
Brandão, 2007). For the performance of a total cell count of the CSF a fresh sample is loaded 
into an improved Neubauer chamber. A proportion of the fluid is centrifuged at 3000 g for 
15 min and from the sediment obtained, a Giemsa stained smear must be examined for the 
differential cell count (Christensen et al., 2011; Hooker et al., 2003; Kashyap et al., 2010; 
Puccioni-Sohler & Brandão, 2007; Ramachandran, 2011; Thwaites et al., 2004). 

8.2 Microscopy 

As far as the direct microscopy of a Ziehl-Neelsen stained smear is concerned, it should be 
conducted in all cases despite the low sensitivity of the examination attributed to the 
paucibacillary nature of the CSF. Each slide must be examined under the oil immersion lens 
for about 30 min, with care being taken to view at least 300–500 high power fields. It is 
proposed for each slide to be re-examined by an independent examiner to ensure accuracy. 
The sensitivity of the method ranges from 10-87% depending on the volume and the number 
of the samples and might drop to 2% after 5-15 days following the onset of treatment 
(Puccioni-Sohler & Brandão, 2007; Thwaites et al., 2004). The Ziehl-Neelsen stain remains an 
important diagnostic tool in tuberculosis since its first introduction in 1882 by Robert Koch 
as it identifies the most infectious cases, it is rapid, inexpensive, technically simple, and 
specific for AFB. However, it is unable to discriminate between M. tuberculosis and other 
mycobacteria, lacks sensitivity, and cannot be applied in the monitoring of treatment, as it 
does not discriminate between viable and non–viable bacilli. Its sensitivity appears to be 
lower in non-respiratory specimens due to the lower bacterial load as well as for some NTM 
species due to poorer staining of their cell wall (Mamoucha et al., 2010). 

8.3 Solid and liquid culture media 

Mycobacterial culture is the microbiological Gold Standard method for the confirmation of 
TBM as the isolation of M. tuberculosis from CSF makes a definite diagnosis of the disease, 
although in the setting of a strong clinical suspicion the isolation of the agent from other 
specimens such as gastric aspirate, bronchial aspirate, sputum or lymph node also guides 
the diagnosis (Kashyap et al., 2010; van Well et al., 2009). There is a variety of culture media 
used for this purpose. These include egg-based (Lövenstein-Jensen-LJ, Petragnani, American 
Trudeau Society, and Ogawa), agar-based (Middlebrook 7H10 and 7H11) and liquid media 
(Middlebrook 7H9, Kirchner, BioFM and Dubos). Due to the slow growth of the organism 
(40 to 60 days), this exam is useful only from an epidemiological point of view. In order to 
shorten the time of detection, Centers for Disease Control and Prevention (CDC) have 
recommended the use of liquid media for primary culture. Liquid culture medium has been 
designed to significantly reduce incubation time to 12-15 days and has been reported in 
various studies. Liquid TB culture media and Middlebrook 7H10 agar-based media, have 
been shown to increase the yield of TB particularly from body fluids but the highest 
recovery rate has been obtained using a combination of both (Fadzilah et al., 2009; Kashyap 
et al., 2010; Khosravi et al., 2009; Mamoucha et al., 2010; Panicker et al. 2010; 



 
Meningitis 

 

72

particularly from bacterial meningitis. This polymorphonuclear predominance has been 
associated with a higher culture positivity and may even have a prognostic value, especially 
in HIV positive patients. In fact these patients occasionally exhibit a persistent 
polymorphonuclear predominance, which has been associated to higher survival rates, as it 
seems to have a protective role against M. tuberculosis (Hooker et al., 2003; Puccioni-Sohler & 
Brandão, 2007). For the performance of a total cell count of the CSF a fresh sample is loaded 
into an improved Neubauer chamber. A proportion of the fluid is centrifuged at 3000 g for 
15 min and from the sediment obtained, a Giemsa stained smear must be examined for the 
differential cell count (Christensen et al., 2011; Hooker et al., 2003; Kashyap et al., 2010; 
Puccioni-Sohler & Brandão, 2007; Ramachandran, 2011; Thwaites et al., 2004). 

8.2 Microscopy 

As far as the direct microscopy of a Ziehl-Neelsen stained smear is concerned, it should be 
conducted in all cases despite the low sensitivity of the examination attributed to the 
paucibacillary nature of the CSF. Each slide must be examined under the oil immersion lens 
for about 30 min, with care being taken to view at least 300–500 high power fields. It is 
proposed for each slide to be re-examined by an independent examiner to ensure accuracy. 
The sensitivity of the method ranges from 10-87% depending on the volume and the number 
of the samples and might drop to 2% after 5-15 days following the onset of treatment 
(Puccioni-Sohler & Brandão, 2007; Thwaites et al., 2004). The Ziehl-Neelsen stain remains an 
important diagnostic tool in tuberculosis since its first introduction in 1882 by Robert Koch 
as it identifies the most infectious cases, it is rapid, inexpensive, technically simple, and 
specific for AFB. However, it is unable to discriminate between M. tuberculosis and other 
mycobacteria, lacks sensitivity, and cannot be applied in the monitoring of treatment, as it 
does not discriminate between viable and non–viable bacilli. Its sensitivity appears to be 
lower in non-respiratory specimens due to the lower bacterial load as well as for some NTM 
species due to poorer staining of their cell wall (Mamoucha et al., 2010). 

8.3 Solid and liquid culture media 

Mycobacterial culture is the microbiological Gold Standard method for the confirmation of 
TBM as the isolation of M. tuberculosis from CSF makes a definite diagnosis of the disease, 
although in the setting of a strong clinical suspicion the isolation of the agent from other 
specimens such as gastric aspirate, bronchial aspirate, sputum or lymph node also guides 
the diagnosis (Kashyap et al., 2010; van Well et al., 2009). There is a variety of culture media 
used for this purpose. These include egg-based (Lövenstein-Jensen-LJ, Petragnani, American 
Trudeau Society, and Ogawa), agar-based (Middlebrook 7H10 and 7H11) and liquid media 
(Middlebrook 7H9, Kirchner, BioFM and Dubos). Due to the slow growth of the organism 
(40 to 60 days), this exam is useful only from an epidemiological point of view. In order to 
shorten the time of detection, Centers for Disease Control and Prevention (CDC) have 
recommended the use of liquid media for primary culture. Liquid culture medium has been 
designed to significantly reduce incubation time to 12-15 days and has been reported in 
various studies. Liquid TB culture media and Middlebrook 7H10 agar-based media, have 
been shown to increase the yield of TB particularly from body fluids but the highest 
recovery rate has been obtained using a combination of both (Fadzilah et al., 2009; Kashyap 
et al., 2010; Khosravi et al., 2009; Mamoucha et al., 2010; Panicker et al. 2010; 

 
Tuberculous Meningitis 

 

73 

Piersimoni & Scarparo, 2008; Sorlozano et al., 2009). This may be attributed to the fact that in 
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be confirmed by performing a ZN smear of the colonies, with AFB being demonstrated. 
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propose filtration of the sample and inoculation of the residue on the culture media in order 
to increase the sensitivity of the method (Kumar et al., 2008).  
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be an inexpensive, simple and rapid method that could be used routinely following a 
lumbar puncture. On this basis certain methods have been developed for the determination 
of ADA activity with the Giusti-Galanti one being the most commonly used (Laniado-
Laborin, 2005; Oosthuizen et al., 1993). Moreover several studies have been conducted 
indicating that the ADA levels in CSF are higher in TBM than in nontuberculous meningitis. 
Depending on each study’s selected cutoff values the sensitivity and specificity for ADA 
have exhibited slight heterogeneity. In fact, CFS ADA cutoff value of 6.5 IU/L showed a 
sensitivity of 95.83% and a specificity of 92.85% (Baheti et al., 2001), while cutoff of 10 IU/L 
has been associated with a sensitivity and a specificity of 94.73% and 90.47% respectively 
(Gupta et al., 2010). However a meta-analysis study that was conducted recently in order to 
evaluate its diagnostic use concluded that ADA, irrespectively of the cutoff levels adopted, 
cannot distinguish between TBM and nontuberculous meningitis, but suggested that the use of 
ranges of its CFS values could have a role in improving TBM diagnosis, especially after 
bacterial meningitis has been excluded (Tuon et al., 2010). Thus the role of ADA activity 
determination in the diagnosis of TBM is still questionable by many scientists, with emphasis 
on the need of standardization of the methodology applied as well as of its cutoff values. 
Nevertheless, the enzyme’s levels are still considered as an additional diagnostic tool. 

8.5 Molecular diagnosis 

The need of a rapid diagnosis in the case of TBM has made the use of molecular techniques 
essential. Although the majority of commercial tests are licensed for nonrespiratory 
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specimens only, many of them have been in use along with in-house techniques and will be 
mentioned here, keeping in mind the fact that the data concerning their diagnostic value are 
based at large on the experience from studies emphasizing on respiratory samples. Even in 
such specimens, due to the need for further standardization between the different protocols 
and for implementation of solid guidelines concerning the evaluation of their results -
attributed to the methods’ innate disadvantages of practical nature as well as to the paucity 
of clinical data - their exact role remains controversial (Dora et al., 2008; Soini & Musser, 
2001). Nucleic acid-based amplification (NAA) tests allow the direct detection of 
mycobacterial DNA or RNA and they include both in-house and commercial tests with the 
latter being more standardized and therefore more reliable. Post-amplification analysis 
includes electrophoresis, hybridization, restriction or sequencing of the products with 
hybridization being the most commonly used one. The Amplified Mycobacterium tuberculosis 
Direct Test (AMTD2, Gen-Probe, bioMerieux, Marcy, L’Etoile, France) which is based on the 
amplification of a Mycobacterium tuberculosis specific region of 16S rRNA using a reverse 
transcriptase was the first one to be approved by the Food and Drug Administration (FDA) 
in 1995, with its recommendations also including extrapulmonary samples, followed by the 
Amplicor M. tuberculosis test (Roche Diagnostic System Inc., Basel Switzerland) in 1996, 
which targets a segment of the same gene with the use of standard polymerase chain 
reaction (PCR). Other methods described include the BD ProbeTec ET Direct TB System 
(DTB, Becton Dickinson) which is a strand displacement amplification method targeting the 
IS6110 and 16S genes, the GenoType Mycobacteria Direct (Hain LifeScience, Nahren, 
Germany) and the INNO-LiPA Rif. TB kit (Innogenetics, Gent, Belgium), both using nucleic 
acid sequenced based amplification (NASBA) and offering the advantage of detecting not 
only members of the M. tuberculosis complex but certain common NTM as well. Newer 
techniques based on real-time PCR amplify simultaneously different DNA targets followed 
by fluorimetric detection and are considered promising. Among them the 
GeneXpertMTB/RIF (Cepheid, Summyvale, CA, USA and FIND Diagnostics, Geneva, 
Switzerland), which also offers the possibility for detection of RIF resistance, has recently 
been approved by the WHO (Alcaide & Coll, 2011; Dora et al., 2008; Soini & Musser, 2001). 
On the other hand, the in-house techniques use the PCR in order to amplify specific regions 
of Mycobacterium tuberculosis genome varying from one institution to another, with the 
IS6110 (Insertion sequence 6110) element and devR element (Haldar et al., 2009; Michael et 
al., 2002) being the ones most commonly used. Reported results of the molecular tests in CSF 
specimens vary in different studies with reported sensitivity and specificity ranging from 
50%-87.6% and 92%-98.6% respectively (Dora et al., 2008; Haldar et al., 2009; Pai et al., 2003). 
This low sensitivity could be attributed to the volume of the sample, given the lower 
number of bacteria usually found in the CSF compared to other compartments, therefore the 
minimum suggested volume of the fluid is 2ml (Michael et al., 2002). In conclusion both 
commercial and in-house molecular techniques might have a role in confirming TBM, 
although their low sensitivity doesn’t seem to allow them to exclude it with certainty. 

9. Treatment of TBM 
The most important determinant of TBM’s prognosis is the stage of the disease at the time of 
initiation of appropriate treatment with evidence indicating that timely onset during the 
early phase of infection can significantly improve the outcome. Therefore, any patient 
suspected of having TBM based on the clinical symptoms and - when present - signs of 
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increased intracranial pressure as well as CSF findings compatible with the disease should 
be started on anti-tuberculous chemotherapy without awaiting for the CSF laboratory 
results. The recommended first line treatment agents for all forms of CNS tuberculosis 
administered daily either individually or in a combination form are isoniazid (INH), 
rifampicin (RIF), pyrazinamide (PZA), streptomycin (SM), and ethambutol. Second-line 
therapy includes ethionamide, cycloserine, para-aminosalicylic acid (PAS), aminoglycosides, 
capreomycin, thiacetazone, while potential new agents include oxazolidinone, isepamicin 
and a new rifamycin called rifapentine. Fluoroquinolones that have a role in the treatment of 
TBM include ciprofloxacin, ofloxacin, and levofloxacin. Finally, because of the intensity of 
the inflammatory and fibrotic reactions at the meningeal site, adjunctive corticosteroids, in 
addition to standard antituberculous therapy, are recommended (Girgis et al., 1998; 
Ramachandran, 2011). Taking into consideration the fact that the same regimens are 
recommended for the treatment of pulmonary and extrapulmonary disease, isoniazid, 
rifampicin and pyrazinamide are considered mandatory at the beginning of TBM treatment 
and some centers use all three for the whole duration of therapy. There are no data from 
controlled trials to guide the choice of the fourth drug. Most authorities recommend either 
streptomycin or ethambutol, although neither penetrates the CSF in a satisfactory degree in 
the absence of inflammation, and both can produce significant adverse reactions. According 
to the guidelines recommended by the World Health Organisation (WHO) however, 
ethambutol should be replaced by streptomycin (Thwaites et al., 2009; WHO, 2010). The 
duration of therapy in tuberculous meningitis is controversial with considerable variation in 
recommendations by different expert groups on this issue (Prasad & Sahu, 2010). Some 
experts recommend 9-12 months of treatment for TB meningitis given the serious risk of 
disability and mortality (WHO, 2010). The Indian Academy of Paediatrics (Indian Academy 
of Paediatrics [IAP], 2011) recommends that the continuation phase of treatment in TB 
meningitis should last for 6-7 months, extending the total duration of treatment to 8-9 
months. The recommended by the British Infection Society (Thwaites et al., 2009) first line 
treatment regimen for all forms of CNS tuberculosis is given in Table 4. 

Drug Daily dose Route Duration 
Children Adults 

Isoniazid 10-20mg/kg  
(max 500mg) 300mg oral 12 months 

Rifampicin 10-20mg/kg  
(max 600mg) 

450mg (<50 mg) oral 12 months 
600mg (≥50 mg) 

Pyrazinamide 30-35mg/kg (max 2g) 1.5g (<50 mg) oral 2 months 
2.0g (≥50 mg) 

Ethambutol 15-20mg/kg (max 1g) 15 mg/kg oral 2 months 

Table 4. Recommended treatment regimen for CNS tuberculosis caused by fully susceptible 
M. tuberculosis (adapted from Thwaites et al., 2009) 

Among the bactericidal agents INH, RIF, and PZA, isoniazid has the best CSF 
pharmacokinetics with concentrations (Cmax), being only slightly less than in blood 
(Donald, 2010). It penetrates the CSF freely, has potent early bactericidal activity and at 
standard dosages it achieves CSF levels of 10-15 times the minimum inhibitory 



 
Meningitis 

 

76

concentration of M. tuberculosis. Its main disadvantage is that resistance develops quite 
quickly when used as a monotherapy though this does not seem to happen when it is used 
for chemoprophylaxis (Cherian & Thomas, 2011). PZA also exhibits a good CSF penetration 
and in children receiving appropriate dosages the achieved Cmax exceeds the proposed 
minimal inhibitory concentration of 20 μg/ml. In this patient group rifampicin is more 
successful in reaching CSF concentrations above its minimum inhibitory concentration than 
in adult adjusted dosages but it can achieve optimal levels only when the meninges are 
inflamed. Streptomycin, other aminoglycosides and ethambutol have a poor CSF 
penetration and cannot be administered as first line agents (Ramachandran, 2011). Among 
the second line agents ethionamide, fluoroquinolones, with the exception of ciprofloxacin, 
and cycloserine display a relatively good CSF penetration and can be administered in TBM 
(Donald, 2010). 

9.1 Use of steroids in TBM 

The British Infection Society recommends that all patients with TBM should receive 
adjunctive corticosteroids regardless of disease severity at presentation. The value of 
adjuvant corticosteroids lies in reducing the harmful effects of inflammation while 
antibiotics kill the organisms and studies have demonstrated significant decrease in 
mortality and morbidity of patients receiving dexamethasone compared with those not 
receiving it (Girgis et al., 1998; Ramachandran, 2011; Thwaites et al., 2009). 

9.2 Treatment of TBM and HIV infection 

Determination of HIV status is mandatory in all patients with suspected CNS TB not only 
because TB may be the first indication of an underlying HIV infection and because of the 
increased frequency of extrapulmonary involvement in persons with immunosuppression, 
but also due to the impact that TB might have on the antiretroviral (ART) treatment 
decisions. In case of a positive HIV status the choice and duration of anti-TB therapy 
remains unaltered and patients should receive the drug regimen that is recommended for 
HIV negative individuals with rifampicin being administered when possible, taking into 
consideration the fact that this agent induces the metabolism of the protease inhibitors, 
delavirdine and nevirapine reducing their levels (Thwaites et al., 2009). According to WHO 
the recommended first line ART regimens for TB patients are those that contain efavirenz 
(EFV) since its interactions with anti-TB drugs are minimal. In individuals who require an 
ART regimen containing a boosted protease inhibitor (PI), it is recommended to give a 
rifabutin based TB treatment. If rifabutin is not available, the use of rifampicin and a 
boosted antiretroviral regimen containing lopinavir or saquinavir with additional ritonavir 
dosing is recommended but this regimen should be closely monitored. Adjunctive 
corticosteroids are also recommended (Cherian & Thomas, 2011; WHO, 2010).  

9.3 Treatment of multi-drug resistant TBM 

Despite the fact that multi-drug resistant (MDR) tuberculous meningitis is at present a 
worldwide reality, in contrast to MDR pulmonary TB, it has not been well described, with 
the exception of limited reports (Byrd & Davis, 2007; Daicos et al., 2003; Schutte, 2001). The 
low sensitivity of CSF smears and culture as well as the prolonged time required for 
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culturing and susceptibility testing, which underestimate its true incidence, have 
contributed to this. The emergence of multi-drug resistant TB meningitis complicates the 
management of the disease, because the first line anti-TB regimen is inadequate. Second line 
agents with the exception of ethionamide, cross the blood-brain barrier poorly, resulting in 
suboptimal concentrations in CSF and since there are not enough pharmacokinetic data for 
drugs such as cycloserine and thiacetazone, the management of CNS disease caused by 
bacilli resistant to both INH and RIF is challenging (Daicos et al., 2003; Patel et al., 2004). 
Suspected isoniazid resistant disease, without rifampicin resistance, should be treated 
initially with conventional 4-drug first line therapy. If a low level resistance is proven or the 
cultures are uninformative, the British Infection Society recommends 12 months of 
treatment including rifampicin, isoniazid, and pyrazinamide and ethambutol, the latter 
being discontinued after 2 months. If a high level isoniazid resistance is proven, exchanging 
the agent for levofloxacin or moxifloxacin for at least 12 months in combination with 
rifampicin and pyrazinamide is recommended. For patients with suspected or proven MDR 
CNS tuberculosis the British Infection Society recommends initial therapy with at least a 
fluoroquinolone, pyrazinamide, ethionamide or prothionamide, and amikacin or 
capreomycin, unless there is resistance to any of these agents (Thwaites et al., 2009). The 
standard treatment regimens, which are designed according to the general principles of the 
therapeutic approach to MDR TB, should be changed to individualized ones once the results 
on drug susceptibility concerning other agents besides INH and PZA are available (WHO, 
2010). As far as paediatric groups are concerned, further studies of the sensitivity patterns 
are required in order to standardise and optimise the second line treatment protocols 
(Padayatci et al., 2006). 

9.4 Neurosurgery 

Besides its diagnostic value and although it is used in the management of the late 
complications of the disease, neurosurgery plays a minor role in the treatment of TBM. 
Hydrocephalus, tuberculous brain abscess (TBA), and vertebral tuberculosis with cord 
compression, may be indications for urgent neurosurgical intervention, even though early 
hydrocephalus and tuberculous brain abscess can be successfully treated by drugs alone. So 
early recognition and timely treatment is critical in avoiding the surgery. The aim of surgical 
management of TBA is to reduce the size of the space-occupying lesion and subsequently 
diminish intracranial pressure. Anti-TB therapy prior to the surgery is considered 
mandatory and appears to reduce the risk of postoperative meningitis. Urgent surgical 
decompression should also be considered in all the cases with extradural lesions causing 
paraparesis (Cherian & Thomas, 2011). 

10. Conclusion 
Tuberculosis is a serious public health issue with tuberculous meningitis being the most 
severe extrapulmonary form as well as the most common manifestation of central nervous 
system disease. The causative agents are members of M. tuberculosis complex and NTM, 
which should be strongly considered as important CNS pathogens in patients with HIV 
infection. The three most commonly used laboratory methods of TBM diagnostics are smear 
microscopy, culture and molecular techniques but as the stage of the disease at the time of 
treatment onset is the most important determinant of prognosis, anti-TB therapy should be 
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initiated even before their completion. Nevertheless, the disease’s wide clinical spectrum 
combined with the significant overlap between its syndromes pose a diagnostic challenge, 
underlining the importance of a high index of clinical suspicion. We should keep in mind 
that rapid diagnosis of TBM besides its impact in the disease’s outcome is also central to 
controlling primary tuberculosis, especially in the wake of the emergence of multi-drug 
resistant TB and its severe implications particularly for HIV infected patients.  
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1. Introduction  
Tuberculosis (TB) continues to be one of the highest burdens and greatest challenges to 
public health. Annually, TB causes approximately 1.7 million deaths and 9.4 million incident 
cases worldwide. Although the incident rate of TB is slowly falling due to the expansion of 
the population, the absolute number of new TB cases is still increasing. It is estimated that 
two billion people (i.e., one-third of the global population) are infected with Mycobacterium 
tuberculosis (MTB), the causative agent of TB (World Health organization [WHO], 2009). 
MTB is one of the most successful human pathogens. Many efforts and resources have been 
invested to conquer this disease. Despite continuous efforts to generate effective strategies 
and approaches for prevention, control and treatment of TB, there has been little progress on 
developing vaccinations and drugs and increasing our understanding of the disease 
compared to the progression of the adaptability and pathogenicity of the pathogen, which 
is, even now, full of ambiguity regarding virulence factors and pathogenicity.  

Tuberculous meningitis (TBM), or TB meningitis, is the most devastating form of TB. The 
disease involves the infection of the meninges of the host, which is caused by MTB and 
other mycobacteria. This form of TB is of greatest concern due to its fatal outcome and 
neurological sequelae. The challenge is concentrated around rapid reliable diagnosis, 
treatment and understanding of its pathogenesis. The incidences of extrapulmonary TB and 
TBM are increasing (Kruijshaar et al., 2009). Drug resistance and HIV infection are the 
complications that make the treatment and management of TBM patients more difficult, and 
there are still doubts regarding many aspects of the disease. The lack of knowledge 
regarding TBM is challenging for us and other researchers. This review assembles, 
summarizes and discusses information regarding the epidemiology and drug resistance of 
TBM and the associations between MTB lineages and disease drawn from previous studies, 
along with information from studies that have been performed in Thailand. The overview of 
pathogenesis and the possible mechanism of TBM development are also discussed.  
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1.1 Clinical features  

The cardinal clinical features of TBM include fever, anorexia and headache. Confusion is a 
late feature, and coma is a sign of poor prognosis. However, these features are not specific 
for TBM. The clinical features and outcome may vary depending on the delay of treatment, 
underlying disease, host immunity and virulence or lineage of MTB. The duration of the 
symptoms may vary from 1 day to 9 months. The common symptoms of TBM in terms of 
proportions of patients affected are fever (60–95%), anorexia (60–80%), headache (50–80%), 
vomiting (30–60%) and photophobia (5–10%). The clinical signs in terms of proportions of 
patients affected are neck stiffness (40–80%), coma (30–60%), any cranial nerve palsy (30–
50%), cranial nerve III palsy (5–15%), cranial nerve VI palsy (30–40%), cranial nerve VII 
palsy (10–20%), confusion (10–30%), hemiparesis (10–20%), paraparesis (5–10%) and 
seizures (children: 50%; adults: 5%) (Davis et al., 1993; Farinha et al., 2000; Girris et al., 1998; 
Hosoglu et al., 1998; Kent et al., 1993; Verdon et al, 1996; Thwaites et al., 2005a). The severity 
of TBM can be classified into three stages according to the patient's Glasgow coma score and 
the presence or absence of focal neurological signs by stage I: Alert and orientated without 
focal neurological deficit; stage II: Glasgow coma score (please see the following paragraph) 
14–10 with or without focal neurological deficit or Glasgow coma score 15 with focal 
neurological deficit; and stage III: Glasgow coma score less than 10, with or without focal 
neurological deficit (British Medical Research Council, 1948; Teasdale et al., 1974).  

Notably, the Glasgow coma score is scaled between 3 and 15, where 3 is the worst and 15 is 
the best. Three factors are assessed: best eye response (1=no eye opening, 2=eye opening to 
pain, 3=eye opening to verbal command, 4=eyes open spontaneously), best verbal response 
(1=no verbal response, 2=incomprehensible sounds, 3=inappropriate words, 4=confused, 
5=orientated), and best motor response (1=no motor response, 2=extension to pain, 
3=flexion to pain, 4=withdrawal from pain, 5=localizing pain, 6=obeys commands) (British 
Medical Research Council, 1948).  

1.2 Diagnosis 

The diagnosis of TBM is difficult because there are no specific clinical features and no rapid 
reliable tests. The problem of misdiagnosis and the delay of diagnosis subsequently lead to 
the delay of treatment and the reduction of the cure rate. The clinical criteria for 
differentiating TBM are essential. However, the prodrome is usually nonspecific, and the 
diagnosis cannot rely only on clinical signs. Due to the difficulty of diagnosis of TBM and 
the lack of effective diagnosis tools, there have been efforts to generate diagnosis rules for 
differentiating TBM from other meningitis diseases (Kumar et al, 1999). Confusion with 
other meningitis diseases (e.g., viral meningitis and other bacterial meningitis) is a problem 
for the diagnosis of TBM. This form of TB should be considered when a patient presents 
with meningoencephalitis, especially with pre-diagnosed TB or is a member of any high-risk 
groups (Leonard et al., 1990). For the TBM diagnostic test, it is important to perform a 
lumbar puncture; cerebrospinal fluid (CSF) can be examined by many tests (e.g., CSF AFB 
staining, CSF culture, CSF analysis of protein, glucose level, white blood cell count and 
detection of MTB complex nucleic acids and mycobacterium). The increase of protein and 
decrease of glucose with mononuclear cell pleocytosis are suspected indicators for TBM 
(Jeren & Beus, 1982). Radiographic assessments, such as computed tomography (CT) and 
magnetic resonance imaging (MRI), have vastly improved the identification of 
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complications of TBM (Bhargava et al., 1982; Bullock et al., 1982). The ideal features of a 
diagnostic test for TBM would require good sensitivity, specificity and more rapidity. Acid-
fast bacilli (AFB) staining from a direct specimen with careful and repeated searching for 
acid-fast bacilli (AFB) is still one of the most effective rapid diagnostic tests. However, AFB 
staining lacks sensitivity, though it is a common conventional detection method for 
pulmonary TB. The gold standard for definite diagnosis is based on the positive cultivation 
of mycobacteria from CSF. However, the culture results can be delayed and are often 
insufficient for aiding clinical diagnosis. There have been attempts to apply new rapid 
methods, such as molecular and immunological tests, to aid in the diagnosis of TBM 
(Kashyap et al., 2002; 2000; Mathai et al., 2001; Radhakrishnan et al, 1994; Robertson et al., 
1950; Srisaimanee et al., 2002; Sumi et al., 2002). Polymerase chain reaction is helpful for 
bacteriological confirmation. However, these new diagnostic methods have not been 
completely evaluated, and many tests require specific facilities and expertise. The diagnosis 
of TBM is still challenging and undoubtedly requires further approaches that are practical 
for use in all countries with improved reliability.  

1.3 Treatments and management of TBM 

Without appropriate treatment, TBM is a fatal disease with a high mortality rate. Many 
drugs used for the treatment of pulmonary TB have been used for the treatment of TBM as 
well. Nevertheless, there is much uncertainty regarding the treatment of TBM when 
compared to pulmonary TB (e.g., regimens, doses and the duration of chemotherapy). 
Streptomycin (SM) has been used for 60 years for TB treatment (Joint Tuberculosis 
Committee of the British Thoracic Society, 1998). The introductions of isoniazid (INH) and 
para-aminosalicylic acid (PAS) have provided further improvements in prognosis. A drug 
that can pass the blood-brain barrier (BBB) effectively can improve the efficacy of treatment. 
Rifampicin is 80% protein-bound in plasma; only 20% can penetrate the CSF in those with 
an intact BBB (Ellard et al., 1993). Nevertheless, the slow penetration of rifampicin through 
the BBB could allow its concentration in the CSF above the minimum inhibitory 
concentrations for MTB (Ellard et al., 1993). In contrast, INH, which is non-protein-bound, 
rapidly penetrates through the BBB in both healthy and inflamed conditions, which can 
yield concentrations > 30 times the MIC for MTB (Fletcher, 1953). The excellent capacity of 
pyrazinamide (PZA) to penetrate the BBB and its sterilizing activity against MTB makes this 
drug as a potential treatment for TBM (Humphries, 1992). Ethionamide penetrates healthy 
and inamed meninges, but it can cause severe nausea and vomiting (Donald et al., 1989).  

Presently, treatment of TBM involves a combination of several anti-tuberculous drugs, as 
does treatment for pulmonary TB. The appropriate regimen of treatment recommends 
starting with INH, RIF and PZA. The addition of a fourth drug depends on the decision of 
the clinicians. The British Thoracic Society (BTS), the Infectious Diseases Society of America 
and the American Thoracic Society (IDSA/ATS) recommend a short-course of 
chemotherapy for the treatment of TBM, as is used for the treatment of pulmonary TB, with 
variations in duration: an “intensive phase” (2 months) of treatment with four drugs, 
followed by a “continuation phase” (6-9 months) with two drugs (BTS, 1998; Thwaites et al., 
2009a). The 6-month duration of treatment, as is used in pulmonary TB, could be used for 
TBM if the likelihood of drug resistance is low (van Loenhout-Rooyackers et al., 2001). 
Ethambutol and streptomycin are less effective for TBM treatment because of their poor 
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penetrating capacities and the adverse effect of optic neuritis. However, the BTS still 
recommends the use of these drugs as a choice for the fourth drug in the intensive phase. In 
cases of multidrug-resistant TBM (MDR-TBM), there are still no standard guidelines for 
chemotherapy (BTS, 1998; Thwaites et al., 2009a). Resistances to INH and RIF (MDR-TBM) 
are strong predictors of death (Thwaites et al., 2005b). MDR-TB isolates in Thailand were 
evaluated by their rpoB, katG and inhA genes; the results revealed relatively high numbers of 
mutations in amino acids 531, 526 and 516 of the rpoB gene, amino acid 315 of the katG gene 
and the promoter region of inhA (Boonaiam et al., 2010; Prammananan et al., 2008). 
Ethionamide, cycloserine, ofloxacin, and PAS could be used as second-line drugs based on 
the susceptibility profile of the infected strain or the data available in each country. 
Susceptible rates for ethionamide, ofloxacin and PAS in MDR-TB isolates from Thailand 
were 78.8%, 90.9%, and 85.9%, respectively (Prammananan et al., 2005; 2011). The molecular 
mechanism of ethionamide resistance in MDR-TB strains in Thailand was found to be 
partially related to a point mutation in the ethA gene in 54.1% of isolates (Boonaiam et al., 
2010). The appropriate duration of treatment for TBM is still controversial. The conventional 
duration for chemotherapy for TBM is 6-9 months (BTS, 1998; CDC, 2003). In young 
children, the 6-month duration can be used with high doses of anti-TB agents. Children 
must be treated for 12 months with a combination of antibiotic therapy and adjunctive 
corticosteroids.  

Systemic steroids may also be used, but the roles of steroids for TBM treatment are also in 
doubt, especially in HIV-infected patients. A finding from a drug trial study suggested that 
all TBM patients who are not infected with HIV should be given dexamethasone, regardless 
of age or disease severity (Thwaites et al., 2004). Adjuvant steroids may be used in the 
presence of increased intracranial pressure, altered consciousness, focal neurological 
findings, spinal block, and tuberculous encephalopathy. The benefit for using adjuvant 
corticosteroids for TBM patients involves reducing inflammation (Dooley et al., 1997; 
Humphries et al., 1992; Thwaites et al., 2004). In patients with obstructive hydrocephalus and 
neurological deterioration, placement of a ventricular drain or ventriculoperitoneal or 
ventriculo-atrial shunt should be performed. Prompt shunting improves outcome, 
particularly in patients with minimal neurological deficits. Additionally, surgical therapy 
for TBM patients can also be used in some cases, depending on the physician’s judgment.  

BCG vaccination has been debated concerning its capacity to protect against TB. The severe 
forms of TB, such as milliary TB and TBM in children, can probably be prevented by the 
BCG (Bacillus Calmette-Guérin) vaccine. Several studies have indicated the protective 
effects of the BCG vaccine against TBM (Awasthi and Moin, 1999; Puvacic et al., 2004; Mittal 
et al., 1996; Trunz et al., 2006; Xiong et al., 2009). A protective efficacy of approximately 60-
70% for the BCG vaccine against TBM has been reported (Thilothammal et al., 1996; 
Chavalittamrong et al., 1986). The study compared clinical presentations between BCG-
vaccinated and unvaccinated children and revealed that vaccinated TBM patients showed 
better mentation and had superior disease outcomes (Kumar et al., 2005). However, other 
studies have shown low protective effects of the BCG vaccine against TBM (Guler et al., 
1998; Tsenova et al., 2007; Wunsch Filho et al., 1990). More than 40% of TBM patients have 
been immunized with the BCG vaccine in Turkey (Hosoglu et al., 2003). The protective effect 
of the BCG vaccine against TBM in Thailand has been shown; though Thai people who have 
been immunized with the BCG vaccine still develop TBM, infected individuals are in a very 
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small proportion. Thailand has included mass immunization with the BCG vaccine for every 
newborn as the national public health policy since 1970. In Thailand, 76% of the protective 
effect of BCG against TB has been previously demonstrated, and a significantly lower 
extrapulmonary TB rate compared to pulmonary TB has also been demonstrated 
(Chavalittamrong et al., 1986). However, clear evidence of BCG vaccine efficacy against TB 
and extrapulmonary TB by experimental study is still required.  

2. Epidemiology of TBM 
Information on the epidemiology of TBM is fundamental for the prevention, treatment and 
control of the disease. Nevertheless, due to the difficulty of the collection of specimens from 
patients and its low incidence rate, TBM is a relatively rare form of TB for study. A large 
collection of patient samples (e.g., more than 100 samples) is even less affordable for study. 
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strongest factor that predisposes an individual to development of TBM. The mortality rate 
of TBM is different among countries, which may involve differences in medical personnel, 
management and facilities.  

Authors Countries of 
study Year 

Mean 
(range) 

age (yrs)

Gender
(% M/F)

HIV-
infected 

(number/%) 

Morta-
lity 

rate (%) 
1. Faksri et al., 2011a 
and Yorsangsukkamol 
et al., 2009  

Thailand (n=184) 1996-
2007 

33.6  
(0.25-83) 64/36 48/72 

(66.7%) 25 

2. Roca et al., 2008  Spain (n=29) 1991-
2005 34 (17-78) 59/41 15/29 (52%) 41 

3. Nagarathna et al., 
2007  Egypt (n=336) 2001-

2005 
NA  

(13-50) 68/32 48/107 
(44.9%) NA 

4. Thwaites et al. 2005a Vietnam (n=545) 2001-
2003 33 (15-88) 72/28 96/528 

(18.2%) 30 

5. Patel et al., 2004  South Africa 
(n=30) 

1999-
2002 

25.7 
(0.4-45) 30/70 18/30 (60%) 56 

6. Sutlas et al., 2003  Turkey (n=61) 1988-
2000 

34.5 
(16-74) 64/36 NA 27.8 

7. Kalita and Misra, 
1999  India (n=58) 1992-

1996 25.6 (1-64) 69/31 NA 20.6 

8. Hosuglo et al., 1998  Turkey (n=101) 1985-
1996 

30.6  
(14-67) 60/40 NA 43.5 

9. Karstaedt et al., 1998 South Africa 
(n=56) 

1994-
1997 

33.5  
(18-59) 53/47 39/56 

(69.6%) 69.6 

10. Verdon et al., 1996  France (n=48) 1982-
1993 46 (18-83) 67/33 10/32 

(31.25%) 64.5 

11. Davis et. al., 1993  United States 
(n=54) 

1970-
1990 NA (4-86) NA NA 23 

Note: NA= data not available, M=male, F= Female, HIV=human immunodeficiency virus 

Table 1. Epidemiological information of TBM patients from previous studies 

2.3 Predisposing risk factors  

The strongest risk factors for developing TBM are immunological status (e.g., HIV infection) 
and pre-diagnosed TB. Ages and genders of TBM patients also affect predisposition for TBM 
development. Prior to the predomination of HIV, the age of the patient was the most 
important factor leading to the development of TBM. The ages of TBM patients are different 
from pulmonary and other extrapulmonary TB diseases; TBM is commonly found in 
children ages 0-5 years (Farer and Meador, 1979). In populations with a low prevalence of 
TB, most cases of TBM occur in adults. In general, TBM is more common in children than in 
adults. Notably, the young ages of children are not always the most prevalent risk factors 
for TBM in all populations with high TB burdens, which might result from worldwide BCG 
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vaccination. For instance, in the Thai population, the most predominant ages of TBM 
patients are 31-45 years (35.3%), and only 12% of TBM patients are less than 15 years old 
(Yorsangsukkamol et al., 2009). With BCG vaccination, a significantly lower incidence of 
disseminated TB, such as TBM, was found in patients less than 12 years old compared to 
pulmonary TB (Chavalittamrong et al., 1986). The average ages of TBM patients in particular 
regions, even on different continents, are around 30 years higher (table 1). This evidence 
supports the idea that the HIV epidemic has increased the risk for adult TBM in the last 
three decades. In general, young children are more likely to develop meningeal or 
disseminated TB, whereas adolescents more frequently present with pleural or peritoneal 
TB compared to adults.  

Patient gender is also a predisposing factor for TBM development. Incidence is consistently 
higher for men than for women, with a ratio around 2:1. The proportion of affected females 
is slightly lower than that of males in the overall world population. However, the 2:1 ratio 
between male and female TBM patients has been found consistently in many countries. In 
children with TBM, the ratios between males and females are less affected. In Thailand, a 
male/female TBM patient ratio of 3:2 has been conserved over three periods of four-year 
intervals (Faksri et al., 2011a). The effect of gender on TBM development may be explained 
by socio-economic or anatomical-physiological factors.  

Co-infection with HIV and MTB, especially in AIDS patients, is also the strongest risk factor 
for progression to active TB. Compared to non-HIV-infected individuals, who have a 5-10% 
risk of developing active TB, HIV increases the risk of developing clinical TB post-infection 
to 1 in 3 individuals (Selwyn and Lewis, 1989). Furthermore, HIV also increases the 
possibility of developing extrapulmonary TB, especially TBM (Bishburg et al., 1986). The 
increase in TBM incidence is most likely due to an increased incidence of CNS-TB among 
patients with HIV/AIDS and to the increasing incidence of TB among infants, children and 
young adults. Cell-mediated immunity is the most important defense against TB infection, 
and a decline of CD4 T cells is associated with the development of TBM (De Cock et al., 
1992). Although patients who have HIV infection and TB are at increased risk for TBM, the 
effects of HIV infection on the clinical features and outcomes of TB are still disputed 
(Berenguer et al., 1992). Several studies that have assessed the effects of HIV infection on the 
clinical presentation of TBM have identified conflicting findings. HIV-infected patients may 
have altered clinical presentations, such as in pathological features, CSF parameters, 
frequency of infection with MDR-TB and mortality. Hospital-associated mortality was 
significantly higher in HIV-infected patients (Cecchini et al., 2009; van der Weert et al., 2006; 
Katrak et al., 2000; Bandyopadhyay et al., 2009). Other studies have found that HIV infection 
was not associated with mortality rate or altered neurological presentation in TBM, though 
additional extrapulmonary TB was more likely to occur in HIV-infected patients and may 
have also affected the survival rate (Faksri et al., 2011a; Thwaites et al., 2005a).  

