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Abstract

Introduction: Tuberculous meningitis (TBM) the most fatal presentation of tuberculosis (TB) especially in HIV-
infected patients is a real diagnostic and therapeutic challenge worldwide. In Cameroon where HIV and TB are
amongst the leading public health problems, the magnitude of TBM has not been defined. Therefore, the objective
of this cross sectional study was to describe the presentation and in-hospital outcome of TBM among HIV patients
in Douala as well as its diagnostic difficulties.

Methods: We did a clinical case note analysis of all HIV-1 infected patients treated for TBM in the Internal medicine
unit of the Douala General Hospital, between January 1st 2004 and December 31st 2009. The diagnosis of TBM was
made using clinical, laboratory [cerebrospinal fluid (CSF) analysis] and/or brain computerised tomographic (CT) scan
features.

Results: During the study period, 8% (54/672) of HIV-infected patients had TBM. Their mean age was 40.3 ± 12.7
years. The main presenting complaint was headache in 74.1% (40/54) of patients. Their median CD4 cell count was
16 cells/mm3 (IQR: 10 – 34). CSF analysis showed median protein levels of 1.7 g/l (IQR: 1.3 – 2.2), median glucose
level of 0.4 g/l (IQR: 0.3 – 0.5) and median white cell count (WCC) count of 21 cells/ml (IQR: 12 – 45) of which
mononuclear cells were predominant in 74% of CSF. Acid fast bacilli were found in 1.9% (1/54) of CSF samples. On
CT scan hydrocephalus was the main finding in 70.6% (24/34) of patients. In hospital case fatality was 79.6% (43/54).

Conclusion: TBM is a common complication in HIV-infected patients in Douala with high case fatality. Its
presumptive diagnosis reposes mostly on CSF analysis, so clinicians caring for HIV patients should not hesitate to
do lumbar taps in the presence of symptoms of central nervous system disease.
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Background
Tuberculous meningitis (TBM) is the most severe and
dreaded manifestation of tuberculosis (TB) [1,2]. The HIV
pandemic which predominates in low resource settings [3]
has escalated the burden of TBM most especially as HIV
disease progression increases the risk of extra-pulmonary
tuberculosis [4]. In Cameroon, the burden of HIV is esti-
mated at 5.3% of the adult population [3] and the annual
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incidence of TB estimated at 177 per 100 000 people per
year [5] with HIV-TB coinfection rates approaching 50%
[6,7]. Evidence shows that HIV-infected individuals are at
greater risk of developing TBM, particularly at more ad-
vanced stages of immune-depression [8], with mortality
rates as high as 67% against 25% in HIV uninfected indi-
viduals [2,9,10]. Despite treatment, mortality and long-
term disability still remains unacceptably high thereby
iterating that prevention, early recognition, diagnosis and
appropriate treatment are fundamentals to improving
outcomes [11]. However, the diagnosis and treatment of
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TBM still remains difficult irrespective of setting and
becomes even more challenging when patients are HIV
co-infected [2]. Pathologically, TBM usually results from
haematogenous spread of primary or post primary pul-
monary infection or from the rupture of sub-ependymal
tubercle into the subarachnoid space [12]. Meningeal
involvement in this case mostly is non-specific making
suspicion and diagnosis difficult. Therefore, in order to
optimize medical care for TBM, and to raise awareness,
descriptive studies in different settings are useful for a
better understanding of the impact of this disease and also
to determine possible changes in its presentation over
time [12,13]. In Cameroon, such studies are rare in spite
of the high burden of both HIV [3] and tuberculosis [5].
More so, with the low scale up and low access to anti-
retroviral therapy [14], most HIV-infected patients still
present with severe immune depression thus a higher risk
of TBM. In this light, we decided to describe the clinical
and radiological features of HIV-infected patients admit-
ted to the Douala General Hospital with a presumed diag-
nosis of TBM, their outcome on treatment as well as the
diagnostic difficulties associated with TBM.

