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Abstract
Introduction: Meningitis is one of the leading causes of death among patients living with HIV in sub-Saharan Africa. There is no
widespread tracking of the incidence rates of causative agents among patients living with HIV, yet the aetiologies of meningitis
are different than those of the general population.
Methods: We reviewed the scientific literature published in PubMed to determine the incidence rates of meningitis among hospitalized people living with HIV in sub-Saharan Africa and report our findings from seven studies across sub-Saharan Africa.
Results: We found high rates of cryptococcal meningitis (1968%). Tuberculous meningitis was lower (136%), although some
centres included possible cases as ‘‘other’’ meningitis; therefore, this may not be a true representation of the total cases.
Pyogenic meningitis ranged from 6 to 30% and ‘‘other’’ meningitis ranged from 7 to 28% of all reported cases of meningitis.
Mortality rates ranged from 25 to 68%. This review describes the most common aetiologies and provides practical diagnostic,
treatment and prevention considerations as they apply to the individual living with HIV in sub-Saharan Africa.
Conclusions: Diagnosis is often limited, and wider availability of accurate and low-cost laboratory diagnostics is desperately
needed for prompt diagnosis and initiation of appropriate treatment. Wider acceptance and adoption of available preventative
modalities can decrease the incidence of potentially fatal central nervous system infections in African patients living with
HIV.
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Introduction
Infectious meningitis is an extremely serious condition and
is one of the leading causes of morbidity and mortality in
HIV-negative and HIV-positive persons living in sub-Saharan
Africa [1,2]. There are a variety of organisms that cause
meningitis, such as meningococcus; an increasing prevalence
of Mycobacterium tuberculosis and Cryptococcus neoformans
has been reported in association with the HIV epidemic, yet
there is no widespread reporting of the meningitis aetiologies
among people living with HIV in sub-Saharan Africa [3,4].
Whatever data that exist on the aetiology of meningitis
among this group come from small, hospital-based cohort
studies. Prompt diagnosis is critical for initiation of proper
treatment but is often challenging, especially in a setting with
limited resources. This review describes the most common
aetiologies and provides practical diagnostic, treatment and
prevention considerations as they apply to the individual
living with HIV in sub-Saharan Africa.

Methods
One investigator reviewed the published scientific literature
by using PubMed to determine the incidence rates of meningitis among adults living with HIV in sub-Saharan Africa. We
searched the published medical literature from November
1987 until March 2014 for eligible articles, using the search terms
‘‘HIV,’’ ‘‘meningitis,’’ ‘‘adult,’’ and ‘‘Africa.’’ Our primary outcome

of interest was the prevalence rate of meningitis among patients
living with HIV in sub-Saharan Africa. Inclusion criteria were: (1)
involving adult patients; (2) involving health centres located
in sub-Saharan Africa; (3) reported prevalence of a specific
aetiology of meningitis among persons living with HIV, or
reported results from which prevalence rates among persons
living with HIV could be calculated; and (4) utilized a prospective
or retrospective cohort study design. Exclusion criteria included:
non-English studies.
Regarding statistical analysis, prevalence rates were tabulated and means were calculated using STATA statistical
software.