Another important risk factor is pre-diagnosed TB. The most often associated form is 
milliary TB on chest x-rays, which presents as a disseminated form of TB with small 1- to 2-
mm lesions spreading in a large area of the lung and/or other organs. The development of 
TBM can consist of either the primary infection with a short incubation or a secondary 
reactivation of pulmonary TB with a long latent period.  

Previous studies using the tuberculin conversion rate have shown that black-skinned people 
are more susceptible to TB infection than are white-skinned people (Stead et al., 1990). 
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Consequently, the development of TBM may associate with certain host groups. The most 
striking study of host variation and TB is from Gagneux et al., which showed that the 
lineages of MTB are associated with certain geographical regions and ethnic groups from the 
patients’ countries of origin: the East Asian (Beijing) lineage predominates in patients from 
East Asia, whereas the Euro-American lineage mostly infects European people (Gagneux et 
al., 2006). Certain lineages of MTB are predominant in certain geographical regions and 
ethnic groups that are associated with TBM. Therefore, environmental factors (i.e., 
geographical region and race) also predispose individuals to develop TBM. More discussion 
on host variation and predisposing factors follows in sub-topic 5.2: “Host variation and 
development of TBM”.  

Other risk factors that may be involved in TBM development include: diabetes mellitus 
(Bernard-Griffiths et al., 1959; Pablos-Mendez and Knirsch, 1997), malignancy, malnutrition, 
alcoholism, head trauma (Davis and Lambert, 1993) and recent corticosteroid use (Mori and 
Welty, 1992). 

3. Overview of the pathogenesis of TBM 
A pathological view of TBM was first described in 1836 (Green, 1836). Then, in 1882, Robert 
Koch demonstrated that TB was caused by MTB (Koch, 1882). In 1912, a pathological 
experimental infection of TBM in an animal model was demonstrated (Manwaring, 1912). 
Subsequently, there have been several studies focused on the pathogenesis of TBM using 
animal experiments, in which a rabbit model is commonly used, as mice do not provide 
similar pathological characteristics to human TBM (Behar et al., 1963; Matsubara, 1956; 
Sidel'Nikova and Rozina, 1956; Tsenova et al. 2005; 2007; van Well et al., 2007).  

For an overview of pathogenesis (Figure 1), MTB infection occurs through the inhalation of 
aerosol droplets containing the bacilli. Only small droplets (1-5 µm in diameter) can reach 
and eventually deposit in the alveoli of the lungs. Inside the alveoli, the bacilli are engulfed 
by alveolar macrophages. Because MTB can survive in this hostile environment, the bacteria 
can infect and grow inside the macrophages ex vivo. Once these immune cells are triggered, 
numerous cytokines and chemokines are released. The activation of a Th1 cell-mediated 
immune response, the critical defense mechanism that plays a major role against MTB 
infection, occurs; ultimately, a granuloma, mainly composed of macrophage-derived giant 
cells and lymphocytes, is formed. In latent tuberculosis cases, the granuloma functions to 
contain the bacilli and is maintained depending on the strength of the host cellular immune 
response. Furthermore, the interaction between immune factors in the host and virulence 
factors in the pathogen may determine whether the infection will be restricted or 
disseminated and progressed into the next stage of the disease. Before the bacilli can gain 
access to the brain, spreading outside of the lung into the blood circulation is the critical step 
for extrapulmonary TB, a step that is poorly understood. The transportation of infected 
alveolar macrophages into the blood circulation is a current hypothesis for extrapulmonary 
spread. However, the discovery that MTB hematogenous dissemination is dependent on 
heparin-binding hemagglutinin adhesin, a bacterial virulence factor that interacts with 
epithelial cells, has suggested that other trafficking pathways may be important (Pethe et al., 
2001). The failure of immune responses from the host, along with virulence factors from the 
pathogen that promote a high capacity for evading immune responses (which may 
determine by lineages), are the factors that promote extrapulmonary spreading. 
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Fig. 1. Pathogenesis of TBM and postulation of the formation of Rich foci. (a) Aerosol 
transmission of MTB, (http://www.graphicshunt.com/health/ images/alveoli-268.htm)  
(b) Phagocytosis of MTB by alveolar macrophages inside alveoli. (c) Granuloma formation 
in the lung, which subsequently occurs due to cellular and cytokine network responses; 90% 
of hosts with granulomas maintain them stably over the course of their lives. (d) MTB 
escapes from the granuloma, which occurs in 10% of latent TB patients. (e) MTB can cause 
TBM by escalating from the lung or by secondary reactivation from a “leaked granuloma”, 
which is then filtered into a regional lymph node. (http://www.graphicshunt.com/health/ 
images/alveoli-268.htm) (f) After spreading through the blood circulation, MTB can enter 
the CNS through the BBB, likely by a Trojan horse mechanism. (g) Bacilli seed to the 
meninges or the brain parenchyma, forming subpial or sub-ependymal primary complexes, 
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termed “Rich foci”. (h) Rich foci increase in size, rupture and discharge into the 
subarachnoid space, which indicates the onset of TBM. (http://digitalunion.osu.edu/r2/ 
summer08/dzeleznikar/anatomy.html). Some part of figures (a, e, h) were modified from 
online sources as described. 

For TBM, the process of pathogenesis can be divided into two steps (Rich, 1993). First, the 
bacilli are filtered and disseminated into the draining lymph nodes. During this stage, there is 
a short but significant bacteremia that can seed the bacilli into other organs. Hematogenous 
spreading occurs most frequently in regions of the body that are highly oxygenated, including 
the brain. The pathogenesis of TBM might occur from a primary infection of MTB and develop 
into TBM directly or might be derived from the reactivation of pulmonary TB that 
subsequently develops into TBM (figure 1). Like other bacterial meningitis diseases, a 
prerequisite step of the pathological mechanism of TBM is the movement of the bacilli through 
the BBB (Kim et al., 2008). The factors that contribute to this movement remain unknown. The 
process may be a multifactorial process involving host–pathogen interactions. The bacilli can 
cross the BBB using both transcellular and paracellular mechanisms; alternatively, infected 
phagocytes may transmigrate via a so-called Trojan horse mechanism (Kim et al., 2008). 
Consequently, the pathogen can cause BBB dysfunction by inducing injury to the 
endothelium, resulting in an increase in permeability, pleocytosis and encephalopathy. For 
TBM, the Trojan horse mechanism seems to be the most possible strategy for traversal, as MTB 
is an intracellular pathogen and primarily infects macrophages; including a mechanism in 
which the bacilli, by themselves, evade the host immune responses and reach the brain would 
be difficult. However, transcellular penetration of the BBB has also been demonstrated for this 
pathogen (Jain et al., 2007). In addition, the factors that determine the fate of bacilli for 
hematogenous dissemination and development of TBM include the capacity to survive and 
replicate inside macrophages. Furthermore, the capacity of bacilli to reduce the occurrence of 
programmed cell death, which would reduce the viability of bacilli, may also be involved in 
the process of TBM pathogenesis. In those who develop TBM, bacilli seed to the meninges or 
the brain parenchyma, forming subpial or sub-ependymal primary complexes, termed “Rich 
foci” (Rich, 1993). This step, which has not yet been defined, may also determine the progress 
of the disease by both pathogen and host factors. In the second step, in approximately 10% of 
the cases that develop such complexes, particularly in children and immunocompromised 
hosts, the primary complex does not heal but progresses. This event can occur months or years 
after the formation of Rich foci (Rich, 1993; Thwaites and Schoeman, 2008). The location of the 
Rich foci determines the type of CNS involvement. In TBM, the Rich foci increase in size until 
they rupture and discharge into the subarachnoid space, which indicates the onset of TBM. 
The following processes can also take place: adhesions around the interpeduncular fossa can 
lead to CN palsies; adhesive exudates can obstruct CSF, leading to hydrocephalus; and 
obliterative vasculitis can lead to infarction. Encephalitis and tuberculomas can also occur. 
Rich foci located deeper in the brain or the spinal cord parenchyma can cause tuberculomas or 
abscesses. Notably, abscesses or hematomas can rupture into the ventricle, but not in the case 
of Rich foci (Rich, 1993). After the rupture of Rich foci, the bacilli and numerous leukocytes are 
released into the subarachnoid space. Then, the local T-cell-dependent response is activated. 
The subsequent necrotizing granulomatous and inflammatory responses are the result of the 
pathological events of TBM.  

On the cellular scale of TBM pathogenesis, the cytokines and chemokines that are 
consequently released from the host cellular response are thought to be important factors of 
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pathogenesis. Most of the symptoms, signs, and sequelae of TBM are the result of an 
immunological inflammatory reaction to the infection. Tumor necrosis factor-alpha TNF-α) is 
the key cytokine in the inflammatory response and is the critical cytokine in the 
neuropathogenesis of MTB (Mastroianni et al., 1997; Tsenova et al., 1999). Evidence has 
indicated a direct correlation between the level of this cytokine in the CSF and the progression 
of the pathogenesis of TBM (Tsenova et al., 1999). Also, TNF-α is a major determinant of 
disease in a rabbit model of meningitis (Tsenova et al., 2005). TNF-α also benefits the host by 
playing an important role in granuloma formation (Kaneko et al., 1999). These conflicting roles 
of TNF-α might depend on which polarity of cytokine responses (i.e., Th1 or Th2) dominate. 
Metalloproteinase-9 (MMP-9) is another cytokine that may play an important role in TBM 
pathogenesis by increasing the degradation of the BBB, which results in an increase in its 
permeability. Evidence has demonstrated that different genotypes of MTB can induce different 
host immune responses (Chaves et al., 1997, Yorsangsukkamol et al., 2011). 

Alternatively, host genetic polymorphisms can also affect their susceptibility for developing 
disease. Some cytokines and proteins that are released from host cells, such as TNF-α, are 
related to the development and pathogenesis of TBM. In TB, a strong Th1-like immunity is 
considered important for containment of mycobacteria. The major immune effector 
mechanism involved in the activation of infected macrophages is stimulated by Th1-type 
cytokines (Seth and Sharma, 2002). The protective effects of Th1-type cytokines can be 
antagonized by Th2-type cytokines (Manca et al., 2001), and increased production of Th2-
type cytokines may be responsible for the characteristic immunopathology of the disease. A 
balance between the Th1- and Th2-type cytokine responses in TB may influence 
mycobacterial growth, immunopathology and the fate of the disease (Seth and Sharma, 
2002). In addition, regarding the cytokine response, inflammatory cytokines are also 
determinants of immunopathology. The pathogenesis and virulence of the pathogen can 
also be determined by the balance between pro-inflammatory and anti-inflammatory 
cytokines.  

It remains unclear why only some individuals develop disseminated TB that spreads to the 
meninges and then the central nervous system, while most people suffer only localized 
disease in the lung. Important factors include HIV infection and younger patient age. This 
may indicate that the host immune response is a major factor that plays a role in the 
development of TBM. Apart from socio-economic and environmental factors, pathogen and 
host factors are considered to be more important in the development of TBM. However, it is 
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study of the capacity of the HN878 Beijing strain to cause TB meningitis in a rabbit model 
revealed that a disruption of the pks15/1 gene that encodes a polyketide synthase-derived 
phenolic glycolipid (PGL) reduced virulence (Tsenova et al., 2005). However, pks15/1 is not a 
unique property of the Beijing lineage of MTB (Chaiprasert et al., 2006). Despite these 
findings, however, the pathogen virulence and host genetic polymorphism factors 
governing the development of TBM are still unclear. 

4. Anti-tuberculous drug resistance in TBM 
Many decades ago, TB was considered an incurable, deadly disease. With the availability of 
effective treatments, TB can now be cured. However, the complete treatment requires several 
months to stabilize the patient’s condition and to prevent the reoccurrence of disease. Pan-
drug-resistant (PDR) TB strains are now a new emerging and serious public health problem. 
Although the incidence of PDR-TB is not yet high, we cannot underestimate the adaptability of 
MTB, a highly successful human pathogen. In addition, the TB burden dominates in low- and 
middle-income countries (LMIC) where the drug susceptibility test is not fully available. The 
real prevalence of drug-resistant TB may therefore be markedly higher than the estimation. 
Furthermore, extensively drug-resistant (XDR) TB, which is more expensive and more difficult 
to treat than multidrug-resistant (MDR) TB, has more serious adverse effects, and the 
outcomes for patients are much worse. Despite the fact that there are several novel anti-
tuberculous drugs that have been developed and discovered recently, the levels of drug-
resistant TB, especially MDR- and XDR-TB (and PDR-TB), are still increasing. It is very 
threatening to consider the imbalance between the effective anti-tuberculous drugs and drug-
resistant TB, especially with the outbreak of MDR-TB in large areas. The most effective way to 
eradicate TB is with effective vaccination and control of latent TB. However, we are still 
struggling to find ways to beat this pathogen. For now, treatments for drug-resistant TB are 
still where we must focus. Yet, PDR-TB and TB with resistance to new drugs should be 
surveyed and monitored worldwide (Prammananan et al., 2006). The real hope lies with 
continuing to develop novel, effective anti-tuberculous drugs and vaccines.  

In TBM, drug resistance and HIV infection constitute additional conditions that make the 
treatment of patients become more complex and difficult. The diagnosis, treatment and 
management of these patients are major challenges. The delay of diagnosis and treatment of 
TBM can cause the subsequent deaths of patients. Therefore, drug-resistant TBM is a major 
issue of concern for the treatment and management of TBM.  

From data collected on TB cases from 81 countries between 2002 and 2006, the WHO 
reported that the incidence of pulmonary MDR-TB was approximately 4.8%. The highest 
numbers of MDR-TB were found in China, India, and the Russian Federation (WHO, 2008). 
In 2009, 3.3% of all new TB cases had MDR-TB (WHO, 2009). Unfortunately, information on 
the drug resistance of TBM from these countries was not available for this review. Studies 
on the drug resistance of TBM are relatively rare. From the data available, the drug-
resistance patterns for TBM were obtained from four countries: Thailand, Egypt, Vietnam 
and South Africa. Information gathered from previous studies found that the average 
incidence of TBM that was resistant to any drug was approximately 21.5% (with a range of 
12-31%). MDR-TBM was found in 2.2 to 8.6% of cases, with an average of approximately 
3.3% (table 2). The incidence of MDR-TBM was up to 18% in pediatric cases, with a 
mortality rate of 100%. Nevertheless, the sample size from this study was only 20 cases 
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(Chander, 2008). Resistance to particular anti-tuberculous drugs, such as isoniazid, 
represented the most resistant MTB strains in four out of five studies in the available data 
(table 2). Isoniazid resistance in TBM has been suggested to correlate with HIV co-infection 
(Thwaites et al., 2002). The second most-resistant drug is streptomycin. TBM showed 
minimal resistance to rifampicin (which can partially penetrate an intact BBB) and 
ethambutol. There was no evidence to support an increase in penetration capacity through 
the BBB for rifampicin after inflammation (Nau et al., 1992). The information in this review 
may support the idea that rifampicin is a good drug for effective treatment of TBM, with a 
lower chance of development of drug-resistant TBM, compared to isoniazid and 
streptomycin. Ethambutol has been called a poor choice for a first-line treatment for TBM 
due to its poor penetration capacity and the adverse effect of optic neuritis (Donald et al., 
1998). The summarized information shows that ethambutol resistance is less likely to occur 
when it is used as a first-line agent for TBM treatment. However, the low resistance level 
may be a result of poor exposure between the drug and the pathogen. 

Compared to other countries, Thailand has the second-highest drug-resistance rate for TBM 
(table 2). The trend for drug-resistant TBM in Thailand has been previously analyzed; it was 
found that a 3% incidence of MDR-TBM in the first period increased into a 12% incidence in 
the third period (Faksri et al., 2011a). Information regarding the trends of drug resistance in 
other regions is unknown. Nevertheless, it is more likely that drug resistance is 
underestimated, which indicates that the incidence of drug-resistant TBM may be 
increasing. Patel et al. reviewed the medical records of TBM patients from South Africa and 
found that MDR–TBM is a serious problem that has increased the mortality rate up to 57%, 
with the majority of the patients having been treated with anti-tuberculous drugs (Patel et 
al., 2004). Whether or not HIV co-infection and AIDS are involved in the development of 
MDR-TBM, these combined factors result in a marked increase in the difficulty of treatment 
and the mortality rate (Daikos et al., 2003; Patel et al., 2004). This information has raised our 
concerns regarding proper treatment and drug-resistance surveillance for TB and TBM. 

Authors Geographical 
regions 

Year of 
collection

Drug resistant profiles (%) 
H R S E MDR Suscep 

1. Yorsangsukkamol et al., 
2009 and Faksri et al., 
2011a 

Thailand (n=184) 1996-2007 20.4 6.1 17.0 5.4 6.1 75.5 

2. Nagarathna et al., 2008 Egypt (n=336) 2001-2005 13 0 0.3 0.2 2.4 82.2 
3. Caws et. al., 2006  Vietnam (n=198) 2000-2003 18.7 3 24.2 0.5 2.5 68.7 

4. Patel et al., 2004  South Africa 
(n=350) 1999-2002 NA NA NA NA 8.6 NA 

5. Cooksey et al., 2002 Egypt (n=67) 1998-2000 10.4 1.5 7.5 1.5 0 76.1 

6. Padayatchi et al., 2006  South Africa 
(n=362) 1992-2003 NA NA NA NA 2.2 88.4 

7. Girgis et al., 1998  Egypt (n=857) 1976-1996 10 3 0 7 0 80 

8. Karstaedt et al., 1998 South Africa 
(n=56) 1994-1997 NA NA NA NA 4.3 NA 

Note: H: isoniazid, R; rifampicin, S: streptomycin, E; ethambutol, MDR: multidrug-resistant, Suscep; 
susceptible to all drugs  

Table 2. Summary of drug-resistant profiles in TBM patients from previous studies 
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5. MTB lineages, TBM and evolution  
The most common pathogen of TB and TBM is MTB. There are a few reports of TBM caused 
by M. bovis (Cooksey et al., 2002; Tardieu et al., 1988). Meningitis can also be caused by 
nontuberculous mycobacteria (NTM) (Huempener et al., 1966). Interestingly, several studies 
have shown different pathogenicities, determined by clinical analysis among MTB lineages 
(Ganiem et al., 2009; Lan et al., 2003; Kong et al., 2007). Studies in animal models (Manca et 
al., 2001; Reed at el., 2004) and macrophage cell lines (Li et al., 2002; Lopez et al., 2003) have 
also indicated that the Beijing genotype of MTB is the most virulent genotype. Furthermore, 
this genotype is also associated with drug resistance, especially MDR (Drobniewski et al., 
2005). It has been hypothesized that this genotype is an escape mutant of the BCG vaccine 
(van Soolingen et al., 1995). Six lineages of MTB have defined names according to specific 
markers based on large sequence polymorphisms (i.e., regions of difference) and 
geographical regions: East Asian (Beijing), Euro American (EuA), East African Indian (EAI), 
Indo-Oceanic (IO), West African I (WA I) and West African II (WA II). 

5.1 TBM and the variation of MTB lineages  

For TBM, the Beijing lineage is also suggested to be the most neurovirulent genotype. The 
most predominant genotype of TBM in Thailand is the Beijing (East Asian) genotype, with 
an incidence of 58%. The Indo-Oceanic (34%) and Euro-American lineages (10%) are the 
second most and least predominant genotypes (Faksri et al., 2011a). MTB lineages found in 
TBM may associate with the lineages that are found in pulmonary TB. However, the 
proportions of lineages may not be the same. More than half of MTB from TBM patients 
were the Beijing genotype (Yorsangsukkamol et al., 2009), whereas only approximately 20% 
of MTB from pulmonary TB were the Beijing genotype (Rienthong et al., 2005). The 
proportion of MTB lineages in TBM patients in Thailand is roughly concordant with TBM 
strains from Vietnam, in which the Beijing (42%) and Indo-Oceanic lineages (44%) are in 
higher proportions; the Euro-American lineage (14%) is the least prevalent. Studies 
conducted in Vietnam suggest that Beijing MTB is the most virulent genotype that causes 
TBM, based on correlation analysis with clinical features. They found that the Beijing lineage 
showed associations with a shorter duration of illness before presentation and drug 
resistance (i.e., the influence of disease progression, intracerebral alteration of inflammatory 
responses and difficulty of treatment) (Thwaites et al., 2008). In Thailand, the predominance 
of the Beijing lineage revealed associations with MDR-TB, a trend that is increasing in 
proportion; additionally, it had the highest clustered rate, supporting its virulence for 
causing TBM. Inversely, the Euro-American lineage has been thought to be the attenuated 
lineage, causing the lowest proportions of TBM, with a decreasing trend of proportion and 
lacking cluster formation (Faksri et al., 2011a). RFLP pattern analysis of CNS–MTB strains 
also suggested that the occurrence of CNS TB might be strain-dependent (Cooksey et al., 
2002; Arvanitakis et al., 1998). Nevertheless, the absence of an association between MTB 
genotypes and the clinical presentation and outcome of TBM has also been described. The 
most predominant strain in this study was not the Beijing genotype (principal genetic group 
1, or PGG 1) of MTB. They found that all 3 PGGs were represented (group 1, 27.1%; group 2, 
59.3%; group 3, 13.6%) (Maree et al., 2007). This information may indicate the variations in 
capacities for causing neurovirulence and TBM among MTB lineages. 
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In addition, variations in virulence within the Beijing family of MTB have been proposed 
(Alonso et al., 2010; Faksri et al., 2011b; Hanekom et al., 2007; Iwamoto et al., 2009; Kong et al., 
2007; Theus et al., 2007). Particular sublineages of the Beijing family of MTB seem to be more 
virulent based on associations with drug resistance and MDR (Twamoto et al., 2008; 
Mokrousov et al., 2006) and exhibit greater transmissibility (Wada et al., 2009). The genetic 
analysis of the Beijing family of MTB isolates based on SNPs, LSPs, IS6110 and VNTR 
profiles from Thailand revealed interesting genetic polymorphisms among Beijing strains. 
While the SNPs showed good correlations with other genetic markers, such as LSPs and 
IS6110, some SNPs may not be irreversible genetic events (i.e., they may occur repeatedly in 
phylogeny). A determination of the variation of virulence of the Beijing sublineages based 
on a combination of genetic markers has been conducted. The results demonstrated 
associations between Beijing sublineages based on phylogeny and virulence, with the 
modern Beijing lineage being more virulent than the ancestral strain (Kaksri et al. 
unpublished). The modern Beijing strain has an increasing trend toward causing TBM in 
Thailand than the ancestral Beijing strain in Thailand (Faksri et al., 2011b). The differences in 
transmissibility based on cluster analysis and the increasing trend of proportion in TBM 
patients compared to the ancestral Beijing sublineage support this hypothesis.  

5.2 Host variation and development of TBM  

Certain host groups seem to be susceptible to TB infection. There are several studies that 
indicate the association of host genetic vitiation and pulmonary TB. For instance, the 
polymorphisms of genes that are involved with cytokines and chemokines showed 
associations with the susceptibility of TB, such as IFN-gamma (Hashemi et al., 2011), TNF-
alpha (Fan et al., 2010), CXCL-10 (Tang et al., 2009), CCL5 (Sanchez-Castanon et al., 2009) and 
SLC11A1 or NRAMP1 (Bellamy et al., 1998). Genome-wide SNP-based linkage analysis in TB 
cases in Thailand showed particular regions, such as 5q, 17p and 20p, on chromosomes 
associated with TB susceptibility (Mahasirimongkol et al., 2009). Other examples of genetic 
polymorphisms and susceptibility to TB are the MC3R promoter, the CTSZ 3'UTR (Adams et 
al., 2011), P2X7 (Xiao et al., 2010) and MMP-9 (Lee et al., 2009). Notably, MMP-9 is the 
enzyme that may be involved in BBB permeability. The variation in MMP-9 encoding gene 
may also be associated with the development of TBM. The origin countries of patients are 
associated with the development of TBM (Bidstrup et al, 2002). The association between host 
genetic variations and susceptibility to the development of TBM has been proposed. SNPs at 
genes encoding Toll-interleukin 1 receptor domain containing adaptor protein (TIRAP) 
(Dissanayeke et al., 2009) and Toll-like receptor-2 (TLR-2) have been shown to be associated 
with TB caused by the East Asian (Beijing) lineage of MTB (Thuong et al., 2007), which 
indicates an association between host variation, the preference of certain strains of MTB and 
the development of certain disease types.  

5.3 Co-evolution between MTB and the host in TBM 

In terms of evolution, MTB is regarded as a young pathogen, which means that its 
evolutionary process has occurred relatively recently. MTB underwent an evolutionary 
bottleneck and was derived from the most recent common ancestor (MRCA) approximately 
15,000-30,000 years ago (Gibbons, 2008; Kapur, 1994; Hughes et al., 2002; Wirth et al., 2008). 
Inversely, MTB may have infected humans for hundreds of thousands of years, or longer, 
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before the MRCA appeared (Smith et al., 2009). The nature of this pathogen includes an 
intracellular lifestyle. Humans are always a definite host of MTB. Nevertheless, infection 
caused by MTB can also be found in some animals, such as non-human primates (Corcoran 
and Thoen, 1991) and elephants (Angkawanish et al., 2010; Murphree et al., 2009). Although 
the natural defense mechanism of the host is the elimination of pathogens and foreign 
agents mediated by immune responses, co-adaptation between host and pathogen also 
occurs in nature. A good classical model of co-evolution between humans and bacteria 
involves the hypothesis that mitochondria used to be bacteria that co-adapted to live within 
eukaryotic cells as organelles (Henze and Martin, 2003). A similar model has been posited 
involving chloroplasts or plastids of plant cells (Patrick, 2004). A more obvious co-
adaptation of bacteria to human hosts is the Escherichia coli found in the human 
gastrointestinal tract. The co-evolution between MTB and human hosts may have occurred 
several hundreds of thousands of years ago. However, the pathogens try to survive within 
the host by avoiding or suppressing the host immune response. Latent TB may be the result 
of a co-adaptation between MTB and host immune responses. 

Regarding TBM, MTB is an obligate aerobe and prefers oxygen for growth. The underlying 
reason for this may reflect a preference of MTB to spread to other tissues that contain a high 
oxygen content, including the brain. As evidence of this, lung lesions usually occur in the right 
upper lobe. The altered capacity to pass the BBB may an evolutionary response for better 
growing conditions. Unlike other body tissues, the CNS and the CSF are parts of the body in 
which the immune system is less strict. The adaptation of the pathogen by escaping from the 
host immune system and passing the BBB for more oxygen may explain the variation of 
virulence and the evolution of MTB-associated TBM. However, TBM is a severe from of TB, 
and the evolution of MTB toward a better capacity to enter the CNS, eventually causing the 
death of the host, in turn causing its own death, seems to conflict with an adaptive 
evolutionary response. Further studies are certainly needed to explore this possibility.  

6. Future research topics for TBM 
The neurovirulence of MTB is still unknown. The virulence determinants of the causative 
agent of TBM can contribute to clinical intervention. The lineage-dependent virulence of 
MTB is also interesting to study, especially when applied to the consequences of treatment 
and vaccination. It is worthwhile to note that certain MTB strains may have specific 
properties that facilitate meningeal involvement and result in neurotropism, as found in M. 
leprae, which predispose it to infect peripheral nerves. Information in our unpublished study 
shows that certain MTB strains that vary in the copy numbers of variable number tandem 
repeats (VNTR2163A and 2163B) are associated with TBM rather than pulmonary TB. 
Further studies are needed to confirm this finding. 

The pathogenesis of TBM is mainly based on studies that were performed many decades 
ago. The use of animal models, which are mostly based on rabbits and mice, limit the 
validity of the results. There is a need for appropriate animal models, such as non-human 
primates, for experiments that better reflect human TBM and that may reveal novel 
knowledge regarding pathogenesis and treatment for TBM and TB. Cynomolgus monkeys 
(Walsh et al., 1996) and pigs (Bolin et al., 1997) developed TBM with similar pathologic 
characteristics to human TBM following intratracheal or intravenous inoculation of 
mycobacteria. The mouse model is not a good animal model for TBM study due to its 
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immunological response against infection and granuloma formation. However, because of 
its ease of use and the availability of facilities, mouse models are still practical to use as 
animal models for studying TBM. An attempt to modify the mouse model to provide the 
immunological inflammatory response of TBM is an applicable approach (van Well et al., 
2007). Other aspects of the pathogenesis of TBM can help identify novel interventions. The 
mechanism by which the pathogen spreads hematogenously from the lung or other infected 
organs into the CNS is unknown. The roles of some cytokines, such as MMP-9, vascular 
endothelial growth factor (VEGF) and TNF-α, for controlling the breakdown and 
permeability of the BBB and the role of cell death mechanisms in the pathogenesis of TBM, 
such as apoptosis and autophagy, are included in the list of unanswered questions. The 
implications of the findings from these studies will help to improve the treatment and 
intervention of not only TBM but also other extrapulmonary TB diseases. 

The improvement of molecular methods and strategies to gain more sensitivity and 
specificity can largely aid the diagnosis of TBM. The development of a rapid diagnostic 
method with high sensitivity and specificity that is appropriate for LMIC is also a challenge. 
Furthermore, the rapid diagnosis of drug-resistant TB and TBM will facilitate the treatment 
and management of TBM patients and drug resistance surveillance. 

The development of new effective treatments and novel drugs, especially drugs that can 
effectively penetrate the BBB, is challenging. The role of adjunctive corticosteroids in TBM 
patients co-infected with HIV and the effects or relationships involved in HIV-MTB co-
infection, particularly the aspects of promoting effects of HIV infection and the development 
of MDR-TBM, are also important to study. Developing a rapid method for detection of drug-
resistant strains (especially for MDR- and XDR-TB) in TBM can promote good prognoses and 
positive outcomes. A few studies have shown that bacteriophages can increase the sensitivity 
of detecting MTB in the CSF by using a fluorescent signal that can be detected within a few 
days rather than weeks, as in conventional culture techniques (Jacobs 1993; Drobniewski 1997). 
The improvement of the reliability and the standardization of these diagnosis methods may 
improve the phenotypic-based drug susceptibility testing of MTB. Whether there is a 
protective effect against the severe form of TB (i.e., TBM) and determining the immunological 
role of BCG vaccination against TBM are also important topics to address. 
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1. Introduction 
A broad range of microorganisms cause meningitis; viruses, bacteria, mycobacteria, 
mycoplasma, spirochetes, fungi, and protozoa have all been identified as causative agents. 
Some pathogens almost exclusively affect immunocompromised hosts, and some are 
confined only to endemic areas, but viruses are the most common pathogen worldwide. It is 
estimated that about 75,000 people in the United States suffer from viral meningitis 
annually. The annual incidence of bacterial meningitis in the United States is approximately 
3 per 100,000 (Tunkel & Sheld, 1993), therefore, viral meningitis is far more common. 
Although the exact number of cases varies among countries, viral meningitis is the most 
common meningitis in almost all countries throughout the world.  

Although many patients with viral meningitis are not admitted to a hospital because of an 
uneventful clinical course, 25,000-50,000 are hospitalized every year in the United States 
(Khetsuriani et al., 2003; Wang et al., 2002). The estimated mean charge for viral meningitis-
associated hospitalization from 1993-1997 was between USD 6,562 and 8,313, resulting in 
annual estimated hospitalization costs between USD 234 and 310 million (Khetsuriani et al., 
2003,; Parasuraman et al., 2001). Viral meningitis is, in most cases, a benign disease with a 
self-limiting clinical course, but the economic impact it imposes is large. Furthermore, the 
disease may appear as a small to large outbreak. If large outbreak occurs, they are likely to 
be enormous economic losses. To better characterize the features of viral meningitis and the 
causative agents are therefore of importance. 

Many viruses can cause meningitis, and the frequency at which each virus is identified 
differs geographically and yearly. In addition, a causative virus is not identified in many 
cases of aseptic meningitis. In spite of extensive investigation, no causative agents are 
identified in about one-third of the cases of aseptic meningitis. When identified, however, 
enteroviruses are the most frequent agent in every investigated series (CDC, 2003; Kao et al., 
2003; Meyer et al., 1960; Tyler & Martin, 1993; Wang et al., 2002), being detected in from 30 
to 83% of the cases. Some studies have revealed that enteroviruses are also the most 
common cause of meningitis in infants; more than 90% of patients younger than 1 year old 
who develop aseptic meningitis are identified to have an enterovirus infection, although this 



 
Meningitis 114 

virus is responsible for only about 50% of adult cases of aseptic meningitis (Berlin et al., 
1993; Marier et al., 1975). In this chapter, we review the features of enteroviruses and 
meningitis caused by this pathogen, with reference to an outbreak we recently experienced 
(Hayashi et al., 2009).  

2. Virology 
Enteroviruses are single-stranded RNA viruses, and belong to the Picornaviridae family. 
Other viruses which belong to this family include rhinovirus, which is the major cause of the 
common cold. Enteroviruses are divided into 5 subgenera, which are polioviruses, 
coxsackieviruses (group A and B), and echoviruses. Each subgenus comprises many 
serotypes, making the total number of serotypes more than 60. Some serotypes have a 
strong association with meningitis, while others seldom cause it. A list of serotypes 
associated with aseptic meningitis is summarized in Table 1. Enteroviruses also cause other 
neurological disorders and the association of serotypes with specific neurological disorders 
is described in Table 2. Although rare, opsoclonus-myoclonus syndrome and infantile 
hemipleia have been attributed to enteroviruses in some cases (Kuban et al., 1983; Rodden et 
al., 1975). 

 

   Frequently associated Occasionally associated 

Polivirus     1-3 

Group A coxsackievirus 2, 4, 5, 7, 9, 10, 16  1, 3, 6, 8, 11, 14, 17, 18, 22, 24 

Group B coxsackievirus 1-5   6 

Echovirus  4, 6, 9, 11, 16, 30, 33 1-3, 5, 7, 8, 12-15, 17-25, 31, 32 

Enterovirus  70, 71 

Table 1. The association of enterovirus serotypes with viral meningitis 

Enteroviruses lack the envelope, and are stable even in an acidic environment, which allows 
this virus to transit through the stomach (Rosenthal, 1994). The capsid protein is made of 
four virion polypeptides (VP1-4), among which VP1 serves as a structure to bind its 
receptor. The virus is internalized by receptor-mediated endocytosis, and then the genome 
is released into the cytoplasm. Cytolysis ensues in many cases, depending on the virus and 
the types of infected cells. 

Because the gene encoding this protein undergoes a high rate of mutation during 
replication, this virus is able to avoid immune detection, and sometimes causes large 
outbreaks. In the coxsackievirus B3-associated meningitis outbreak in Hong Kong in 2008, 
for example, an amino acid change of this virus was documented (Wong et al., 2011). There 
was also a large outbreak of aseptic meningitis caused by echovirus 30 in Korea in 2008. A 
gene analysis of the sequence of VP1 revealed that the causative strain was of a distinct 
lineage (Choi et al., 2010). There have also been other reports which demonstrated that 
changes in the immunogenic portion of the viral protein was related to a large outbreak of 
meningitis (Cui et al., 2010; Mao et al., 2010). 
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Encephalitis Poliovirus  1-3 

  Group A coxsackievirus 2, 4, 5-9, 10, 16 

  Group B coxsackievirus 1-6 

  Echovirus  2-4, 6, 7, 9, 11, 14, 17-19, 22, 25, 30, 33 

  Enterovirus  70, 71 

Paralysis  Poliovirus  1-3 

  Group A coxsackievirus 2-11, 14, 16, 21, 24 

  Group B coxsackievirus 1-6 

  Echovirus  1, 2, 4, 6, 7, 9, 11, 14, 16-19, 30 

  Enterovirus  70, 71 

Cerebellar ataxia Poliovirus  1, 3 

  Group A coxsackievirus 2, 4, 7, 9 

  Group B coxsackievirus 1-6 

  Echovirus  6, 9 

  Enterovirus  71 

Polyneuropathy Group A coxsackievirus 2, 5, 9 

  Group B coxsackievirus 14 

  Echovirus  5, 6, 22 

Table 2. The association of enterovirus serotypes with neurological disorders 

After initial replication in the oropharynx, the enterovirus transits the stomach and reaches 
the intestinal loop. In the submucosal lymphatic tissue, the viruses actively replicate and 
cause viremia, which then targets many organs. The best temperature for enterovirus to 
replicate is 37°C, and conditions with lower temperatures are unsuitable for the 
development of this viremia. This is one of the reasons why enterovirus meningitis is most 
prevalent in hot seasons. A large study showed that enterovirus meningitis is more than 5 
times more common in summer than in winter, although mumps or arenavirus meningitis is 
more common in the winter and spring (Meyer et al., 1960). Exercise, which raises the body 
temperature, may also promote viral replication. In a mouse model of poliomyelitis, the 
degree of exercise correlated with the severity of paresis (Rosenbaum & Harford, 1953). 
Clinical data also shows that hard physical exercise has often preceded the establishment of 
paresis in this disease (Horstmann, 1950). Cardiac muscle damage caused by the 
coxsackievirus is also augmented by exercise (Gatmaitan et al., 1970). It is thus believed that 
severe exercise makes the disease more severe in cases of enteroviruses infection (Modlin, 
2008). 

We recently experienced an outbreak of aseptic meningitis caused by echovirus 30 in a high 
school baseball club (Hayashi et al., 2009). Among the 43 members of the baseball club 
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related to our case, 12 were admitted to our hospital, 5 to other hospitals, and all of the other 
members developed a fever and headache even though they were not admitted to hospitals. 
This attack rate was extraordinarily high; that in previous reports ranged from 3 to 13% 
(Akiyoshi et al., 2007; Dumaidi et al., 2006; Mohle-Boetani et al., 1999; Vieth et al., 1999). This 
extraordinarily high attack rate could be explained by the physically severe training the club 
members undertook before or just after virus infection. 

The route of central nervous system invasion of this virus has not been fully elucidated, but 
blood-mediated spread is most plausible. The simultaneous occurrence of neurological and 
other symptoms supports this route. Experimental data show that viremia precedes central 
nervous system invasion (Nathanson & Bodian, 1962), which also supports this route. 
Alternatively, the direct spread from intestinal peripheral nerves is also suspected (Sabin, 
1956). In the case of poliomyelitis, virus may spread through the muscle and access the 
innervating nerves, and then travel to the brain (Rosenthal, 1994). 

3. Clinical features  
More than 90% of enterovirus-infected people remain asymptomatic (Kogon et al., 1969). 
Even if the infection becomes symptomatic, most of the patients develop only mild febrile 
illness; less than 5% of febrile patients develop meningitis (Rotbart, 1995, 2000). It is 
estimated that about 1 in 3,000 cases of enterovirus infection causes meningitis. Females are 
more prone to evolve meningitis (the male:female ratio is 1.3-1.5:1), although the exact 
reason for this is unknown. There are no specific findings for the febrile illness caused by 
enterovirus. It is known that the fever may last for one week or longer (Kogon et al., 1969; 
Rotbart et al., 1998). Headache, throat pain, emesis, and diarrhea are also common findings 
in cases of enterovirus infection, all of which are also common in mild febrile illnesses 
caused by other pathogens. 

Organs other than the nervous system are also the targets of this virus, and therefore, 
various disorders are caused by this infection. Acute hemorrhagic conjunctivitis, exanthems, 
hand-foot-and-mouth disease, herpangina, myositis, and pericarditis are well-known 
disorders caused by this virus. As seen for the neurological symptoms (Table 1 and 2), these 
disorders are also associated with specific enterovirus serotypes. Acute hemorrhagic 
conjunctivitis, for example, has a strong association with enterovirus 70 and coxsackievirus 
A24. Herpangina is mainly caused by coxsackievirus A or E71. 