Methods
Study setting, patients and diagnosis of TBM and HIV
After local institutional ethical approval, we carried out
a cross sectional study at the Douala General Hospital, a
specialist hospital in Douala, Cameroon. This hospital
with a capacity of 320 beds is the main referral hospital
in the sub region. We included in the study all adult
(age >18 years) HIV-1-infected patients admitted to the
internal medicine unit of this institution between January
1st 2004 and December 31st 2009 and treated for pre-
sumed TBM. Identification of eligible patients for the
study was done by using the hospitalisation register of the
Internal Medicine unit. From this register which contains
patients’ diagnoses and outcome, we sorted those with
presumed TBM and obtained their files from the archives.
Socio-demographic and other information relevant to the
study were obtained from the files and recorded in a case
reporting form (CRF). Information on antiretroviral ther-
apy (ART) was not collected because very few patients
were on ART during the study period which represented
the era when ART had to be paid for by patients, most of
whom could not afford because of its high cost. In this
hospital, diagnosis of TBM is presumed when a patient
has clinical, biochemical and radiological features suspi-
cious of extrapulmonary TB with meningeal involvement.
Clinically, symptoms include fever, headache, seizure and
on examination focal signs or neck stiffness, and/or
seizures and/or altered mentation. In this institution, the
diagnosis of CNS disease in HIV follows an algorithm
whereby in the presence of CNS symptoms, a brain
computerised tomographic (CT) scan is advised to exclude
space occupying lesions and/or signs of raised intracranial
pressure (ICP) before performing a lumbar tap (LP) for
cerebrospinal fluid (CSF) analysis: protein levels, glucose
levels and white cell count (WCC). Based on CSF analysis,
TBM is presumed in the presence of high proteins, low
glucose, high white cell count, absence of Cryptococcus
(on Indian ink staining) and absence of bacteria that com-
monly cause meningitis (on gram stain) or their antigens
(Streptococcus pneumonia, Neisseria meningitis, Haemophi-
lus influenzae). TBM is confirmed when Mycobacterium
tuberculosis is found in the CSF. A chest X-ray is also done
in search of lung lesions suspicious of TB and three con-
secutive sputum samples on different days are collected
for examination by Ziehl-Nielsen staining, in case there is
a history of cough. For each patient, the decision to treat
is based on a combination of clinical, radiological and bio-
chemical argument or persistent or deteriorating clinical
state during conventional treatment of bacterial meningi-
tis. TB treatment is done with combination therapy of
rifampicin, isoniazid, pyrazinamide and ethambutol for
two months, then relay with rifampicin and isoniazid for
six to eight months according to national guidelines [15].
Adjuvant to this treatment is corticosteroid, given to
patients with deteriorating clinical states. HIV diagnosis at
the Douala General Hospital is according to national
guidelines [16] by antibody detection on two successive
samples using a third generation ELISA test BIOREX®
(Biorex Diagnostics Limited, Antrim, United Kingdom).
When both samples are positive, a third sample is
collected and tested using Genie® III HIV-1/HIV-2 Assay
(Bio-Rad Diagnostics, Marnes la Coquette, France) to
specify either HIV 1 or HIV 2. Patient is declared positive
for HIV if these three tests are positive and if any discord-
ance, testing is done using Western blot (New LAV blot,
Diagnostics, Pasteur, Marnes la Coquette, France).

Statistical analysis
The data collected was analysed using STATA 11.2
statistical software (Stata Corporation, College Station,
Texas). The main outcome of interest was in-hospital
mortality. Clinical features were categorised as either
present or absent. Based on the British Medical Research
Council (BMRC) TBM grading system [17] but slightly
different because the only criterion we used was focal
signs (consciousness not assessed), patients were graded
as grade I (absence of focal signs) and grade II/III (pres-
ence of focal signs). Continuous variables were expressed
using means and standard deviations or medians and
interquartile range (IQR) where necessary. For compari-
son, continuous variables were later categorised with
defined cut-off values. Results were presented in tables
most of which were expressed as percentages of the
study population. Given the low values in most cells of
the tables, comparison was done using Fisher’s exact



Table 2 Clinical, laboratory and radiological findings
among patients with presumed TBM

Findings n % (n/N)

Clinical presentation (N=54)

Headache 40 74.1
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test. Logistic regression was attempted, but a final model
was not built because the small sample size rendered
some cells of contingency tables empty, thus making this
analysis impossible. Evidence of association was consid-
ered for a two-tailed p-value <0.05.
Fever 32 59.3

Neck stiffness 31 57.4

Focal signs 22 40.7

CSF findings (N=54)

*Glucose <0.6 g/l 47 87.0

Proteins >0.5 g/l 54 100

White cell count (WCC) >5/μL 51 94.4

Predominantly mononuclear cells in total WCC 40 74.0

Positive Smear in CSF 1 1.9

CT scan findings (N=34)

Hydrocephalus 24 70.6

Meningeal contrast enhancement 16 47.1

Cortical atrophy 4 11.8

Chest X-ray (N=54)