Results
Our initial literature search yielded 242 citations. From those,
we identified seven reports that met our eligibility criteria.
The criteria for diagnosis most frequently used were the
clinical signs of meningeal irritation, such as photophobia,
neck rigidity, vomiting, headaches, fever, altered mental status
and new-onset seizures (symptoms reported in four of seven
studies). The diagnostic criteria for pyogenic meningitis always
involved bacterial culture. In six of seven studies, a positive
Gram stain was also included. In two of seven studies, a
bacterial antibody test was used; and in six of seven studies,
cerebrospinal fluid (CSF) findings of elevated white blood cell
count with 50% neutrophils were also included. The criteria
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for tuberculous meningitis always included mycobacterial
culture: acid-fast bacilli (AFB) smear was included in three of
seven studies, and mycobacterial polymerase chain reaction
was included in one of six studies. One study used consistent
clinical picture and response to anti-TB medications as
diagnostic criteria. In three of seven studies, patients with
TB isolated in another body location with signs and symptoms
of meningitis were included. For the diagnostic criteria for
cryptococcal meningitis, all studies used fungal culture in
their diagnostic criteria. All studies performed a cryptococcal
antigen (CrAg) on the specimens, but only five of seven studies
included these findings in the diagnostic criteria. Five studies
performed India ink on CSF samples, but only four of these
studies used the findings as part of their diagnostic criteria.
Patients who met criteria for meningitis but did not meet
diagnostic criteria for pyogenic, tuberculous or cryptococcal
meningitis were classified as ‘‘other.’’
Table 1 shows the rates of meningitis infection among
patients living with HIV, ages 18 years, from seven studies.
High rates of cryptococcal meningitis were seen in all studies,
ranging from 19 to 68% of all reported cases of meningitis. The
prevalence of tuberculous meningitis was lower (136%),
although some centres included possible cases as ‘‘other’’
meningitis; therefore, this may not be a true representation of
the total cases. Pyogenic meningitis ranged from 6 to 30% and
other meningitis ranged from 7 to 28% of all reported cases of
meningitis.
Overall, meningitis patients living with HIV had 210 times
higher mortality rates than meningitis patients who were HIVnegative. In Central African Republic, in-hospital mortality was
16.7% for HIV-negative patients and 57% for patients living with
HIV, with the highest mortality seen in those patients with
cryptococcal meningitis and pyogenic meningitis [5]. In
Zimbabwe, in-hospital mortality in patients living with HIV
and meningitis was highest for pyogenic meningitis (68%) and
overall was 45.8%. The mortality rate was not given for HIVnegative patients [6]. In Pretoria, South Africa, 25% of the
meningitis patients living with HIV died at the end of the fouryear study period, a rate that was more than double that of the
HIV-negative/not tested group (11%) [4]. In Soweto, South
Africa, there was no difference in mortality rates between
Table 1.

patients living with HIV and those who are HIV-negative:
overall mortality was 31% [3]. The Gold Fields, South Africa,
study reported a six-month mortality rate of 47.4% among HIVpositive patients and 5.3% in HIV-negative patients [7]. The
Cape Town, South Africa, study and the Malawian study did not
report mortality results [8,9].

Discussion
This review provides an updated, systemic review of the
prevalence of specific aetiologies of meningitis among persons with HIV infection in sub-Saharan Africa. We found that
the most common form of meningitis among patients living
with HIV in sub-Saharan Africa was cryptococcal meningitis.
No large, prospective, population-based studies exist on the
aetiologic incidence of meningitis among the general population in sub-Saharan Africa; however, the data that exist
indicate that the most common aetiologies among the general
population depend on the HIV prevalence in that region.
In areas with low HIV prevalence, bacterial causes such as
meningococcal meningitis are most prevalent; however, in
areas of high HIV prevalence, cryptococcal and tuberculous
meningitis have been found to be most prevalent, which
correlates with our findings when aetiologies among only HIVpositive patients are examined [6,8,10]. These findings have
broad implications for health care centres and increase the
diagnostic and management complexity, as cryptococcal
meningitis and tuberculous meningitis can be very difficult
to diagnose and treat. Overall, mortality rates among HIVpositive patients were also higher compared to those of
HIV-negative patients, indicating a larger role for prevention
of these diseases.
Treatment of meningitis and its complications has several
components. Those include: identifying the organism in a
timely fashion; finding and instituting appropriate antibiotic
therapy; managing increased intracranial pressure; and managing neurological complications (e.g. stroke and seizures)
and systemic complications (e.g. syndrome of inappropriate
antidiuretic hormone secretion (SIADH) and sepsis). Delaying
or mismanaging any of those components can result in
significant mortality and morbidity, including hearing loss,

Aetiology of meningitis among patients living with HIV in seven African medical centres

Country
Central African

Author, year
Bekondi, 2006

Total cases of

Cryptococcal

Pyogenic

Tuberculous

Other

meningitis

meningitis, n (%)

meningitis, n (%)

meningitis, n (%)

meningitisa, n (%)

215

84 (39.1)

66 (30.7)

3 (1.4)

62 (28.8)

Republic
Zimbabwe

Hakim, 2000

170

80 (47.1)

25 (14.7)

21 (12.4)

44 (25.9)

South Africa

Bergemann, 1996

106

37 (34.9)

10 (9.4)

39 (36.8)

20 (18.9)

South Africa

Jarvis, 2010

492

337 (68.5)

29 (5.9)

126 (25.6)

n/ab

Malawi

Cohen, 2010

235

110 (46.8)

48 (20.4)

41 (17.4)

36 (15.3)

South Africa
South Africa

Schutte, 1999
Silber 1999

44
41

22 (50.0)
8 (19.5)

3 (6.8)
4 (9.8)

16 (36.4)
9 (21.9)

3 (6.8)
20 (48.8)