As described above, most cases of aseptic meningitis follow an uneventful course. However, 
a few people show complications such as seizure, coma, and movement disorders. There 
were no such cases in the outbreak we experienced (Hayashi et al., 2009), but 5 to 10% of 
infant cases show severe complications (Rorabaugh et al., 1993). Infant cases may suffer 
from neurological sequela such as altered language development, which suggests a higher 
vulnerability of infants to this virus. On the other hand, other studies have suggested that 
older people are more vulnerable to poliovirus infections (Nathanson & Martin, 1979; 
Weinstein 1957). There is also data suggesting that adults show a more prolonged course of 
enterovirus infection (Rotbart et al., 1998). The reason why younger people suffer from 
enterovirus infections more frequently may be related to the absence of specific immunity. 
The reason older people tend to have a prolonged clinical course, on the other hand, 
remains unknown.  
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Although most cases of enterovirus meningitis take a quite benign course, 
electroencepharograms may show slowing of the waves (Lepow et al., 1962). We 
investigated the electroencepharograms in several cases of enterovirus meningitis 
(Hayashi et al., 2009), but no cases revealed abnormal findings. The results of 
electroencephalograms may be different based on the causative serotype, but this issue 
has not been fully elucidated. Eleven to twenty-two percent of the cases of viral 
encephalitis are caused by enteroviruses (Modlin, 2008), which indicates that some 
serotypes are highly neurotropic and take an aggressive form. Echoviruses 9 and 71 are 
notorious for their frank brain damage (Fowlkes et al., 2008). However, even in the same 
serotype-caused outbreak, the clinical picture may be different for those affected by the 
viruses (Akiyoshi et al., 2007; Faustini et al., 2006; Hayashi et al., 2009; Helfand et al., 1994; 
Mohle-Boetani et al., 1999; Vieth et al., 1999). Mutations in VP1 change the virulence, as 
may other mutations. 

The classic clinical presentation of bacterial meningitis is the triad of fever, neck stiffness 
and an altered mental state. Viral meningitis, on the other hand, usually lacks mental state 
alteration. In our experience, all patients with enterovirus meningitis suffered from 
headache and fever, but the mental state was unaltered in all of the cases (Hayashi et al., 
2009). However, there were other symptoms in these patients (summarized in Table 3). 
Most previous reports show similar results: headache and fever in all patients, vomiting 
in 60 to 90%, diarrhea in 11%, and rash in 3 to 9% (Bernit et al., 2004; Gosbell et al., 2000; 
Ihekwaba et al., 2008; Kao et al., 2003). Why a rash was not observed in our case series 
remains uncertain. Some serotypes, such as enterovirus 71, tend to be more aggressive, 
but to speculate the causative serotype based on the clinical presentation alone is 
impossible. In cases of aseptic meningitis caused by other viruses, some symptoms are 
informative about the causative agent; concomitant parotitis or genital lesions, for 
example, indicates a mumps infection or herpes simplex 2 infection, respectively. 
However, even in mumps-related meningitis, only half of all patients show parotitis. In 
addition, only 3 of 23 herpes simplex virus 2-related aseptic meningitis cases had shown 
prior genital lesions (Landry et al., 2009). Whether the meningitis is caused by an 
enterovirus or another viruses cannot be inferred clinically.  

Meningeal irritation signs are important for diagnosing meningitis. Unless meningeal 
irritation signs are confirmed, the clinician does not generally investigate the cerebrospinal 
fluid (Attia et al., 2009). In our case series, however, neck stiffness was confirmed in only 
60% of cases (Hayashi et al., 2009). Previous reports also showed that this sign was 
confirmed in only 70% of cases. The absence of this sign does not exclude meningitis. Kernig 
signs, a common symptom of meningeal irritation, is less sensitive than neck stiffness; as 
shown in Table 3, only 23.5% of cases showed this sign. Among the three meningeal 
irritation signs we investigated, the Jolt accentuation signs showed the highest sensitivity 
(Table 3), which was compatible to that shown in previous report (Uchihara et al., 1991). The 
Brudzinski sign has high sensitivity in cases of bacterial and tuberculous meningitis (Brody 
& Wilkins, 1969), but how often this sign is observed in enterovirus-associated meninigitis 
remains uncertain. Although we did not carry out an exact analysis, this sign was only 
rarely observed in our case series of echovirus 30-associated meningitis. When a patient 
with a possible diagnosis of meningitis is encountered, then the Jolt accentuation test is 
considered to be of great importance. 
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As the disease usually takes benign clinical course, no specific treatment is required in most 
cases. Analgesics or anti-emetics are used for relief of symptoms. Pleconaril may reduce the 
duration of headache or fever, but is not approved for use in the United States.  

When immunocompromised patients develop enterovirus meningitis, the outcome is often 
poor. It tends to become a chronic infection. Even with intravenous administration of 
immunoglobulin, the disease often has a fatal outcome (Modlin, 2008). 

 

Symptoms  Headache   100% 

   Fever    100% 

   Emesis    90.5% 

   Throat pain   23.8% 

   Diarrhea    9.5% 

   Rash    0% 

Signs   Jolt accentuation   87.5% 

   Neck stiffness   60.0% 

   Kerni sign   23.5% 

Table 3. The signs and symptoms of patients hospitalized with enterovirus meningitis 

4. Laboratory data 
Pleocytosis in the cerebrospical fluid, with predominance of mononuclear cells, is one of the 
most important findings for diagnosing viral meningitis. However, many previous studies 
of enterovirus meningitis have reported results that contradict this rule (Bernit et al., 2004; 
Carrol et al., 2006; Kao et al., 2003; Lee & Davies, 2007). Our case series also revealed that 
59.7±28.9% of the cells in the cerebrospinal fluid were of polymorphonuclear origin (Table 
4). Therefore, polymorphonuclear cell predominance in the cerebrospinal fluid is not 
unusual in enterovirus meningitis. In herpesvirus infection of the central nervous system, 
polymorphonuclear cell predominance is also common. Although it is sometimes insisted 
that an inflammatory response in the cerebrospinal fluid tends to be more prominent in 
herpesvirus infection than in enterovirus infection, to differentiate them by the 
cerebrospinal fluid findings is impossible. Our case series showed that the cells in the 
cerebrospinal fluid ranged from 0 to 370/µl, and a study of herpesvirus infection showed 4 
to 755/µl (Olson et al., 1967). The results are therefore highly variable among cases, and are 
not sufficiently informative to speculate on the causative agent.  

In cases of bacterial meningitis, some parameters such as a low glucose level in the 
cerebrospinal fluid, predict a poor outcome of disease. In cases of aseptic meningitis caused 
by enteroviruses, however, the cerebrospinal fluid profile does not predict the clinical 
course. Furthermore, the pleocytosis or an increased protein level in the cerebrospinal fluid 
was not related to the severity of headache or emesis. This may be, at least in part, because 
the time when the cerebrospinal fluid was obtained varied among the cases; the 
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inflammatory response in the cerebrospinal fluid may be mild when a lumbar puncture is 
performed early in the course of infection (Jiménez Caballero et al., 2011). 

As shown in Table 4, white blood cells and/or C-reactive protein elevation in the blood are 
generally mild in cases of aseptic meningitis. This profile is similar to that of other viral 
infections. These findings are useful when viral meningitis needs to be differentiated from 
bacterial meningitis.  

Isolation of the virus in cell culture was the traditional method used to identify the causative 
agent of viral meningitis, but it usually has low sensitivity, ranging from 60 to 75% (Trabelsi 
et al., 1995). Serological examinations and RT-PCR have, therefore, now become 
commonplace, and RT-PCR has recently become preferred because of its high sensitivity 
and shorter time required for the test. The sensitivity and specificity of RT-PCR are 100 and 
97%, respectively (Halonen et al., 1995; Rotbart et al., 1994). We have examined the 
cerebrospinal fluid and pharyngeal swabs to identify causative agents, and found that both 
serological and RT-PCR studies have high sensitivity (Hayashi et al., 2009). The amount of 
sample and the time it was obtained may influence the results. 

 

Cerebrospinal fluid Initial pressure   216.4±43.6 mmH2O 

   Cells    108.9±114.0 /µl 

   Polymorphonuclear cells  59.7±28.9 % 

   Protein    33.8±16.2 mg/dl 

   Glucose (% of blood glucose) 55.5±7.8 % 

Blood   White blood cells    10205±2157 /µl 

   C-reactive protein   1.65±1.72 mg/dl 

Table 4. The laboratory findings of patients hospitalized with enterovirus meningitis 

5. Mode of transmission and outbreak prevention 
Enteroviruses begin to be excreted when the infection is still asymptomatic. It is thus 
possible for a person to transmit the virus even when he/she is not aware of being infected. 
The time from enterovirus exposure to symptom onset differs between disorders; it is 12 to 
24 hours for conjunctivitis, 2 to 3 days for gastroenteritis, and 3 to 10 days for aseptic 
meningitis (Modlin, 2008; Tyler & Martin, 1993). Even during this period, the virus may be 
propagated.  

Viral particles are shed in the upper respiratory tract secretions and feces, the former for 
about 1 to 3 weeks and the latter for 5 to 6 weeks. There are some exceptions, such as 
enterovirus 70 in tears, which cause acute hemorrhagic conjunctivitis (Onorato et al., 1985). 
For the transmission and outbreak of enterovirus meningitis, the fecal-oral route plays the 
pivotal role. Respiratory secretions could theoretically be involved, but whether this route 
actually plays a role in meningitis transmission is uncertain. When one became infected by 
an enterovirus, a member in the same family becomes infected in 43 to 76% of cases (Kogon 
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et al., 1969). Living in crowded conditions increases the probability of transmission. Poor 
hygiene also facilitates the spread of infection. Consequently, enterovirus infection is more 
prevalent in people of lower socioeconomic status.  

In order to prevent transmission and outbreaks, hand washing is important. Sharing cups or 
bottles should be forbidden. The outbreak we recently experienced was, at least in part, 
caused by sharing drink bottles (Hayashi 2009). When the patient is an infant who still needs 
diapers, caregivers should take special precautions to decrease the spread of infection. 
Indeed, child-care centers sometimes become the center of outbreaks (Akiyoshi et al., 2007; 
Dumaidi et al., 2006; Mohle-Boetani et al., 1999; Vieth et al., 1999). To use gloves is 
warranted.  

Not only the above-mentioned limited-community outbreaks, but also larger outbreaks, 
which involve a city to a country, sometimes occur (Choi et al., 2010; Cui et al., 2010; Gobbi 
et al., 2010; Kao et al., 2003; Mao et al., 2010; Perevoscikovs et al., 2010). In most of such 
cases, a mutation of the immunogenic viral protein is involved. In such outbreaks, the attack 
rate for each person is quite low. Careful hand washing and maintaining quality standards 
are important. Virus-containing water occasionally pours into a pond, lake, or sea. 
Relatively small open-community outbreaks can take place under such circumstances 
(Begier et al., 2008; Hauri et al., 2005). Although exposure to the virus is inevitable when one 
swims in such pond, the rate of symptomatic infection is variable. What determines whether 
the infection is symptomatic or asymptomatic is not clear, but the time spent swimming 
correlated with the occurrence of clinically apparent meningitis (Begier et al., 2008; Hauri et 
al., 2005). Therefore, it is best to limit the time spent swimming in a pond for a long time, 
when meningitis is prevalent. 

Serum IgG against enteroviruses persists for life, and IgA (secretory immunoglobulin) 
continues to circulate for approximately 15 years. Infants and young people are less likely to 
possess serotype-specific antibodies against enteroviruses. Special attention should be paid 
in order not to expose young people to prevailing virus. In the outbreak we experienced, we 
notified all schools, kindergartens, and nurseries that an enterovirus infection had been 
detected. We asked public health centers to teach the school staff in the city how to prevent 
transmission. Owing to these activities, we successfully contained the echovirus 30-
associated meningitis outbreak within a limited-community. 
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1. Introduction 
Cryptococcosis is a systemic disease caused by the yeast Cryptococcus spp. Cryptococcus 
neoformans and C. gattii are the etiological agents of fungal meningoencephalitis. Chronic 
meningitis is the most common clinical presentation of cryptococcosis. In contrast with the 
acute meningitis, patients with chronic meningitis develop an indolent course of symptoms 
for at least four weeks like headache, nausea, decreased memory and comprehension. 
Cerebral cryptococcomas can also cause significant neurological morbidity, and these mass 
lesions require relief of increased intracranial pressure and prolonged antifungal therapy. 
Although cryptococcosis is considered one opportunistic infection of the central nervous 
system and lungs, extra neural and non-pulmonary forms may be found. The disease is 
almost always associated with impaired immunity, and occurs in patients with lymph 
proliferative disorders, steroid therapy and organ transplantation. Before the acquired 
immune deficiency syndrome (AIDS) the cases with cryptococcosis were sporadic. Despite 
of the highly active antiretroviral therapy-HAART, acute mortality due to HIV-associated 
cryptococcal meningitis remains unacceptably high (Lortholary et al., 2006), and 
consequently, this disease remains a leading cause of death in Africa, Asia, and Brazil 
(French et al., 2002; Vidal et al., 2008; Pappalardo et al., 2009). 

Cryptococcosis has been documented in few (~3%) of solid-organ transplant recipients with 
68% of the cases occurring one year after transplantation., and almost half cases have 
pulmonary cryptococcal infection. The disease is limited to the lungs only in 6% to 33% of 
cases, although cryptococcal meningitis and disseminated infections have been documented 
in up to 60% of patients (Husain et al., 2001; Vilchez et al., 2002; Singh et al., 2007; Shaariah 
et al., 1992). Data on non-transplant patients or presumably immunocompetent hosts 
presenting cryptococcal meningitis are scarse, because the majority of patients prior to the 
HIV epidemic were significantly immunosuppressed, receiving steroids or having cancer or 
other degenerative diseases (Perfect et al., 2010).  

2. Cryptococcosis and AIDS  
Cryptococcus neoformans is yeast with a tropism for the central nervous system, and 70-90% 
of infections caused by this species manifested as meningitis, after spores inhalation and 
hematologic dissemination. Meningitis is frequently associated to the pulmonary form. In 
immunosuppressed patients with pulmonary cryptococcosis, meningitis should be always 



 
Meningitis 

 

126 

ruled out by lumbar puncture (Mitchell & Perfect, 1995). Cryptococcal meningitis is a 
common and often fatal opportunistic infection in HIV-infected patients, especially in 
developing countries and in patients with CD4 cells < 100/µL. Incidence of cryptococcosis 
decreased in the era HAART, but the incidence and mortality of the disease are still high in 
some areas of the world. Recent review suggests that there are ~1 million new cases and at 
least 500.000 annual deaths world-wide due to HIV-associated cryptococcosis (Park et al., 
2009).  

Computed tomography or magnetic resonance imaging head scans should be done in all 
patients prior to any diagnostic or therapeutic lumbar puncture, with focal neurological 
signs or impaired mental functions. Patients with HIV disease generally do not have 
hydrocephalus or cryptococcal mass lesions and these exams commonly are normal or show 
cerebral atrophy without obstruction or other abnormality (Graybill et al., 2000). 

The most common signs and symptoms are headaches, fever, nausea, vomiting, lethargy, 
coma, memory loss over 2 to 4 weeks; however, sometimes patients only refer general 
bodily discomfort. Patients can also present with pulmonary or cutaneous manifestations 
with or without apparent neurologic disease (Perfect et al., 2010). 

The diagnosis of the meningeal cryptococcosis through mycological procedures is easy and 
based on the visualization of encapsulated yeast cells in the cerebral spinal fluid specimen, 
and immunological assays. If cryptococal meningitis is confirmed, extra neural sites should 
be discharged by means of screening of cutaneous lesions, procedures for blood cultures, 
examination of urine, pleural fluid, sputum, prostatic fluid, and others clinical specimens for 
detect the etiological agent..  

Antifungal drugs more commonly used for treat cryptococcal meningitis are amphotericin B 
deoxycholate, amphotericin B lipid complex or liposomal formulation, flucytosine, and 
fluconazole (Perfect et al., 2010). Ideally, antifungal therapy should rapidly sterilize the 
central nervous system and this should be the primary focus of any induction strategy 
(Bicanic et al., 2007). The antifungal therapy in cryptococcal meningitis in AIDS patients is 
divided into 3 phases: induction (for at least 2 weeks), consolidation (for a minimum of eight 
weeks) and maintenance or suppression phase.  

The induction phase aims the achievement of sterilization of cerebral spinal fluid, or 
reduction of fungal burden. The consolidation phase warrants maintenance of negative 
cultures and normalization of clinical parameters. Some experts and guidelines suggest a 
routine lumbar puncture at the second week, with prolongation of the induction phase if the 
cerebrospinal fluid culture is not yet sterile. The drug of choice for induction is amphotericin 
B (0,7-1,0 mg/kg per day intravenously), and fluconazole is the choice for consolidation [400 
mg (6 mg/kg) per day orally]. Fluconazole should be introduced for consolidation regimen 
whenever the mental status recovered, fever, headache and meningeal symptoms disappear, 
and/or yeast culture results are negative at the second week. Despite the theoretic 
antagonism between amphotericin B and fluconazole, most animal model data suggests that 
both drugs together are a very effective combination against C. neoformans (Menichetti et al., 
1996; Larsen et al., 2004; Larsen et al., 2005; Pappas et al., 2009; Perfect et al., 2010).  

Maintenance therapy should be initiated after completion of primary therapy with an 
induction and consolidation regimen, and continued until there is evidence of persistent 
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immune reconstitution with successful HAART. Since a cure doesn’t exist in AIDS patients, 
maintenance should be done for at least one year with 200 mg/daily of fluconazole 
(standard for consolidation and maintenance), with CD4 cell count > 100 cells/µL and 
undetectable or very low HIV RNA level sustained for >3 months (minimum of 12 months 
of antifungal therapy). Itraconazole is an alternative, albeit less effective, choice for 
maintenance therapy. Oral itraconazole if patient is intolerant of fluconazole, may be 
administered (200 mg per day or a higher dosage 200 mg twice per day orally) (Denning et 
al, 1989).  

The management of cryptococcosis is difficult, particularly in some developing countries 
where flucytosine is no more commercialized and liposomal or lipid complex amphotericin 
B formulations are not affordable. The nephrotoxicity of amphotericin B deoxycholate 
represents a big challenge for the physicians in such regions (Sharkey et al., 1996). 
Furthermore the treatment of increased intracranial pressure represents another serious 
issue since approximately one-half of HIV-infected patients have elevated baseline opening 
intracranial pressures requiring drainage of cerebral spinal fluid daily (Bicanic et al., 2009). 
Medications other than antifungal drugs are not useful in the management of increased 
intracranial pressure in cryptococcal meningoencephalitis (Perfect et al. 2010).  

The rapid clearance of infection by sterilization of cerebrospinal fluid associated with 
clinical improvement on day 14 of treatment is predictive of a good evaluation in the 10th 
week (Robinson et al., 1999). The rate of clearance of cryptococcal colony-forming units is a 
clinically meaningful endpoint. Maybe deaths within two weeks are nearly all related to 
cryptococcal infection, whereas, after this time, deaths are increasingly related to other 
complications of late-stage HIV infections or extended hospitalization (Bicanic et al., 
2009). The good control of elevated CSF pressure and symptoms are very important, and 
they are some of the most critical determinants in the outcome of cryptococcal meningitis 
(Perfect et al., 2010). This elevated CSF pressure level is generally linked to a high burden of 
yeast in the cerebrospinal fluid (Bicanic et al., 2009). Factors that indicate a bad outcome in 
cryptococcal meningitis include abnormal mental status, poor host inflammatory response 
(cerebrospinal fluid white cells <20/mL), raised CSF opening pressure (> 25 cm H2O), high 
organism burden, extra neural sites and the lack of effective antifungal treatment. Some 
studies confirm the greater fungicidal activity of amphotericin B plus flucytosine to improve 
prognosis (Brouwer et al., 2004). 
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2.1 Cryptococcosis and IRIS  

Immune reconstitution inflammatory syndrome (IRIS) consists of clinical manifestations 
compatible with enormous tissue inflammation in patients with rapid improvement in 
cellular immunity and worsening in central nervous system signs and/ or symptoms of the 
disease. About 30% of patients with cryptococcal meningitis will develop IRIS when 
HAART is initiated (Bicanic et al., 2006; Antinori et al., 2009). Perfect et al. (2010) suggest a 
wide range of two to ten weeks after initiation of cryptococcosis therapy to introduce 
HAART. The exact moment to start HAART in patients with cryptococcal meningitis to 
avoid immune reconstitution inflammatory syndrome, is still uncertain. 

3. Etiologic agents 
Cryptococcus neoformans and Cryptococcus gattii cause nearly all human and animal 
cryptococcal infections. In addition to these common species, there are nearby 15 other 
members of this genus which have appeared as human clinical isolates, such as C. laurentii, 
C. luteolus (80% of non-neoformans and non-gattii cases), C. albidus, C. diffluens, and C. 
uniguttulatus (Heitman et al. 2011). Cryptococcus gattii can be discerned from C. neoformans 
using a wide range of microbiological and molecular techniques. A simple and classical 
method is the use of canavanine-glycine-bromothymol blue (CGB) medium, which allows C. 
gattii but not C. neoformans to grow changing the color medium from green-yellowish to 
blue. Molecular approaches yield determine distinct genotypes among the species. 
Polymerase chain reaction (PCR) fingerprinting, restriction fragment length polymorphism 
(RFLP), analysis of specific loci, and amplified fragment length polymorphism (AFLP) 
fingerprint analysis, and multi-locus sequence typing scheme (Meyer et al., 2009) are 
molecular tools (Meyer et al., 2009). Furthermore, interspecies hybrid forms have been 
isolated from clinical samples, and they seem to present a higher virulence potential than 
regular C. gattii or C. neoformans isolates (Boekhout et al., 2001).  

The species differs in many aspects and improved surveillance should enable better 
assessment of the local incidence of these two species and also clinical manifestation and 
course associated to each species. Whereas C. neoformans primarily affects persons infected 
with human immunodeficiency virus worldwide, C. gattii primarily affects HIV-uninfected 
persons in tropical and subtropical regions (Pappalardo and Melhem, 2003; Chaturvedi et al, 
2005; Martins et al., 2007; Heitman et al. 2011).  

It noteworthy the emergence of C. gattii in temperate climate regions that suggests the 
pathogen might have adapted to a new climatic niche or that climatic warming might have 
created an environment for spore survival and propagation of this species. Cryptococcus 
gattii is more likely to cause cryptococcomas, and seems to be less responsive to antifungal 
drugs (Gomez-Lopes et al., 2008).  

The profile of antifungal susceptibility can be assessed through in vitro antifungal 
susceptibility testing. Performance of these tests may help not only to monitor the 
development of resistance in Cryptococcus isolates, but could also determine the best 
antifungal therapy, predicting possible failures due to a resistant strain. Antifungal 
susceptibility testing is indeed a recognized useful tool to aid the treatment of Candida 
infections. References broth microdilution methods for this genus are described in 
document M27-A3 of the Clinical and Laboratory Standards Institute – CLSI, and in the doc. 
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E.Def 7.1 of the European Committee on Antimicrobial Susceptibility Testing (EUCAST) 
(CLSI, 2008, Subcommittee on Antifungal Susceptibility Testing of the ESCMID, 2008). 
Although the reference methodologies of CLSI and EUCAST are different, the results are 
very similar and results are comparable. 

Determination of resistance in isolates of Cryptococcus, quite distinct yeast in which 
fermentation is absent, the micro dilution methods present some technical problems. The 
most relevant one is the low growth of Cryptococcus strains due to the oxygen limited 
environment found in the microdilution plates. So, the standard methods developed for 
Candida are not still completely reliable for test Cryptococcus isolates and efforts have been 
made toward standardization of antifungal susceptibility testing of Cryptococcus and other 
non-fermentative yeasts (Zaragoza et al., 2011).  

The minimum inhibition concentration (MIC) of antifungal drugs against clinical and 
environmental Cryptococcus strains has been extensively studied. Cryptococcus neoformans has 
been more frequently assessed for its in vitro susceptibility to a wide variety of antifungal 
compounds, including the new triazoles posaconazole, voriconazole, ravuconazole, and 
isavuconazole. Otherwise, few studies using relatively small sets of C. gattii isolates have 
been performed to investigate their in vitro susceptibilities to these drugs. Since fluconazole 
may last for a very long period of time, development of resistance to this agent has been 
reported both in vivo and in vitro. Many studies pointed out a significant emergence of 
clinical isolates of C. neoformans which present high fluconazole-MICs (MIC >4 mg/L) in 
different geographical regions (Aller et al., 2000; Dias et al., 2006; Pfaller et al, 2004). 
Resistance to fluconazole or to other azole compounds is not a cause of concern in the 
continent of America, where 3% to 10% of strains present high MIC. On opposite, the data 
from African, Cambodian and Spanish C. neoformans isolates showed high fluconazole-MICs 
(Bicanic et al., 2006; Perkins at al., 2005; Pfaller et al, 2004; Sar et al., 2004). It should be also 
pointed out that some authors did not find any correlation with clinical failure and the in 
vitro MIC data (Dannaoui et al., 2006). Therefore, the interpretation of the data is quite 
difficult since there are not interpretative clinical breakpoints for distinguish between 
resistant or susceptible Cryptococcus isolates that could predict failure or clinical success. 
However, breakpoints have not been defined yet, it is worth performing antifungal 
susceptibility testing against sequential isolates obtained from patients under antifungal 
therapy. An increased in MICs values during the monitoring could predict development of 
resistance of the original strain resulting in therapeutic concerning. Moreover, 
heteroresistance to fluconazole in C. neoformans or C. gattii is a phenomen that could play a 
role in clinical failure (Mondon et al., 1999; Varma, and Kwon-Chung, 2010). 

The identification of amphotericin B resistant organisms seems to be more difficult however, 
as reference methods fail to detect it and trustworthy comparisons have not been done. 
Consistent detection of AMB resistance in vitro in Cryptococcus neoformans has proven 
difficult, and few studies demonstrated that majority of the initials isolates are susceptible to 
the polyene (Lozano-Chiu et al., 1998; Rodero et al., 2000a). Time-kill curves, a methodology 
to measure the fungicidal activity of amphotericin B, have been evaluated to identify 
resistance or tolerance to this antifungal agent in Cryptococcus isolates (Rodero et al., 2000b). 
Yeast isolates with amphotericin B MICs 2 mg/L are extremely uncommon, and therefore 
any strain with a MIC > 2 mg/L should be considered as potentially resistant to this polyene 
(CLSI, 2008). 
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4. Laboratory identification of cryptococcus in a routine clinical laboratory 
The distinguishing feature of Cryptococcus genus is a polysaccharide capsule, and techniques 
that detect this cryptococcal structure and its components are the most useful tools as 
diagnostic tests. Evaluation of spinal fluid is essential in diagnosing central nervous system 
disease. The yeast cells of Cryptococcus are spherical in shape and approximately 5 to 7 µm in 
diameter while the capsules vary enormously in their thickness and are of a few 
micrometers of average. A rapid, simple and inexpensive procedure employs India ink 
staining to detect the encapsulated cells of Cryptococcus in pellets from centrifuged 
cerebrospinal fluid and other specimens. The lower limit of detection of India ink is ~103 to 
104 yeast cell/ml. Disadvantages include the poor sensitivity of the technique in diagnosing 
cryptococcal meningitis in non-HIV-infected patients (30 to 72%) compared with culture. 
The sensitivity of India ink in high (~80%) for patients with overwhelming infection such 
HIV-infected patients (Kwon-Chung and Bennett, 1992; Heitman et al. 2011). 

False-positive results can occur if inexperienced readers interpret lymphocytes or fat 
droplets as fungal cells. The capsular polysaccharide antigen that can be detect using 
commercial systems and represents the most valuable rapid test for the laboratory diagnosis 
of cryptococcosis. During infection, the capsular antigen is solubilized in cerebrospinal fluid, 
serum, urine and fluid recovered from the lungs. Almost all high fungal burden patients 
will have a positive serum and cerebrospinal fluid. Commercial kits typically demonstrate 
90 to 100% sensitivity and 97 to 100% specificity for cerebrospinal fluid compared with 
culture and clinical diagnosis. However, in patients without AIDS the sensitivity of serum 
cryptococcal antigen in diagnosing cryptococcal meningitis is ~60%. The level of detection of 
most kits is at least 10 ng of antigen/ml. The most common testing format to detect antigen 
is latex agglutination assay. Moreover, antigen detection can be quantitative as the greatest 
dilution of the fluid that gives a positive result. Uncommon false-positive results can be 
encountered, particularly in serum contaminated with syneresis fluid, in presence of 
rheumatoid factor. In addition, false-positive results can occurs in patients with collagen 
vascular disease, chronic meningitis, malignancy (<0.3%), or even presenting a yeast 
infection caused by Trichosporon. Many kits include an enzymatic or heat pre-treatment in 
order to minimize the false-positive results, and incorporate a control reagent. In cases in 
which physicians doubt a positive results, they may ask the laboratory personal to treat the 
specimen with 2,β-mercaptoethanol, as it eliminates non-specific reactions. False-negative 
results were described in low organism burden infections and for capsule-deficient 
Cryptococcus. The latex assay also yields false-negative reactions due to a prozone effect that 
can be improved by specimen serial dilutions. An enzyme immunoassay is also available to 
detect glucuronoxylomannan, the principal polysaccharide component. The enzymatic assay 
it is slightly more sensitive than latex assay; similar to latex test, false-positive and false-
negative results can occur (Kwon-Chun et al, 1981). 

Measuring capsular antigen titers in serial clinical specimens for monitoring cerebrospinal 
fluid or serum cryptococcal antigen levels is useful in the management of cryptococcosis in 
non-AIDS patients. Decrease in antigen titers has limited value in the management of 
meningitis in such cases. Although it is expected that the titers should change after a few 
weeks of therapy, there is no evidence that titers predict or correlate with clinical and 
mycological outcomes (Kwon-Chung and Bennett, 1992).  
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The commercial (1,3) β-D-glucan assay detects a polysaccharide component of the cell wall 
of several pathogenic fungi, but given the limited experience to date with this test in 
cryptococcosis cases, there is no recommendation of using this test in the diagnosis of 
cryptococcosis. 

Histological stains for tissue sections for revel Cryptococcus cells includes Gomori 
methenamine silver and calcofluor white, that are broad-spectrum fungal histochemical 
stains for fungi regardless of type. The best histological procedure uses mucicarmine, alcian 
blue, and periodic acid-Schiff that stain the capsule and Fontana-Masson stain, which 
interacts with the cell wall.  

Culture techniques will remain the mainstay of the diagnosis of this infection. Culturing for 
Cryptococcus may be appropriate, even when the CSF profile is unremarkable. Blood, CSF, 
urine, and other clinical specimens should be cultured for fungi. Yeasts cells growth in 2 to 7 
days in classical Sabouraud dextrose agar, typically as brilliant, mucous, pale colored 
colonies. Besides de capsular cell, one of the defining characteristics of Cryptococcus 
neoformans and C. gattii is its ability to synthesize a dark cell wall-associated pigment 
(melanin) when grow in media containing phenolic compounds, such Birdseed agar. 
Identification based on conventional biochemical and physiological assays, which are 
routinely used in a clinical laboratory for yeasts, can be difficult or even impossible for 
conclusive identification of Cryptococcus species. Laboratories should recognize that C. gattii 
cannot be differentiated from C. neoformans by conventional laboratory methods. C. gattii can 
only be differentiated from C. neoformans by specific biochemical or molecular testing. 
Laboratories should seek for definitive identification at an appropriate reference laboratory. 

5. Conclusion 
In conclusion, cryptococcosis remains a challenging management issue around the world 
and all patients presenting symptomatic increased intracranial pressure should be tested for 
HIC-infection, and screened for cryptococcal meningitis for receive early antifungal therapy. 
Relapses of symptoms and signs can occur during or after treatment and patients should be 
monitored for IRIS, drug resistance or compliance issues.  
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1. Introduction 
Cryptococcus neoformans is an encapsulated yeast first described in 1894, whose infection can 
induce a wide spectrum of clinical manifestations that range from a harmless colonization of 
the airways and asymptomatic infection to meningitis or disseminated disease.  

Virulence probably plays a relatively small role in the outcome of this infection: the crucial 
factor is the immune status of the host. The most serious infections usually develop, in fact, 
in patients with defective cell-mediated immunity, for example those with AIDS, organ 
transplantation, reticuloendothelial malignancy, corticosteroid treatment and sarcoidosis, 
but not in subjects with neutropenia or immunoglobulin deficiency. Cryptococcosis has 
shown an increasing incidence over the last decades, mainly because of the AIDS pandemic, 
and still represents a major life-threatening fungal infection in these patients. 

2. Mycology 
Of the more than 50 species that comprise the genus Cryptococcus, human disease is 
primarily associated with C. neoformans and C. gattii. These two species, once considered as 
two varieties of C. neoformans, include five serotypes based on antigenic specificity of the 
capsular polysaccharide; serotypes A, D, and AD (C. neoformans), and serotypes B and C (C. 
gattii). Genome analyses demonstrate that serotypes A and D are actually distinct strains, 
respectively called C. neoformans var. grubii and C. neoformans var. neoformans. 

C. neoformans forms round, yeast like cells, 3-6 µm in diameter, which are surrounded by a 
polysaccharide capsule when the yeast is present in the host and in certain culture media; 
colonies are smooth, convex and they grow in solid media at 20-37°C. 

The characteristics that allow identification of C. neoformans include microscopical 
appearance, biochemical features (such as the use of creatinine as a nitrogen source, the 
production of melanine, etc.) and the ability to grow at 37°C; in fact, most of 
nonpathogenetic Cryptococcus strains are not able to grow at this temperature. 

3. Epidemiology 
C. neoformans occurs mainly in immune-impaired subjects, can be recovered in high 
concentrations in pigeon faeces and bird nests, and is distributed worldwide, with different 
epidemiological features according to the different strains. Most cases of cryptococcosis 
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involve serotype A (C. neoformans var. grubii), which is reported especially in patients living 
in low-income countries, whereas, in Western areas, it represents a clinical problem mainly 
in late presentation HIV-infected patients and is a marker of poor access to health care. On 
the other hand, serotype D (C. neoformans var. neoformans) is predominantly found in 
Western Europe and its infection is uncommon in the rest of the world.  

C. gattii (serotypes B and C) causes 70-80% of Cryptococcal infections among 
immunocompetent hosts and can be isolated from certain species of eucalyptus trees and 
from the air beneath them. Infection by these strains is mainly common in tropical and 
subtropical areas, where the clinical disease occurs sporadically. However, a recent outbreak 
(1999-2003), involving patients with apparently normal immune system, was reported in 
some areas of Canada and Northwest US. 

The incidence of Cryptococcal infection does not significantly differ in relation to age, race 
or occupation. 

Since the mid 1980s, most Cryptococcal disease has occurred in patients with AIDS. The 
overall incidence (5-10% of patients with AIDS in Europe and US) decreased after the 
availability of highly active antiretroviral therapy (HAART). However, cryptococcosis still 
causes death in 15-44% of all patients with AIDS in sub-Saharan Africa and remains one of 
the most common AIDS-defining illnesses in some other areas, such as India, Brazil and 
Thailand.  

4. Pathophysiology 
Cryptococcal infection develops both in animals and humans, but neither animal-to-animal, 
animal-to-human transmission nor person-to-person direct respiratory transmission has been 
documented. The organism is primarily transmitted via the respiratory route. Humans can get 
Cryptococcal infection by inhalation of airborne fungi which are spread from the sources 
mentioned above. Following inhalation, the yeast spores are deposited into the pulmonary 
alveoli, where they are phagocytized by alveolar macrophages. Encapsulated yeasts, however, 
are often resistant to phagocytosis, because of the antiphagocytic and immunosuppressive 
properties of the polysaccharidic capsule, which is able to inhibit the recognition of the yeast 
by phagocytes and the leukocyte migration into the area of fungal replication. 

The host response to Cryptococcal infection involves both cellular and humoral components, 
including natural killer cells, T-lymphocytes, macrophages and anti-Cryptococcal antibodies, 
which enhance the cell-mediated immune response to the organism. 

C. neoformans infection is usually characterized by little or absent necrosis or organ 
dysfunction until late in the disease; the typical lesion consists of a cystic cluster of yeasts 
with no well-defined inflammatory response and well-formed granulomas are generally 
absent. 

The initial pulmonary Cryptococcal infection is usually asymptomatic; in immunocompetent 
hosts the infection can be cleared, contained as latent infection or cause a disease limited to the 
lungs, inducing development of a pneumonia with poorly defined interstitial nodules. In 
contrast, in immunosuppressed patients, especially those with defects in the function of T cells, 
the infection can progress to a meningitis and/or a disseminated disease, which usually is the 
resultiof a reactivation of a chronic latent pulmonary infection; in fact, from the lungs of these 
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patients, cryptococci disseminate widely and may infect any organ, most frequently the central 
nervous system (CNS), but also bones, prostate, eyes and skin. 

5. Clinical 
The CNS is the main site of Cryptococcal disease in both immunocompetent and 
immunocompromised hosts. The infection usually involves both the meninges and the 
brain, causing a diffuse, usually subacute or chronic disease. 

Immunocompetent hosts may present with either meningitis or, more frequently than 
immunocompromised hosts, with cryptococcomas, which often manifest with focal 
neurologic defects. 

The clinical presentation and the course of Cryptococcal meningitis vary according to the 
underlying medical conditions and immune status of the host: the most common symptoms 
are headache, altered mental status (personality changes, memory loss, reduced level of 
consciousness, confusion, lethargy, up to coma), nausea and vomiting (often associated with 
increased intracranial pressure) and cranial nerves paralysis. Other findings, less frequently 
observed, may include ataxia, aphasia, hearing defects and choreoathetoid movements. 

Ocular symptoms such as blurred vision, photophobia or diplopia may result from 
arachnoiditis, papilledema, optic nerve neuritis or chorioretinitis. 

Physical findings, such as fever and stiff neck, are less common because of the limited 
inflammatory response induced by the encapsulated yeasts. . Some HIV positive patients 
may have minimal or nonspecific symptoms at presentation and may often be afebrile; this 
lack or aspecifity of symptoms contribute to delayed diagnosis. 

Dementia is a potential sequela and may indicate the presence of hydrocephalus as a late 
complication. 

In the case of CNS disease, Cryptococcal lesions should be carefully searched in other body 
sites, considering that, especially in AIDS patients, virtually any organ can be involved. In 
particular, a pneumonia without peculiar features (interstitial patterns or basal unilateral 
infiltrates are frequently observed) and skin lesions mimicking molluscum contagiosum are 
frequently observed.  

6. Diagnosis  
6.1 Laboratory studies 

Even with widespread disease, the routine laboratory tests (e.g. leukocyte count, 
haematocrit, erythrocyte sedimentation rate) may yield normal results.  

Evaluation of cerebral spinal fluid (CSF) is essential in diagnosing CNS disease, usually 
showing depressed CSF glucose concentrations, mild elevated protein concentrations and 
leukocyte counts of 20/µL or higher, with a lymphocyte predominance. The CSF can be 
normal at times, such as in AIDS patients with inadequate inflammatory response or in 
persons with early infection.  

It is also important to evaluate the CSF opening pressure, because elevated values (more 
than 250 mmH2O) are found in more than half of patients and are associated with a poor 
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prognosis, requiring drainage of CSF to reduce the pressure to 200 mmH2O or lower. Prior 
to removal of CSF, CT scanning or MRI should be performed to exclude intracranial masses 
that could result in cerebral herniation, especially in patients with focal neurological signs. 

6.2 Microbiological investigations  

Etiological diagnosis of Cryptococcal meningitis is obtained by microbiological 
investigations performed on the CSF. 

An India ink preparation is commonly used with CSF to identify the organism by direct 
microscopy and to support a presumptive diagnosis; if performed correctly, 25-50% of 
patients with Cryptococcal meningitis show cryptococci. 

In patients with a negative India ink test result, Cryptococcal meningitis can be diagnosed 
with the highly sensitive and specific Cryptococcal antigen testing in CSF, which it is almost 
invariably detected at high titre in this disease. The test is performed by an 
immunoenzimatic procedure. If a lumbar puncture cannot be performed, testing for serum 
antigen can be useful; this test may also be considered as an initial screening tool to detect 
Cryptococcal infection in HIV positive patients. 

CSF and blood should always be cultured for fungi; CSF culture should be performed from 
three or more centrifuged specimens in Sabouraud dextrose agar. Blood culture results prove 
positive in up to 75% of HIV infected patients; this indicates an extensive infection, in which 
the organism may be observed within peripheral leukocytes or bone marrow macrophages. 

A high Cryptococcal burden at the baseline (as detected by quantitative CSF culture or high 
CSF antigen titre) and an altered mental status are the most important predictors of death. 

6.3 Imaging studies 

Obtaining a CT or MRI of the brain prior to performing a lumbar puncture is important in 
patients who present with focal neurologic deficits or a history suggesting slowly 
progressive meningitis, in order to detect mass lesion that may increase the risk of cerebral 
herniation following a lumbar puncture.  

CT can reveal small, ring-enhancing lesions or non-enhancing ‘pseudocystis’. Both CT 
scanning and MRI can also reveal the presence of hydrocephalus caused by basilar meningitis.  

7. Therapeutical management 
Cryptococcal meningitis and disseminated disease represent severe clinical conditions 
which were invariably fatal prior to the use of amphoterycin B, flucytosine and azoles; in 
fact, without a specific antifungal treatment, mortality rates of 100% have been reported 
within two weeks after clinical presentation in certain HIV-infected populations. The 
availability of such antifungal therapy regimens has lead to a dramatic decrease in the 
mortality. However, the three month mortality rate during a correct management of acute 
Cryptococcal meningoencephalitis still approximates 20%, even in areas where HAART and 
advanced medical care are widely available.  

Treatment regimens are based on a sequence of induction, consolidation and maintenance 
regimens, both in AIDS and non-AIDS patients (Table 1). The first and second phase of the 
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treatment aim to obtain a rapid clearance of cryptococcus by the CNS, whereas maintenance 
therapy is targeted to maintain a stable suppression (latency) of the chronic infection in the 
human organism.  

Clinical 
Setting Induction Therapy Duration Consolidation/Maintenance 

therapy Duration 

HIV-
infected 
patients 

c-AMB (0,7-1 mg/kg/daily) 
+ flucytosine (100 
mg/kg/daily) or: 

≥2 weeks

Consolidation: fluconazole 
(400 mg/daily) 
Maintenance: fluconazole 
(200 mg/daily) 

≥ 8 
weeks 

 

L-AMB (3-4 mg/kg/daily) 
or ABLC (5mg/kg/daily)  
(if there are renal concerns)  
+ flucytosine (100 
mg/kg/daily) or: 

≥2 weeks

Consolidation and 
maintenance: 
Itraconazole (400 mg daily)a 

or: 
c-AMB (1 mg/kg per week)a 

≥1 yearb 

 
c-AMB or L-AMB or ABLC 
(for flucytosine-intolerant 
patients; doses as above) 

4-6 
weeks  ≥1 yearb 

Organ 
transplant 
recipients 

L-AMB (3-4 mg/kg daily) or 
ABLC (5 mg/kg daily) 
+ flucytosine (100 mg/kg 
daily) or: 

≥2 weeks

Consolidation:  
fluconazole  
(400-800 mg daily) 
 

8 weeks 

 
c-AMB (0.7 mg/kg daily) or 
L-AMB (6 mg/kg daily) or 
ABLC (5 mg/kg daily)  

≥4-6 
weeks 

Maintenance:  
fluconazole  
(200-400 mg daily) 

6-12 
months 

Non-HIV, 
non-
transplant 
patients 

c-AMB (0.7-1 mg/kg daily)  
+ flucytosine (100 mg/kg 
daily) or: 

≥4 weeks

Consolidation:  
fluconazole  
(400-800 mg daily) 
 

8 weeks 

 

L-AMB (3-4 mg/kg daily) or 
ABLC (5 mg/kg daily) 
+ flucytosine (100 mg/kg 
daily) or: 

≥4 weeks
Maintenance:  
fluconazole  
(200 mg daily) 

6-12 
months 

 
c-AMB or L-AMB or ABLC 
(for flucytosine-intolerant 
patients; doses as above)  

≥6 weeks   

ABLC, amphotericin B lipid complex; c-AMB, amphotericin B deoxycholate; L-AMB, liposomal 
amphotericin B. a: Inferior to fluconazole. b: Consider discontinuing antifungal therapy after a 
minimum of one year, if following a successful HAART, CD4+ count ≥100 cells/µL and undetectable 
viral load are detected for ≥3 months. 
Adapted from [Perfect JR, Clin Inf Dis 1010;50:291-322] 

Table 1. Antifungal treatment for Cryptococcal meningoencephalitis 

7.1 Management of adverse events 

Antifungal drugs used for Cryptococcal meningitis may induce adverse reaction and 
toxicity. Therefore, patients receiving such regimens must be strictly monitored for dose-
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dependent nephrotoxicity and electrolyte alterations, if treated with amphotericin B; for 
bone marrow suppression and gastrointestinal disturbance, if receiving flucytosine; for 
hepatotoxicity, if fluconazole is administrated. 

7.2 HIV-infected patients 

Induction therapy is based on amphotericin B deoxycholate (c-AMB) plus flucytosine (see 
Table 1 for dosage) for at least two weeks; flucytosine can be administered orally or 
intravenously in severe cases or if oral intake is not possible. This regimen should be 
followed by a consolidation therapy with fluconazole orally for eight weeks.  

In patients with renal function impairment, lipid formulations of amphotericin B, mainly 
represented by amphotericin B lipid complex (ABLC) and liposomal amphotericin B (L-
AMB), appear to be less nephrotoxic and can substitute c-AMB. Lipid formulations of 
amphotericin B can also be used as monotherapy for four to six weeks or in association with 
fluconazole in flucytosine-intolerant patients. 

Alternative consolidation regimens include flucytosine plus fluconazole for six weeks, 
fluconazole alone for 10 to 12 weeks or itraconazole for 10 to 12 weeks, although the results 
of several trials with these therapies are variable and often disappointing. 

Maintenance therapy in HIV-infected patients should be started when CSF Cryptococcal 
culture becomes negative and a substantial clinical improvement is observed; oral fluconazole 
is the most effective therapy, with a very low relapse rate, if compared with regimens based on 
oral itraconazole or intravenous c-AMB. It is considered reasonable to discontinue 
maintenance therapy, if patients have successfully completed a course of initial therapy and, 
following HAART, their CD4+ cell count increase to ≥200/µl for at least three to six months.  

Primary prophylaxis for Cryptococcal disease is not routinely recommended for several 
reasons: its relative infrequency in areas where HAART is available, potential for drug 
toxicity or interactions with concurrent medications, risk of antifungal drug resistance and 
costs. However, according to some studies, a screening strategy (Cryptococcal antigen 
testing) and a prophylaxis may be useful in areas where the availability of HAART is 
limited and cryptococcosis incidence is high. 

7.3 Organ transplant recipient 

Cryptococcosis is the third most common fungal infection among solid organ transplant 
recipients, usually occurring more than one year post-transplant and generally representing 
a reactivation of latent infection; CNS involvement and/or disseminated disease are 
documented in most of these patients. Acquisition of the organism usually occurs via 
inhalation, but the risk of transmission through donor organs or other tissues has also been 
recently described, even if in a few cases. 

Primary induction therapy is based on either L-AMB or ABLC plus flucytosine (see Table 1 
for doses) for at least two weeks, followed by fluconazole for eight weeks as consolidation 
regimen and for additional six to 12 months, at lower dosage, as maintenance therapy. The 
use of c-AMB should be avoided because of the risk of nephrotoxicity, especially with the 
concurrent use of calcineurine inhibitors which are often administrated to these patients as 
immunosuppressive therapy. 
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If induction therapy does not include flucytosine, L-AMB should be administrated for at 
least four to six weeks. Moreover, a positive CSF culture result after two weeks of induction 
treatment may indicate a poor outcome and suggests a prolonged induction period with L-
AMB in these patients. 

During cryptococcosis, a careful reduction of the immunosuppressant therapy (slow dose 
decrease over time and/or stepwise elimination of immunosuppressants) should be 
adopted following the initiation of antifungal therapy. Furthermore, reduction of 
corticosteroids should precede that of calcineurin inhibitors, since the latter drugs have a 
direct anti-Cryptococcal activity. 

7.4 Non-HIV infected, non transplant recipients patients 

This represents a heterogeneous category of patients that may include ‘presumably 
immunocompetent hosts’, but also people with different immune defects (such as 
malignancy, connective tissue diseases, severe liver disease and so on).  

Antifungal regimens for these patients are substantially the same as the one mentioned above 
(see Table 1), but there are different opinions about the length of induction therapy: according 
to some authors, in fact, duration of induction phase should be two weeks, while others 
suggest to administrate it for four to six weeks. The great variability of features in patients 
forming this category makes it necessary to adapt the therapeutical management to each case. 

8. Indications for the management of complications 
8.1 Persistence and relapses 

Persistent infection is defined by positive results of CSF cultures after four weeks of effective 
antifungal therapy; relapse is defined by the recovery of cryptococci from a previously 
checked sterile body site and/or the recrudescence of signs/symptoms at the previous site 
of disease after an initial normalization. Most cases of relapse are due to an inadequate 
primary therapy (dose and/or duration) or to the lack of the patient adherence to the 
consolidation or maintenance treatment.  

Restarting induction regimen for a longer course and with a higher dosage may be the first 
approach in these situations, using amphotericin B deoxycholate plus fluconazole in flucytosine 
intolerant patients and high doses of fluconazole plus flucytosine in polyene intolerant patients. 

The possibility of development of antifungal drug resistance should also be checked in 
terms of changes in the MIC from the original isolate: a ≥3-dilution difference, in fact, 
suggests development of direct drug resistance. 

Finally, the use of Voriconazole or Posaconazole as salvage therapy should be considered in 
cases resistant to the first-line antifungal agents. However, the frequent interactions of these 
agents with several antiretroviral drugs should be carefully considered in HIV-infected 
patients. In this regard, the use of therapeutic drug monitoring of the plasma concentrations 
of these agents may represent a useful tool in clinical practice. 

8.2 Elevated CSF pressure 

Control of CSF pressure is one of the most important determinants in the outcome of 
Cryptococcal meningitis because elevated values are associated with a high burden of yeasts 
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in the CNS and with increased morbidity and mortality rates. This association is valid for 
most HIV-infected patients (there is lack of data about this complication in non-HIV patients 
with Cryptococcal meningitis), so it is very important to measure the initial opening 
pressure during the first lumbar puncture. If there is persistent pressure elevation (≥25 cm of 
CSF) and symptoms, lumbar puncture should be repeated daily, until CSF pressure and 
symptoms have been stabilized for ≥2 days, considering temporary percutaneous lumbar 
drains or ventriculostomy if repeated daily lumbar punctures are required. 

8.3 Cryptococcoma  

Large cryptococcomas should be treated with a combination of antifungal therapy and early 
surgical removal, as response to antifungal drugs only is poor. Multiple lesions require a 
prolonged induction/eradication therapy. Corticosteroids may be required if there is a 
substantial surrounding oedema, especially in the presence of neurological deficits. 
Moreover, a nonresponsive brain mass in severely immunosuppressed patients may also 
suggest the presence of a second pathogen or a tumour. 

8.4 IRIS 

Immune reconstitution inflammatory syndrome (IRIS) consists of a paradoxical worsening 
of the clinical manifestations or the course of the Cryptococcal disease in spite of an 
appropriate antifungal therapy and an apparent microbiological efficacy of the latter. IRIS is 
interpreted as an exuberant inflammatory reaction of the host at the sites of Cryptococcal 
infection, subsequent to a rapid improvement in the cellular immunity; for example, IRIS 
may occur in AIDS patients following introduction of HAART and the restoration of 
pathogen-specific CD4+ cells. 

Risk factors for developing IRIS include: severe Cryptococcal disease (high fungemia), HIV 
infection, extremely low baseline CD4+ cell count, no previous antiretroviral therapy, lack of 
CSF sterilization at week two of therapy, introduction of HAART during the early part of 
antifungal induction therapy and rapid decrease in the HIV viral load in response to HAART. 

If IRIS occurs, it is not recommended to modify antifungal therapy, neither to administrate 
any specific treatment for minor manifestations, whereas corticosteroids may be required for 
major complications, such as severe CNS inflammation. In order to reduce the risk of 
developing IRIS, according to the principal current guidelines, introduction of HAART 
should be delayed for two to 10 weeks after the starting of antifungal therapy. 

9. Suggested treatment in special clinical situations 
9.1 Pregnant women 

If Cryptococcal meningitis occurs during pregnancy it is often severe because of the 
immunological alterations associated with this event. c-AMB or L-AMB should be 
administrated as induction therapy, while the use of flucytosine (pregnancy category C) 
must be considered in relationship to benefit versus risk. Fluconazole (pregnancy category 
C) must be preferably started after delivery and should be avoided in the first trimester. 
During the last two trimesters the possible benefits following fluconazole use should be 
carefully weighed against the risks associated to the long-lasting exposure to this drug 
during pregnancy. 
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9.2 Children 

Cryptococcosis in children is less frequent than in adults and it is associated with some 
underlying conditions, such as primary immune defects or certain haematological 
malignancies, peculiar to childhood, and to common risk factors for both adults and 
children (e.g. AIDS, transplant recipients). 

Induction and consolidation therapy for children is based on the use of c-AmB plus 
flucytosine for two weeks, followed by fluconazole for eight weeks (10-12 mg/kg daily); for 
AmB-intolerant patients it is possible to administrate either L-AmB or ABLC. Maintenance 
therapy is based on the use of fluconazole (6 mg/kg daily). 

The optimal dosing and duration of therapy for children with cryptococcosis, however, have 
not been precisely determined because of the lack of literature data concerning this matter. 
For the non–HIV-infected, non-transplant population, treatment dose and length schedules 
similar to that indicated above for adults is prescribed (except for fluconazole dose, which is 
modified as explained above).  

9.3 Resource – Limited health care environment 

In many areas of the world with high incidence of cryptococcosis the most effective 
antifungal drugs are often not available and adjustments in the management of patients 
with Cryptococcal disease often become necessary. The recommendations concerning 
therapeutical approach in these settings include: 

- When flucytosine is not available, induction therapy is represented by c-AmB with or 
without fluconazole for two weeks, followed by fluconazole as consolidation therapy 
for eight weeks and as maintenance therapy until immune reconstitution. 

- When a polyene is not available, induction therapy is based on fluconazole for at least 
10 weeks or until CSF culture results are negative, followed by 
consolidation/maintenance therapy with the same drug, at a lower dosage. 

- When a polyene is not available but flucytosine is available, induction therapy is 
represented by fluconazole plus flucytosine for two to 10 weeks, followed by 
maintenance therapy with fluconazole. 

- With use of primary fluconazole therapy for induction, both primary or secondary drug 
resistance of the isolate may be an issue, and MIC testing is advised; for azole-resistant 
strains, administer c-AmB until CSF, blood, and/or other sites are sterile. 

9.4 C. gattii infection 

Induction, consolidation and suppressive treatment are the same as for C. neoformans. A 
delayed response to treatment frequently occurs. A radiology follow-up focused on 
cryptococcoma and hydrocephalus is needed as these conditions are often observed in 
patients with C. gattii infection, as described above. For very large and multiple 
cryptococcomas, a combination of cAmB and flucytosine therapy for four to six weeks 
should be considered, followed by fluconazole for six to 18 months, depending on whether 
surgery was performed. Neurosurgical intervention must be considered if there is 
compression of vital structures, failure to reduce the size of cryptococcoma after four weeks 
of therapy or failure to thrive. 
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Fig. 1. Brain magnetic resonance of an AIDS patient with Cryptococcal meningitis, 
highlighting dilatation of the perivascular (Virchow-Robin) spaces  
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1. Introduction 
Human parechoviruses (HPeVs) belong to the family of Picornaviridae and have been 
recognized as a separate group on the basis of distinct molecular and biological properties 
since 1999. The identification of HPeV3 in 2004 and its association with neonatal sepsis and 
meningitis made it particularly clear that HPeVs are related to severe disease in infants. 
Molecular techniques are increasingly being used for the identification of HPeVs and with 
the increase in epidemiological and clinical data, HPeVs are now considered to be the 
second predominant cause of viral meningitis, following enteroviruses (EVs). This review 
focuses on the role of HPeVs, with particular notice to HPeV3, as a causative agent in viral 
meningitis as well as neonatal sepsis and encephalitis. Data on epidemiology, clinical 
manifestations, immunology and molecular and cellular biology, underlying the greater 
pathogenicity of this novel group of viruses as well as the diagnosis, management and 
treatment options will be discussed.  

2. Classification and biology of HPeV 
Human parechoviruses (HPeVs) belong to the large Picornaviridae family, comprising  small 
non-enveloped, single-stranded positive-sense RNA viruses infecting both humans and 
animals. The Picornaviridae family currently consists of 12 established genera as of 2011: 
Enterovirus, Parechovirus, Hepatovirus, Kobuvirus, Aphthovirus, Erbovirus, Teschovirus, 
Cardiovirus, Tremovirus, Sapelovirus, Avihepatovirus and Senecavirus. Many new genera such 
as the Cosavirus, Klassevirus and Aquamovirus have recently been proposed, and are awaiting 
genus/type classification (http://www.picornastudygroup.com/).  

HPeVs were first discovered in 1956 during a summer diarrhea outbreak in the USA by 
Wigand & Sabin et al. (1961) and originally classified within the Enterovirus genus as 
echovirus 22 and 23. This was based on their biology in cell culture, exhibiting a similar 
cytopathogenic effect (CPE) as enteroviruses (EVs), their clinical presentation and non-
pathogenicity in both mice and monkeys. Despite these similarities, subtle differences such 
as a slow progression of CPE of infected cells in cell culture and their more common 
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association with mild gastrointestinal disease, in comparison to the more severe symptoms 
reported for other enterovirus types, led to their description as atypical enteroviruses. Later, 
evident differences in genome organization and structure, divergence of encoded proteins 
and other biological properties (Hyypia et al., 1992; Stanway et al., 2000), prompted their 
reclassification in 1999 (Stanway et al., 1994; Stanway & Hyypia, 1999) as HPeV types 1 and 
2 within the genus Parechovirus. Almost half a century after the discovery of HPeV1 and 2, a 
third HPeV type was discovered in Japan (Ito et al., 2004) and since then the number of 
HPeV types increased rapidly with the development of more state-of-the-art molecular 
techniques. Up to date there are 16 HPeV types known (Table, Figure 1). The Parechovirus 
genus also comprises a second group of viruses isolated from rodents; the Ljungan viruses 
(Niklasson et al., 1999; Stanway et al., 2005). 

Type Strain Origin Reference 

HPeV1A Harris Ohio, USA Hyypia et al., 1992 

HPeV1B BNI-788 St Bonn, Germany Baumgarte et al., 2008 

HPeV 2 Williamson Ohio, USA Ghazi et al., 1998 

HPeV 3 A308/99 Aichi, Japan Ito et al., 2004 

HPeV 4 K251176-02 Amsterdam, the Netherlands Benschop et al., 2006b 

HPeV 5 CT86-6760 Connecticut, USA Oberste et al., 1998 

HPeV 6 NII561-2000 Niigata, Japan Watanabe et al., 2007 

HPeV 7 PAK5045 Badin, Pakistan Li et al., 2009 

HPeV 8 BR/217/2006 Salvador, Brazil Drexler et al., 2009 

HPeV 9 BAN2004-10902 Bangkok, Thailand Oberste et al., unpub. 

HPeV 10 BAN2004-10903 Bangkok, Thailand Oberste et al., unpub. 

HPeV 11 BAN2004-10905 Bangkok, Thailand Oberste et al., unpub. 

HPeV 12 BAN2004-10904 Bangkok, Thailand Oberste et al., unpub. 

HPeV 13 BAN2004-10901 Bangkok, Thailand Oberste et al., unpub. 

HPeV 14 451564  Amsterdam, the Netherlands Benschop et al., 2008c 

HPeV 15 BAN-11614 Bangkok, Thailand Oberste et al., unpub. 

HPeV 16 BAN-11615 Bangkok, Thailand Oberste et al., unpub. 

Table. HPeV prototype strains (http://www.picornastudygroup.com/) 

Like other picornaviruses, the HPeV genome is small containing approximately 7300 
basepares encoding for a single polyprotein flanked by 5´ and 3´ untranslated regions 
(UTRs) and a poly A tail at the 3’end (Figure 2) (Stanway & Hyypia, 1999).  
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Following virus entry, the RNA is directly translated into a long polyprotein, which is 
subsequently cleaved by the viral protease (3C) into three structural proteins (VP0, VP1 and 
VP3) forming the capsid structure and seven non-structural proteins (2A–2C and 3A–3D) that 
are needed for replication. In contrast to other picornaviruses, VP0 is not further cleaved into 
VP4 and VP2. Additionally, while VP0 is not antigenic in any other genera, the predominant 
antigenic sites of HPeV have been mapped to the N-terminal region of the VP0 protein (Joki-
Korpela et al., 2000). For HPeV1, additional antigenicity eliciting the production of neutralizing 
antibodies is found to be located at the C-terminal end of the capsid protein VP1, where the 
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Fig. 1. Neighbour joining tree based on the complete VP1 gene of HPeV types 1-8 and 14 
(amino acid p-distance). Complete VP1 sequences for HPeV9-13 and 15-16 were unavailable 
at the time of publication. 
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Fig. 2. HPeV genome. 

To allow efficient translation, most picornaviruses enable the majority of host cellular 
mRNA translation to be shut off by the non-structural protein 2A. However, there is little 
evidence that HPeVs elicit the same shut-off (Stanway et al., 1994).  
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Replication is driven by the RNA-dependent RNA polymerase (3Dpol) and involves RNA 
structures present on the 5’UTR (Nateri et al., 2000, 2002) and VP0 (cis-acting replication 
element (CRE)) (Al-Sunaidi et al., 2007) as well as the 2C protein (NTPase activity and RNA 
binding) (Samuilova et al., 2006). Following binding of the protein VPg (3B) at the 5’end, the 
positive stranded RNA is copied to produce negative stranded RNA, which in turn can be 
replicated back to positive stranded RNA needed for assembly and additional translation 
activity to produce virus particles.  

Finally, these particles are released from the cells. In most picornaviruses, virus release is 
achieved through capsid maturation by the cleavage of VP0 into VP2 and VP4. However, 
the cleavage of VP0 into VP2 and VP4 does not appear in parechoviruses and the manner of 
how maturation and virus release is achieved for HPeVs remains largely unknown 
(Stanway et al., 1994). Nonetheless, the external appearance of HPeV particles has proved 
consistent with the external appearance of other picornaviruses, most closely resembling 
Foot and Mouth Disease Virus (FMDV) in the Aphthovirus genus as has recently been shown 
by cryoelectron microscopy and image reconstruction (Seitsonen et al., 2010).  

3. HPeV infections, from mild to severe disease  
Clinical symptoms of HPeV infections are generally similar to those found in EV infections 
ranging from mild respiratory and gastrointestinal disease to more severe disease like 
meningitis and sepsis-like illness. In earlier decades when only HPeV1 and 2 were known, 
HPeV infections were considered of little clinical importance. Even though occasionally, 
severe disease was reported for HPeV such as acute flaccid paralysis, myocarditis, 
meningitis, encephalitis and encephalomyelitis (Benschop et al., 2006a; Figueroa et al., 1989; 
Koskiniemi et al., 1989; Legay et al., 2002; Maller et al., 1967) the majority of HPeV1 
infections caused mild gastrointestinal and/or respiratory symptoms.  

This all changed with the discovery of HPeV3 (Ito et al., 2004). By comparing clinical data 
from children infected with HPeV1 and children infected with HPeV3, we showed the 
increased clinical relevance of this type. HPeV3 infections were predominantly associated 
with neonatal sepsis and CNS infections while children infected with HPeV1 had milder 
symptoms (Benschop et al., 2006a). These findings were later confirmed by others, 
increasingly detecting this type in the CSF of children with CNS disease, such as meningitis 
and encephalitis, as well as neonatal sepsis (Harvala et al., 2009; Levorson et al., 2009; van 
der Sanden et al., 2008; Verboon-Maciolek et al., 2008a; Wolthers et al., 2008).  

Children infected with HPeV3 often present with symptoms of fever and irritability as a 
sign of CNS infection, either meningitis or encephalitis. The majority (54-80%) of the 
children also show sepsis-like illness, defined as fever or hypothermia with signs of 
circulatory and/or respiratory dysfunction defined by tachycardia or bradycardia, low 
blood pressure and/or decreased saturation (Benschop et al., 2006a; Harvala et al., 2009; 
Selvarangan et al., 2011; Wolthers et al., 2008). Additional clinical symptoms frequently seen 
in HPeV3 infections are maculopapular rash, gastrointestinal symptoms and respiratory 
symptoms (Benschop et al., 2006a; Selvarangan et al., 2011; Verboon-Maciolek et al., 2008a; 
Wolthers et al., 2008).  

Severe clinical manifestations are mainly described in relation to HPeV3 infections, although 
occasionally other HPeV genotypes have been associated with serious illness (Schnurr et al., 
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1996; Watanabe et al., 2007). However, similarly to HPeV1 and 2, newer types have mainly 
been associated with mild gastro-intestinal and respiratory symptoms in children and are 
often found in children with an underlying illness (Pajkrt et al., 2009).  

4. Epidemiology of HPeV in relation to CNS infections 
Because HPeVs are reported as being transmitted through the fecal-oral route, 
epidemiological studies are often performed on stool samples and provide an accurate 
estimation of the prevalence of the different types. HPeV1 is considered as the predominant 
strain mainly affecting young children (Baumgarte et al., 2008; Benschop et al., 2006a, 2008c, 
2010a; Harvala et al., 2008; Joki-Korpela & Hyypia, 1998; Stanway et al., 2000; Tapia et al., 
2008; Watanabe et al., 2007). Epidemiological studies dating back over 30 year ago, showed 
HPeV1 to be widely spread (Ehrnst & Eriksson, 1993; Grist et al., 1978; Joki-Korpela & 
Hyypia, 1998; Khetsuriani et al., 2006b). In recent studies, involving the detection of the 
newer HPeV types, the new HPeV type 3 is identified as the second predominant strain 
(Benschop et al., 2006a, 2008c, 2010a; Ito et al., 2010; Tapia et al., 2008; Watanabe et al., 2007). 
HPeV3 comprised 22 to 26% of the HPeV types identified in HPeV positive stool samples 
collected in the Amsterdam region, while the majority of the HPeV positive stool samples 
comprised HPeV1 (65-71%)(Benschop et al., 2006a, 2008c, 2010a). Similar data were found in 
studies on stool samples in other European countries (Baumgarte et al., 2008; Tapia et al., 
2008), and Asia (Ito et al., 2010; Pham et al., 2010, 2011a; Watanabe et al., 2007) where HPeV1 
was identified as the most prevalent type, followed by HPeV3. HPeV4 is frequently found in 
stools as well (Benschop et al., 2008c, 2010a; Boros et al., 2010; Pham et al., 2011b; Zhong et 
al., 2011), while HPeV6 seems to prevail as a secondary respiratory pathogen (Harvala et al., 
2008). Infections with HPeV2 and 5 are reported sporadically (Benschop et al., 2010a; Ehrnst 
& Eriksson, 1996; van der Sanden et al., 2008). Circulation patterns of the newly reported 
HPeV types 7–16 are yet to be determined (Benschop et al., 2008c, 2010a; van der Sanden et 
al., 2008). 

The distribution of HPeV types is significantly different when only CNS infections are taken 
into account. Screening of CSF samples show HPeV3 to be the dominant type found in 
children, in particular neonates (Benschop et al., 2008c; Harvala et al., 2009, 2011; Pineiro et 
al., 2010; Renaud et al., 2011; Selvarangan et al., 2011; Verboon-Maciolek et al., 2008a, 2008b; 
Watanabe et al., 2007; Wolthers et al., 2008). These infections account for approximately 3-
17% of CNS infections reported as meningitis or encephalitis (Harvala et al., 2009; Pineiro et 
al., 2010; Watanabe et al., 2007; Wolthers et al., 2008; Yamamoto et al., 2009), far exceeding 
the percentage of herpes simplex virus infections. In contrast, EV in CSF is still most 
frequently detected in these samples, with 14-19% positive cases each year in the summer 
(Harvala et al., 2011; Pineiro et al., 2010; Wolthers et al., 2008). This ranks HPeV as the 
second dominant pathogen of viral meningitis and encephalitis. HPeV1 infections are rarely 
described in CSF (Harvala et al., 2011); the other HPeV types have never been described in 
CSF.  

Of interest is that HPeV infections of the CNS circulate intermittently every 2-3 years, and 
always in the summer months. However, the circulation patterns seem to be geographically 
distinct. HPeV3 detected in both CSF and stool in Northern Europe is described most 
commonly every 2 years, in the summer period of the even years (Benschop et al., 2006a, 
2008c, 2010a; Ehrnst & Eriksson, 1993; Harvala et al., 2009; van der Sanden et al., 2008; 
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Wolthers et al., 2008). In contrast, HPeV3 infections in the USA occur most frequently in the 
uneven years every 2 years (Renaud et al., 2011; Selvarangan et al., 2011). Pineiro et al. (2010) 
described HPeV3 detection rates in Spain to peak in 2006 and 2009, suggesting a longer cycle 
of perhaps every 3 years. However more data are needed to confirm this circulation pattern. 
In Asia, where HPeV3 was first identified, HPeV3 epidemics are more dispersed over the 
years (Watanabe et al., 2007). This intermittent circulation is also described for EV types, e.g. 
echovirus 9 and 30 (Antona et al., 2007; Khetsuriani et al., 2006b), and is associated with the 
emergence of antigenic diverse genetic lineages or novel recombinants for which the 
community presumably is not immune protected (McWilliam Leitch et al., 2010). However, 
based upon the lower evolution rate and diversity of circulating HPeV3 strains (Benschop et 
al., 2010b; Calvert et al., 2010), diversification of HPeV into new lineages that are 
antigenically distinct is unlikely. The reason for the intermittent circulation of HPeV3 thus 
remains unclear.  

In contrast to HPeV3, HPeV1 circulates every year in high numbers in the fall and winter 
months in Europe and Asia (Benschop et al., 2006a, 2008c, 2010a; Ehrnst & Eriksson, 1993; 
Tauriainen et al., 2007; Watanabe et al., 2007). The same is described for HPeV4 and 6 
(Benschop et al., 2008c, 2010a; Harvala et al., 2008; Pajkrt et al., 2009). Again, not only in 
clinical sense, but also from a epidemiological point of view, HPeV3 behaves different from 
other HPeV types. 

5. Risk groups for HPeV infections 
While EVs generally affect individuals of all ages, more than 90% of HPeV infections have 
been described in children younger than 5 years of age, (Abed & Boivin, 2006; Baumgarte et 
al., 2008; Benschop et al., 2008c, 2010a; Chen et al., 2009; Grist et al., 1978; Khetsuriani et al., 
2006a, 2006b; Pham et al., 2010; Tapia et al., 2008). WHO data from 1967-1974 reported that 
94% of the HPeV1 infections were found in children < 4 years of age, of which 60% where < 
1 year of age. Only 2,6% were isolated from adults (Grist et al., 1978). A survey in Sweden 
(1966-1990) reported similar findings, where 92% of the 109 patients with an HPeV1 
infection were < 2 years old and only 1,8% were adults (Ehrnst & Eriksson, 1993). A more 
recent survey performed in the USA spanning over the years 1970 and 2005 reported 
approximately 95% of HPeV1 infection (n=880) to be from children <5 years of age. Children 
aged < 1 year with an HPeV1 infection were reported in 73% of the 880 infections 
(Khetsuriani et al., 2006b).  

In 2006, we demonstrated in an observational pediatric study that the median age of 
children infected with HPeV3 was 1.3 months. This was significantly lower than the median 
age of children infected with HPeV1 (6.6 months) (Benschop et al., 2006a). Since then, the 
majority of HPeV3 infections have been found in children under the age of 2 months, most 
frequently in neonates (Benschop et al., 2008a, 2008c; Harvala et al., 2009, 2011; Pineiro et al., 
2010; Renaud et al., 2011; Selvarangan et al., 2011; Verboon-Maciolek et al., 2008a; Watanabe 
et al., 2007; Yamamoto et al., 2009). This age difference in relation to the disease severity 
between the two HPeV types suggests that neonates in comparison to older children might 
be less protected against HPeV3 infection. Seroprevalence data showed that 95-99% of 
neonates had antibodies against HPeV1 which is most likely to be maternal (Joki-Korpela & 
Hyypia, 1998; Nakao et al., 1970; Stanway et al., 2000; Takao et al., 2001; Tauriainen et al., 
2007). The high HPeV1 seroprevalence thus suggests that the majority of infants should be 
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protected from HPeV1 infection early in life via maternal protection. However, this may not 
always be the case as suggested by Ehrnst et al. (1993). The seroprevalence decreased after 6 
months of age, only to rapidly increase among children older than 1-3 year of age to 95%. 
The low seropositivity from 6 months to 1-3 years is marked by an increase in infection 
frequencies among children in this age group, (Benschop et al., 2006a; Joki-Korpela & 
Hyypia, 1998; Stanway et al., 2000; Takao et al., 2001; Tauriainen et al., 2007). Seroprevalence 
rates among adults remained stable at 97-99% (Joki-Korpela & Hyypia, 1998; Stanway et al., 
2000; Tauriainen et al., 2007).  

For HPeV3, seroprevalence is approximately 70% among adults (Ito et al., 2004). Data on 
seroprevalence in neonates are not available, but the seroprevalence rate for children 
between 7-12 months is 15% which steadily increases to 91% in adolescent adults only to 
decline again to 56-87% in adults. This is in contrast to what is seen for HPeV1 where over 
97% of adults still have antibodies against HPeV1 (Joki-Korpela & Hyypia, 1998; Stanway et 
al., 2000; Tauriainen et al., 2007). Interestingly, seroprevalence among adults in the child-
bearing age (20-39 years) is the lowest (57-74%) (Ito et al., 2004). This may indicate that 
children are less protected through maternal antibodies specific for HPeV3, explaining the 
young age and increased disease severity of HPeV3 infected children in comparison to 
HPeV1 infected children. The reason for the lower seroprevalence of HPeV3 is presumably 
to be related to its proposed recent emergence in the late eighties, which suggests that 
HPeV3 circulation is not widespread enough to provide sufficient protection in the neonatal 
period through maternal antibodies (Calvert et al., 2010; Harvala et al., 2011). 

Despite the lower seroprevelance of HPeV3, infection with this type has not been reported 
in adults or older children (>5 years). HPeV1 infections in adults have been documented but 
only rarely, and usually in patients with an underlying immune deficiency (Wolthers et al., 
manuscript in preparation). This confirms that antibodies against HPeV1 protect the adult 
immune competent population. In this respect, with 20-30% of adults seronegative for 
HPeV3 antibodies, infection with this type in adults should be described as well. A possible 
explanation will be discussed in paragraph 7. 

6. Laboratory findings and diagnosis of HPeV infection  
Diagnosis of viral meningitis typically involves analysis of CSF and the establishment of an 
etiological agent. CSF analysis of HPeV infected children can show a mildly elevated 
leukocyte count, but in the majority of the children (especially neonates) pleiocytosis is not 
detected. Normal values for leukocyte cell count vary with age, and in general a higher 
value is accepted as normal in younger children. In a recent study normal values for 
leukocyte counts (under 95th percentile) in children younger than 56 days were redefined as 
<19/μl for infants aged 0-28 days and <9/μl for infants aged 29-56 days (Kestenbaum et al., 
2010). Furthermore, CSF glucose levels in children infected with HPeV are usually normal, 
while CSF protein levels can be normal or elevated (Pineiro et al., 2010; Selvarangan et al., 
2011; Verboon-Maciolek et al., 2008a; Wolthers et al., 2008); thus normal CSF findings 
therefore do not rule out an HPeV meningitis or encephalitis. 

Laboratory evaluation of blood from HPeV infected children typically shows a normal 
leukocyte blood count, although leukopenia is also reported in 33% of the children 
(Selvarangan et al., 2011). C-reactive protein remains low or slightly elevated (Pineiro et al., 
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2010; Verboon-Maciolek et al., 2008b; own observations). In some cases liver enzymes can be 
elevated, sometimes leading to hepatitis and liver necrosis (Levorson et al., 2009; 
Selvarangan et al., 2011; Verboon-Maciolek et al., 2008b).  

In children with signs of encephalitis cranial ultrasonography and MRI are useful for the 
detection of cerebral abnormalities. Cranial ultrasonography showed extensive 
periventricular echogenicity in one study of neonates with HPeV encephalitis (Verboon-
Maciolek et al., 2008a). MRI can demonstrate white matter abnormalities (Gupta et al., 2010; 
Verboon-Maciolek et al., 2008a). The severity of the imaging abnormalities correlated with 
neurodevelopmental problems later in age (Verboon-Maciolek et al., 2008a).  

Classically, HPeVs, like EVs, can be diagnosed through cell culture isolation, usually 
involving monkey kidney cells and human fibroblasts (Benschop et al., 2010a; Schnurr et al., 
1996). Other cell lines, such as the HT29 cell line (human colon adenocarcinoma cells), A549 
(human lung carcinoma cell line), RD (Rhabdomyosarcoma cells) can be used for culturing 
HPeV isolates as well (Abed & Boivin, 2006; Al-Sunaidi et al., 2007; Benschop et al., 2010a; 
Watanabe et al., 2007). However, cell culture has its limitations. As shown for culturing EVs, 
different HPeV types display difference in cell growth in various cell lines, and panels of at 
least three cell lines may be required to efficiently isolate the subsequent types from clinical 
material (Abed & Boivin, 2006; Benschop et al., 2010a; Watanabe et al., 2007). The colon 
carcinoma cell line HT29 was found to efficiently support the growth of HPeV1, 2, and 4-6. 
However, for the isolation of HPeV3, only a few specific cell lines (e.g. Vero and LLCMK2 
monkey kidney cells) were found to support the growth, albeit slow, of this type (Abed & 
Boivin, 2006; Benschop et al., 2010a; Watanabe et al., 2007). CPE produced by HPeV3 on 
these cells was scarce as well.   

In general, CPE produced by HPeVs is not significantly different from the CPE elicited by 
EVs and HPeVs can mistakenly be identified as EVs in the event specific serotyping is not 
routinely performed (Benschop et al., 2006a). This also explains the original classification of 
HPeVs as EVs (Wigand & Sabin, 1961). The neutralization EV-panel of specific antibodies 
only includes antisera against HPeV1 and 2 (Kapsenberg, 1988). Other HPeV types cannot 
be serotyped because antibodies are not available (HPeV3-6), or because they cannot be 
cultured at all (HPeV7-14).  

To isolate viruses from CSF, cell culture is proven to be less sensitive, as the load in patients 
with meningitis or encephalitis is fairly low ranging from 10 to 1000 TCID50 infectious virus 
per milliliter CSF (Rotbart, 2000). Therefore, PCR is the preferred method for detection of 
viruses in this material (Espy et al., 2006; Read et al., 1997; Romero 1999; Rotbart HA & 
Romero JR, 1995; van Doornum et al., 2007). But while with cell culture, both EVs and 
HPeVs can be diagnosed, PCR specific for EVs will fail to detect HPeVs because the targeted 
5’UTR is too diverse between HPeVs and EVs (Beld et al., 2004; Benschop et al., 2006a; 
Hyypia, 1989; Hyypia et al., 1989; Oberste et al., 1999). Therefore a separate RT-PCR 
specifically targeting the 5’UTR of HPeVs is required. Real-time RT-PCRs have been 
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clinical material (Harvala et al., 2009; Verboon-Maciolek et al., 2008a). Direct genotyping 
from clinical material avoids secondary cell culture isolation of EV/HPeV from CSF, a 
material for which virus culture is already an insensitive method of detection (Romero, 1999; 
Rotbart & Romero, 1995).  

Pathogen detection in CSF is the strongest indicator of the pathogen’s association to the 
disease, but it is not uncommon to diagnose an EV or HPeV infection by detection of the 
virus in other clinical samples while the patient presents neurological symptoms (Benschop 
et al., 2006a). Several real-time PCRs for HPeV have been validated and tested on stool 
samples, and/or throat swabs (Baumgarte et al., 2008; Benschop et al., 2008c; Nix et al., 2008; 
Noordhoek et al., 2008; Tapia et al., 2008). The high viral loads in these samples make them 
suitable for diagnosis by cell culture as well. However, it should be taken into account that 
both HPeVs and EVs can be shed in high amount in stool and respiratory material, even 
after clearance of symptoms (Chung et al., 2001; Harvala et al., 2008). 

In summary, HPeV3, which is the most pathogenic HPeV type, and the most prevalent type 
detected in CNS disease, is difficult to grow in cell culture and is not routinely serotyped by 
the available antibody pools. Data on prevalence of HPeV types that rely on virus isolation 
by cell culture alone (Abed & Boivin, 2006; de Vries et al., 2008; van der Sanden et al., 2008; 
Watanabe et al., 2007) will be biased by the cell panel used for virus culture, the difference in 
growth characteristics between the HPeV types, and the inability of the newer HPeV types 
7-14 to grow in cell culture. Therefore, detection of HPeV for clinical or epidemiological 
purposes should rely on real-time PCR and subsequent genotyping based on VP1 or 
VP1/VP3.   