1303

678 (52.0)

185 (14.2)

255 (19.6)

185 (14.2)

Total

a
Other  lymphocytic, mononuclear, neuro-syphilitic, post-surgical and viral aetiologies; bunable to calculate, as the original article did not
include HIV status percentiles for other meningitis aetiologies.
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focal neurological deficits, learning disorders and seizures. We
have set out to summarize the most common causes of
meningitis in individuals living with HIV in sub-Saharan Africa
and present important diagnostic, treatment and prevention
considerations.
Bacterial meningitis
Streptococcus pneumoniae
Pneumococcal meningitis, caused by the bacterium S.
pneumoniae, is a serious and frequently life-threatening
disease. It has been established in several studies, both internationally and in the United States, that patients living with
HIV have a much higher risk of developing pneumococcal
meningitis than the general population, with relative risks
reported between 20 and 150 times higher [11,12]. The exact
mechanism for that increased risk is not known.
In the African setting, the mortality rate associated with
pneumococcal meningitis is especially high compared to rates
in high-income countries [13]. In Malawi, the mortality rate
among patients with pneumococcal infection was 53.4%, of
whom 87% were living with HIV [14]. Similar rates were seen in
Senegal with a pneumococcal meningitis mortality rate of
69.8%, of whom only 12% were living with HIV [15]. This is
compared to a Spanish cohort of patients living with HIV who
had a mortality rate of 11% [16]. Possible reasons for this
striking difference include delays in presentation and clinical
management, limited access to antiretroviral treatment
among the African population as well as suboptimal resuscitation and intensive care support [14].
Pneumococcal meningitis most often presents with the
classic triad of fever, neck stiffness and altered mental status
[16]. Patients with pneumococcal meningitis can also present
with sensitivity to light, headaches and vomiting [17]. Atypical
presentations have been observed, especially in patients
living with HIV, and they include seizures as the presenting
symptom [5,11]. Patients with pneumococcal meningitis were
more likely to have distant foci of infection, including
pneumonia, sinusitis and otitis (63%), compared to other
aetiologies of meningitis in one large study [16].
The first-line treatment in sub-Saharan Africa is intravenous
or intramuscular ceftriaxone, cefotaxime or chloramphenicol
and should be initiated as soon as a presumptive diagnosis
of bacterial meningitis is made [18]. In a recent meta-analysis
of antibiotic susceptibility among S. pneumoniae in Africa
from 1978 to 2011, 23.8% of isolates were found to be nonsusceptible to penicillin and 5.7% were non-susceptible to
chloramphenicol. Ceftriaxone or cefotaxime resistance was
only seen in 3.1% of pneumococcal isolates, supporting the
continued use of third-generation cephalosporins as a firstline antibiotic treatment [19]. Not surprisingly, considering
the widespread use of trimethoprim-sulphamethoxazole in
sub-Saharan Africa, resistance was seen in 51.6% of isolates.
Even when treated with effective antibiotics, pneumococcal
meningitis continues to have high rates of mortality and
neurological morbidity including hearing loss, hemiparesis,
epilepsy, ataxia and cognitive disability. Adjunctive steroid
treatment is often given to attenuate inflammation in the
subarachnoid space in an attempt to decrease the morbidity
and mortality of this disease. In a recent meta-analysis, dexa-

methasone as adjunctive treatment in high-income countries
did show reduction in severe hearing loss (RR, 0.51; 95% CI,
0.35 to 0.73), any hearing loss (RR, 0.58; 95% CI, 0.45 to 0.73)
and short-term neurological sequelae (RR, 0.64; 95% CI,
0.48 to 0.85), as well as a trend towards mortality benefit
(RR, 0.81; 95% CI, 0.65 to 1.05; p  0.10). Benefits in lowincome countries were not seen in mortality (RR, 1.00; 95% CI,
0.88 to 1.14), severe hearing loss (RR, 0.99; 95% CI, 0.72 to
1.38), any hearing loss (RR, 0.91; 95% CI, 0.78 to 1.06) or shortterm neurological sequelae (RR, 1.03; 95% CI, 0.81 to 1.31).
Patients studied in low-income countries were often malnourished and admitted in a later state of disease, which may lessen
the protective effect of steroids. Patients in those studies also
had higher HIV infection rates and often received suboptimal
antibiotics, which may also have led to the lack of benefit
seen in this population. In a Vietnamese study with a B1% HIV
prevalence rate, mortality benefit was seen with steroids,
but because of the low HIV prevalence rate, these findings
cannot be applied to African patients living with HIV [20].
Because of the lack of benefit seen in African studies, steroids
are not generally recommended in sub-Saharan Africa [21
23]. Oral glycerol as an adjunctive treatment was recently
studied in an African context and shown to have no benefit,
with a trend towards increased mortality [24].
High rates of pneumococcal meningitis in Africa with
associated high mortality rates make this a prime target for
prevention by immunization. However, the impact of polysaccharide pneumococcal vaccine (PPV) on people living with
HIV who are not on antiretroviral therapy (ART) remains
controversial. Retrospective cohort studies suggest benefit in
patients living with HIV in the United States; however, a
randomized controlled trial showed no benefit in the African
context, and therefore the PPV is not recommended alone
[2527]. PPV is recommended in combination with the
pneumococcal conjugate vaccine (PCV) to expand the coverage of potential disease-causing serotypes [28]. That recommendation is extrapolated from a randomized controlled trial
using seven-valent pneumococcal conjugate vaccine (PCV-7)
in Malawian adults (88% living with HIV) who had recovered
from an episode of invasive pneumococcal disease; that
vaccine prevented 74% of recurrent episodes of invasive
pneumococcal disease [29]. There are no current World
Health Organization (WHO) recommendations for the use of
pneumococcal vaccines in the care of adults living with HIV;
however, WHO recommends the inclusion of PCVs in childhood immunization programmes worldwide, which has the
potential of offering secondary benefit to adults living with
HIV through herd immunity. The uptake of that recommendation has been limited, with only 21% of African children B5
years of age in 2012 receiving three doses of PCV [28,30].
PCVs are an effective and safe preventive strategy, and
increasing their availability, both in the general population
and potentially as part of routine HIV care, should be a top
priority.
Neisseria meningitidis
Meningococcal meningitis is generally thought to cause
epidemics in the traditionally defined ‘‘meningitis belt’’
(from Senegal in the west to Ethiopia and Sudan in the
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east). There is evidence, however, that this meningitis belt may
be expanding as a result of climate change to include portions
of Southern and Eastern Africa [31]. Outbreaks most commonly occur during the dry season, during which time it is
hypothesized that aerosolized dust damages lung mucosa
resulting in increased coughing and transmissibility [32].
Several reports from Africa have concluded that HIV
infection does not increase susceptibility to meningococcal
disease [3336]. That lack of association has not been found
in all studies, however, and a recent study from South Africa
showed that the incidence of meningococcal disease in HIVpositive individuals was elevated in all age groups compared to HIV-negative individuals (relative risk, 11.3; 95% CI,
8.914.3). The study also showed excess mortality among
individuals living with HIV (20% vs. 11%; odds ratio (OR), 2.1;
95% CI, 1.13.9) [37].
Meningococcal meningitis has a similar presentation to
pneumococcal meningitis, with neck stiffness, fever, sensitivity to light, altered mental status, headaches and vomiting.
The presentation can be much more severe in bacteraemic
patients who may present with characteristic skin manifestations, such as petechiae and palpable purpura, loss of limbs
due to tissue necrosis, adrenal infarction leading to adrenal
insufficiency (Waterhouse-Friderichsen syndrome), purpura
fulminans, and disseminated intravascular coagulation leading to rapid circulatory collapse.
Treatment consists of hospital care and prompt intravenous
antibiotic therapy. Antibiotics recommended by WHO include
intravenous penicillin, ampicillin, chloramphenicol or ceftriaxone. In cases of epidemics where resources are limited,
a single dose of intravenous ceftriaxone or intramuscular,
long-acting (oily) chloramphenicol has been shown to be
effective [38]. The most recent review of N. meningitidis
isolates from sub-Saharan Africa was published in 2009 and
showed that all N. meningitides isolates were susceptible to
ceftriaxone, chloramphenicol and ciprofloxacin. No isolate
produced b-lactamase. Only three isolates (2%) displayed
reduced susceptibility to penicillin G, thus supporting the
current WHO treatment guidelines [39,40].
Of the meningococcal meningitis epidemics in Africa over
the past 70 years, 8085% have been serogroup A. Because
of this, these epidemics were often able to be controlled
with polysaccharide vaccines. That type of vaccine, however,
does not lead to long-lasting immunity, nor does it decrease
carriage or transmission [31]. A new conjugate vaccine was
developed in 2009 which has been shown to be associated
with an impressive decrease in the incidence of meningococcal meningitis as well as N. meningitides nasal carriage
following a mass immunization campaign in Burkino Faso,
Mali, Niger, Chad and areas of Cameroon and Nigeria [41].
In fact, in Chad and Niger, where mass vaccination campaigns
have taken place, serogroup A incidence has massively
decreased [42,43]. While mass vaccination campaigns are
currently underway in the meningitis belt, a recently published model shows that a more sustainable approach to
obtain the lowest infection rates would also include followup vaccination campaigns of one to five year olds every five
years [44].