7. Pathogenesis 
It is not known why HPeV3 is more associated with severe neonatal sepsis and CNS disease 
in infants in comparison to other HPeV types. But several serological as well as biological 
and genomic features of HPeV3 in conjunction with preliminary experimental data may 
provide clues as to why this type has a neurovirulent phenotype and is predominantly 
identified among neonates.  

7.1 Host immune response to HPeV 

The defense mechanisme against HPeV meningitis/encephalitis or HPeV infections in 
general is largely unknown. Most of what we know from picornavirus immunity is distilled 
from immunological studies with EV infections. An efficient host response against EVs is 
most likely dependent on a proper humoral immune response with release of neutralizing 
antibodies. This is underlined by the increased incidence of severe EV infections in patients 
with primary antibody deficiency (PID), such as X-linked agammaglobulinemia (XLA), in 
which chronic enteroviral meningoencephalitis (CEMA) is one of the most severe 
complications (Moin et al., 2004; Plebani et al., 2002; Wildenbeest et al., 2011). In a recent 
survey in the USA, a mortality rate of 35% was reported in patients with PID due to chronic 
or disseminated EV infections and 40% of the survivors of the initial illness had long-term 
neurological symptoms (Halliday et al., 2003). In this large survey echovirus 11 was the 
most common EV type identified and the CNS was nearly always involved. Interestingly, 
changes in CSF parameters, such as elevated CSF protein levels did not correlate with 
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changes in neurological signs and symptoms. Successful treatment with therapeutic 
immunoglobulin therapy (e.g. intravenous immunoglobulins (IVIG)) in PID patients with  
an EV meningitis/encephalitis provides additional evidence for an important role  
of neutralizing antibodies for an adequate host immune response in EV 
meningitis/encephalitis. In neonates, characterized by an impaired humoral immune 
response, lack of specific maternal EV antibodies is shown to be a risk factor for the 
development of severe illness (Abzug, 2004). 

Knowledge of the host immune response to HPeV is in comparison to EV even more 
limited. In contrast to the evidence as described in the section above, there are no data 
available on the protective role of neutralizing antibodies in HPeV infections. The lower 
seroprevelance of HPeV3 in adults might suggest a lack of maternal protection in the early 
months of life. To study the protective role of these antibodies against both HPeV1 and 3 
infections, our group has set up a case-control study of neonates and children < 1 year that 
is currently ongoing. 

Only recently, toll like receptors (TLR) 7 and 8 were identified as important key players  
in the innate immune defense against HPeV1 (Triantafilou et al., 2005). TLRs are 
transmembrane proteins that play an important role in immune responses against microbial 
pathogens, by inducing inflammatory cytokines in response to bacteria and viruses. 
Although never published, one can assume that these TLRs are equally important in the 
defense against HPeV3 infections. Volpe (2008) suggested that HPeV3 infections could result 
in intracellular binding of TLR8, leading to the release of reactive oxygen and nitrogen and 
pro-inflammatory cytokines from microglia and as a result neural cell death. Interestingly, 
TLR8 is specifically distributed in axonal perturbations and only in the developing nervous 
system which could explain why we specifically observe the severe HPeV3 infections in 
infants rather than among older children and adults.  

7.2 Cell tropism & receptor interactions  

The specific detection of HPeV3 in CSF might direct towards a difference in cell tropism 
between HPeV types. This is already reflected by the slow growth of HPeV3 on a limited 
number of cell lines and its poor production of CPE (Abed & Boivin, 2006; Benschop et al., 
2010a; Watanabe et al., 2007). That HPeV3 infects other cell lines than for example HPeV1, is 
underlined by recombination studies done in our laboratory. HPeV3 recombination is 
highly limited, while other HPeV types frequently recombine with each other (Benschop et 
al., 2008d, 2010b; Calvert et al., 2010). This indicates that HPeV3 rarely gets into contact with 
other types in the same cell where recombinants are produced during replication of the 
infected viruses. 

The difference in tropism can be explained by a difference in receptor usage. HPeV types 1, 
2, and 4-6 contain an RGD motif in the C-terminus of VP1 that is utilized by several other 
viruses, such as FMDV, Coxsackie A virus 9 and echovirus 9, for their attachment to cell 
surface integrins. The RGD motif is essential for HPeV1 infection (Boonyakiat et al., 2001; 
Joki-Korpela et al., 2001; Pulli et al., 1997; Stanway et al., 2000). However, HPeV3 does not 
contain an RGD motif and thus it is assumed that infection of HPeV3 is established via a 
different receptor that is RGD independent, but is as yet unknown. Based on receptor 
studies of different EV types we also know that the cell surface expression of receptors 



 
Meningitis 

 

154 

changes in neurological signs and symptoms. Successful treatment with therapeutic 
immunoglobulin therapy (e.g. intravenous immunoglobulins (IVIG)) in PID patients with  
an EV meningitis/encephalitis provides additional evidence for an important role  
of neutralizing antibodies for an adequate host immune response in EV 
meningitis/encephalitis. In neonates, characterized by an impaired humoral immune 
response, lack of specific maternal EV antibodies is shown to be a risk factor for the 
development of severe illness (Abzug, 2004). 

Knowledge of the host immune response to HPeV is in comparison to EV even more 
limited. In contrast to the evidence as described in the section above, there are no data 
available on the protective role of neutralizing antibodies in HPeV infections. The lower 
seroprevelance of HPeV3 in adults might suggest a lack of maternal protection in the early 
months of life. To study the protective role of these antibodies against both HPeV1 and 3 
infections, our group has set up a case-control study of neonates and children < 1 year that 
is currently ongoing. 

Only recently, toll like receptors (TLR) 7 and 8 were identified as important key players  
in the innate immune defense against HPeV1 (Triantafilou et al., 2005). TLRs are 
transmembrane proteins that play an important role in immune responses against microbial 
pathogens, by inducing inflammatory cytokines in response to bacteria and viruses. 
Although never published, one can assume that these TLRs are equally important in the 
defense against HPeV3 infections. Volpe (2008) suggested that HPeV3 infections could result 
in intracellular binding of TLR8, leading to the release of reactive oxygen and nitrogen and 
pro-inflammatory cytokines from microglia and as a result neural cell death. Interestingly, 
TLR8 is specifically distributed in axonal perturbations and only in the developing nervous 
system which could explain why we specifically observe the severe HPeV3 infections in 
infants rather than among older children and adults.  

7.2 Cell tropism & receptor interactions  

The specific detection of HPeV3 in CSF might direct towards a difference in cell tropism 
between HPeV types. This is already reflected by the slow growth of HPeV3 on a limited 
number of cell lines and its poor production of CPE (Abed & Boivin, 2006; Benschop et al., 
2010a; Watanabe et al., 2007). That HPeV3 infects other cell lines than for example HPeV1, is 
underlined by recombination studies done in our laboratory. HPeV3 recombination is 
highly limited, while other HPeV types frequently recombine with each other (Benschop et 
al., 2008d, 2010b; Calvert et al., 2010). This indicates that HPeV3 rarely gets into contact with 
other types in the same cell where recombinants are produced during replication of the 
infected viruses. 

The difference in tropism can be explained by a difference in receptor usage. HPeV types 1, 
2, and 4-6 contain an RGD motif in the C-terminus of VP1 that is utilized by several other 
viruses, such as FMDV, Coxsackie A virus 9 and echovirus 9, for their attachment to cell 
surface integrins. The RGD motif is essential for HPeV1 infection (Boonyakiat et al., 2001; 
Joki-Korpela et al., 2001; Pulli et al., 1997; Stanway et al., 2000). However, HPeV3 does not 
contain an RGD motif and thus it is assumed that infection of HPeV3 is established via a 
different receptor that is RGD independent, but is as yet unknown. Based on receptor 
studies of different EV types we also know that the cell surface expression of receptors 

 
Human Parechoviruses, New Players in the Pathogenesis of Viral Meningitis 

 

155 

during organ development plays a major role in defining tropism (Harvala et al., 2005; 
Scassa et al., 2011; Yamayoshi et al., 2009). This shift of specific cell receptor expression 
during development would support the observation that HPeV3 infections are rarely or 
never seen in older children and adults and could partly explain why neonates are more 
prone for HPeV3 infections.  

8. Treatment 
There is no antiviral treatment against HPeVs currently available (Wildenbeest et al., 2010). 
Therefore, supportive treatment and administration of IVIG are the only available options. 
IVIG is sometimes given to neonates to reduce disease burden from EV infection, although 
its efficacy has not been proven. Neutralizing EV antibody (nAb) titers in IVIG vary between 
batches and geographic regions (Cao et al., 2010; Galama et al., 1997; Planitzer et al., 2011). 
For therapeutic purposes, high nAb titers against the specific serotype might be needed 
(Abzug et al., 1995). The seroprevalence rates of HPeV1 and HPeV3 found in adults would 
suggest IVIG to contain moderate to high titers of nAbs against these HPeV types. A case-
report of a twin with neonatal sepsis and hepatitis infected with HPeV3 showed one child to 
have recovered after having received IVIG (Al Maamari et al., 2009). However, data on IVIG 
titers against HPeV3 was not given in this study. We found high HPeV1-specific nAb in two 
batches of IVIG, but low nAb titers against HPeV3 in these IVIG batches (Westerhuis et al., 
manuscript in preparation; Wildenbeest et al., 2011). Therefore, IVIG might be beneficial in 
the treatment of HPeV1 infections and less effective in the treatment of HPeV3, although 
more data are needed. Moreover, the dispersed circulation of HPeV3 could have effect on 
the nAb titers in IVIG batches collected in different years and should be taken into account. 

Recently, a case report was published on the use of pleconaril in a patient with HPeV-
associated enteropathy (van de Ven et al., 2011). Pleconaril inhibits viral replication by 
integration into the hydrophobic pocket inside the viral capsid. As a result, uncoating and 
binding of the virus to the host cell are interrupted (Pevear et al., 1999). The hydrophobic 
pocket is relatively well preserved among EVs and HRVs, resulting in a broad-spectrum 
anti-enteroviral and -rhinoviral activity of pleconaril. However, the capsid of HPeVs is 
different (Stanway et al., 2000; Seitsonen et al., 2010), indicating that the hydrophobic pocket 
differs from that of EVs. Indeed data from our laboratory show that HPeV1 and HPeV3 are 
resistant against pleconaril in vitro (Wildenbeest et al., 2010). In agreement, pleconaril did 
not have any effect on replication of an unspecified HPeV found in the patient with 
enteropathy, nor did ribavirin (van de Ven et al., 2011).   

In summary, no systematic data are available on HPeV treatment, and clinical experience 
with severity and treatment of HPeV infections is just beginning to build up. Treatment 
options for HPeV and the related EV are urgently needed. In the meantime, administration 
of IVIG is the only option.  

9. Concluding remarks: HPeV3 infection of the CNS 
Before the turn of the century, HPeVs infections were described as mild infections in 
children. At that time only two types were known, and severe symptoms were occasionally 
reported. With the discovery of a third HPeV type (HeV3), the view on HPeVs as relevant 
pathogens in viral CNS infections such as meningitis and encephalitis has changed 
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drastically. While various EV types are known to be commonly involved in meningitis, 
(echovirus 9 and 30, EV71 and CBV5), of the 16 HPeV types currently described, HPeV3 is 
the primary type to cause CNS disease in children. 

The introduction of rapid PCR detection for both EVs and HPeVs in CSF demonstrate that 
both viruses play an important role in the pathogenesis of meningitis/encephalitis. 
Increased routine screening of HPeVs will lead to an increase in the identification of HPeV 
infected children and a decrease in the use of antibiotics. Differences in maternal protection 
and its genetic make up in relation to its biological characteristics should provide clues in 
the near future on how HPeV3 type specifically infects the CNS of particularly newborns. 
This will aid in the development of new treatment options that will allow effective care of 
these children, possibly preventing neurological sequelae in these children. 
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1. Introduction 
Meningitis is a clinical condition involving inflammation of the meninges that most 
commonly affects otherwise healthy people. Generally, the meningitides are of infectious 
etiology that can be viral, bacterial, fungal, or parasitic in nature, although iatrogenic causes 
are rarely reported (Table 1). Inflammation of the meninges can pose serious dangers to 
patients, given that many of the areas affected are encased by bony structures that can 
exacerbate tissue damage caused by swelling. Collapse of the blood vessels, causing hypoxic 
damage, is a particularly dangerous effect of inflammation in the brain. In fact, permanent 
disability and death may result from all forms of meningitis. Further, sepsis, bacteremia, or 
other disease processes can be caused by the same infectious agents that cause meningitis. 
Epidemics associated with certain pathogens, like the meningococcus, pose a serious public 
health risk, and therefore require prevention and control strategies. The quest to limit the  

 Viruses* Bacteria Fungi 
Vaccine 
preventable 

Japanese and tick-
borne encephalitis 
Polio  
Measles  
Mumps  

Streptococcus pneumoniae
(“Pneumococcus”) 
Neisseria meningitidis serogroups A, 
C, W-135, Y 
Haemophilus influenzae type b 
Tuberculosis 

Vaccines under 
clinical 
investigation 

Group B streptococcus
Neisseria meningitidis serogroup B  
Staphylococcus aureus 

No vaccines 
available 

West Nile 
Herpes simplex 

Neisseria meningitidis serogroup X 
Escherichia coli 
Listeria monocytogenes 
Lyme (Borrelia burgdorferi) 

Candida albicans  
Cryptococcus 
neoformans  
Histoplasma 

*Most commonly enteroviruses, arboviruses, herpes, measles and mumps 
Rarely, meningitis may be caused by parasites or as a side effect of medication. 

Table 1. Examples of pathogens associated with meningitides, encephalitis, or sepsis (2-3) 
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public health impact of meningitis has led to the application of various public health 
strategies, including vaccine campaigns, over the last century (1-2). This chapter places 
meningitis vaccine policy in the context of several forces: public perception and media 
activity, clinical diagnosis and laboratory testing, antibiotic effectiveness and vaccine safety, 
efficacy and cost-effectiveness. Country and situational examples will be given. 

2. Disease factors that impact policy decisions 
The global epidemiology of meningitis changed dramatically during the twentieth century 
as vaccines and antibiotics became available to prevent and treat this deadly disease (4-5). 
The potential public health impact of meningitis-causing organisms is affected by disease 
incidence, severity and scope, case fatality ratio, risk of contagion, rate of disease 
progression and additional acute and chronic disease caused by the pathogen. The 
Meningitis Research Foundation notes that, with the exception of measles and mumps (6) 
which have been vaccine-preventable for decades, the relatively mild severity and generally 
good prognosis associated with the viral meningitides makes for mild concern among 
policymakers (3). The World Health Organization and the Pan American Health 
Organization consider bacterial, particularly meningococcal, meningitis to be among the 
world’s most important public health problems (2).  

 
Fig. 1. Scanning electromicrograph of the pneumococcus. photo by Janice Haney Carr. 
Centers for Disease Control and Prevention Public Health Image Library ID # 265. (15) 

The most common causes of bacterial meningitis in the United States, Europe and many 
other developed countries since the 1980s have been the pneumococcus, Haemophilus 
influenzae type b, the meningococcus, group B streptococcus, and Listeria monocytogenes (4-
5, 7). In Africa, seasonal outbreaks and epidemics of meningococcal meningitis and 
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septicemia numerically represent the greatest public health impact in this context (1, 8-9). 
The three polysaccharide-encapsulated bacteria for which licensed vaccines are widely 
available, the pneumococcus, Haemophilus influenzae type b , and the meningococcal 
serogroups A, C, W-135 and Y, have been the major focus of vaccine development and 
policy efforts (1-2, 10-11). Following the initial introduction of conjugate polysaccharide 
vaccines against these pathogens during the 1980s and 1990s the epidemiology of bacterial 
meningitis has changed dramatically. Further challenges to reducing the global burden of 
meningitis remain, among them the need for vaccines against Group B streptococcus, 
which accounts for a large proportion of newborn and very young infant infections, and 
meningococcal serogroup B (11-12). Indeed, in a recent report, Group B streptococcus was 
responsible for more than 85% of bacterial meningitis among US infants less than 2 
months of age (5). In regions where vaccines against pneumococcus and Haemophilus 
influenzae type b are not available, Group B streptococcus is also an important cause of 
meningitis in the first 3 months of life (13-14).  

The clinical characteristics of various meningitides are discussed in detail in other chapters. 
Risk factors for bacterial meningitis include age (the very young, the elderly, adolescents), 
underlying medical conditions (innate or acquired immunosuppression, complement 
deficiency, shunts, cochlear implants) and lifestyle factors such as poverty, college 
attendance, or travel. Increasing evidence suggests that genetic factors increase the risk of 
contracting bacterial meningitis (Table 2). 

Genetic condition Arising infection 

Severe congenital neutropenia Recurrent infections 
Immunoglobulin deficiency Pneumococcal infection 
Severe combined immune deficiency Recurrent infections 
Complement deficiency Meningococcal infection 
TLR and NEMO Pneumococcal infection 
Mal/TIRAP gene Haemophilus influenzae type b vaccine failure 

TLR: toll-like receptor; NEMO: NF-kappa-B essential modulator; TIRAP: toll-interleukin 1 receptor 
(TIR) domain containing adaptor protein. 
(1, 16-20) 

Table 2. Known genetic predispositions to bacterial meningitis 

Unique risk factors (Table 3) for meningococcal meningitis have been observed in adolescents 
and young adults: close social contact (e.g. bars, discotheques, dormitories), kissing, smoking 
(1, 3, 17-18). For Haemophilus influenzae type b, and pneumococcus, low socioeconomic status 
and ethnic minority group status represent risk factors of special note (5). 

Exposure to antibiotics can increase the risk of infection with an antibiotic-resistant 
organism, as observed for pneumococcal infections, while vaccine policy has exerted a 
downward pressure on antibiotic resistance (26). For newborn Group B streptococcus 
infection, maternal colonization alone is a risk factor – accordingly, some regions 
recommend administration of prophylactic antibiotics during labor and delivery for all 
women known to be colonized (27). 
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Crowding factors 
Moving into a college dormitory, particularly freshmen  
Moving into army barracks, particularly new military recruits 
Travel 
Attendance at the Hajj or Umrah pilgrimages 
Travel to areas with hyperendemic or epidemic disease 
Social factors 
Pub or discotheque attendance 
Kissing 
Smoking and exposure to second-hand smoke 

(1,21-25) 

Table 3. Examples of risk factors for developing meningococcal meningitis 

Rates of asymptomatic carriage may affect the transmission of encapsulated pathogenic 
bacteria and thereby lead to colonization, invasion and invasive disease. The ability to 
adhere to or penetrate the mucosa, or to survive and multiply in blood or infect organs 
(especially the brain) are commonly-recognized virulence factors that, like epidemiology, 
may differ among strains, serogroups or types of encapsulated bacteria within a species (1, 
5, 24, 28-32). Susceptibility to disease or asymptomatic carriage may coincide or occur in 
distinct population groups (Table 4). 
 

Carriage in infants, disease in infants 
Pneumococcal diseases: bacteremia, meningitis, otitis media, pneumonia 
Invasive Haemophilus influenzae type b  disease: bacteremia, meningitis, epiglotitis 
Carriage in adolescents and/or adults, disease in adolescents and/or adults 
Invasive meningococcal meningitis and septicemia in travelers 
Invasive meningococcal meningitis and septicemia in military recruits 
Carriage in adolescents and adults, disease in infants 
Invasive meningococcal meningitis in infants in developed countries 
Maternal colonization with Group B streptococcus, disease in infants 

(1,5, 16, 20, 22-23, 31-32) 

Table 4. Examples of carriage versus invasive disease profiles 

Ideally, definitive laboratory tests would rapidly confirm or exclude bacterial meningitis, 
determine the organism and identify its pattern of antibiotic susceptibility. Unfortunately, 
diagnosis of bacterial meningitis in the absence of a positive culture remains at best 
imprecise, despite numerous algorithms and putative biomarkers (Table 5). A recent early 
diagnostic model relies on dichotomized variables of peripheral blood polymorphonuclear 
cell count >16 × 109/l, serum C-reactive protein >100 mg/l and hemorrhagic rash, with a 
predicted probability of bacterial meningitis or meningococcal septicemia >95% with the 
presence of any one variable and >99% for two or more (33). Serum procalcitonin 
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distinguished viral from bacterial meningitis more effectively than C-reactive protein or 
leukocyte counts (34-35). However, methods must approach 100% sensitivity to avoid 
missed cases. Immediate and urgent administration of antibiotics until the results of 
microbiological tests become available is therefore recommended, (24, 36-37) although this 
practice may hinder diagnostic methods and surveillance that rely on culture. More 
sensitive molecular diagnostic techniques such as polymerase chain reaction (PCR) can 
enable definitive diagnosis in these cases (1, 38). Administration of preemptive antibiotics to 
viral meningitis patients can be costly and may indirectly contribute to antibiotic resistance. 
Suboptimal dosing of preemptive antibiotics may result in penetration into the 
cerebrospinal fluid or across the blood-brain barrier that is inadequate to eradicate bacterial 
pathogens (36-37). 
 

Clinical criteria: hemorrhagic nonblanching rash, neck stiffness, altered mental state, 
shock, hypotension, back rigidity, photophobia, toxic or moribund state, seizures 
headache, vomiting, fever, etc. 
Bacterial antigen testing 
Gram staining 
Blood markers: C-reactive protein level, white blood cell count 
Cerebrospinal fluid markers: protein level, glucose level, white blood cell count, 
neutrophil count 
Cultures of blood or cerebrospinal fluid 
Serum procalcitonin 
Blood polymorphonuclear cell count >16 × 109/l, serum C-reactive protein >100 mg/l 
and/or hemorrhagic rash 

(33-39) 

Table 5. Examples of algorithms and biomarkers for bacterial meningitis. 

Difficulties in differential diagnosis, combined with the severe consequences of disease, 
including sepsis, shock, gangrene, deafness, seizures, CNS damage, or limb amputation, 
taken together support vaccination as the best approach for preventing the most 
epidemiologically and clinically important forms of bacterial meningitis.  

While the brain and meninges are relatively anatomically inaccessible, once breached by a 
pathogen the blood-brain barrier tends to become more permeable to medicines because of 
resultant inflammation. Haemophilus influenzae type b, the meningococcus and the 
pneumococcus are generally highly sensitive to antibiotics, although resistance has been 
increasingly reported with pneumococci and a few meningococcal strains, leading to 
recommendations for the empiric use of third-generation cephalosporins. Therapies are also 
available for other forms of meningitis. Corticosteroids may be recommended as adjunctive 
therapy to reduce some symptoms (36-37). 

3. Prevention of meningitis 
Strategies and policies to prevent and control meningitis tend to involve narrow, categorical, 
pathogen-specific programs. Few if any broad policies spanning the gamut of pathogens 
responsible for causing meningitis exist. This shortcoming reflects the differences in the 
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epidemiology of the etiologic agents, the limited antigenic composition and coverage of the 
available vaccines, the complexity of primary prevention and secondary prevention 
modalities, and the cost and complexity of instituting large scale programs.  

In epidemic situations, antibiotics may be used to prevent bacterial meningitis in close 
contacts or communities within a reasonable period (1 week in the case of meningococcal 
meningitis) from the diagnosis of an index case. Current recommendations often call for 
third-generation cephalosporins to address possible drug-resistant strains. (22-23, 36-37). In 
addition, intrapartum antibiotics are routinely administered to mothers colonized with 
Group B streptococcus to prevent infant disease. Nevertheless, vaccination remains the most 
effective means of preventing both the most common causes of bacterial meningitis and 
some viral pathogens, like measles and mumps. Although vaccines have been licensed 
steadily throughout the late twentieth and early twenty-first centuries for encapsulated 
bacteria, areas for improvement remain.  

Investigation into vaccines that limit meningitis followed work against other deadly 
diseases such as rabies, yellow fever, and smallpox. The diphtheria and tetanus toxoid 
vaccines originally designed in the 1920s were later adapted to act as protein carriers in 
the current polysaccharide-protein conjugate vaccines. Another early twentieth-century 
vaccine to prevent a range of illnesses, including meningitis, was the Bacille Calmette-
Guérin (BCG) vaccine against tuberculosis, which has become the most widely used 
vaccine in the WHO Expanded Programme for Immunisation. Measles and mumps 
vaccines were developed during the second half of the twentieth century, and, like 
diphtheria and tetanus vaccines, remain an essential part of early childhood universal 
vaccination programs (40).  

The first vaccines against encapsulated bacterial meningitis-causing pathogens during the 
1960s and 1970s employed the purified outer polysaccharide capsule to provide immune 
responses in persons over 2 years of age who were able to mount B-cell responses. Such 
vaccines have been used successfully in situations where individual protection is needed for 
a limited amount of time. However, these vaccines may have blunted or diminished 
responses with repeat dosing, possibly due to B-cell depletion and do not offer protection in 
infants and others who cannot mount B-cell responses. The next generation of conjugated 
pneumococcal, meningococcal and Haemophilus influenzae type b  vaccines offer protection to 
infants and young children and allow for booster responses with repeat dosing. Extensive 
vaccination of infants and young children with pneumococcal vaccines has led to 
considerable reductions in disease in non-target age groups by means of herd protection, 
which was also evident in meningococcal serogroup C vaccine programs that include the 
primary carriage population (1, 2, 40-41).  

Policy makers and health care providers generally consider the full spectrum of clinical disease 
caused by meningitis-causing pathogens when making decisions about therapy, prevention, or 
vaccination. For example, meningococci can cause a range of clinical syndromes including 
septicemia, bacteremia, and localized suppurative infections such as arthritis. Similarly, 
pneumococci cause otitis media and pneumonia, which create serious public health 
consequences. Further, Haemophilus influenzae type b  vaccine policy was strongly affected by 
the possibility to prevent pneumonia and epiglottitis, which is very difficult to manage. 
Meningococcal vaccine policy must also address the possibility for unpredictable, severe  
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VACCINE PRIMARY DISEASE 
TARGETED CURRENT ROUTINE USE EXAMPLES 

Early Twentieth Century   
Bacille-Calmette-Guérin 
(BCG) Vaccine Tuberculosis WHO countries 

Mid-Twentieth Century   
Measles virus vaccine Measles Infants and toddlers 
Mumps virus vaccine Mumps Infants and toddlers 
Late twentieth Century   
Meningococcal 
polysaccharide vaccines 

Meningitis and 
septicemia 

Hajj travel in countries without 
access to conjugate vaccines 

Pneumococcal 
polysaccharide vaccine 

Meningitis and 
pneumonia 

Elderly persons in countries without 
conjugate vaccines against all 
significant serotypes 

Haemophilus influenzae 
type b  conjugate vaccine 

Meningitis and 
epiglotitis Infants and toddlers 

Pneumococcal conjugate 
vaccine 

Meningitis, 
pneumonia and otitis 
media 

Infants and toddlers 

Meningococcal conjugate 
vaccines 

Meningitis and 
septicemia 

Infants, toddlers, adolescents, 
travelers, Hajj pilgrims 

Note: vaccines against Japanese and tick-borne encephalitis also became available during the twentieth 
century. (1,2, 5, 40-41) 

Table 6. Vaccines against pathogens that cause meningitis 

outbreaks and epidemics that may prevent adequate distribution of antibiotics fast enough 
to treat individuals and to curtail the spread of infection through a community. The 
possibility of drug resistance can also impact vaccine policy and treatment decisions (2). 

3.1 Haemophilus influenza type b vaccines 

No single intervention has done more to prevent cases of bacterial meningitis than the 
successful introduction of conjugate Haemophilus influenzae type b  vaccines, which stands as 
a major triumph in the history of vaccinology (42-43). The virulence of Haemophilus 
influenzae type b  results from its unique polyribosylribitol phosphate (PRP) capsule, which 
is thought to be particularly effective at enabling the organism to evade complement-
mediated lysis and avoid splenic clearance (44-45). Previous to the development of 
conjugate vaccines, Haemophilus influenzae type b  was the most common cause of bacterial 
meningitis, and disease incidence remains high in countries that do not immunize infants 
(42-43). Haemophilus influenzae type b meningitis occurs primarily in older infants and 
toddlers, during a “window of vulnerability” corresponding to a gap in anti-capsular 
antibody titers that occurs between a decline in maternal antibody and the second year of 
life. Conjugated Haemophilus influenzae type b  PRP (or PRP derivative) vaccines enabled the  
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Vaccine Diseases/pathogens covered Regions used 
Haemophilus influenzae type b (Hib) conjugate vaccines
PRP-T 
PRP-OMPC 
PRP-D 
PRP-CRM197 

Haemophilus influenzae type b  North America and 
Europe 

Haemophilus influenzae type b  and pertussis-containing vaccine combinations

DTaP-IPV/Hib 
Diphtheria, tetanus, pertussis, 
polio, Haemophilus influenzae 
type b 

North America 

DTaP-IPV/Hib-HBV 
Diphtheria, tetanus, pertussis, 
polio, Haemophilus influenzae 
type b , hepatitis B

Europe 

DTP-Hib Diphtheria, tetanus, pertussis, 
Haemophilus influenzae type b  

Africa, Asia, Latin 
America 

DTP-Hib-HBV 
Diphtheria, tetanus, pertussis, 
Haemophilus influenzae type b , 
hepatitis B 

Africa, Asia, Latin 
America 

Haemophilus influenzae type b  meningitis combinations

MenCY-Hib 
Meningococcal serogroups C 
and Y, Haemophilus influenzae 
type b  

Not yet in use 

MenC-Hib Meningococcal serogroup C, 
Haemophilus influenzae type b UK 

Other Haemophilus influenzae type b  combinations

Hib-HBV Haemophilus influenzae type b  
and hepatitis B 

North America 
Europe 

-aP: acellular pertussis; CRM197: cross-reacting material; D: diphtheria toxoid; HBV: hepatitis B virus; 
IPV: inactivated poliovirus vaccine; MenC meningococcal serogroup C; MenCY: meningococcal 
serogroups C and Y; OMPC: outer membrane protein complex; P: whole-cell pertussis; PRP: 
polyribosylribitol phosphate; T: tetanus toxoid.  (40-52) 

Table 7. Examples of vaccines against Haemophilus influenzae type b  

institution of immunization policies shaped by an understanding of epidemiology. Universal 
use of Haemophilus influenzae type b conjugate vaccines in the first year of life provided 
protection from invasive disease, reductions in carriage, and herd effects, an approach that 
was tailored to fit existing routine infant immunization schedules. Combining conjugate 
Haemophilus influenzae type b  vaccine with other routine infant vaccines has allowed for ease 
of implementation in increasingly crowded immunization schedules (42-52). 

3.1.1 Pneumococcal vaccines 

The pneumococcus comprises antigenically distinct types based on the chemistry of the 
polysaccharide outer capsule. Vaccines have therefore been designed to provide protection 
against the broadest number of serotypes in a specific population (Table 8).  
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Pneumococcal 
Types 

23-valent 
polysaccharide 
vaccine 

7-valent 
CRM-conjugate
vaccine  

10-valent protein 
D-conjugate 

13-valent CRM-
conjugate 
vaccine 

Target age group Adults Infants Infants infants 

1 X X X

2 X

3 X X

4 X X X X

5 X X X

6A X

6B X X X X

7F X X X

8 X

9N X

9V X X X X

10A X

11A X

12F X

14 X X X X

15B X

17F X

18C X X X X

19F X X X X

19A X X

20 X

22F X

23F X X X X

33F X

CRM: cross reacting material 197; protein D is derived from nontypeable Haemophilus influenzae  
(40, 63) 

Table 8. Pneumococcal types covered by available polysaccharide vaccines for use in adults 
and polysaccharide-protein conjugate vaccine for use in infants and young children 

The UK has been a leader in implementing universal infant vaccination against bacterial 
meningitides. Awareness raised by charities such as the Meningitis Research Foundation or 
the Meningitis Trust and the media helped support the inclusion of pneumococcal vaccines 
in not only routine infant schedules but also into at-risk programs. At-risk programs may 
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have little impact on disease burden (54), particularly given that immunization of infants 
and young children provides some protection in older age groups by virtue of herd 
protection (55). Pneumococcal conjugate vaccine also provided unexpected benefits such as 
the prevention of secondary bacterial super-infection in influenza (56). 

The 7-valent pneumococcal conjugate vaccine has been in use in the US since 2000 with 
subsequent licensing in the EU and elsewhere. Although the initial European 
recommendation was for at-risk groups, by 2006 more countries were making universal 
recommendations and providing funding. Cost-effectiveness data from the US, some 
European countries and Australia (57) have been reported and indicate that vaccination can 
be cost-saving, as in Germany, partly as a result of reduction of high-incidence but also 
lower severity infections such as otitis media. Favorable pharmacoeconomic results tend to 
drive routine (universal use) policy implementation. Pneumococcal conjugate vaccine is 
funded in many countries including Turkey, Mexico, and South Africa, and in some GAVI-
eligible countries.  

The safety, efficacy and effectiveness of the 7-valent pneumococcal conjugate vaccine were 
established through pivotal trials, long-term surveillance, and monitoring. In a multi-centre 
study of 1379 pneumococcal meningitis cases in the US from 1998 to 2005 (58), incidence 
declined from 1.13 to 0.79 cases per 100,000 persons, a 30.1% reduction (P<0.001). 
Reductions were most marked in those less than 2 years and more than 65 years of age, 
respectively 64.0% and 54.0% (P<0.001). Non-vaccine serotypes were noted to cause more 
disease after the introduction of vaccine. Newer 10- and 13-valent pneumococcal vaccines 
have been studied in clinical trials and are appearing in some markets. A 15-valent 
pneumococcal conjugate vaccine is also in clinical trials. 

Questions regarding the efficacy of 23-valent pneumococcal polysaccharide vaccine have led 
the UK to consider eliminating its routine use in the elderly and confining use to specific at-
risk groups (59). Licensing of the 13-valent pneumococcal conjugate vaccine for adults 
should provide an alternative. In France, the 13-valent pneumococcal vaccine, which is 
already licensed for use in children, may reduce disease where serotypes 7F and 19A have 
come to predominate (60) while in the African meningitis belt there is potential for the 
reduction in the burden of disease through coverage of serotype 1 (61). 

3.2 Meningococcal vaccines 

The epidemiology of meningococcal disease is characterized by dynamic shifts in serogroup 
incidence over time and across geography. In addition, hypervirulent strains cause 
unpredictable outbreaks, and epidemics are reported annually in the sub-Saharan 
meningitis belt. Six meningococcal serogroups, A, B, C, W-135, X, and Y cause the majority 
of disease worldwide and are considered epidemiologically important by the WHO (1, 5, 9). 
Currently, conjugate vaccines are available against serogroups A, C, W-135 and Y. Routine 
immunization with the serogroup C conjugate vaccines dramatically reduced disease 
incidence and asymptomatic carriage, thus leading to herd protection in many countries 
including the UK, Ireland, the Netherlands, and Canada. Effective vaccination policy 
mandated immunization of both infants and adolescents, an important reservoir for 
meningococcal carriage. These findings have yet to be replicated with additional serogroups 
(1, 9). Quadrivalent meningococcal vaccines against serogroups A, C, W-135 and Y are 
routinely recommended in North America for use in adolescents, and a booster dose is 
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recommended in the US. Additional recommendations for meningococcal vaccination 
include the military, persons travelling to regions with endemic or epidemic disease, and 
those attending the annual Hajj pilgrimage to Mecca (1, 25, 62). A very significant new 
advance in this field is the recent implementation of serogroup A conjugate vaccine in the 
African meningitis belt (8). 

 

 
Fig. 2. Micrograph at 1150 X magnification of meningococci. Image by Dr Brodsky c. 1966. 
Centers for Disease Control and Prevention Public Health Image Library ID #6423 (15). 

Serogroup B presents special challenges because its capsular polysaccharide is non-
immunogenic, resulting in the need for subcapsular antigenic approaches (1, 11). Serogroup B 
vaccines using outer membrane vesicles (OMVs) as the primary antigen have been used to 
control specific clonal outbreaks in Cuba, Chile, Brazil, New Zealand, France and Norway. 
Various other subcapsular antigens have been investigated (10-11). A genomic method known 
as reverse vaccinology led to the development of 4CMenB, which is the only vaccine that has 
been shown to generate antibody responses against genetically heterologous serogroup B 
strains in Phase 3 trials in both infants and adolescents  and has been submitted for approval 
to the European Medicines Agency. 4CMenB is a multicomponent vaccine that combines 
factor H binding protein, Neisserial adhesin A, and Neisseria heparin binding antigen with 
OMV from the New Zealand outbreak strain. The vaccine promises to be an important 
advance in vaccine practice (11, 63-65). Other serogroup B vaccines are under development. 

An optimal strategy for meningococcal disease control would include broad-coverage 
vaccines in infants where the disease incidence is highest coupled with immunization of 
adolescents (where peak carriage occurs) to induce herd effects and prevent secondary peak 
disease. Vaccine availability, implementation issues and cost have driven meningococcal 
vaccine policies, which tend to be narrow in scope (65). 
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4. Policy decisions for the prevention of meningitis 
Strategies and policies to prevent and control meningitis tend to be pathogen-specific, 
because differences in epidemiology, available vaccines, cost and the complexity of 
instituting large scale programs would make general guidelines unhelpful. Nevertheless, 
the vision of a meningitis free world is most likely to be realized from innovative 
approaches to integrated meningitis prevention and control. 

Implementation of vaccines against meningitis-causing organisms has been a major priority 
of global health funding organizations such as the Gates Foundation and the Global Alliance 
for Vaccines and Immunisation (GAVI). The Gates Foundation alone has committed more 
than 14 billion dollars toward vaccines for developing countries (66). Investments such as 
these have led to innovative strategies and partnerships toward vaccines against meningitis. 
Early efforts focused on introducing existing vaccines, such as Haemophilus influenzae type b 
and pneumococcal conjugate vaccines, to developing countries, while more recent efforts 
include the development of specialized low-cost vaccines targeted to the needs of 
developing nations. 

A notable GAVI initiative was the introduction of Haemophilus influenzae type b  vaccine to 
the world’s poorest countries, which began in 2005, on the heels of the WHO global 
Haemophilus influenzae type b  vaccine recommendation. By 2008, half of eligible countries, 
representing 42% of eligible infants, had access to free or subsidized vaccine (67). GAVI has 
also funded 7-valent pneumococcal vaccine, which has been adopted by a number of 
countries, the first being Rwanda (68). The Meningitis Vaccine Project recently supported 
the development of a low-cost (40 cents a dose) tetanus toxoid conjugate vaccine against 
serogroup A meningococcal disease for use in the meningitis belt. This project was an 
innovative multi-stakeholder partnership including the WHO, UNICEF, the US Centers for 
Disease Control, the US Center for Biologics Evaluation and Research (CBER), and the 
Serum Institute of India. This vaccine has dramatically reduced disease and associated 
morbidity and mortality after immunization of 19 million residents of Burkina Faso, Mali 
and Niger in the course of a few weeks (8, 68).  

4.1 Considerations for the design of preventative interventions 

Vaccine policy for meningitis, as for most infectious diseases, is determined by the burden of 
disease, public awareness of the problem, availability of vaccines and the ability to fund 
vaccination campaigns. Yet even with compelling disease burden, clear epidemiologic 
justification and ample funding, difficulties in vaccine formulation or adding vaccines to 
crowded schedules may present significant barriers to implementing vaccine policies. The 
prevention of bacterial meningitis requires vaccinating a large proportion of the community 
and immunization against relatively rare diseases, thus such programs might not meet 
pharmacoeconomic parameters in all nations as it did recently in the African meningitis  
belt (69). 

Routine immunization implementation may be necessary to assess clinical effectiveness, cost 
effectiveness and herd effects; therefore, effective vaccine policies must consider multiple 
variables in the use of health care resources. The perceived and actual burden of disease 
may vary because public perception can be skewed by reports of epidemics or small 
numbers of cases of severe disease. Or, the true burden of disease may be masked by  
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Epidemiology 
Populations suffering from disease 
Populations carrying or transmitting the causative organism 
Genetic, group, and strain diversity of the organism 
Genetic, strain, or serogroup shifts over time and space 
Escape mutants 
Serogroup or serotype replacement over time and as a result of vaccination campaigns 
Proximity of populations (potential for herd effects) 
Vaccines 
Number and type of available vaccines 
Ability for vaccines to protect against circulating pathogens in a given region 
Effects on immunogenicity and efficacy when given with existing vaccine schedules 
Duration of immunity 
Effects in target age groups 
Policy  
Existing vaccine schedules 
Timing of doses 
Need for booster doses or catch-up campaigns 
Funding 
Ability to reach key populations to administer vaccines 
Possibility for herd effects 
Reduction of the risk for developing antibiotic resistance 

Table 9. Considerations for developing vaccine policy 

under-diagnosis, under-reporting or, if early antibiotic treatment prevents case confirmation 
by culture (70-71). Thus, public awareness of disease burden should precede explanations of 
new vaccines. Media reports may occasionally be counter-productive, especially when 
considering their treatment of vaccine safety (72).  