Other bacterial pathogens
While there have been reports of other bacterial causes of
meningitis in African patients, such as Haemophilus influenzae, Salmonella spp., Enterobacter cloacae, Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus aureus and
Klebsiella pneumonia, they only account for 16% of the
total reported cases [5,11].
Fungal meningitis
Cryptococcus neoformans
The HIV epidemic has caused a marked increase in cases of
cryptococcal meningitis such that it has become the most
common cause of meningitis in some areas of sub-Saharan
Africa and was the leading cause of meningitis in our review
among African patients living with HIV [5,9,45]. Sub-Saharan
Africa has the highest incidence of cryptococcal meningitis
in the world with an estimated 720,000 new cases reported
in 2006 and an estimated 504,000 deaths. When comparing
the estimate of deaths in sub-Saharan Africa with other diseases excluding HIV infection, deaths associated with cryptococcal meningitis are higher than those from tuberculosis
(350,000), with the former causing 2025% of AIDS-related
mortality in Africa [46]. The cryptococcal meningitis case fatality rate is 3565% in African patients living with HIV
compared to 1426% amongst patients living with HIV in
high-income countries [4751].
Part of the explanation for the high mortality rate is the
limited diagnostic resources available in many health centres
across sub-Saharan Africa. There are no clinical criteria that
reliably predict the diagnosis of cryptococcal meningitis,
and labs often lack the ability to perform fungal cultures or
CrAg testing [9]. In 2011, with the advent of new, low-cost,
point-of-care lateral flow assays (LFAs), which have very high
sensitivity and specificity, WHO recommended a change to the
diagnostic work-up of meningitis to include prompt lumbar
puncture (LP) with measurement of rapid CSF CrAg or rapid
serum CrAg [5254]. In areas of high HIV prevalence, including
CrAg screening in the initial work-up for meningitis has been
shown to be highly cost-effective and should be considered
[55].
Another cause for the high mortality rate seen in cryptococcal meningitis is limited access to recommended treatment
in much of sub-Saharan Africa. A recent randomized controlled trial in Vietnam demonstrated that two-week induction
treatment with amphotericin B and flucytosine was associated
with improved survival at all endpoints compared to amphotericin alone [56]. However, those antifungal agents are not
available in many African medical centres. Amphotericinbased regimens also require rigorous laboratory monitoring,
including a minimum of biweekly potassium and creatinine
measurements, pre-hydration with 1 L normal saline prior
to amphotericin dosing and management of electrolyte abnormalities to maintain potassium levels 3.3. If amphotericin
B is not available, high-dose fluconazole plus flucytosine,
or high-dose fluconazole alone, is recommended [52]. It is
also critical to measure opening pressure when performing
LPs. If elevated (20 cm H2O), in order to prevent complications caused by increased intracranial pressure, daily
therapeutic LPs should be performed until the opening
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pressure measurement is normal on more than two consecutive days. Early Initiation of ART early after cryptococcal
meningitis diagnosis ( B2 weeks) was recently shown to
increase overall mortality because of immune reconstitution
syndrome; therefore, it is recommended to wait either 24
weeks if amphotericin induction is used or 46 weeks if
fluconazole induction is used prior to ART initiation [52,57,58].
Given the difficulties in managing cryptococcal meningitis
along with the high mortality rates, increasing awareness
is being given to prevention of this life-threatening disease.
Initial attempts to provide primary prophylaxis with fluconazole or itraconazole did not lead to improved mortality
outcomes [59]. With the advent of the CrAg LFA of serum,
which is a new, low-cost, highly sensitive, point-of-care screening test, a screen-and-treat strategy is now being recommended in HIV-positive patients with CD4 B100 cells/mL. This
approach has been shown to decrease the incidence in the
development of cryptococcal meningitis in asymptomatic
patients who receive pre-emptive treatment with fluconazole
(800 mg orally 2 weeks, followed by 400 mg orally 8
weeks, followed by 200 mg orally daily until CD4 200) after
screening positive with the CrAg LFA. Furthermore, this has
been found to be a cost-effective approach and is increasingly
being implemented across sub-Saharan Africa into routine HIV
care for those with CD4 B100 cells/mL at initiation of care
[52,6062].
Other fungal pathogens
Other fungal pathogens rarely involve the meninges.
Histoplasma capsulatum can occasionally cause meningitis,
and it is endemic to Africa, most frequently seen in South
Africa [63]. Candida species may also rarely cause meningitis.
Mucosal candidiasis is a common feature among patients
living with HIV; however, a disseminated Candida infection
leading to meningitis is an extremely rare and late complication of AIDS.
Mycobacterial meningitis
Mycobacterium tuberculosis
Tuberculosis is a common cause of death worldwide, but
it is particularly severe amongst patients living with HIV,
killing 250,000 African HIV patients in 2012 [64]. HIV-positive
patients are more likely to develop extrapulmonary TB
(including TB meningitis) compared to HIV-negative patients
[65]. Mycobacterium tuberculosis is the second leading cause
of meningitis in African patients living with HIV, according
to our review.
Common symptoms of tuberculous meningitis are fever,
headache, irritability, neck stiffness, lethargy, nausea and
vomiting, focal neurological signs, altered consciousness,
SIADH, stroke, brain abscess and seizures [66]. One study
showed increased prevalence of impaired level of consciousness in patients living with HIV [67]; however, in a recent
review, the neurologic presentation amongst HIV-positive and
HIV-negative patients did not have wide variation. In that
review, HIV-positive patients did, however, present with
increased weight loss compared to HIV-negative [68]. Symptoms may be very similar to those of cryptococcal meningitis,
which makes distinguishing between the two based on clinical