Vaccine availability can be limited by logistical factors like the lack of a universally 
protective antigen. Thus, not all meningitides are vaccine-preventable in practice (e.g. 
serogroup B meningococcus, group B streptococcus), nor are many of the encephalitides. 
Vaccines cannot be considered available unless they have been approved for licensure, yet 
licensure is necessary but not sufficient for availability to the general public because funding 
sources have a strong impact on policy decisions. In the public market, pharmacoeconomic 
considerations may appear calculating or callous to the general public. In a “private” 
market, the vaccinee must willingly obtain and pay for the vaccine. Although in this context, 
the decision to receive vaccine is less likely to be driven by a sense of public-mindedness, 
the near-universal uptake of pneumococcal conjugate vaccine in Portugal indicates that 
collective responsibility may be powerful in some regions. 
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4.2 Policy approaches to vaccine against meningitis-causing pathogens 

Universal (age-based) routine immunization is a primary model for limiting or eliminating 
meningitis globally. Prevention in the context of disease outbreaks involves antibiotic 
chemoprophylaxis as well as targeted vaccine use, generally in the setting of meningococcal 
disease. Universal vaccination approaches require multiple considerations because 
successful prevention arises only from a clear understanding of several key factors including 
the populations at greatest risk of disease, the population where carriage occurs, the features 
of available vaccines, the feasibility of implementation of immunization policies (Figure 3). 
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Fig. 3. Considerations that inform policymaking decisions for meningitis prevention 

Universal immunization against Haemophilus influenzae type b , meningococcal serogroup C 
and pneumococcal disease stand as exceptionally noteworthy successes in the primary 
prevention of meningitis. These universal policies are more likely to protect high-risk 
individuals than selective programs in part because risk factors may be poorly understood. 
Debates about selective versus universal or voluntary and compulsory vaccination policies 
remain unresolved.  

Primary prevention of other causes of meningitis is somewhat more complex. Control of 
meningococcal serogroup C resulted through the expansion of the immunization schedule 
to include older children and adolescents, reducing carriage to provide adequate herd 
effects and the use of catch-up campaigns to ensure vaccine coverage.  

Secondary prevention of meningitis can include interventions, like antibiotic 
chemoprophylaxis, that can operate at the population level or for an individual. Targeted 
use of vaccines within communities or geographic areas can also control epidemic as shown  
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Young children were at the highest risk of disease and also comprised the primary 
population where carriage occurs  

Glycoconjugate vaccines enabled direct protection and reduction in carriage that 
provided further herd effects in the critical at-risk population simultaneously 

Implementation of immunization was straightforward because vaccines fit well into the 
existing routine infant immunization schedules 

Herd effects extended beyond the vaccinated population and into the general 
population because primary vaccination reduced carriage in the key reservoir for the 
causative disease pathogens. 

Table 10. Considerations that led to the success of universal vaccination policies against 
Haemophilus influenzae type b and pneumococcal diseases 

in Cuba, Norway and New Zealand by the use of tailor-made outer membrane vesicle 
vaccines against meningococcal serogroup B (73). Policy focus in the Middle East has been 
directed toward the control of meningococcal disease Hajj pilgrims (62, 74). Globally, 
routine infant immunization schedules commonly include Haemophilus influenzae type b  and 
pneumococcal conjugate vaccines within the first six months of life, with a booster in the 
second year of life, which is important to long-term protection. Meningococcal vaccine 
schedules are more variable and routine recommendations may target infants, older 
children, adolescents, or some combination of these.  

4.3 Expert commentary and five year view 

Where meningitis prevention and control is concerned, optimally, vaccine innovation will 
involve the development of broadly protective vaccines that are safe and immunogenic 
across the age spectrum. From a pure feasibility point of view, combining antigens will be 
critically important given the increasingly crowded immunization schedules. Cost and the 
crowded immunization schedules are typically cited as the major impediments to making 
progress in the area of meningitis prevention and control.  

The recent advent of vaccines to prevent meningitis and sepsis caused by Haemophilus 
influenzae type b, the pneumococcus and the meningococcus further completes a general 
picture of universal vaccination to promote public health, beginning with vaccine policies 
against diseases like measles, mumps, polio, and diphtheria. Yet most of the world’s 
children remain unprotected, which underscores the work of organizations like the WHO, 
the Gates Foundation and GAVI in limiting infectious disease. 

The effects of vaccine programs depend on many factors. Antibody concentration wanes 
rapidly in infants, and more slowly in toddlers and young children while persons 10 years 
of age and older can have antibody persistence for five years or more (75). Herd protection 
may depend on booster dosing in various age groups or catch-up campaigns. Similarly, 
continued vaccination of infants may be necessary to protect the vulnerable elderly 
population from pneumococcal disease. Yet, with the dramatic reduction of cases, the 
political will to support booster vaccinations may be lacking.  
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Compliance, and therefore vaccine coverage, may be an issue for adolescents, who 
traditionally visit medical practitioners infrequently, and who often refuse vaccines but 
represent an important population for meningococcal carriage and also have an increased 
risk for case fatality. Combined vaccination with other routine vaccinations for this age 
group, such as Tdap and HPV, may help overcome this difficulty, and are supported by 
clinical studies (22-23, 76-78). Booster immunizations with DT/IPV/aP combinations, catch-
up for MMR/V and depending on the country, catch-up vaccination for hepatitis A or for 
hepatitis B may provide additional opportunities for vaccination of adolescents. Suboptimal 
coverage rates, especially for newer vaccines, place substantial numbers of adolescents at 
risk. One approach to increase adolescent vaccination is to establish routine school-based 
adolescent immunization programs by primary care trusts, school nursing teams and 
similar facilities.  

In a recent survey analyzed by the Federal Center for Health Education (Bundeszentrale für 
gesundheitliche Aufklärung) in Germany, 64% of parents had a positive opinion on 
vaccination, 35% declined individual vaccines due to various reservations and only 1% 
generally dismissed vaccines. About 50% of the parents with reservations reported that the 
reason for their reservation was that they assessed the vaccine to be unnecessary, 
vaccination was discouraged by the physician (41%) or they were afraid of side reactions 
(40%). The survey data reveal the central role of the medical profession (79).  

Education of adolescents, their parents and/or guardians, health care providers, policy 
makers and physicians is vital to successful implementation of adolescent immunizations 
and it has to be considered that the role of pediatricians gradually decreases for adolescents 
older than 14 years, while the role of the family practitioner, internist, and gynecologist 
increases. Of note, 35% of the preventive care visits made by late adolescent females (18-21 
years old) are to obstetricians and gynecologists, which provides an opportunity for 
concomitant HPV and quadrivalent meningococcal vaccines. Obstetricians may be 
particularly well positioned to intervene in meningitis affecting the very young infant in the 
future by administering vaccines to pregnant women to limit infections such as Group B 
streptococcus, a leading cause of neonatal meningitis. For various reasons, family 
practitioners are often slower than pediatricians to accept new universal vaccine 
recommendations (80-81), which might require adjustments in communication about new 
products. 

Achieving reductions in meningitis has to remain a top priority for the modern world. 
Within this context, a vaccine with the following properties might be considered a magic 
bullet were it to be developed:  

 Multicomponent vaccine with coverage against Haemophilus influenzae type b, and PCV 
(23 - valent), and meningococcus (5 valent: A, B, C, W-135, and Y) 

 Safe, immunogenic, and effective in young infants, children, adolescents and adults 
 Ability to reduce or eliminate carriage 

Such a vaccine, if used appropriately, could help bring us closer to a “meningitis free 
world”. Although a singular such vaccine is not likely to be developed within the next five 
years, incremental progress is inching us closer toward such broad vaccines. Admittedly, 
Group B streptococcus remains a critical target, and the new paradigm of maternal 
immunization will be required for successful control of that disease. Moreover, listerial, 
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viral, fungal, mycobacterial and other rare forms of meningitis will remain with us for some 
time to come albeit at low rates. The world is now positioned with an ever growing 
armamentarium of preventative tools the likes of which physicians and public health 
officials of past generations could only have dreamed. 
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1. Introduction 
Meningitis is an infection of the membranes (meninges) surrounding the brain and spinal 
cord. Meningitis is usually of multiple etiology-bacterial, fungal or viral yet bacteria remain 
the common etiological agent (Reid & Fallon, 1992). Meningitis can be acute, with a quick 
onset of symptoms, or chronic, lasting a month or more, or can be mild or aseptic, but the 
emphasis should be on identification of cause so that appropriate interventions can be 
applied. 

Bacterial meningitis continues to be a potentially life threatening emergency with significant 
morbidity and mortality throughout the world and is an even more significant problem in 
many other areas of the world, especially in developing countries (Carbonnelle, 2009, 
Brouwer et al., 2010). 

Types of bacteria that cause bacterial meningitis vary by age group. Currently, the average 
age of contracting meningitis is above 25 years with Streptococcus pneumoniae, Neisseria 
meningitidis and Haemophilus influenzae being the most common pathogens (Ogunlesi et 
al., 2005, Brain, 2004 as cited in Maleeha Aslam et al., 2006). Trauma to the skull gives 
bacteria the potential to enter the meningeal space. Similarly, individuals with a cerebral 
shunt or related device are at increased risk of infection through those devices. In these 
cases, infections with Staphylococci, Pseudomonas aeruginosa and other gram-negative 
bacilli are more likely. Recurrent bacterial meningitis may be caused by persisting 
anatomical defects, either congenital or acquired, or by disorders of the immune system. 
(Brouwer et al., 2010) 

Tuberculous meningitis (TBM), is common in those from countries where tuberculosis is 
common, and is also encountered in those with immune problems, such as AIDS.  

Despite advancement in vaccine development and chemoprophylaxis bacterial meningitis 
remains a major cause of death and neurological disabilities which can be prevented by 
rapid and accurate diagnosis with prompt treatment which is essential for good outcome 
(Carbonnelle, 2009). 

Viral meningitis is generally less severe and clears up without specific treatment. Viral 
("aseptic") meningitis is serious but rarely fatal in people with normal immune systems. 
Usually, the symptoms last from 7 to 10 days and the patient recovers completely. Often, in 
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early phases of viral meningitis and bacterial meningitis, the symptoms are almost similar 
(Carbonnelle, 2009). 

Fungal meningitis is rare, but can be life threatening. Although anyone can get fungal 
meningitis, people at higher risk are those who have AIDS, leukemia, or other forms of 
immunodeficiency. The most common cause of fungal meningitis in HIV, is Cryptococcus 
spp. In the last two decades, more elaborative use of intensive care units for serious medical 
disorders, advancements in transplant procedures and concomitant use of 
immunosuppressive therapies as well as the pandemic spread of HIV, etc. have increased 
the incidence of Central Nervous System (CNS) fungal infections which present with 
various clinical syndromes: meningitis commonly. The clinical picture may mimic TBM and 
therefore, needs careful evaluation. The CNS mycoses carry higher risks of morbidity and 
mortality as compared to other infective processes and therefore promptly require precise 
diagnosis and appropriate medical and/or surgical management strategies to optimize the 
outcome (Raman Sharma, 2010). 

Chemical meningitis can develop after neurosurgical procedures and can be differentiated 
from bacterial meningitis by Cerebrospinal fluid (CSF) glucose levels and CSF White Blood 
Cell (WBC) values. 

The causes of non–infectious meningitis include cancers, systemic lupus erythematosus, 
drug induced, head trauma, brain surgery etc. 

2. Collection, transportation, receipt and storage of CSF 
Direct testing of CSF is the most accurate way to confirm the diagnosis of bacterial 
meningitis. CSF should be collected from all the cases with suspected meningitis before 
commencement of antimicrobial therapy, unless lumbar puncture (LP) is contraindicated.  

Petechial fluid can be another specimen in cases with meningococcal meningitis. Petechial 
lesions, if present, may be gently irrigated by injecting 0.2 ml of sterile saline solution using 
a small syringe with a fine needle and the fluid collected for smear and culture. 

Early diagnosis is essential and is best established by laboratory examination of CSF. 
However, therapy should not be dependent or delayed pending lumbar puncture or 
laboratory results (WHO).  

To initiate the definitive identification of a bacterium responsible for meningitis, CSF 
specimens should be obtained from patients with clinical signs and symptoms of meningitis 
and should be transported to the laboratory without delay. N.meningitidis, S.pneumoniae, 
and H.influenzae are fastidious organisms that may not survive long transit times.  

The processing of a CSF specimen is one of the few clinical microbiology procedures that must 
be done immediately. Laboratorians should always record the date and time a specimen was 
received. Usually, three or more tubes of CSF are collected during a LP procedure.  

The tubes should be numbered in sequential order with tube number one containing the 
first sample of CSF obtained. The CSF in tubes 1, 2, and 3 most often are examined for 
chemistry, microbiology, and cytology, respectively (Gray & Fedorko, 1992). However, the 
particular tests performed on tubes 2 and 3 are subjective and probably best determined by 
the laboratarians.  
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Contamination with skin flora and disinfectant will be ruled out after the first tube of CSF is 
collected. The probabilities of detecting microorganisms by staining and by culturing are 
related to the volume of specimen that is concentrated and examined (Tenney et al., 1982 as 
cited in Gray & Fedorko, 1992) 

CSF volumes of 2 to 3 ml are usually sufficient to detect bacteria, but for mycological and 
mycobacterial investigations a minimum of 5 ml (preferably 10 to 15 ml) of CSF is required. 
If only a small amount of CSF is received with requests for multiple assays, the order of 
priority of the tests is determined after discussion with the physician.  

The specimen should not be refrigerated before subjecting to microbiological tests as it may 
prevent the recovery of the organisms; fastidious organisms may not survive variations in 
temperature (Kasten, 1990 cited in Gray & Fedorko, 1992)  

CSF specimens should be stored at room temperature or at 37oC if they cannot be processed 
immediately or till microscopy and bacterial cultures are performed, after which it can be 
refrigerated for further use (WHO).  

3. Laboratory diagnosis of bacterial meningitis 
Bacterial meningitis is a significant cause of mortality and morbidity worldwide. 
Neurological outcome and survival depend largely on damage to CNS prior to effective 
antibacterial treatment. Quick diagnosis and effective treatment is the key to success. The 
diagnostic dilemma in acute pyogenic meningitis is due to large spectrum of signs and 
symptoms. 

3.1 Examination of CSF 

The CSF should arrive still warm and either be examined immediately or placed in an 
incubator for examination within an hour. If delay is anticipated either in transportation to 
the laboratory or for examination, CSF should be divided into two containers: one in a plain 
bottle and the other in a bottle having a few drops of glucose broth. In the laboratory, CSF 
from the plain bottle can be used for making smears for staining whereas cultures are done 
from containers having CSF in glucose broth. The residual CSF should be preserved frozen 
in the CSF bank for further assessment and evaluation with evolving /additional 
contributory findings.  

An examination of CSF involves the following:  

3.1.1. Macroscopic examination.  
3.1.2. Cytological examination.  
3.1.3. Examination of Gram stained smear.  
3.1.4. Culture and antimicrobial susceptibility testing.  
3.1.5. Latex agglutination test for antigen detection. 
3.1.6. Other diagnostic methods. 

3.1.1 Macroscopic examination 

By appearance, the CSF is normally clear like water; cloudy, purulent, bloody or pigmented 
CSF as per the disease states. 
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Hazy, cloudy, turbid CSF indicates either metastatic spread of tumors into the CNS or 
pleocytosis or severe meningeal infection; Opalescent CSF may be suggestive of 
cryptococcal meningitis. The turbid nature of the CSF is attributable to both the bacteria and 
leukocytes present.  

Hemorrhagic CSF may be indicative of Anthrax meningitis with supportive clinical 
findings.  

Frank clots or pellicles in CSF occur only if protein concentration exceeds 15g/L.  

Xanthochromia of CSF is seen within 4 weeks of a cerebral hemorrhage.  

In evaluating patients with suspected meningitis or encephalitis, a careful history along with 
biochemical and cellular analysis of CSF is required.  

3.1.1.1 CSF glucose  

CSF glucose concentrations <45 mg/dL are indicative of bacterial meningitis. (Bonadio, 
1992) CSF glucose concentrations depend on serum concentrations and should always be 
tested on paired samples. A CSF/serum ratio cut-off of <0.4 is helpful in distinguishing 
between bacterial and aseptic meningitis with a sensitivity and specificity of 91% and 96%, 
respectively. (Genton & Berger 1990)  

The individual predictors of bacterial meningitis consists of a glucose concentration of less 
than <40 mg/dl and a ratio of CSF to blood glucose of <23 mg/dl (Brouwer et al., 2010, Gray 
& Fedorko, 1992). 

Chemical meningitis can be differentiated from bacterial meningitis by CSF glucose levels (< 
10 mg/dL) and CSF WBC values (>7500 cells/μL) (Forgacs et al., 2001). 

3.1.1.2 CSF protein  

Despite typical CSF findings, the spectrum of CSF values in bacterial meningitis is so wide 
that the absence of one of more of the typical findings may not affect the diagnosis. In 
community-acquired bacterial meningitis, (CABM) only 50 percent may have a CSF glucose 
above 40 mg/dL (2.2 mmol/L), less than half cases may have a CSF protein below 200 
mg/dL, CSF protein measurements of >55 mg/dL are diagnostic of bacterial, fungal and 
tubercular meningitis (Bonadio, 1992) 

3.1.2 Cytological examination 

In untreated bacterial meningitis, the WBC count is elevated, usually in the range of 1000– 
5000 cells/mm3, although this range can be quite broad (<100 to >10, 000 cells/mm3).  

Bacterial meningitis usually leads to a neutrophil predominance in CSF, typically between 80% 
and 95%; 10% of patients with acute bacterial meningitis present with a lymphocyte 
predominance (defined as >50% lymphocytes or monocytes) in CSF (Tunkel et al., 2004). 
Preponderance of CSF polymorphonuclear cells may be used to distinguish bacterial 
meningitis from other causes. It is important to note that a false-positive elevation of the CSF 
WBC can be found after traumatic lumbar puncture, or in patients with intracerebral or 
subarachnoid hemorrhage in which both red blood cells and white blood cells are introduced 
into the subarachnoid space. In these instances, the following formula can be used as a 
correction factor for the true WBC count in the presence of CSF red blood cells (RBC). 
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WBC in blood x RBC in CSFTrue WBC in CSF  Actual WBC in CSF 
RBC in blood

   

Generalized seizures may also induce a transient CSF pleocytosis (primarily neutrophilic), 
although the CSF WBC count should not exceed 80/microL in this setting. However, CSF 
pleocytosis should not be ascribed to seizure activity alone unless the fluid is clear and 
colorless, the opening pressure and CSF glucose are normal, the CSF Gram stain is negative, 
and the patient has no clinical evidence of bacterial meningitis. 

Since the CSF is hypotonic neutrophils may lyse, and counts may decrease by 32% after 1 
hour and by 50% after 2 hours in CSF specimens, held at room temperature (Steele et al, 
1986, as cited in Gray & Fedorko., 1992), hence a delay may produce a cell count that does 
not reflect the clinical situation of the patient.  

Characteristic CSF findings for bacterial meningitis consist of polymorphonuclear 
pleocytosis, hypoglycorrhachia, and raised CSF protein levels (Van De Beek et al., 2006, as 
cited in Brouwer et al., 2010). However, low CSF WBC do occur, especially in patients with 
septic shock and systemic complications (Heckenberg et al, 2008 and Weisfelt, et al., 2006 as 
cited in Brouwer et al., 2010). A relationship between a large bacterial CSF load, lack of 
leukocytes response (Tauber, et al., 1992 as cited in Brouwer et al 2010.,), probably indicating 
excessive bacterial growth and poor cell response, is well known especially in cases of 
pneumococcal meningitis. (Brouwer et al., 2010) 

In CABM, 10-15 percent have a CSF WBC below 100/microL (Durand et al 1993). In some 
proportion of the patients of CABM, around 15 percent may not exhibit characteristic CSF 
findings (Van de Beek et al 2004). 

Some patients have milder CSF abnormalities, which cannot usually be identified. Potential 
causes include early presentation, recent prior antibiotic therapy etc  

WBC differential may be misleading early in the course of meningitis, as in small proportion 
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In our study, the cell counts of the CSF samples ranged from acellular to sheets of cells, not 
countable on the hemocytometer. A predominance of polymorphonuclear cells was the 
common feature in all cases with high cell counts.  

In some facilities, clinical and management decisions are made on the cell type and the 
number. Thus, patients with cerebrospinal fluid pleocytosis, on further assessment, may 
have a preponderance of polymorphonuclear cells that would prompt a diagnosis of 
bacterial meningitis. 14 cases in our study had a CSF cell count of < 100 cells/cumm, 2 of 
which had a cell count of 10 cells/cmm and one had no cells.All these cases yielded 
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2004, as cited in Mani et al 2007)  

3.1.3 Examination of Gram stained smear  

It is preferable to make a smear from CSF at the time of collection itself, for direct 
demonstration of organisms.  
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The Gram stained smear made either directly from the CSF or from the centrifuged deposit 
can reveal not only the Gram character of the causative organism, but can also clinch the 
diagnosis in some cases. Gram stain may not be interpretable in grossly blood-stained 
samples.  

Although Gram staining of CSF sediment is a very useful, cheap and fairly rapid method of 
identification of organism, the sensitivity in developing countries is only 25-40% (Singh, 
1988, as cited in Sanya, 2007) when compared to 80-85% in developed countries (Gray & 
Fedorko, 1992).  

CSF Gram staining may swiftly identify the causative microorganism for patients with 
suspected bacterial meningitis. The additional value of Gram staining for CSF culture 
negative patients is elucidative (Brouwer et al 2010). In 1/3rd of the cases with bacterial 
meningitis defined by CSF parameters may have negative CSF cultures; around 50% of the 
CSF culture negative patients have a positive Gram stain with equal percent of patients 
being pretreated with antibiotics (Bryan, 1990, as cited in Brouwer et al., 2010). 

The Gram stain is positive in 10 to 15 percent of patients who have bacterial meningitis but 
with negative CSF cultures (Durand 1993). 

In developing countries among suspected meningitis cases, CSF Gram staining can identify 
the causative organisms in 2/3rd, and CSF culture is positive in 1/10th of the pretreated 
patients (Shameem et al., 2008 as cited in Brouwer et al, 2010).  

Gram staining correctly identifies the pathogen in 69 to 93% of patients with pneumococcal 
meningitis. 

The reported yield for meningococcal meningitis is highly variable and may range from 30-
89%, in a spectrum of all-ages, paediatric and untreated adult patients; (Brouwer et  
al., 2010)  

The reported sensitivities of CSF Gram staining vary considerably for different 
microorganisms. CSF Gram staining correctly identifies the organism in 50 to 65% of 
children and in 25 to 33% in adults with H. influenzae meningitis (Brouwer et al.,). 

The reported sensitivity of Gram stain for bacterial meningitis has varied from 60 to 90 
percent; however, the specificity approaches 100 percent (van de Beek et al., 2004, Fitch 
&Van de Beek 2007). In CABM, CSF Gram stain had a sensitivity of 80 percent and 
specificity of 97 percent (Van de Beek 2004).The yield of both Gram stain and culture may be 
reduced by prior antibiotic therapy. 

In our study, Gram stain provided an evidence of the causative bacteria in 253 (65.7%) 
patients. Our relatively high yield of pathogens on Gram stain can be attributed to the 
routine use of cytospin to concentrate the smear. (Mani et al 2007). The chances of recovery 
of bacteria in CSF Grams up to 100-fold, can be intensified by replacing conventional 
centrifugation with cytospin centrifugation. (Shanholtzer, et al 1982., as cited in Gray & 
Fedorko., 1992,). This increase is comparable to the concentration of 100 ml of CSF to a 
volume of 1.0 ml by conventional centrifugation. Cytospin-prepared smears not only 
increased the positivity of the smears, the morphology of the cells were well preserved with 
uniform distribution of the cells. This is especially helpful in partially treated pyogenic 
meningitis, which can mimic TBM posing a diagnostic dilemma for clinicians. 
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It is to be noted that the preliminary report of Gram staining should be conveyed 
immediately on the basis of initial observations. 

3.1.4 Culture and antimicrobial susceptibility testing 

Culture is the gold standard for determining the causative organism in meningitis. Culture 
of CSF is also infrequently performed in many health institutions in developing countries.  

After the receipt, specimen should be cultured at the earliest. CSF should also be inoculated 
into enrichment medium like sodium thioglycollate broth along with solid media like 
enriched, selective or differential media. Incubate in air plus 5-10% carbon dioxide. 

Aerobic CSF culturing techniques are obligatory for CABM. Anaerobic culture may be 
important for postneurosurgical or posttraumatic meningitis or for the investigation of CSF 
shunt meningitis.  

Sensitivity of CSF culture does not exceed 40% with results available only after 2-3 days 
(Singh, 1988 and Gray & Fedorko, 1992 as cited in Sanya et al., 2007) While CSF culture are 
only positive in about 80% of the time(Coyle, 1999, Zunt, & Marra 1999), negative or 
inconclusive culture results may be seen in patients with partially-treated meningitis and 
those with atypical bacteria, and Mycobacterium tuberculosis.  

In a series of 875 meningitis patients for whom the diagnosis was defined by a CSF WBC 
count of over 1, 000 cells per mm3 and/or more than 80% polymorphonuclear cells, the CSF 
culture was positive for 85% of cases in the absence of prior antibiotic treatment. CSF 
cultures were positive for 96% of patients if meningitis was due to H.influenzae, 87% of 
patients with pneumococcal meningitis, and 80% of patients with meningococcal meningitis  
(Bohr, et al., 1983 as cited in Brouwer et al., 2010)  

The yield of CSF culture is lower for patients who have been pretreated before lumbar 
puncture. Pretreatment for more than 24 h is associated with a further decrease of positive 
CSF cultures.Two large case series reported decreases in yield from 66 to 62% and 88 to 70% 
if patients were pretreated with antibiotics (Bohr, et al., 1983, Nigrovic, et al., 2008 as cited in 
Brouwer et al 2010,.).  

A decrease in culture positivity can be expected for pretreated patients with clinically 
defined meningitis. Meningococcal meningitis diagnosed either by culture or by PCR can 
show positive CSF cultures though in low percentage of patients receiving pretreatment and 
4-5 times more for those who did not receive any treatment (Bronska, 2006 as cited in 
Brouwer et al., 2010). In our study, 40.8% of culture positivity was noted (Mani et al., 2007) 
and 10% in a similar study (Shameem et al., 2008 as cited in Brouwer et al., 2010). 

For patient management, physicians hardly wait for antimicrobial susceptibility reports, as 
the treatment is usually initiated with more than one antimicrobial agent. Nevertheless, the 
laboratory must have its policy regarding testing and reporting for antimicrobial 
susceptibility. For organisms such as N. meningitidis and beta-haemolytic streptococci with 
predictable susceptibility patterns, there is no need of performing antimicrobial 
susceptibility testing. For all other organisms antimicrobial susceptibility tests have to be 
performed, as per standard methodology or automated systems according to accessibility 
and affordability to enhance the turnaround time. 
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In a world of increasing resistance to antibiotics and emerging pathogens, culture combined 
with susceptibility testing remains the gold standard for diagnosis (Brouwer et al., 2010). 

3.1.5 Latex Agglutination Test (LAT) for antigen detection 

Tests are available to detect antigen in the CSF which are feasible at peripheral as well as 
intermediate laboratories where fundamental, preliminary facilities are not available.  

Of all these tests latex agglutination is a tool for screening and is rapid, sensitive, and 
specific less labour-intensive, are highly sensitive and specific much more expensive than 
routine culture and are not available for routine use in developing countries(Sanya et al., 
2007).  

Kits are commercially available containing reagents for detecting antigens and the test can 
be performed under field conditions.  

LAT detects the antigens of the common meningeal pathogens in the CSF, although these 
tests are not routinely recommended.  

LAT is a diagnostic test that has been utilized for providing speedy results.These tests 
utilize serum containing bacterial antibodies or commercially available antisera directed 
against the capsular polysaccharides of meningeal pathogens (Tunkel et al., 2004). 
Agglutination with the respective latex reagents indicates presence of corresponding 
antigen in CSF and is diagnostic. 

Antigen testing may result in few indeterminate, false negatives, and false-positives. True-
positive results do not appear to modify the decision to administer antimicrobial therapy, 
therefore reserved for specific clinical circumstances. The suggested indications are- 

- Initial negative CSF Gram staining and CSF cultures;  
- Partially-treated and pretreated patients with negative CSF culture (Shivaprakash et al., 

2004) 

The false-negative LAT could be possibly because of low antigen titres in the CSF. It is 
possible that the antiserum in diagnostic LAT kits does not detect all the capsular serotypes 
prevalent in the particular geographical area or probably as yet unrecognized serotypes are 
the causative agents in such cases. 

The reported sensitivities of LAT of CSF samples from patients with bacterial meningitis 
ranged from 78 to 100% for H. influenzae type b meningitis, 59 to 100% for pneumococcal 
meningitis, and 22 to 93% for meningococcal meningitis (Brouwer et al 2010.,).  

In negative CSF cultures with clinical presentation and CSF parameters compatible with 
bacterial meningitis, CSF latex agglutination has a lower sensitivity for detecting bacteria 
(Tarafdar et al 2001 as cited in Brouwer et al 2010,.).  

In CSF specimens positive for the causative microorganism, the positivity of the LAT can be 
upto 100% (Perkins, etal., 1995 as cited in Brouwer et al., 2010). 

A strong decline in the sensitivity of LAT is expected among patients with antibiotic 
pretreatment prior to lumbar puncture (Bronska, et al., 2006, as cited in Brouwer et al 2010.,). 
The additional value of LAT is therefore limited. 
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In our study, the LAT was positive in 54.6% of cases. In the culture negative cases, LAT was 
positive in 49.6%, wherein 82% of these positive cases were also positive by Gram's stain, 
but 18% samples which did not show any evidence of the pathogen on either Gram's stain or 
culture, were positive by LAT, thus helping clinch the diagnosis.  

A negative test does not rule out pyogenic meningitis and should be considered as an 
adjunct test and needs to be interpreted cautiously, considering the patient clinical condition 
and several other factors into consideration.  

3.1.6 Other laboratory tests  

3.1.6.1 Blood cultures  

Blood cultures can be useful in a situation where CSF cannot be obtained before the 
administration of antimicrobials. Blood cultures can enhance the identification of the 
causative organism which follow haematogenous route to reach the meninges (WHO).  

Blood cultures are often positive and valuable to detect the causative organism and establish 
susceptibility patterns if CSF cultures are negative. Majority of the patients with bacterial 
meningitis have positive blood cultures. 

Blood culture positivity differs for each causative organism:  

- 50 to 90% of H. influenzae meningitis  
- 75% of pneumococcal meningitis and 
- 40% of children and 60% of adult patients with meningococcal meningitis  

Extended culture is preferred and the inoculated media should not be discarded before 
seven days of incubation. 

Cultures obtained after antimicrobial therapy are much less likely to be positive, the yield 
will be decreased by 20% for pretreated (Brouwer et al 2010.,) and could be even higher in 
developing countries.where the patients are partially treated either by the local practitioners 
or due to availability of drugs over the counter because of not-so stringent policies, before 
they approach the referral centres. 

The automated blood culture systems for example BACTEC system available in less-
developed countries, has time-to-detection advantages with reasonable turnaround time, 
and has to be compared with standard culture techniques available at most health facilities 
in such countries. Therefore, culture results might be overly sensitive. Hence excluding 
cultures of presumed contamination and also to note what proportion of the cultures are 
contaminated, is of primary importance. 

3.1.6.2 Polymerase Chain Reaction (PCR) 

Diagnosis of bacterial meningitis has long been based on classical methods of Gram stain, 
culture of CSF, and serological tests. The performance of these methods, especially culture 
and direct smear, is thwarted by failure to detect bacteria in pretreated cases and reluctance 
to perform lumbar punctures at admission. Indeed, patients with meningitis frequently 
receive antibiotics orally or by injection before the diagnosis is suspected or established. 
Thus an alternative method has become necessary to help clinicians and epidemiologists for 
the management and control of bacterial meningitis. Nucleic acid amplification tests such as 
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PCR assays are highly sensitive and specific and have been evaluated for their effectiveness 
in detecting the presence of bacterial DNA in CSF from patients with suspected and proven 
bacterial meningitis.  

PCR-based assays are useful adjuncts to conventional bacterial culture and antigen detection 
methods in establishing the bacterial etiology in meningitis in settings where substantial 
numbers of specimens are culture negative.  

With the advent of quantitative PCR methods, monitoring prognosis of patients on therapy 
is possible with a greater degree of accuracy. The high sensitivities of PCR protocols ensure 
detection even with a minimal amount of the DNA or RNA present.  

PCR may play a greater role in the diagnosis of bacterial meningitis. It has been suggested 
that PCR is useful in establishing the diagnosis of viral meningitis in CSF culture negative 
patients (Kaplan, 1999). 

A study including culture-confirmed CABM evaluated the diagnostic accuracy of a broad-
range PCR for H. influenzae, S. pneumoniae, and N. meningitidis had an overall specificity 
of 100 percent The sensitivity for H. influenzae, S. pneumoniae and N.meningitides, was 
92%, 100%, and 88%; respectively (Corless et al., 2001 as cited in Brouwer et al 2010.,). 

By multiplex assay, it is found that in bacterial meningitis patients defined by positive CSF 
culture, positive CSF Gram stain, and based on clinical suspicion with negative cultures, PCR 
has high sensitivities for H. influenzae, S. pneumoniae, and N. meningitidis with a specificity 
of 100% for all three microorganisms (Tzanakaki et al 2005., as cited in Brouwer et al.,). 

In an another, study the sensitivities and specificities of multiplex PCR for CSF diagnosed 
by CSF culture, latex agglutination test, PCR, or Gram stain may be comparatively lower for 
H. influenzae, S. pneumoniae, and, N. meningitides. 

The incremental value of PCR next to culture, Gram stain, and latex agglutination is 
high.(Parent du Châtelet et al 2005 as cited in Brouwer et al.,). 

Meningococcal DNA detection by PCR has been used widely and is performed routinely for 
patients with suspected meningococcal meningitis and negative CSF cultures in many parts 
of the world (Welinder-Ol et al., 2007 as cited in Brouwer et al.,). In the United Kingdom, a 
large proportion of meningococcal disease cases are now diagnosed by PCR without culture 
(Gray et al., 2006 as cited in Brouwer et al.,) PCR detection of meningococcal DNA requires 
special techniques and is expensive.  

Pretreatment with antibiotics may decrease the sensitivity of PCR of CSF samples compared 
to untreated patients (Bronska et al 2006., as cited in Brouwer et al.,). PCR can also be a 
useful tool for the swift typing of meningococcal strains in an evolving epidemic. 

A high bacterial load determined by quantitative PCR has been associated with unfavorable 
outcomes of both pneumococcal and meningococcal disease (Brouwer et al 2010.). 

Data on PCR detection of group B streptococci in CSF are limited, and group B streptococci 
have been tested only with multiplex PCR detection assays (Chiba et al 2009 as cited in 
Brouwer et al.,). 

An initial study of the PCR detection of L. monocytogenes in patients with bacterial 
meningitis showed that a high concentration of bacteria in the CSF is needed for PCR 
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detection. Recent studies of multiplex PCRs including L. monocytogenes showed lower 
detection thresholds. The sensitivity, specificity, and incremental value of PCR in L. 
monocytogenes meningitis are unclear, as only one patient was included in each of these 
studies (Brouwer et al., 2010). 

Problems with false-positive results have been reported. In our study, PCR assay showed an 
overall sensitivity of 100% by positively identifying all the culture, smear and antigen 
positive cases. Additional cases, which could not be diagnosed by the conventional 
techniques, were also picked by this assay. Out of the 32 controls, the assay showed a 
positive result in only two cases of autopsy proven TBM cases, suggesting the possibility of 
a mixed underlying infection in those particular patients (Mani et al., 2007).With high 
prevalence of tuberculous infection in developing countries and the impaired immune 
status of patients, co- existent pneumococcal and tubercular meningitis may not be so 
uncommon (Garg et al., 2008). However, further refinements may make PCR a more useful 
tool in the diagnosis of bacterial meningitis in a clinical setting especially when results of 
CSF Gram stain and culture are negative. 

3.1.6.3 Flow cytometry 

Recently, flow cytometry with a dedicated bacterial channel has (Sysmex UF-1000i) possible 
application in automated cell counting and this novel approach in the differential diagnosis 
of meningitis has been explored.(Nanos, and Delanghe 2008.) 

3.1.6.4 Inflammatory markers 

Diagnosis and management of bacterial meningitis require various biological tests and a 
multidisciplinary approach. 

Occasionally, there is difficulty in distinguishing bacterial meningitis from aseptic 
meningitis on the basis of commonly used laboratory tests. A number of recent studies 
strongly suggest that measurements of C- reactive protein (CRP) in CSF could reliably 
discriminate between them (Singh 1994). Its advantages include its very low serum levels in 
normal individuals, a rapid rise within 12 to 24 hours of infection and a large incremental 
increase thereafter. Qualitative assay of CRP is simple to perform at the bedside by medical 
staff. Sound clinical judgement combined with qualitative CRP assay as an adjunctive test 
should provide a rational basis for treatment decision in the management of bacterial 
meningitis. This will significantly reduce unnecessary antimicrobial therapy, ensure 
adequate dosage of antibiotics and will also prevent emergence of resistant strain of 
microorganisms (Col PL Prasad et al., 2005) especially in those situations where facilities for 
performing bacterial cultures of antibiotic susceptibility testing are not available (Singh 
1994).  

Several other analytes are reported to be of significance in the diagnosis of meningitis 
including adenosine deaminase, cytokines, and lactate concentrations although their 
diagnostic significance has yet to be established. CSF β2-microglobulin and neopterin 
concentrations are used in the diagnosis of AIDS dementia complex with some 
success.(McArthur, et al., 1992, Watson & Scott 1995). 

The limited diagnostic utility of most CSF biochemical analytes is attributable to several 
causes including timing of sample acquisition and the need for serial determinations of 
analytes. Most of these markers lack neurospecificity and in patients with a damaged blood-
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brain barrier, diagnostic values of intrathecal concentrations are questionable. Organism-
specific antibody index evaluation is useful in determining whether the specific viral or 
bacterial antibody under evaluation is being synthesized intrathecally and is of tremendous 
diagnostic significance. (Reiber and Lange 1991). Measurements of all biochemical analytes 
in the CSF should be reviewed in conjunction with the albumin index; an elevated albumin 
index is evidence of a compromised blood-brain barrier and leakage from the serum into the 
CSF. Furthermore, contamination by erythrocytes from a traumatic spinal tap or 
intracerebral hemorrhage will cause variations in measurements; therefore, an isolated 
determination of CSF analytes can be an adjunctive tool for the differential diagnosis of 
unknown CNS disease (Thompson 1995). 

Patients with listerial meningitis often do not have characteristic CSF findings, with relatively 
low CSF leukocyte counts and high CSF protein concentrations (Brouwer, et al., 2006 as cited 
in Brouwer et al., 2010). A mononuclear cell predominance in the CSF is found more 
frequently than for other types of bacterial meningitis (Clauss, and Lorber 2008 as cited in 
Brouwer etal., 2010).Listeria demonstrates "tumbling motility" in wet mounts of CSF. The yield 
of Gram staining for Listeria meningitis is low, ranging from 23 to 36% for both children and 
adults, CSF Gram stain that show diphtheroids should prompt heightened awareness for the 
possibility of Listeria infection, particularly in immunocompromised patient. The sensitivity, 
specificity, and incremental value of PCR in L. monocytogenes meningitis are unclear, as only 
few cases have been studied (Brouwer et al 2010). 

Nocardial meningitis results in findings typical of bacterial meningitis. Since nocardiae 
grow slower than common bacteria, the microbiology laboratory should always be notified 
when nocardiosis is clinically suspected.  

Meningitis caused by anaerobic bacteria is rare. It is advisable to perform anaerobic culture 
on cerebrospinal fluid from patients with identifiable risk factors such as when sinus, otitic 
or mastoid symptoms precede or accompany the onset of meningitis in children or adults. 
The presence of irregularly stained gram negative rods in the CSF or meningitis 
unresponsive to empiric antibiotics should also raise the suspicion of anaerobic infection 
(sree neelima et al., 2004). 