presentation alone very difficult and highlights the urgent
need to use available rapid diagnostics [9,68]. Diagnosis of
tuberculous meningitis is challenging as symptoms are nonspecific and laboratory techniques lack sensitivity. Recently a
diagnostic scoring system was proposed for use in research
settings. While this score lacks clinical validation, it may assist
clinicians in developing a framework for use in the diagnosis
of tuberculosis and is summarized in Table 2 [66]. The classic
CSF analysis seen in tuberculous meningitis includes a high
white blood cell count with lymphocyte predominance, high
protein concentration and low glucose concentration. Those
findings are not universally seen in all tuberculous meningitis cases, and CSF results may occasionally even be normal
[66,69]. In addition, tests for Mycobacterium tuberculosis
in the CSF are notoriously insensitive as well as slow and
expensive. AFB smear of CSF is the traditional point-of-care
test, but it has a sensitivity of only about 20% unless higher
volume taps ( 7 ml) and increased microscopy time (30
minutes) are employed [70]. Liquid culture techniques
improve sensitivity to almost 60%, but take 14 weeks to
finalize [71]. Tests using the biomarker adenosine deaminase
(ADA) have not been shown to be sufficiently sensitive or
specific for diagnosis [72]. Because of those limitations,
there has been increasing interest in new point-of-care tests.
The use of nucleic acid amplification tests (NAATs), specifically
GeneXpert MTB/RIF (cepheid, Sunnyvale, Ca, USA), is an attractive diagnostic option in resource-limited settings because
of its simplicity of use, low rates of cross-contamination,
short result time and ability to rapidly detect rifampicin
resistance. The main limitation is its high cost. It has been
evaluated on CSF samples with varying results (sensitivity,
2786%; specificity, 99100%) [73,74]. The lipoarabinomannan (LAM) antigen detection enzyme-linked immunosorbent assay (ELISA) was recently evaluated for use in CSF for
diagnosis of tuberculous meningitis. It showed the highest
utility when used in HIV-positive patients with CD4 B 100 mL/
mm3 and when combined with a clinical prediction tool
(sensitivity, 63%; 95% CI, 4768; and specificity, 93%; 95% CI,
8298). The low cost and point-of-care platform make that
test appealing for resource-limited settings [75]. Interferongamma release assays are highly sensitive and specific for the
diagnosis of latent tuberculosis, but they cannot reliably be
used to rule out active disease [76]. Diagnostic imaging such as
computed tomography (CT) or magnetic resonance imaging
(MRI) can also be used in the diagnosis of tuberculous
meningitis, but it is not widely available in sub-Saharan Africa.
Radiographic findings include hydrocephalus and/or basal
meningeal enhancement with infarcts and tuberculomas, with
MRI having higher sensitivity than a CT scan. Those finding
are not highly specific and can be seen in other aetiologies
as well [66].
All patients living with HIV and tuberculous meningitis
require treatment with ART; however, immediate initiation
is associated with increased adverse events. It is therefore
generally recommended to initiate ART 28 weeks after
initiation of TB treatment in tuberculous meningitis [7779].
This is in contrast to treatment for pulmonary tuberculosis,
in which recent studies have shown that early initiation of
treatment is generally preferred [80]. Treatment of tuberculous
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Table 2.

Diagnostic criteria for the classification of definite, probable, possible and not tuberculous meningitis

Clinical entry criteria: ]1 of the following: headache, irritability, vomiting, fever, neck stiffness, convulsions, focal neurological deficits,
altered consciousness or lethargy
Definite: (A) Clinical entry criteria]1 of the following: AFB seen in the CSF; Mycobacterium tuberculosis cultured from the CSF; or a
CSF positive commercial nucleic acid amplification test (NAAT)
(B) AFB seen in the context of histologic changes consistent with TB in the brain or spinal cord with suggestive symptoms or signs
and CSF changes, or visible meningitis (on autopsy)
Probable: Clinical entry criteriatotal diagnostic score of ]10 points (when cerebral imaging is not available) or ]12 points (when cerebral
imaging is available) plus exclusion of alternative diagnoses. At least 2 points should come from either CSF or cerebral-imaging criteria.
Possible: Clinical entry criteriatotal diagnostic score of 69 points (when cerebral imaging is not available) or 611 points (when
cerebral imaging is available) plus exclusion of alternative diagnoses. Possible tuberculosis cannot be diagnosed or excluded without
doing a lumbar puncture or cerebral imaging.
Not tuberculous meningitis: Alternative diagnosis established, without a definitive diagnosis of tuberculous meningitis or other convincing
signs of dual disease.
Clinical criteria
Symptom duration 5 days

4

] 1 symptom: weight loss, night sweats, persistent cough for more than 2 weeks

2

History of close contact with person with pulmonary tuberculosis within the past year

2

Focal neurological deficit (cranial nerve palsies excluded)

1

Cranial nerve palsy
Altered consciousness

1
1

CSF criteria
Clear appearance

1

Cells: 10500/ml

1

Lymphocytic predominance ( 50%)

1

Protein concentration 1 g/L

1

CSF-to-plasma glucose ratio of B50% or absolute CSF glucose concentration B2.2 mmol/L

1

Cerebral imaging criteria
Hydrocephalus

1

Basal meningeal enhancement

2

Tuberculoma

2

Infarct

1

Pre-contrast basal hyperdensity

2

Evidence of tuberculosis elsewhere
Chest radiograph suggestive of active tuberculosis

2: signs of TB;
4: miliary TB
2

CT, MRI or ultrasound evidence for tuberculosis outside the CNS
AFB identified or Mycobacterium tuberculosis cultured from another source

4

Positive commercial M. tuberculosis NAAT from extra-neural specimen

4

Source: Adapted from Marais et al. [66].

meningitis generally consists of rifampicin and isoniazid for
912 months plus pyrazinamide with ethambutol, streptomycin
or ethionamide for the first two months [68]. The drugs with
the highest CSF penetration include isoniazid, pyrazinamide and
ethionamide [81]. Fluoroquinolones such as levofloxacin and
moxifloxacin also have excellent CSF penetration, and a large
clinical trial is underway to evaluate current standard tuberculous meningitis treatment regimens with standard treatment
intensified with high-dose rifampicin and additional levofloxacin
[82]. Drug-drug interactions must be considered when selecting
an ART regimen. Rifampicins significantly reduce concentrations of protease inhibitors, and their concomitant use is
relatively contraindicated. Regimens with non-nucleoside

reverse transcriptase inhibitors are preferred, and efavirenz
(/  dose modification) is considered the drug of choice
because of lower risk of drug-drug interactions [83,84].
The benefit of adjunctive corticosteroid treatment for
tuberculous meningitis in individuals living with HIV is
generally recommended based on benefit seen in the
general population. In a randomized controlled study from
Vietnam including 98 HIV-positive and HIV-negative adults,
adjunctive treatment with dexamethasone improved the
overall probability of survival at nine months and two
years but not at five years. Among an HIV-positive subgroup,
there was a non-significant reduction in death at nine
months. In a Cochrane review, corticosteroid use showed
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Table 3.