CSF analysis has been reported to be normal for 20% of patients with culture-proven 
nosocomial meningitis (Weisfeltet al., 2007). 

In case of anthrax meningitis, the CSF is grossly hemorrhagic with few PMN neutrophils 
and numerous gram-positive bacilli.  

In patients with purulent CSF indices with no evidence of bacteria on Gram smear it is very 
important to examine a wet mount of CSF for amebic trophozoites. Molecular methods have 
also been developed for the rapid identification of meningoencephalitis caused by Naegleria. 

Adults with S. agalactiae meningitis have typical CSF findings(Domingo, 1997and Dunne 
and Quagliarello, 1993, as cited in Brouwer et al 2010).CSF WBC counts are inconclusive for 
many neonates with meningitis due to S. agalactiae with a normal CSF examination in a 
very small proportion of patients (Ginsberg, 2004, as cited in Brouwer et al, 2010).  

Lyme disease is caused by Burkohlderia burgdorferi (B. burgdorferi) and is known to be 
neurotropic. The results of laboratory testing among patients with neurologic Lyme disease 
vary depending on the stage of the illness. In very early CNS involvement (meningismus) or 
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brain barrier, diagnostic values of intrathecal concentrations are questionable. Organism-
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late-stage infection (encephalopathy), the CSF may appear normal.When clinical signs of 
meningitis or encephalitis are present, CSF may reveal a mononuclear pleocytosis, mildly 
increased protein, and, in some cases, an elevated IgG index or oligoclonal 
immunoglobulins. Intrathecal anti- B. burgdorferi antibody production is present in 70%-
90% of patients with Lyme meningitis (Coyle 1992 as cited in Brian and Jenifer1994). Given 
the limitations of diagnostic tests, clinicians need to consider clinical factors that would aid 
in the diagnosis of Lyme disease. These include a history of an erythema migrans rash or 
Ixodes tick bite, exposure to a Lyme endemic area, and the combination of neuropsychiatric 
and extraneural symptoms as it is a multisystemic illness. Once in the CNS, B. burgdorferi, 
like T. pallidum, may remain latent, only to cause illness months to years later. (Logigian 
1990 as cited in Brian and Jenifer 1994). 

4. Important points in diagnosis 
Acute bacterial meningitis is a life threatening condition and specimen deserves immediate 
processing and diagnosis is best established by laboratory examination of CSF. 

If there is an insufficient volume of sample for carrying out all the investigations, prioritize 
the tests as per the medical advice. 

The CSF should be examined fresh at the earliest, as on storage cells disintegrate and 
produce a cell count that does not reflect the true clinical situation. 

Cell count to be performed on the uncentrifuged CSF specimen. 

When a clot is present in CSF, it invalidates the CSF cell count. 

Results of cell count and type, Gram stain, antigen detection assays etc. and positive cultures 
must be conveyed to the physician caring for the patient (if possible) as soon as the results 
are available, and a permanent record of the communication and the name of the person 
who was notified of the initial results should be made.(WHO) 

The management of the patient should be based on immediate cell-count and Gram stain 
smear results.  

Notify to the public health authorities on isolation/detection of any epidemic prone 
pathogens (e.g. N.meningitidis).  

5. Tuberculous meningitis (TBM) 
The non-specific clinical and cerebrospinal fluid (CSF) features have made TBM often 
difficult to diagnose with certainty, especially at early stages and has to be differentiated 
from a plethora of other infectious and non-infectious meningitis such as viral, bacterial 
cryptococcal or carcinomatous meningitis, often resulting in diagnostic dilemma.TBM is 
usually diagnosed when irreversible neurologic damages have already taken place and on 
firm clinical suspicion, immediate anti-tuberculosis therapy is recommended, regardless of 
the results of the tests. Early and reliable diagnosis of TBM still poses a great challenge 
though delay in diagnosis and treatment is regarded as major contributing factor. 

In cases of TBM, the CSF pressure is typically higher than normal, appear clear or slightly 
turbid. If the CSF is left to stand, a fine clot resembling a pellicle or cobweb may form. This 
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faintly visible "spider's web clot" is due to the very high level of protein in the CSF, typical 
of this condition. In proven cases of TBM, hemorrhagic CSF also has been recorded 
attributing to fibrinoid degeneration of vessels and hemorrhage.  

CSF typically has lymphocytic pleocytosis.In adults, the mean WBC count averages around 
223 cells/µL (range, 0-4000 cells/µL), while the proportion with neutrophilic pleocytosis 
(>50% neutrophils) averages 27% (range, 15-55%) and the proportion with normal cell count 
averages 6% (range, 5-15%). In children, these numbers are 200 cells/µL (range, 5-950 
cells/µL), 21% (range, 15-30%), and 3% (range, 1-5%), respectively. (Gracia – monco 1999)  

Usually, there is shift to lymphocytic predominance over the ensuing 24 to 48 hours (Verdon 
et al., 1996 as cited in Gracia – monco 1999), although occasionally neutrophils persist, 
resulting in the so called persistent neutrophilic meningitis (Peacock as cited in Gracia – 
monco 1999). This syndrome can also occur in HIV infected patients, particularly when 
meningitis is caused by multidrug resistant mycobacteria (Sánchez-Portocarrero et al 1996., 
as cited in Gracia – monco 1999). In 20-25 % of HIV negative patients neutrophilic 
predominance is present (Verdon et al 1996., as cited in Gracia – monco 1999). It has also 
been described in immunocompromised patients who are not infected with HIV with TBM. 
(Mizullani et al 1993 as cited in Gracia – monco 1999). 

For patients with HIV and/or immunosuppression, while the mean WBC count in the CSF 
is 230 cells/µL, as many as 16% of HIV-infected patients may have acellular CSF, compared 
with 3-6% of HIV-negative patients. Patients whose CSF samples are acellular may show 
pleocytosis if a spinal tap is repeated 24-48 hours later. The proportion who have 
neutrophilic pleocytosis of the CSF (>50% neutrophils) is 42% (range, 30-55%). (Gracia – 
monco 1999). 

Within a few days after commencement of anti-TB therapy, the initial mononuclear pleocytosis 
may change briefly in some patients to one of polymorphonuclear predominance, which may 
be associated with clinical deterioration, coma, or even death. This therapeutic paradox has 
been regarded by some authors as virtually pathognomonic of TBM. (Smith1975 as cited in 
Gracia – monco 1999). This syndrome is probably the result of an uncommon hypersensitivity 
reaction to the massive release of tuberculoproteins into the subarachnoid space. (O Toole et 
al., 1969 and Udani et al., 1971 as cited in Gracia – monco 1999). 

CSF cell counts and cell morphology by cytospin studies form an important preliminary 
step in TBM diagnosis.Identifying the atypical polymorphonuclear predominance and at 
times acellular forms of TBM is essential. The appearance of reactive monocytes and floating 
tubercles, which are clumps of reactive monocytes with mononuclear cells such as small 
lymphocytes and polymorphonuclear cells, are diagnostic of TBM. Giant cells are 
multinucleated inflammatory cells and are observed in 5 % and floating tubercles in 23 % of 
cases of TBM by routine CSF cytospin studies, as per the experience of studying a large 
number of CSF samples of TBM cases.  

The proportion with depressed glucose levels (< 45 mg/dL or 40% of serum glucose) 
averages 72% (range, 50-85%) for adults and 77% (range, 65-85%) for children. (Gracia – 
monco 1999) 

CSF typically has an elevated protein level, and marked hypoglycorrhachia. The mean 
protein level in adults averages 224 mg/dL (range, 20-1000 mg/dL), and in children it is 219 
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mg/dL (range, 50-1300 mg/dL). The proportion with a normal protein content averages 6% 
(range, 0-15%) for adults and 16% (range, 10-30%) for children. 

While HIV-infected patients generally have a mean protein level of 125 mg/dL (range, 50-
200 mg/dL), as many as 43% of the patients may have a normal CSF protein content. The 
proportion who have depressed CSF glucose levels (< 45 mg/dL or 40% of serum glucose) 
averages around 69% (range, 50-85%). 

If tuberculosis is suspected, the presence of normal protein and glucose levels, and even the 
absence of white cells in the CSF, should not be considered a reason for not processing with a 
search for tubercle bacilli both on stained CSF specimens and in culture. (Gracia – monco 1999) 

Direct Ziehl-Neelsen (ZN) staining of the cerebrospinal fluid for acid-fast bacilli remains the 
cornerstone of rapid diagnosis, but this technique lacks sensitivity, but requires large 
volumes of CSF, and meticulous microscopy to achieve the best results. One of the 
underlying difficulties is due to the fact that tubercle bacilli are paucibacillary and are shed 
intermittently in the CSF.It has been recommended that collection of three to four serial 
samples and spinning of large volumes of CSF for 30 minutes may enhance the rate of 
detection of AFB in smear microscopy. However, repeat collection of such large volume of 
CSF is practically impossible. Though less sensitive, smear microscopy is a simple, rapid, 
cost effective adjunct for the diagnosis of TBM.  

A positive smear result is present in an average of 25% (range, 5-85%) of adults and only 3% 
(range, 0-6%) of children, whereas the numbers with a positive CSF culture average 61% 
(range, 40-85%) and 58% (range, 35-85%) for adults and children, respectively. (Gracia – 
monco 1999).  

Cultures of CSF by the conventional method using Lowenstein Jenseen(LJ) medium can take 
4 to 8 weeks. Automated AFB culture system provides a highly sensitive and rapid tool for 
the isolation and drug susceptibility testing of MTB, from CSF of TBM patients. Use of a 
solid medium in conjunction with the automated systems like BACTEC 12B medium is 
essential for optimal recovery of MTB from CSF specimens. (Venkataswamy et al., 2007 and 
Jalesh et al., 2010). Drug-resistant tuberculosis is an increasing problem worldwide. MDR 
TBM was observed in 2.4% of cases (Nagarathna et al., 2008) Several PCR-based tests are 
also designed for the rapid detection of MDR TB Strains.  

Among HIV, on an average the number of positive CSF culture is 23%. 

CSF culture for mycobacteria (Gracia – monco 1999) must be processed in a biological safety 
cabinet.  

Indirect modes of diagnosing TBM are by the use of immunodiagnostic methods. These are 
alternative and adjunctive tests and not confirmatory for TBM diagnosis. These methods 
have been evaluated, but there are variable immune responses in TBM patients at different 
stages of the infection posing a barrier to the detection of mycobacterial antibodies in CSF 
samples. The patients at the chronic stages of TBM have a myriad of antibody responses to 
all major antigens of MTB, while patients at the early stages have lower detectable antibody 
response. In addition, interpretation of mycobacterial antibodies in the CSF must take into 
account the contribution of antibodies from the plasma for correlative interpretation.  

Genomic analysis and antigen mining of MTB have yielded novel, more specific antigens, 
such as early secretory antigenic target 6 (ESAT-6), 38-kDa antigen, 11kda. One approach to 
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provide direct evidence of existing infection is the detection of the presence of specific 
antigens in the circulating CSF. The immunological tests especially the ELISA can be used to 
detect MTB antigens such as Lipoarabinomannan (LAM) 38 kDa antigen, A60 antigen, 
antigen 5 and 6 by use of epitope specific monoclonal antibodies. Nevertheless, the 
diagnostic efficiency of the antigen-based approach is still unsatisfactory. 

The antibody detection ELISA are the more popular test utilized in immunodiagnosis. These 
can be utilized to detect either the total antimycobacterial Antibodies using the MTSE (MTB 
soluble extract) or specific antibody to defined antigens such as LAM, 38 kDa, A 60, 30kDa 
1,6kDa. There are several secretory MTB antigens defined to detect humoral immune 
responses: some of these are early secretory antigenic target 6 (ESAT-6), ag85 complex, 
MPT63, MPT 64, MPT 70, 14 kDa, 19KDa, 38 kDa, 85B, 45/47, ORF 9, ORf 10 and culture 
filtrate (CF) antigens. The overall percentage of TBM diagnosis, by immune diagnosis, does 
not exceed 70 to 87 % (Akepati 1989, Chandramuki 1989, Akepati et al., 2002) Detection of 
mycobacterial immune complexes (IgG and IgM) also aid in the diagnosis of large 
proportion of TBM cases (Patil et al., 1996). 

A number of strategies have been attempted to improve the laboratory diagnosis of TBM. 
Nucleic acid amplification tests (NAAT) show potential roles in confirming the diagnosis of 
TBM. 

PCR is the most widely applied alternative rapid diagnostic technique for TBM. A 
prospective large scale study to evaluate the efficacy of an in-house developed IS6110 
uniplex PCR in the diagnosis of clinically suspected of TBM showed all culture-positive 
samples were positive by the PCR assay. The assay was found to be positive in 70% of the 
samples with a clinical diagnosis of TBM with an observed sensitivity of 76.37% (negative 
predictive value 59.90%) and a specificity of 89.18% (positive predictive value 94.69%). A 
diagnostic accuracy of 80% was seen in patients with a clinical diagnosis of TBM. Patients 
with a clinical diagnosis of TBM were found to be 9.38 times more likely to be PCR-positive 
(Rafi et al., 2007).  

MTB belongs to the group of intracellular bacteria, which replicate within resting 
macrophages. During the early stages of the CNS infection, the tubercle bacilli in the CSF are 
immediately phagocytosed by the macrophages, leading to the scarcity of mycobacterial 
markers in the circulating CSF. Thus, no such tests have yet become available for early 
diagnosis of active TBM with the requisite sensitivity and specificity. 

Use of neurochemical markers has been investigated in patients with TBM wherein 
decreased levels of taurine and vitamin B-12 and increased levels of phenylalanine were 
noted in patients with TBM. Levels of nitrite, its precursor arginine and homocysteine were 
significantly higher in patients with TBM. 

Adenosine deaminase activity measurement could be an inexpensive, valuable tool in the 
diagnosis of early TBM. (Janvier et al., 2010). Despite its many limitations, tuberculin skin 
test an indirect test to demonstrate the cell mediated immune response in the body to 
mycobacterial antigens which by necessity, remains in widespread use. The Centers for 
Disease Control and Prevention, the American Thoracic Society, and the Infectious Disease 
Society of America have updated the guidelines, and they are quite useful in practice. Cutoff 
points for induration (5, 10, or 15 mm) for determining a positive test result vary based on 
the pretest category into which the patient falls. Negative results from the purified protein 



 
Meningitis 

 

200 

provide direct evidence of existing infection is the detection of the presence of specific 
antigens in the circulating CSF. The immunological tests especially the ELISA can be used to 
detect MTB antigens such as Lipoarabinomannan (LAM) 38 kDa antigen, A60 antigen, 
antigen 5 and 6 by use of epitope specific monoclonal antibodies. Nevertheless, the 
diagnostic efficiency of the antigen-based approach is still unsatisfactory. 

The antibody detection ELISA are the more popular test utilized in immunodiagnosis. These 
can be utilized to detect either the total antimycobacterial Antibodies using the MTSE (MTB 
soluble extract) or specific antibody to defined antigens such as LAM, 38 kDa, A 60, 30kDa 
1,6kDa. There are several secretory MTB antigens defined to detect humoral immune 
responses: some of these are early secretory antigenic target 6 (ESAT-6), ag85 complex, 
MPT63, MPT 64, MPT 70, 14 kDa, 19KDa, 38 kDa, 85B, 45/47, ORF 9, ORf 10 and culture 
filtrate (CF) antigens. The overall percentage of TBM diagnosis, by immune diagnosis, does 
not exceed 70 to 87 % (Akepati 1989, Chandramuki 1989, Akepati et al., 2002) Detection of 
mycobacterial immune complexes (IgG and IgM) also aid in the diagnosis of large 
proportion of TBM cases (Patil et al., 1996). 

A number of strategies have been attempted to improve the laboratory diagnosis of TBM. 
Nucleic acid amplification tests (NAAT) show potential roles in confirming the diagnosis of 
TBM. 

PCR is the most widely applied alternative rapid diagnostic technique for TBM. A 
prospective large scale study to evaluate the efficacy of an in-house developed IS6110 
uniplex PCR in the diagnosis of clinically suspected of TBM showed all culture-positive 
samples were positive by the PCR assay. The assay was found to be positive in 70% of the 
samples with a clinical diagnosis of TBM with an observed sensitivity of 76.37% (negative 
predictive value 59.90%) and a specificity of 89.18% (positive predictive value 94.69%). A 
diagnostic accuracy of 80% was seen in patients with a clinical diagnosis of TBM. Patients 
with a clinical diagnosis of TBM were found to be 9.38 times more likely to be PCR-positive 
(Rafi et al., 2007).  

MTB belongs to the group of intracellular bacteria, which replicate within resting 
macrophages. During the early stages of the CNS infection, the tubercle bacilli in the CSF are 
immediately phagocytosed by the macrophages, leading to the scarcity of mycobacterial 
markers in the circulating CSF. Thus, no such tests have yet become available for early 
diagnosis of active TBM with the requisite sensitivity and specificity. 

Use of neurochemical markers has been investigated in patients with TBM wherein 
decreased levels of taurine and vitamin B-12 and increased levels of phenylalanine were 
noted in patients with TBM. Levels of nitrite, its precursor arginine and homocysteine were 
significantly higher in patients with TBM. 

Adenosine deaminase activity measurement could be an inexpensive, valuable tool in the 
diagnosis of early TBM. (Janvier et al., 2010). Despite its many limitations, tuberculin skin 
test an indirect test to demonstrate the cell mediated immune response in the body to 
mycobacterial antigens which by necessity, remains in widespread use. The Centers for 
Disease Control and Prevention, the American Thoracic Society, and the Infectious Disease 
Society of America have updated the guidelines, and they are quite useful in practice. Cutoff 
points for induration (5, 10, or 15 mm) for determining a positive test result vary based on 
the pretest category into which the patient falls. Negative results from the purified protein 

 
Laboratory Diagnosis of Meningitis  

 

201 

derivative test do not rule out tuberculosis, if the 5-tuberculin test skin test result is negative, 
repeat the test with 250-tuberculin test. Note that this test is often nonreactive in persons 
with TBM. 

A combination of direct microscopy on ZN staining, culture by conventional LJ media and 
automated culture system in clinically suspected cases, supported by other laboratory 
parameters increases the sensitivity of diagnosing TBM as compared to any single method. 

TBM still remains a diagnostic challenge because of inconsistent clinical presentation and 
lack of rapid, sensitive and specific tests. The ideal diagnostic test for TBM should combine 
acceptable sensitivity and specificity with speed, low cost and ease of execution in a clinical 
laboratory in developing countries where the disease is more prevalent.Finally the success 
of TBM diagnosis depends on continued dialogue and collaboration between attending 
physician and/or laboratarian, medical microbiologist, immunologist, chemical analyst, 
molecular biologist and pathologist. 

Failure to respond to treatment should prompt a search for fungal infections or malignancy.  

6. Fungal meningitis 
Fungal meningitis is rare, but can be life threatening. The most common cause of fungal 
meningitis among people with immune system deficiencies, like HIV, is Cryptococcus, 
Candida, which can lead to meningitis in rare cases, especially in pre-mature babies with 
very low birth weight. People with immunodeficiencies are at a higher risk for histoplasma 
meningitis. Histoplasma is found primarily in soil or bird/bat droppings in the Midwestern 
United States, although it can be seen in other places. Soil in Southwestern United States and 
northern Mexico contain the fungus Coccidioides, which can cause fungal meningitis. 
People at higher risk include African Americans, Filipinos, pregnant women in the third 
trimester, and immunocompromised persons. 

Lumbar puncture is also part of the routine evaluation. CSF is tested for opening pressure 
WBC and differential, glucose, protein, culture, antibodies/antigens, India ink stain 
(Cryptococcus). However, repeated sampling is often required because diagnosis of non-
HIV-associated cryptococcal meningitis, coccidioidal meningitis, histoplasmosis, and 
candidal meningitis can be difficult. 

Up to three sets of blood cultures should be taken in all patients; they may be positive 
when candidal, histoplasmal, or cryptococcal meningitis is associated with disseminated 
disease.  

CSF analysis usually reveals lymphocytic pleocytosis with raised protein and low sugar 
levels. In our study, 52% of the patients had < 20 cells/cmm while only 20% had > 100 
cells/cmm. The diagnosis of cryptococcal meningitis can be established with India ink stain 
in > 50% of the cases of cryptococcal meningitis in HIV-negative cases and in > 90% of 
patients with AIDS (Satishchandra et al., 2007). 

The India ink or Nigrosin should be shaken well before every wet mount preparation. Too 
much stain makes the background too dark and the stain should be regularly checked for 
quality control, contamination by examining just the stain under a microscope. It will be 
positive when about 10 3 -10 4 colony-forming units (CFU)/ml are present in a CSF sample. 
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AIDS patients have larger concentrations of yeast ranging between 10 5 -10 7 CFU/ml 
(Satishchandra et al., 2007)  

False positive readings may occur with air bubbles, myelin globules or RBC and leukocytes. 
Air bubbles under high power, will be hollow and will not show the typical cell with 
characteristic nuclei. Monocytes and neutrophils have a crenated margin (and not the entire 
margin as is seen in cryptococcal cell) and will not show the characteristic refractive cell 
inclusions, and the luminous halo around the cell is not well demarcated like in 
Cryptococcus. Centrifuging the CSF to 500 rpm for about 10 minutes and performing India 
ink stain on the pellet can improve the sensitivity of this test. (Casadevall and Perfect.1998, 
as cited in Satishchandra et al., 2007)  

The CSF sample should also be evaluated for cryptococcal antigen assay that is positive in 
almost all cases except very early in the disease or in those with very high titers due to 
prozone effect and in certain patients with cryptococcomas. (Brew BJ 2001, as cited in 
Satishchandra et al., 2007)  

The methods used for antigen detection are latex agglutination test and enzyme 
immunoassay and are > 90% sensitive and specific. Cryptococcal antigen titers usually 
decrease with treatment, but it can remain at low titers for long periods even after effective 
therapy. (Lu, 2005 as cited in Satishchandra et al., 2007)  

Antigen testing should go hand in hand with culture, since low levels of antigen titre persist 
for a long time even after clearance of the organism from CSF. Occasional false positive 
reaction is also encountered, particularly in the presence of rheumatoid factor or infection 
with the yeast Trichosporon spp. Pronase treatment is necessary when serum, instead of 
CSF, is to be tested.  

A positive fungal culture is the gold standard for diagnosis of Cryptococcal infection and 
CSF samples show fungal growth in almost all the cases. In our series, fungal cultures grew 
C. neoformans in 100% of the cases. Fungal cultures also help to determine the species of the 
infecting organism and sensitivities to various antifungal agents. Globally, all cases of 
Cryptococcosis in AIDS patients are due to var grubii, followed by var neoformans. Our 
observations highlight the fact that the rate of C.gattii in this part of the country is 
comparatively low (2.8%) (Nagarathna et al., 2010). Drug susceptibility testing of the fungal 
isolates is not routinely done except in cases of recurrent disease. (Satishchandra et al., 2007) 
and has become important due to emerging antifungal resistant fungi causing infections in 
patients with AIDS. However, in a pilot study conducted by us did not reveal resistance to 
any of the routine antifungal drugs.  

The routine processing of CSF for chronic meningitis and subacute meningitis cases for 
fungal culture is a good surveillance procedure so as not to miss any Cryptococcal, 
Candidial and occasionally the Cladosporial CNS infections This is more essential because 
of the incidence of HIV. In disseminated Cryptococcal infections, additional sampling of 
sputum, urine and blood is useful. The fungus often isolated is Cryptococcus. The other 
CNS fungal agents are almost never isolated except rarely the Cladosporium. Cytospin 
studies can identify the yeasts when India ink preparation is negative.  

Pan-fungal PCR has been a promising aid in rapid, early diagnosis of invasive fungal 
infection (IFI).On the other hand, it has the potential to detect all fungal species. 
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Epidemiological studies now indicate that the spectrum of fungal pathogens has expanded 
well beyond Aspergillus fumigatus and Candida species (Pfaller and Diekema. 2004. as 
cited in Lau et al., 2007). However, current culture-based phenotypic methods are 
insensitive and slow, may initially be nonspecific, and require considerable expertise for 
correct morphological identification of less common or unusual fungi (Alexander, and 
Pfaller. 2006, Chen et al., 2002 as cited in Lau et al., 2007). Additional drawbacks of 
conventional culture include the failure of zygomycetes to grow  

- when hyphal cells have been damaged during processing (Larone, 2002. as cited in Lau 
et al., 2007)  

- or the collection of tissue biopsy specimens directly into formalin fixative for paraffin 
embedding when IFIs are not suspected clinically (Iwen 2002 as cited in Lau et al., 2007) 

- or when limited material is available. 

Recent efforts to improve the sensitivity and specificity of diagnostic tests have focused on 
culture-independent methods, in particular nucleic acid-based methods, such as PCR assays. 
These can be applied to fresh and formalin-fixed, paraffin-embedded sections. Numerous 
studies have highlighted the advantages of using PCR technology to detect viable and 
nonviable fungal pathogens in a variety of clinical specimens. The majority of assays target 
multicopy genes, in particular the ribosomal DNA (rDNA) genes (18S, 28S, and 5.8 S) and 
the intervening internal transcribed spacer (ITS) regions (ITS1 and ITS2), in order to 
maximize sensitivity and specificity.  

To date, most assays have been designed to detect Candida or Aspergillus species only. 
Given that more than 200 fungal species have been reported to cause disease in humans and 
companion animals, the clinical utility of a species-specific or even a genus-specific assay is 
limited. Sequence-based identification of PCR products is a sensitive alternative, provided 
that accurate sequences have been submitted to public databases, e.g., GenBank. A 
panfungal PCR assay targeting the internal transcribed spacer 1 (ITS1) region of the 
ribosomal DNA gene cluster successfully detected and identified the fungal pathogen in 
93.6% and 64.3% of culture-proven and solely histologically proven cases of IFI, 
respectively. A diverse range of fungal genera were identified, including species of Candida, 
Cryptococcus, Trichosporon, Aspergillus, Fusarium, Scedosporium, Exophiala, 
Exserohilum, Apophysomyces, Actinomucor, and Rhizopus. The results support the use of 
the panfungal PCR assay in combination with conventional laboratory tests for accurate 
identification of fungi in tissue specimens. (Lau et al., 2007). 

Galactomannan(GM) is a component of the cell wall of the mould Aspergillus and is 
released during growth. Detection of GM in blood is used to diagnose invasive aspergillosis 
infections in humans. Eg Platelia galactomannan enzyme immunoassay (Bio-Rad). Although 
the test is approved by the FDA for use with patients with neutropenia and those 
undergoing stem cell transplantation, controversy about the test's utilization exists. 
Although initial results were promising, various sensitivities and specificities (29 to 99%) 
have been reported recently in prospective studies (Zedek and Miller 2006). The Aspergillus 
GM test was performed on CSF and serum. Detection of Aspergillus GM in CSF may be 
diagnostic of cerebral aspergillosis. It is suggested that the Aspergillus CSF GM index might 
be diagnostic for cerebral aspergillosis in patients at high risk for aspergillosis and with a 
compatible neurological disease. (Claudio Viscoli et al., 2002). 



 
Meningitis 

 

204 

A positive result supports a diagnosis of invasive aspergillosis (IA) and should be considered 
in correlation with clinical condition, microbiologic culture, histological examination of biopsy 
specimens, and radiographic evidence, and other laboratory parameters.  

A negative result does not rule out the diagnosis of IA.When there is a strong suspicion of IA, 
repeat testing is recommended. Patients at risk of IA should have a baseline serum tested and 
should be monitored twice a week for increasing GM antigen levels. GM antigen levels may be 
useful in the assessment of therapeutic response. Antigen levels decline in response to 
antimicrobial therapy. False-positive results are reported to occur at rates of 8% to 14%. 

The Glucatell (1r3)-β-D-glucan (BG) detection assay was studied as a diagnostic adjunct for 
IFIs and a serum BG level of 60 pg/mL was chosen as the cutoff. IFIs included candidiasis, 
fusariosis, trichosporonosis, and aspergillosis. Absence of a positive BG finding had a 100% 
negative predictive value, and the specificity of the test was 90% for a single positive test 
result and 96% for 2 sequential positive results. The Glucatell serum BG detection assay is 
highly sensitive and specific as a diagnostic adjunct for IFI. 

Glucatell assay may be a useful diagnostic adjunct for the diagnosis of invasive fungal 
infection, particularly in high-risk populations. The positivity of this test, particularly when 
used in a serial fashion, often precedes the microbiological or clinical diagnosis of invasive 
fungal infection. This cell wall component has the advantage of being present and detectable 
in a variety of fungal infections. (Zekaver etal., 2004). 

7. Cysticercal meningitis  
At NIMHANS, at the department of Neuromicrobiology, the neurocysticercal immunology 
has revealed anticysticercal antibody in CSF of approximately 5-10 % of cases, involves the use 
of whole cyst antigen often called porcine cyst sonicated, partially purified antigens such as 
antigen B, defined antigens such as 8-10 kDa, 23kDa, 64-68 kDa by EITB, antigens secreted 
while cysts are maintained invitro, namely excretory /secretory (E/S) antigens. Qualitative 
ELISA kit for the detection of anticysticercal antibodies in CSF, which uses purified E/S 
antigens of Cysticercus cellulosae maintained in vitro, was developed by the department of 
Neuromicrobiology in collaboration with Astra Research laboratory/organization E/S 
antigens of Cysticercus cellulosae for use in immunodiagnosis and vaccine preparation 
(CYSTI-CheX) European patent WO/90/08958, 1990-dtd 9/7/1991.The inclusion of anticysticercal 
antibody especially applied to CSF in endemic countries should form a routine laboratory test, 
as Neurocysticercosis can have protean clinical manifestations.  

8. Carcinomatous meningitis  
Leptomeningeal carcinomatosis occurs in approximately 5% of patients with cancer. The 
shedding of atypical and malignant cells into the subarachnoid space can itself trigger 
meningitic inflammation which is influenced by the inflammatory cells such as 
polymorphonuclear cells and mononuclear cells along with atypical CSF cells. The definitive 
identification of the tumour cells in CSF can provide useful information about the cause of 
chronic meningitis and nature of the malignant meningitis whether primary or secondary 
metastasis.  

The best mode available is the cytological examination of CSF by cytospin in all cases of 
chronic meningitis. Atypical or definitive malignant cells in the CSF can arise from primary 
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CNS tumours such as ependymoma, choroids plexus papilloma, pinealoma, 
medulloblastoma, glioblastoma multiforme and many other tumors or secondary metastasis 
in the CNS, originating from bronchopulmonary, breast, or ovarian malignancies.  

- Tests to aid in the diagnosis of TBM-  
- CSF cell analysis using cell counting chamber and cytospin, acid fast smear examination 

of cytospin smear, either by Kinyouns or Ziehl Neelsen stain, or auramine O staining, 
CSF culture by conventional methods on LJ slopes or Middlebrook liquid media, and or 
by using automated systems. Detection of Mycobacterial DNA by polymerase chain 
reaction, adjunctive add on tests by immunological modes to detect mycobacterial 
antigens, antimycobacterial antibodies / mycobacterial immune complexes.Multimodal 
approach is essential in the diagnosis of TBM. 

- Tests to detect anticysterical antibodies in CSF and / serum samples. 
- Serum /CSF VDRL and Treponema pallidum particle agglutination test tests to rule out 

or establish Neurosyphilis. 
- CSF cytospin to detect atypical / malignant cells to aid in diagnosis of secondary or 

primary CNS neoplasia. 
- Mycological exercises on CSF 1 by India ink, Cryptococcal antigen tests and culture to 

establish Cryptococcal aetiology 
- CSF C- reactive protein assay to establish chronic microbial aetiology especially 

partially treated pyogenic meningitis. 
- Additional tests to rule out /establish neurobrucellosis, neuroborreliosis, neuroaids. 
- Wetmout preparation to detect motile acanthamoeba species in CSF t establish cases of 

primary amoebic granulomatous meningitis. 
- Meningeal biopsy and histology, only in exceptional cases of idiopathic chronic 

meningitis.Microarrays, or biochips, are a new technology that can allow rapid 
detection of bacterial genetic materials. The microarray method provides a more 
accurate and rapid diagnostic tool for bacterial meningitis compared to traditional 
culture methods. Clinical application of this new technique may reduce the potential 
risk of delay in treatment. (Ben et al., 2008) 

Inadequacy of current diagnostic tools for bacterial meningitis is typical of less-developed 
countries. Properly interpreted test is a key tool in the diagnosis of a variety of diseases. 
Proper evaluation of CSF depends on knowing which tests to order, normal ranges for the 
patient's age, and the test's limitations. Diagnostic uncertainty can be decreased by using 
accepted corrective formulae. (carbonnelle.E). Although improvement in diagnosis is 
urgently required, the emphasis should be on identification of causes so that appropriate 
interventions can be applied. (GE Enwere)  

9. Quality assurance (QA) 
Follow manufacturer's instructions for media and diagnostic kits. 
Follow standard QA procedures for laboratory equipment and test methods  

10. Biosafety 
- Perform all work on suspected isolates in a safety cabinet. 
- Wash hands particularly after collection and handling of the clinical specimen. 
- Use leak proof containers in sealed plastic bags for transportation of the sample. 
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11. Referral and notification 
Isolates associated with clustering, outbreaks, diagnostic dilemma, epidemiological 
importance, with unusual or unexpected resistance patterns have to be notified/referred, for 
confirmation, strain characterization antimicrobial susceptibility testing, serotyping etc. 
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1. Introduction 
The inflammatory cascade in acute bacterial meningitis leads to tissue damage and exudates 
accumulation especially in H. influenza, pneumococcal meningitis and in tuberculous 
meningitis. The administered antibiotics will also exaggerate the formation of inflammatory 
exudates from tissue destruction and endotoxins from bacterial lysis, resulting in edema 
formation. Accumulation of these inflammatory substrates, neutrophils and edema 
ultimately results in ischemia and pressure effect on neurons and nerve fibers with 
worsening of neurological signs and symptoms.  

Despite the effective antibiotic therapies, bacterial meningitis still has considerable 
morbidity and mortality in both adult and pediatric population. (Brouwer MC et al., 2010). 
Other than the definitive treatment with appropriate antibiotics, supportive and adjuvant 
therapy has its own characteristic role in the improved outcome of disease. Evidence from 
experimental models also support the role of adjuvant therapy like, early administration of 
glucocorticoids in selective cases of pyogenic meningitis, however most modalities 
investigated so far have not been sufficiently supportive for their routine use in the 
management of all cases of meningitis.  

2. Pathophysiology 
According to Monro-Kellie doctrine (Morki B, 2008), if there is an increasing size of one 
constituent or a mass within the cranial vault, the pressure will be shared by either brain, 
arterial and venous blood flow and/or the CSF. Similarly, if there is trauma or inflammation 
to brain parenchyma or meninges, exudates will accumulate with oedema, and edematous 
and inflamed brain causes either partial or complete obstruction of CSF flow which may 
results in hydrocephalus. Edematous and inflamed brain reduces the venous blood flow 
from cranial vault, leading to venous congestion and edema, on the other hand, it  also 
hampered arterial blood supply and hence reduce brain perfusion, and oxygenation which 
may further aggravate hypoxic inflammation and hence worsening of edema, thereby 
further increasing intra cranial venous congestion and pressure, consequently 
compromising the brain parenchyma results in different clinical presentation like altered 
mental status.   
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Fig. 1. Monro-Kellie hypothesis: Increase in volume (mass effect) of cranial constituents 
(blood, CSF, and brain tissue) must be compensated by a decrease in volume of another.  

 
Fig. 2. Monro-Kellie hypothesis in case of increase intracranial pressure and hydrocephalus, 
compromising arterial and venous blood and compressed brain parenchyma and CSF.  

3. Role of anti inflammatory agents 
There are wide spectrum of complications associated with meningitis, these may be 
neurological and non neurological (systemic). Systemic complications relate with bacteremia 
and related toxins, which ranges from sepsis to septic shock, disseminated intravascular 
coagulation, respiratory distress syndrome and respiratory arrest, while prolong fever, 
vasomotor collapse, pericardial effusion, arthritis, hypothalamic and other endocrine 
dysfunction including hyponatremia and bilateral adrenal hemorrhage are also not 
uncommon. Anemia may also manifest as a part of meningitis. 
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Several anti inflammatory agents have been studied in reducing the inflammatory exudates 
in animal model of pyogenic and other type of meningitis. Indomethacin, platelet factor 
inhibitors and pentoxifylline, recombinant protein C, intravenous immunoglobulin and 
monoclonal antibodies, have been evaluated for their isolated and combine anti 
inflammatory properties in reducing the CSF inflammation and edema, but none of them 
have evident promising results. (Singhi P et al., 2008)  

Though the role of glucocorticoids in systemic complications of meningitis is not discussed 
in the literature as extensively as it has been described for neurological outcomes, especially 
in reducing the incidence of hearing loss and other acute or chronic neurological sequel, on 
the contrary, use of glucocorticoids did not reduce overall mortality in most cases of 
meningitis. Cochrane review data supports its use in patients with bacterial meningitis in 
high-income countries, but results were not found to be beneficial from low-income 
countries. (Daoud AS et al., 1999). Bacterial immunogenicity, host immunity and response, 
timing and efficacy of antibiotics and steroids used and susceptibility of organism all 
account for the consequences in low income countries. The adjunctive benefit of 
corticosteroids during treatment of meningitis caused by other organisms (viral, fungal, and 
parasitic) is unknown. 

4. Role of steroids in meningitis 
With its unique anti-inflammatory and immune suppressive properties, efficacy of this drug 
has been extensively studied in different types of meningitis. Adjuvant therapy of 
glucocorticoids like dexamethasone is useful in both adult and pediatric meningitis and 
tuberculous meningitis as evident from experimental studies and vast growing clinical data. 
(Friedland IR et al., 1994). 

Steroid limits the production of inflammatory mediators like IL-1, IL-6 and TNF and 
exudates and help in reduction of edema, resulting in the decrease cerebral pressure and 
hence improve CSF flow within the cistern thus helps in stabilizing the blood brain barrier 
(BBB), this in turn leads to improvement of neurological symptoms. (Karen & Tyler 2008). 
Dexamethasone also inhibits the production of TNF by macrophages and microglia, but 
only if it is administered before these cells are activated by endotoxin. 

A meta-analysis conducted in 2010 on the role of dexamethasone in pediatric meningitis has 
shown that dexamethasone did not improve overall mortality; however it can reduces 
severe hearing loss in children. (Brouwer MC et al., 2010). However, the etiological agents, 
nutritional status, prior immunity and immunization and demography play an important 
role in outcome of such meningitis.  

Most experts had consensus on the beneficial role of steroid with its maximum benefits 
when it is used at least one hour prior to recommended antibiotics therapy. (King, 1994: 
Pickering, 2009). Regarding H. Influenzae meningitis in children older than six week age, 
the use of steroid prior to antibiotics is recommended by American Academy of Pediatrics 
and as describe Infectious Diseases Society of America (IDSA) guidelines 2004. (Tunkel AR 
et al., 2004). In H. Influenzae meningitis steroids significantly reduce the risk of 
sensorineural hearing loss, while other experts’ belief that outcome of meningitis is not 
dependent on steroids when it was given. Dexamethasone also did not help in ameliorating 
the other neurologic consequences especially in children. (Brouwer MC et al., 2010). 
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Beneficial role of dexamethasone in neonatal meningitis has not been evidence from the 
literature. It is not indicated in bacterial meningitis in children younger than six weeks as it 
does not shown promising results in different past studies. Steroids are also not advised as 
adjuvant therapy in patients with congenital or acquired CNS anomalies. (Daoud AS et al., 
1999). 

The severity of illness at the time of presentation may appear to play a prominent role in 
outcome than just administration of adjuvant therapy with dexamethasone. (Peltola H et al., 
2010). On the other hand dexamethasone may also mask the clinical presentation of 
meningitis, or any of its associated sequels like abscess, empyema, subdural collection, 
tuberculous meningitis, resistant meningitis. Routine administration of dexamethasone is also 
not recommended in developing countries as most patients got their first few doses of 
antibiotics before the diagnosis of meningitis. Still dexamethasone has a role in reducing the 
inflammatory exudates if given with or given soon after the initial antibiotics preferably within 
one hour, but this time interval is not clearly defined in literature. (King SM et al., 1994).  