Summary of meningitis treatment recommendations from WHO and various studies

Aetiology
Pneumococcal
meningitis
Meningococcal

Treatment

Dose

Duration

2 g IV q12

710 days

Dexamethasone

0.4 mg/kg q12 hr

4 days

Ceftriaxone

2 g/day IM or IV

5 days

4 g/day IM (max 4 g)

1 dose in epidemic setting

Chloramphenicol

100 mg/kg IM (max 3 g)

1 dose in epidemic setting

Induction:
Amphotericin

0.71 mg/kg/day

2 weeks if prehydrationelectrolyte

Ceftriaxone
9

meningitis
Cryptococcal
meningitis



replacementtoxicity monitoring

Flucytosine

100 mg/kg/day

available; otherwise, 57 days

Fluconazole

1200 mg po qd

2 weeks

9 Flucytosine

100 mg/kg/day

If amphotericin not
available:

Consolidation:
Fluconazole

800 mg po qday

8 weeks

Maintenance:

200 mg po qday

Continue until:

Fluconazole

-stable AND
-adherent to ART and fluconazole for
]1 year AND
-CD4 cell count ]200 cells/mm3
(measured twice, 6 months apart).

Tuberculous
meningitis

Rifampicin


812 mg/kg (max 600 mg) po qday

912 months

46 mg/k (max 300 mg) po qday

912 months

2030 mg/kg po qday

For the first 2 months

Ethambutol,

1520 mg/kg po qday

For the first 2 months

Ethionamide
or

1520 mg/kg po qday (max 1 g/d)

Streptomycin

1218 mg/kg po qday

Isoniazid

Pyrazinamide

either


Dexamethasone

0.30.4 mg/kg/day 2 weeks, then

Total duration: 8 weeks

0.2 mg/kg/day 2 weeks, then
4 mg per day and taper 1 mg off qwk
Sources: From Refs. [18,20,52,84,95].

inconclusive benefit in patients living with HIV and tuberculous meningitis [8587].
Prevention efforts for tuberculosis meningitis in adults
are limited. In a meta-analysis, the Bacillus Calmette-Guérin
(BCG) vaccine has been found to be highly efficacious in
preventing meningitis in children. Age at vaccination was not
a significant TB predictor of vaccine efficacy; however, more
research is needed to assess its safety as there have been case
reports of fatal BCG infections among individuals living with
HIV [8893]. Isoniazid prophylaxis is currently recommended
by WHO for all HIV-positive patients with unknown or positive
tuberculin skin test (TST) who reside in resource-limited, high-

burden countries where active tuberculosis infection has been
excluded [94] (Table 3). Clinical benefits of isoniazid prophylaxis were seen in those HIV-positive patients with positive TST,
with a 74% (p  0.02) reduction in TB incidence and a 68%
(95% CI, 0.110.90) mortality reduction. That reduction was
seen while taking isoniazid; however, these results were not
durable after isoniazid was discontinued [96]. Because of the
concerns of toxicity with unclear benefit in those patients with
negative TST, as well as unnecessary cost, drug-drug interactions and difficulty in diagnosing active TB in HIV-positive
patients, routine use of isoniazid prophylaxis has not been
universally practiced despite being widely recommended.
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Other causes of meningitis
Viral meningitis was rarely seen in studies, although prevalence may be higher than reported as diagnostics are often
limited. Acute retroviral syndrome is also a known cause of
meningitis and generally recovers as the acute viraemia
resolves [97,98].
Aseptic meningitis has been described that results from
trimethoprim-sulphamethoxazole and other drugs. It presents as acute meningitis with lymphocytic pleocytosis, and
prompt resolution is seen when the drug is stopped [99].

Conclusions
Meningitis remains a major cause of morbidity and mortality
among patients living with HIV in sub-Saharan Africa, and in
many cases it is potentially preventable. This study shows that
the aetiology of meningitis among people living with HIV in subSaharan Africa is largely composed of cryptococcal meningitis,
followed by tuberculous meningitis and bacterial meningitis.
These findings are limited by the small number of studies found
and the limited reporting systems in place for this population.
More work is needed to further develop the reporting among
this population on a larger scale.
Diagnosis is often limited, and wider availability of accurate
and low-cost laboratory diagnostics is desperately needed for
prompt diagnosis and initiation of appropriate treatment.
Strong consideration should be given to make pneumococcal
conjugate vaccine and cryptococcal screening a part of routine
HIV care. Continued support of implementation of wide-scale
antiretroviral treatment is also critical. Wider acceptance and
adoption of available preventative modalities can decrease
the incidence of potentially fatal central nervous system
infections in African patients living with HIV.
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