With the advent of effective immunization against H. Influenzae globally, Streptococcal 
Pneumoniae is becoming the common organism causing meningitis. Resistant of S. 
pneumonia to cephalosphorins group is also evidently increasing from literature. 
Widespread use of susceptible vancomycin against these resistant species of S. pneumonae 
is increasing. At the same time studies had shown an increasing number of therapeutic 
failures when dexamethasone is combine with vancomycin and various other antibiotics like 
rifampicin and cephalosporin etc. steroids may reduce the penetration of these antibiotics in 
CSF or it may lead to decrease level of some antibiotic (eg, vancomycin, ceftriaxone, and 
rifampin) within the CSF, mechanism is not clear. (Friedland, 1994: Moellering, 1984). 

  
Fig. 3. CT scan brain showing low attenuated areas and increase enhancements with 
hydrocephalus in patient with pneumococcal meningitis 
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Dexamethasone in case of pneumococcal meningitis should be use after considering the 
risks and benefits. In adults with pneumococcal meningitis; dexamethasone has shown to 
have clinical benefits in term of neurological outcomes, but in children its use is 
controversial in pneumococcal meningitis. On the other hand few experts recommend that it 
should be used in all cases of confirm or suspected pneumococcal meningitis even if they 
are previously vaccinated, while other focused on the risk and benefits. However experts’ 
consensus that steroid is only effective in reducing hearing loss if given before antibiotics. 
(Pickering 2009). 

In patients with hypo spleenism, sickle cell disease and complement and immune 
deficiency, corticosteroids should be use cautiously. Thus controversies for its use in 
pneumococcal meningitis still persist. Dexamethasone is also not recommended in patients 
with aseptic meningitis, nonbacterial, or meningitis with gram-negative enteric bacteria. In 
such cases dexamethasone if started before should be discontinued as soon as a diagnosis of 
nonbacterial or gram-negative enteric meningitis is confirmed. (Tunkel AR et al., 2004). 

Randomized controlled trials from low income country with steroid therapy in tuberculosis 
meningitis for initial 6-8 weeks of anti tubercular treatment were found to have significantly 
reduced mortality in patients who present with stage I disease; there was also reduce 
mortality noticed in patients who present with stage II disease. (Thwaites, GE. et al., 2008). 
However there was no significant long term reduction in the residual neurologic deficits 
and disability among survivors. Prednisone as compare to dexamethasone is associated with 
a significant reduction in mortality in children with tuberculous meningitis as compare to 
adults. (Thwaites, GE. et al., 2008). 

5. Doses of dexamethasone in meningitis  
In case of pyogenic meningitis dexamethasone should be used at 0.15 mg/kg per dose 
(10 mg intravenously in adults) every six hours for two to four days (Tunkel AR et al., 2004). 
Two days of dexamethasone appear to be as effective as and less toxic than longer courses. 
(Syrogiannopolus GA et al., 1994) 

Steroids should be started at presentation or before or with the commencement of anti 
tubercular therapy. Dexamethasone, dose of 8 mg/day for children weighing <25 kg, 12 
mg/day for adults and children >25 kg, for 3 weeks, and then tapered off gradually over the 
following 3 to 4 weeks. Prednisone, dose of 2 to 4 mg/kg/day for children and 60 mg/day 
for adults, for 3 weeks, then tapered off gradually over the following 3 weeks. 

6. Complication of dexamethasone 
Problems related with the glucocorticoids use are usually associated with it prolong 
duration. There may be complexity in clinical assessment and response to therapy, 
gastrointestinal bleeding, secondary fever, hypertension, hyperglycemia, leukocytosis etc. It 
may also impair antibiotic penetration into the cerebrospinal fluid (CSF) that can lead to 
therapeutic failure, particularly in areas with increasing rates of penicillin-resistant S. 
pneumonia. (Thomas R et al., 1999). 

Corticosteroids do not reverse CNS damage that has already resulted from the 
pathophysiologic consequences of bacterial meningitis (e.g., cerebral edema and increased 



 
Meningitis 214 

intracranial pressure). However, even in children with bacterial meningitis in the 
developing world, use of adjunctive dexamethasone should be considered, because no 
adverse effects were attributable to its administration in this trial and its use may benefit 
some of the children with this devastating disorder. (Mongelluzo J et al., 2008)  

7. Dexamethasone in adult meningitis  
Clinical trials of corticosteroids (dexamethasone) as adjuvant therapy have been conducted 
in different centers all over the world with inconsistent results. However studies shown that 
corticosteroids significantly reduced severe hearing loss and other neurologic sequel, while 
on other hand, it is also helpful in reducing the overall mortality. Meta analysis using 
dexamethasone in adult meningitis demonstrates favorable outcomes in terms of both 
morbidity and mortality especially in cases of pneumococcal meningitis. It also reduces 
mortality in adult onset streptococcal pneumonae meningitis. (Daniel J S et al., 2010). 
Dexamethasone is also associated with reduce rate of acute neurological and hearing defect, 
however there was no difference in long term neurological sequelae, (Brouwer MC et al., 
2010) although some experts recommend to discontinue dexamethasone if S. pneumonia 
was not found in the CSF culture, but others still recommend the use of adjunctive 
dexamethasone regardless of microbial etiology in conjunction with the first dose of 
antimicrobial therapy. (de Gans & Van de, 2002) 

8. Dexamethasone in pediatric meningitis  
The role of dexamethasone use in cases of pediatric meningitis is more controversial, it must 
be individualized according to the organism especially in case of H. influnzae and 
pneumococcal meningitis. Even though, a better outcome can only be attained if 
dexamethasone is use before or at the same time of first dose of antibiotics. (Tunkel AR et 
al., 2004). Routine use of dexamethasone in pediatric population is not recommended, 
potential risk and benefits must be taken in to account as it may not reverse neuronal 
damage that has already resulted from the pathophysiologic consequences of bacterial 
meningitis.  

However, even in children with bacterial meningitis in the developing world, use of 
adjunctive dexamethasone should be considered, because no adverse effects were 
attributable to its administration in different trials and its use may benefit some of the 
children with this devastating disorder. 

9. Dexamethasone in neonatal meningitis 
The administration of dexamethasone did not significantly affect mortality or neurologic 
outcome in small children up to two years of age, hence it is not currently recommended. 
(Daoud AS et al., 1999). 
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1. Introduction  
The term meningitis implies inflammation of the leptomeninges and cerebrospinal fluid 
(CSF) in the subarachnoid space. Typically manifests as headache, neck stiffness, light 
sensitivity, and varying degrees of neurological symptoms and signs.  

The most common and often most severe forms of meningitis are due to infections, 
including bacteria, viruses, fungi, and parasites. Noninfectious causes of meningitis 
include primary inflammatory syndromes such as vasculitis and connective tissue 
disease, neoplasms of solid tumor and hematologic forms, and chemical irritants 
including certain medications, subarachnoid blood, and biologic matter spilling into CSF 
from tumors.  

Although a patient may present with symptoms of meningitis within days of onset, 
distinguishing acute from subacute or chronic meningitis may not always be possible early 
in the course. Nevertheless, the distinction is important because of the varying urgency, 
causes, and treatment strategy involved in each syndrome.  

In this review we summarize the current concepts of the approach to the treatment of adult 
meningitis and management of neurologic complications.  

2. Bacterial meningitis  
Bacterial meningitis is a medical, neurologic and sometimes neurosurgical emergency that 
requires a multidisciplinary approach. Bacterial meningitis has an annual incidence of 4 to 6 
cases per 100,000 adults, and Streptococcus pneumoniae and Neisseria meningitidis are 
responsible for 80 percent of all cases. Recommendations for antimicrobial therapy are 
changing as a result of the emergence of antimicrobial resistance. (Van de Beek et al., 2004; 
Schuchat et al., 2005; Van de Beek et al., 2006) 

In adults presenting with community-acquired acute bacterial meningitis, the sensitivity of 
the classic triad of fever, neck stiffness, and altered mental status is low (44%), but almost all 
such patients present with at least two of four symptoms — headache, fever, neck stiffness, 
and altered mental status (as defined by a score below 14 on the Glasgow Coma Scale). 
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2.1 Antimicrobial treatment 

The choice of antibiotic for empirical therapy is based on the possibility that a penicillin- and 
cephalosporin-resistant strain of S. pneumonia is the causative organism, and on the patient’s 
age and any associated conditions that may have predisposed to meningitis (table 1). 
 

Predisposing factor Common bacterial 
pathogens 

Initial intravenous antibiotic 
therapy 

Age: 2-50 years N meningitidis 
S pneumoniae 

Vancomycin plus 
ceftriaxone or cefotaxime* 

Age: >50 years N meningitidis 
S pneumoniae 
L monocytogenes, aerobic 
gram-negative bacilli 

**Vancomycin plus 
ceftriaxone or cefotaxime 
plus ampicillin 

With risk factor present 
(alcoholism or altered immune 
status) 

S pneumoniae 
L monocytogenes 
H influenzae 

**Vancomycin plus 
ceftriaxone or cefotaxime 
plus ampicillin 

*In areas with very low penicillin-resistance rates monotherapy penicillin may be 
considered 
**In areas with very low penicillin-resistance and cephalosporin-resistance rates 
combination therapy of amoxiciclin and a third-generation cephalosporin may be 
considered  

Table 1. Recommendations for empirical antimicrobial therapy in suspected community-
acquired bacterial meningitis (adapted from Van de Beek et al., 2006) 

For adults up to 50 years old from countries with high rates of pneumococcal penicillin- or 
cephalosporin-resistance, this should be a combination of either a third- or fourth-
generation cephalosporin plus vancomycin. In countries with very low rates of 
pneumococcal penicillin-resistance (such as The Netherlands) (Van de Beek et al., 2002), 
penicillin can still be used safely as a first-line agent. In the UK, the addition of vancomycin 
is also not considered necessary and is not recommended unless the patient presents from 
one of the geographic regions associated with high-level ceftriaxone resistance, such as 
Spain, Southern Africa, and certain parts of the USA. In adults older than 50 years, and in 
the immunocompromised patient, ampicillin should be added to this combination because 
of possible Listeria meningitis. (Nudelman & Tunkel, 2009; Schut et al., 2008; Van de Beek et 
al., 2006; Williams & Nadel, 2001) 

Once the bacterial pathogen is isolated and the sensitivity of the organism to the antibiotic is 
confirmed by in vitro testing, antimicrobial therapy should be modified accordingly. 
Recommendations for antibiotic therapy in bacterial meningitis are summarized in table 2-4 
and some important tips are: 

a. Bacterial meningitis due to S. pneumoniae, H. influenzae and group B streptococci is 
usually treated with intravenous antibiotics for 10–14 days. 
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b. Meningitis due to N. meningitidis is treated for 5–7 days. 
c. Patients with clinically suspected meningococcal meningitis who are treated with 

penicillin must be isolated for the first 24 h after initiation of antibiotic therapy and also 
treated with Rifampin 600 mg orally every 12 h for 2 days to eradicate nasopharyngeal 
colonization (penicillin does not eradicate the organisms in the nasopharynx). 

d. Meningitis due to L. monocytogenes and Enterobacteriaceae is treated for 3–4 weeks. 
e. Gentamicin is added to ampicillin in critically ill patients with L. monocytogenes 

meningitis. 
 

Pathogen Recommended 
therapy 

Adult dosage 
(intravenous) 

Days of therapy Alternative therapy 

Streptococcus 
pneumoniae 

  10 to 14 Meropenem, 
moxifloxacib or 
cloranfenicol 

Penicillin 
MIC: < 0,1 
mcg per mL 

Penicillin 4 million units 
every four hours 

  

Penicillin 
MIC: 0,1 to 1 
mcg per mL 

Ceftriaxone 2g every 12 hours   

Penicillin 
MIC:  1 mcg 
per mL 

Vancomycin 
plus 
Ceftriaxone 

15 to 22,5 mg per 
kg every 12 hours
2 g every 12 hours

  

Neisseria 
meningitidis 

Ceftriaxone 2 g every 12 hours 5 to 7 Chloranfenicol, 
meropenem or 
moxifloxacin 

Haemophilus 
influenza  

Ceftriaxone 2 g every 12 hours 7 to 10 Chloranfenicol or 
moxifloxacin 

Streptococcus 
agalactiae (group 
B streptococcus) 

Ampicillin 
plus 
Gentamicin 

Usually in 
children 

14 to 21 Vancomycin or 
cefotaxime 

Listeria 
monocitogenes 

Ampicillin 
with or without 
Gentamicin 

2 g every four 
hours 
1 to 2 mg per Kg 
every eight hours

21 
 
First 7 to 10 days

Trimethroprim/sulfam
ethoxazole 

Enterobacteriaceae Ceftriaxone, 
ceftazidime or 
cefepime 

varies 21 to 28 Ciprofloxacin, 
meropenem or 
Trimethroprim/sulfam
ethoxazole 

Staphylococci   7 to 10 days after 
shunt removal or 
cerebrospinal 
fluid sterilization

Daptomycin or 
lnezolid. Consider 
adding rifampicin 

Methicillin 
susceptible 

Nafcillin 2 g every four 
hours 

  

Methicillin 
resistant 

Vancomycin 15 to 22,5 mg per 
Kg every 12 hours

  

Table 2. Pathogen-specific therapy for common causes of bacterial meningitis 
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Treatment Dose 
Penicilin 2 million units every 4 h 
Amoxiclin or ampicillin 2 g every 4h 
Vancomycin 15 mg/Kg every 8h 
Third generation cephalosporins  

Ceftriaxone 2 g every 12h 
Cefotaxime 2 g every 4-6h  
Cefepime 2 g every 8h 
Ceftazidime 2 g every 8h 

Meropenem 2 g every 8h 
Chloramphenicol 1-1, 5g every 6h 
Fluroquinolones  

Gatifloxacin 400 mg every 24h 
Moxifloxacin 400 mg every 24h 

Trimethoprim-sulfamethoxazole 5 mg/kg every 6-12h 
Aztreonam 2 g every 6-8 h 
Ciprofloxacin 400 mg every 8-12h 
Rifampicin 600 mg every 12-24h 
Aminoglycoside (gentamicine) 1,7 mg/Kg every 8h 

Table 3. General recommendations for intravenous empirical antibiotic treatment 

Treatment Dose 
Rifampicin 600 mg twice daily for two days 
Ceftriaxone One dose 250 mg intramuscularly 
Ciprofloxacine One dose, 500 mg orally 
Azithromycin One dose, 500 mg orally 

Table 4. General recommendations for chemoprophylaxis 

2.2 Adjunctive dexamethasone 

A large randomized trial showed that dexamethasone (10 mg IV 15–20 min before or with 
the first dose of antibiotic and given every 6 h for 4 days) is beneficial in adults with acute 
bacterial meningitis. It reduced unfavorable outcome from 25% to 15% and mortality from 
15% to 7%. The benefits were most striking in patients with pneumococcal meningitis. 
Furthermore, patients on dexamethasone were less likely to have impaired consciousness, 
seizures and cardiorespiratory failure. Starting corticosteroids before or with the first dose 
of parenteral antimicrobial therapy appears to be more effective than starting corticosteroids 
after the first dose of antimicrobial therapy. For some adults with suspected meningitis, the 
beneficial effect of adjunctive dexamethasone is less certain, or may even be harmful. 
Therefore these patients should be carefully monitored throughout treatment. Steroids are 
not recommended in patients with postneurosurgical meningitis, those with a severe 
immunocompromised state, or in those who are hypersensitive to steroids. Patients with 
septic shock and adrenal insufficiency benefit from steroid therapy in physiological doses 
and longer duration. (Van de Beek et al., 2004; Van de Beek & de Gans, 2006; Fitch & Van de 
Beek, 2007; Nudelman & Tunkel, 2009; Schut et al., 2008; Van de Beek et al., 2006; Williams 
& Nadel, 2001; Weisfelt et al., 2006) 
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2.3 Monitoring of the patient and systemic complications 

Patients who are diagnosed with acute bacterial meningitis are at risk of various 
neurological and systemic complications and to detect them, patients should be admitted 
to intensive care unit where the following should be monitored: vital signs (blood 
pressure, heart rate, respiratory rate, temperature), oxygen saturation, level of 
consciousness, presence or absence of focal neurological signs or symptoms, papillary 
diameter and certain laboratory parameters, like CRP, leukocyte count, electrolytes, urea 
and creatinine. Analysis of arterial blood gases and measurement of serum lactate are 
important in patients in whom septic shock is suspected and the platelet count and 
coagulation tests are important in those in whom disseminated intravascular coagulation 
is suspected. (Van de Beek et al., 2006) 

Table 5 resumes the management of bacterial meningitis in Adults in the Intensive Care 
Unit.  

Bacterial meningitis is often associated with septic shock, which is an important predictor of 
outcome. It may manifest in several ways: hypotension (systolic pressure < 90 mm Hg or a 
reduction of >40 mm Hg from baseline) despite adequate fluid resuscitation, tachycardia 
(>100/min), tachypnea (>20/min), core body temperature >38°C or <36°C, drowsiness and 
oliguria (Pfister et al., 1993). 

Adrenocorticoid insufficiency in patients with septic shock must be treated with low doses 
of corticosteroids. Care should be taken to estimate and replace imperceptible fluid loss 
through the skin and lungs in patients who are febrile. 

Dyspnea, labored breathing, agitation, followed by progressive drowsiness, tachycardia, 
scattered crackles on pulmonary auscultation and hypoxemia point to the diagnosis of adult 
respiratory distress syndrome (ARDS). The chest x ray usually reveals characteristic diffuse 
alveolar interstitial infiltrates in all lung fields.  

Patients with bacterial meningitis are at risk of acute hyponatremia, although most cases are 
mild. Hyponatremia (serum sodium <135 mmol/l) on admission to hospital is found in 30% 
of patients (Brouwer et al,. 2007). Most episodes resolve within a few days without specific 
treatment and does not influence outcome. Severe hyponatremia (<130 mmol/l) is present 
in 6% of patients. 

An exceptionally high frequency of hyponatremia is seen in meningitis due to L. 
monocytogenes (73%) and S. pyogenes (58%). This complication may be a result of cerebral salt 
wasting, the syndrome of inappropriate antidiuretic hormone secretion or exacerbation by 
aggressive fluid resuscitation. This lack of clarity about the mechanism has resulted in the 
clinical dilemma about the management of intravenous fluids in bacterial meningitis 
(restricted or not). The goal should be to maintain a normovolemic state, and in patients 
with severe hyponatremia to use fluid maintenance therapy then fluid restriction, although 
there is no clear evidence supporting this approach. 

Hypernatremia (serum sodium >143 mmol/l) is less frequent and found on admission in 
only 7% of patients with culture-proven bacterial meningitis (Van de Beek et al., 2007). 
Patients with sodium levels >146 mmol/l (2% of patients) are more likely to have seizures 
before admission compared to those with lower levels. Sodium levels of >143 mmol/l are  
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Neurocritical care 
 
In patients with a high risk of brain herniation, consider monitoring intracranial pressure 
and intermittent administration of osmotic diuretics (mannitol [25%] or hypertonic [3%] 
saline) to maintain an intracranial pressure of <15 mm Hg and a cerebral perfusion 
pressure of ≥60 mm Hg 

Initiate repeated lumbar puncture, lumbar drain, or ventriculostomy in patients with acute 
hydrocephalus 

Electroencephalographic monitoring in patients with a history of seizures and fluctuating 
scores on the Glasgow Coma Scale 
Airway and respiratory care 
 
Intubate or provide noninvasive ventilation in patients with worsening consciousness 
(clinical and laboratory indicators for intubation include poor cough and pooling 
secretions, a respiratory rate of >35 per minute, arterial oxygen saturation of <90% or 
arterial partial pressure of oxygen of <60 mm Hg, and arterial partial pressure of carbon 
dioxide of >60 mm Hg) 

Maintain ventilatory support with intermittent mandatory ventilation, pressure-support 
ventilation, or continuous positive airway pressure 
Circulatory care 
 
In patients with septic shock, administer low doses of corticosteroids (if there is a poor 
response on corticotropin testing, indicating adrenocorticoid insufficiency, corticosteroids 
should be continued) 

Initiate inotropic agents (dopamine or milrinone) to maintain blood pressure (mean 
arterial pressure, 70–100 mm Hg) 

Initiate crystalloids or albumin (5%) to maintain adequate fluid balance 

Consider the use of a Swan–Ganz catheter to monitor hemodynamic measurements 
Gastrointestinal care 
 
Initiate nasogastric tube feeding of a standard nutrition formula 
Initiate prophylaxis with proton-pump inhibitors 
Other supportive care 
 
Administer subcutaneous heparin as prophylaxis against deep venous thrombosis 

Maintain normoglycemic state (serum glucose level, <150 mg per deciliter), with the use of 
sliding-scale regimens of insulin or continuous intravenous administration of insulin 

In patients with a body temperature of >40°C, use cooling by conduction or antipyretic 
agents 

Table 5. Management of Bacterial Meningitis in Adults in the Intensive Care Unit. 
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Table 5. Management of Bacterial Meningitis in Adults in the Intensive Care Unit. 
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associated with a higher heart rate, lower CSF protein and lower CSF glucose levels. 
Hypernatremia is independently predictive of unfavorable outcome and mortality, however 
it is unclear if it reflects severe disease or directly contributes to the poor outcome. 
Physicians should be aware of the potential importance of hypernatraemia in patients 
presenting with bacterial meningitis and care should be taken in the fluid management.  

The coexistence of bacterial meningitis and arthritis has been described in several studies. It 
occurs in 7% of patients overall, more in meningococcal meningitis (12%) (Likitnukul et al., 
1986; Weisfeit et al., 2006). It is caused either by haematogenous bacterial seeding of joints 
(septic arthritis) or by immune-complex deposition in joints (immunomediated arthritis). A 
patient with immunomediated arthritis during meningococcal infection typically develops 
symptoms from day 5 of the illness or during recovery from the infection, generally 
involving the large joints. A definitive diagnosis of septic arthritis requires identification of 
bacteria in the synovial fluid by Gram stain or culture. The treatment of acute bacterial 
arthritis requires antibiotics and joint drainage. Although with some limitation in the range 
of movement functional outcome is good in most of the patients. 

2.4 Deterioration of consciousness 

A common cause of a decline in consciousness in bacterial meningitis is clinical evidence of 
cerebral edema. The release of proinflammatory mediators in the subarachnoid space leads 
to an inflammatory response in the central nervous system that contributes to an increased 
permeability of the blood–brain barrier, cerebral edema and increased intracranial pressure. 
Several supportive therapies have been described, although no therapy has been proved to 
have clinical efficacy. Nevertheless, in patients with impending cerebral herniation, 
monitoring of intracranial pressure may be considered, but the outcome is expected to be 
poor. The use of osmotic diuretics to control intracranial pressure may be an option, 
although there are no definitive data on the efficacy of this approach. (Figure 1) 

Seizures are other frequent cause of deteriorating consciousness with a higher mortality 
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infarcts may involve large vascular territories and may cause brain swelling and a mass 
effect, which may result in a decline in consciousness Arteritis of small and medium-sized 
arteries and inflammatory involvement of veins is probably caused by tissue destructive 
agents, such as oxidants and proteolytic enzymes, released by activated leukocytes. 
Treatment is mainly supportive and these patients have a poor outcome. 

 

 
 

Fig. 1. Major Intracranial Complications in Bacterial Meningitis in Adults.  
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In patients who develop focal neurological signs (hemiparesis, monoparesis, aphasia) some 
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arteries, septic venous thrombosis), seizures, subdural empyema or a combination of these 
causes. A brain CT scan is needed to rule out many of these causes. 

The possibility of septic intracranial venous thrombosis should be considered in patients 
with an impaired level of consciousness, seizures, fluctuating focal signs and stroke in non-
arterial distributions. MRI with venous-phase studies confirms the diagnosis. Treatment of 
cerebral thrombophlebitis in bacterial meningitis is directed toward the infection. 

Subdural empyema should be suspected in patients who have concomitant sinusitis or 
mastoiditis or who have recently undergone surgery for either of these disorders. In most 
cases contrast-enhanced brain CT will reveal the hypodense subdural collections (Figure 2). 
Brain MRI is more sensitive than CT in detecting subdural empyema along the convexity, 
and especially for infratentorial subdural empyema. Currently, MRI with diffusion-
weighted images (DWI) and apparent diffusion coefficient mapping (ADC) remains the 
preferred imaging modality for detecting subdural empyema. Subdural empyema should be 
surgically drained by craniotomy but the outcome is poor if the patient is unconscious. 

Abnormalities of the cranial nerves are caused by the meningeal inflammatory process or by 
an increase in cerebrospinal fluid pressure. The most frequent cranial-nerve abnormality is the 
involvement of the eighth cranial nerve, which is reflected in a hearing loss in 14 percent of 
patients. A cochlear implant may eventually be needed by some severely affected patients. 

 

 
Fig. 2. Frontal sinusitis, empyema, and abscess formation in a patient with bacterial 
meningitis. This contrast-enhanced, axial T1-weighted magnetic resonance image shows a 
right frontal parenchymal low intensity (edema), leptomeningitis (arrowheads), and a 
lentiform-shaped subdural empyema (arrows). 
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3. Aseptic meningitis 
Enteroviruses are the most common etiologic pathogens in persons with aseptic meningitis 
and do not require specific antimicrobial therapy. They can be diagnosed by CSF 
polymerase chain reaction testing (Kupila et al., 2006), which is not always needed, but a 
positive test may be useful in discontinuing antimicrobials initiated presumptively for 
bacterial meningitis.  

Herpes Simplex Virus (HSV) aseptic meningitis is usually a self-limited infection that must 
be distinguished from HSV encephalitis based on clinical and radiographic features. 
Therapy with acyclovir can be lifesaving in patients with HSV encephalitis. (Bamberg, 2010) 

In contrast with HSV encephalitis, most patients with HSV aseptic meningitis have normal 
mental status and neurologic function and do not have the temporal lobe enhancement 
observed on magnetic resonance imaging. Both forms of HSV central nervous system 
disease are diagnosed by CSF HSV polymerase chain reaction testing. Infection with HSV 
may cause recurrent disease (e.g., Mollaret meningitis). 

Varicella zoster virus infection may cause aseptic meningitis in the absence of cutaneous 
manifestations. Although it has not been studied in clinical trials, therapy with acyclovir at 
10 mg per kg every eight hours is suggested, based on expert opinion.  

Lyme disease, a systemic disease with dermatological, rheumatological, neurological, and 
cardiac manifestations, is caused by Borrelia burgdorferi and transmitted by the hard-shelled 
deer ticks: Ixodes dammini in the eastern United States, Ixodes pacificus in the western United 
States, and Ixodes ricinus in Europe. The existence of both early and late neurological 
manifestations, diagnostic uncertainty, and potential for relapse despite therapy have fueled 
continuing debate over the spectrum of Lyme-related neurological disease. Best agreement 
exists for the early neurological syndromes, which include lymphocytic meningitis, cranial 
neuropathy (commonly unilateral or bilateral Bell's palsy), and painful radiculoneuritis, 
which can occur alone or in combination. Optic neuritis, mononeuritis multiplex, and 
Guillain-Barré syndrome are other infrequent manifestations of early neurological 
involvement. Neurological complications of more advanced Lyme disease include 
encephalomyelitis, with predominant white matter involvement and peripheral neuropathy. 
Lymphocytic meningitis is usually acute, but may cause chronic or relapsing meningitis and 
communicating hydrocephalus. Radiculoneuritis, beginning as a painful limb disorder, may 
continue with exacerbations and remissions for up to 6 months. Encephalopathy with 
memory or cognitive abnormalities, confusional states, accelerated dementia, and normal 
CSF study results may occur. Other psychiatric or fatigue syndromes appear less likely to be 
causally related to Lyme disease. 

Borreliosis is treated with parenteral antibiotics if there is evidence that infection has crossed 
the blood-brain barrier. Ceftriaxone (2 g once daily intravenously) or penicillin (3 to 4 
million units intravenously every 3 to 4 hours) for 2 to 4 weeks are first-line drugs. 
Tetracycline and chloramphenicol are alternatives in penicillin- or cephalosporin-allergic 
patients. Routine use of corticosteroids is not indicated. Recommendations for the use of 
corticosteroids in neuroborreliosis generally have been limited to patients treated 
aggressively with intravenous antibiotics with evidence of severe inflammation that fails to 
improve. CSF examination should be performed toward the end of the 2- to 4-week 
treatment course to assess the need for continuing treatment and again 6 months after the 
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conclusion of therapy. Intrathecal antibody production may persist for years following 
successful treatment and in isolation does not indicate active disease. Patients in whom 
CSF pleocytosis fails to resolve within 6 months, should be retreated. Peripheral or cranial 
nerve involvement without CSF abnormalities may be treated with oral agents, either 
doxycycline, 100 mg twice daily for 14 to 21 days, or amoxicillin, 500 mg every 8 hours for 
10 to 21 days. 

Up to one third of untreated patients with syphilis develop late syphilis (tertiary syphilis), 
a slowly progressive inflammatory disease that includes gummatous (granulomatous), 
cardiovascular, and neurological forms. Early neurological manifestations of tertiary 
neurosyphilis include pure meningeal or meningovascular disease, with a 3- to 10-year 
latency period from primary infection, and parenchymal forms, which occur 10 to 30 
years after initial infection. General paresis refers to parenchymal cerebral involvement 
and tabes dorsalis to syphilitic myeloneuropathy. Syphilitic gummas, granulomas that 
present as space-occupying lesions in brain or cord, may occur at any stage of 
disseminated disease. 

Neurosyphilis spans all stages of disseminated disease. Meningeal, meningovascular, and 
parenchymal syndromes are perhaps best viewed as a continuum of disease, rather than as 
discrete disorders. Syphilitic meningitis, meningovascular syphilis, general paresis, and 
tabes are different clinical expressions of the same fundamental pathological events, 
specifically meningeal invasion, obliterative endarteritis, and parenchymal invasion. 
Especially in the antibiotic era, symptomatic neurosyphilis may present, not as one classic 
syndrome, but as mixed, subtle, or incomplete disease. All of the neurological complications 
of syphilis have been reported in HIV disease, which may accelerate the onset and 
progression of neurosyphilis. 

Syphilitic meningitis typically occurs earlier than other forms of neurosyphilis and is often 
asymptomatic. Rare complications of acute syphilitic meningitis include cranial neuropathy, 
hydrocephalus, myelitis, or lumbosacral radiculitis. Meningovascular syphilis usually 
occurs 4 to 7 years after primary infection (range, 6 months to 12 years). In addition to 
stroke, involvement of large and small cerebral vessels also causes headache, vertigo, 
insomnia, and psychiatric or personality disorders. 

Adequate treatment of neurosyphilis is based largely on achieving treponemicidal levels of 
penicillin in the CSF. Treponema pallidum is highly susceptible to penicillin, which is the drug 
of choice for all stages of syphilis. Serum levels of penicillin should be maintained for many 
days because treponemes divide slowly in early syphilis (30-33 per hour in experimental 
settings) and penicillin acts only on dividing cells. 

Therapy that is considered standard for non immunocompromised individuals with syphilis 
meningitis should remain the standard for immunocompromised individuals even with 
asymptomatic neurosyphilis. Either of the following is acceptable treatment: 

a. Aqueous (crystalline) penicillin-G at 2-4 million U intravenously every 4 hours; 
alternatively, continuously for 10-14 days, or 

b. Procaine penicillin-G at 2.4 million U/d intramuscularly plus probenecid at 500 mg 
orally 4 times per day for 10-14 days (probenecid increases brain concentrations of 
penicillin less than it increases CSF concentrations, but avoid using it if the patient has a 
history of serious allergy to sulfonamides)  
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Contraindications include documented hypersensitivity, use of penicillin in pregnant 
patients (usually safe but benefits must outweigh the risks), and impaired renal function 
(use caution).  

Other antibiotics, as alternative regimens, have not been studied sufficiently, and their 
routine use is not recommended. If patients are allergic to penicillin, either tetracycline or 
doxycycline probably is effective. Pregnant women should not receive doxycycline. 
Typically, tetracycline hydrochloride at 500 mg orally 4 times per day or doxycycline at 100 
mg orally twice daily for 4 weeks is prescribed. Defining the efficacy of azithromycin for 
early syphilis may simplify therapy. Incidentally, the emergence of azithromycin-resistant T 
pallidum has been reported. 

4. Tuberculous and cryptococcal meningitis 
A high index of suspicion is needed to diagnose tuberculous meningitis because culture 
results are often delayed and stains are often negative. Empiric therapy may be lifesaving. 
Polymerase chain reaction testing may be useful. Death may occur as a result of missed 
diagnoses and delayed treatment.  

Most of the guidelines follow the model of short-course chemotherapy of pulmonary 
tuberculosis: an "intensive phase" of treatment with four drugs, followed by treatment with 
two drugs during a prolonged "continuation phase". Initial treatment is a combination of 
isoniazid (5 mg per kg per day); rifampin (10 mg per kg per day, up to 600 mg); 
pyrazinamide (15 to 30 mg per kg per day, up to 2 g); and ethambutol (15 to 25 mg per kg 
per day). Streptomycin (20 to 40 mg per kg per day, up to 1 g) should be used instead of 
ethambutol in young children.  

Evidence concerning the duration of treatment is conflicting. The duration of conventional 
therapy is 6-9 months, although some investigators still recommend as many as 24 months 
of therapy. No guidelines exist as to the components and duration of treatment in the case of 
multidrug-resistant TBM.  

The use of corticosteroids in adults is controversial; they may be indicated in the presence of 
increased intracranial pressure, altered consciousness, focal neurological findings, spinal 
block, and tuberculous encephalopathy. Adding dexamethasone to the treatment regimen 
seems to improve mortality rate in patients older than 14 years with tuberculous meningitis. 
Cochrane systematic review concluded that overall adjunctive therapy with corticosteroids 
reduces the risk of death (relative risk (RR), 0.78). 

The potential complications include associated elevated intracranial pressure, 
hydrocephalus, vasculitis, acute seizures, and hyponatremia. Aggressive and appropriate 
treatment of these complications can minimize the secondary brain injury and improve the 
chance of a good outcome. Disturbances of sodium, intravascular volume and water are 
common in tuberculous meningitis. Hyponatremia occurs in 35% to 65% of patients. Acute 
seizures occur in about 50% of children and in 5% of adults. 

In these patients, associated space-occupying tuberculoma(s) may be the substrate for 
increased intracranial pressure (Figure 3). Growing evidence suggests that most 
tuberculomas resolve with antituberculous treatment. However, surgical excision is 
indicated in: tuberculoma causing obstructive hydrocephalus and significant increased 
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intracranial pressure; tuberculoma causing obstructive hydrocephalus and not resolving on 
medical treatment; large space-occupying tuberculomas with increased intracranial 
pressure; and tuberculomas with associated compartmental shifts and not resolving with 
medical treatment. (Marais, 2010; Murthy, 2010) 

 

 
Fig. 3. MRI with contrast showing classical ring enhancing lesions of tuberculomas 

Cryptococcal meningitis is the most common fungal meningitis, and usually occurs in 
patients with altered cellular immunity. It is estimated that the global burden of HIV-
associated cryptococcosis approximates 1 million cases annually worldwide. It is relevant 
that, despite access to advanced medical care and the availability of highly active 
antiretroviral therapy, the 3-month mortality rate during management of acute cryptococcal 
meningoencephalitis approximates 20%. Furthermore, without specific antifungal treatment 
for cryptococcal meningoencephalitis in certain HIV-infected populations, mortality rates of 
100% have been reported within 2 weeks after clinical presentation to health care facilities. 
(Perfect et al., 2010; Saag et al., 2000) 

Usually presents with headache, fever, stiff neck and photophobia. However, meningeal 
symptoms and signs may be minimal or absent in over one half of the cases, and the rather 
broad clinical spectrum includes personality change, cognitive impairment, cranial 
neuropathy, altered consciousness and coma.  
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The CSF profile ranges from striking protein elevation, mononuclear pleocytosis, and 
hypoglycorrhachia to minimal abnormalities that overlap with those attributable to HIV 
infection alone. Fungal CSF culture is the gold standard, but the time wasted before a 
positive result is obtained, limits its clinical utility. India ink smear is helpful when positive, 
but is too insensitive to exclude the diagnosis if negative. Fortunately, CSF cryptococcal 
antigen (CrAg) testing is a rapid, specific test with a sensitivity exceeding 90%. The diverse 
clinical presentations of cryptococcal meningitis enforce CrAg to be performed routinely in 
CSF of patients with AIDS. 

It is apparent that insightful management of cryptococcal disease is critical to a successful 
outcome. We should divide the treatment in three situations, as follows: 

a. In HIV infected individuals, the initial treatment (induction regiment) includes 
amphotericin B (0.7 to 1.0 mg/kg per day IV) with or without flucytosine (25 mg/kg 
every six hours orally) for 2 to 3 weeks. Renal insufficiency, hypokalemia, and 
hypomagnesemia may complicate amphotericin B therapy, and the hematological 
toxicity of flucytosine sometimes precludes its use in patients with AIDS, in whom 
pancytopenia is common. Patients who are doing well can be switched to fluconazole, 
200 mg twice a day for 8 to 10 weeks (maintenance therapy), and then placed on 
prophylactic therapy of 200 mg daily to prevent relapse. Alternatively Itraconazole can 
be used (200 mg twice per day orally; drug-level monitoring strongly advised). Active 
antiretroviral therapy should be initiated 2–10 weeks after the beginning of initial 
antifungal treatment. Consider discontinuing suppressive therapy during active 
antiretroviral therapy in patients with a CD4 cell count >100 cells/mL and an 
undetectable or very low HIV RNA level sustained for >3 months (minimum of 12 
months of antifungal therapy); but consider reinstitution of maintenance therapy if the 
CD4 cell count decreases to <100 cells/mL (B-III). 

b. In organ transplant recipients, the treatment includes liposomal amphotericin B (3–4 
mg/kg per day IV) or amphotericin B lipid complex (5 mg/kg per day IV) plus 
flucytosine (100 mg/kg per day in 4 divided doses) for at least 2 weeks for the 
induction regimen, followed by fluconazole (400–800 mg [6–12 mg/kg] per day orally) 
for 8 weeks initially, and (200–400 mg per day orally) for 6–12 months afterwards.  

c. Non-HIV Infected, Non transplant Hosts, the treatment includes amphotericin B (0.7–
1.0 mg/kg per day IV) plus flucytosine (100 mg/kg per day orally in 4 divided doses) 
for at least 4 weeks for induction therapy. The 4-week induction therapy is reserved for 
persons with meningoencephalitis without neurological complications and negative 
cerebrospinal fluid (CSF) yeast culture results after 2 weeks of treatment. For 
amphotericin B toxicity issues, lipid formulations of amphotericin B may be substituted 
in the second 2 weeks. In patients with neurological complications, consider extending 
induction therapy for a total of 6 weeks, and lipid formulations of amphotericin for the 
last 4 weeks of the prolonged induction period. Then, start consolidation with 
fluconazole (400 mg per day) for 8 weeks.  

Regarding neurological complications, some of them had already been described in 
complications of bacterial meningitis, as cerebral edema, increased intracranial pressure, 
acute hydrocephalus and abnormalities of the cranial nerves. Their management was 
described above. Poor prognostic features at presentation include impaired level of 
consciousness, CSF cell count less than 20 cells/μL, and CSF CrAg greater than 1:1024.  
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Another possible complication is the presence of cerebral cryptococcomas. The treatment 
consists of induction with amphotericin B (0.7–1 mg/kg per day IV), liposomal 
amphotericin B (3–4 mg/kg per day IV), or amphotericin B lipid complex (5 mg/kg per day 
IV) plus flucytosine (100 mg/kg per day orally in 4 divided doses) for at least 6 weeks. Then 
consolidation and maintenance therapy with fluconazole (400–800 mg per day orally) for 6–
18 months. Adjunctive therapies include corticosteroids for mass effect and surrounding 
edema and/or surgery for large masses (>3 cm lesion).  

5. Conclusions 
The management approach to patients with suspected or proven bacterial meningitis 
includes emergent CSF analysis, and initiation of appropriate antimicrobial and adjunctive 
therapies. The choice of empirical antimicrobial therapy is based on the patient’s age and 
underlying disease status; once the infecting pathogen is isolated, antimicrobial therapy can 
be modified for optimal treatment. 

The most important priority to reduce the burden of bacterial meningitis throughout the 
world must include the introduction and availability of effective vaccines against the 
common meningeal pathogens. 

Finally a higher index of suspicion is needed to diagnose tuberculous meningitis because 
culture results are often delayed, stains are often negative and empiric therapy may be 
lifesaving. A prompt diagnosis of meningitis is specially important in immunosuppressive 
patients, with high rates of mortality. 
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