Suspicious of TB 24 44.4

*Normal glucose in CSF considered to be 2/3 serum glucose averagely 1 g/l
(0.7 - 1.15).
Results
Characteristics of study population
During the study period, 672 files of HIV infected
patients were studied, of which 54 were retained for the
study, giving a prevalence of presumed TBM of 8%. The
study population was predominantly male (Table 1). The
mean age of the study population was 40.3 ± 12.7 years.
The most common symptom was headache (Table 2). The
median CD4 cell count of the patients was 16 cells/mm3

(IQR: 10 – 34). Men had lower median CD4 cell count
than women: 14 cells/mm3 (IQR: 9 – 19) vs. 27 cells/mm3

(IQR: 12 – 50). All patients had a lumbar tap (LP) done
for cerebrospinal fluid (CSF) analysis and pre-LP CT scan
was done in 62.9% (34/54) of patients. The main CT scan
findings are shown on Table 2. Macroscopically, 64.8%
(35/54) of CSF were clear. CSF analyses showed a median
protein level of 1.7 g/l (IQR: 1.3 – 2.2), median glucose
level of 0.4g/l (IQR: 0.3 – 0.5) and median white cell count
(WCC) count of 21 elements/ml (IQR: 12 – 45) with
predominantly mononuclear cells in 74% of samples
(Table 2). Mycobacterium tuberculosis was identified in
1.9% (1/54) of samples after Ziehl Nielson stain (Table 2).
Table 1 General characteristics of 54 patients
presumptively diagnosed with CNS tuberculosis

Characteristics N (%)

Age group

<30 10 (18.5)

30 – 39 19 (35.2)

40 – 49 8 (14.8)

50 – 59 14 (25.9)

>60 3 (5.6)

Sex

Male 30 (55.6)

Female 24 (44.4)

Marital Status

Single 11 (20.4)

Married 27 (50.0)

Divorced 2 (3.7)

Widow(er) 14 (25.9)

CD4 cell groups

<50 47 (87.0)

50 – 200 4 (7.4)

>200 3 (5.6)
CSF mycobacterial culture was not done due to logistic
reasons.

Grading and outcome of CNS TB patients
Based on the presence of focal signs, 59.3% (32/54) of our
patients were grade I (no focal signs) and 40.7% were
grade II/III. The case fatality rate in our study population
was 79.6% (43/54), 51.2% (22/43) of whom were grade
II/III. Of the total deaths, male sex represented 69.8%
(30/43). The median CD4 cell count of patients who died
was lower than that of those who survived: 16 cells/mm3

(IQR: 10 – 31) vs. 20 cells/mm3 (IQR: 11 – 209), p<0.001.
There were no statistically significant differences between
the CSF findings of patients who died and those who sur-
vived. Older age, headache and neck stiffness were not as-
sociated with death (Table 3).

Discussion
Though TBM is among the first three causes of CNS
opportunistic infections in HIV/AIDS patients in sub-
Saharan Africa, South America and Asia (the other two
being cerebral toxoplasmosis and cryptococcal meningitis)
[18,19] its real incidence and prevalence are not well
known in these resource limited settings [20]. This study
which had as one of its aims bringing to light the diag-
nostic difficulties of TBM in Cameroon showed that the
in-patient prevalence of TBM in HIV-1 at the Douala
General Hospital during the study period was 8% (54/672).



Table 3 Contingency table comparing those who died to
those who survived among 54 patients with TBM

Died Survived P-value (Fisher’s exact)

Age >40years

Yes 21 4 0.5

No 22 7

Sex

Male 30 0 0.001

Female 13 11

Headache

Yes 33 4 0.4

No 10 7

Neck stiffness

Yes 24 7 0.7

No 19 4

Focal signs

Yes 22 0 0.002

No 21 11

Hydrocephalus

Yes 20 4 0.01

No 4 6
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This finding though similar to that of an Indian study [20]
which found TBM in 7% of 375 patients with HIV, we
think it grossly underestimates the prevalence of TBM in
our setting. Irrefutably, one of the main problems facing
the unavailability of data on the burden of TBM around
the world is the challenge associated with its confirmatory
diagnosis. As with other forms of TB, the gold standard of
diagnosis is isolation of tuberculous bacilli through
detection by acid fast staining and/or culture of CSF.
Nevertheless, the yield of acid fast staining and culture
still remains low [20,21]. This fact could be illustrated
in our study where confirmatory diagnosis by bacillary
microscopy was in only 1.9% (1/54) of patients, the rest
of the diagnosis being presumptive. This, however, is
not surprising given the low sensitivity of acid-fast
smear in CSF on the order of 20 – 40% [22] and the fact
that this sensitivity greatly depends on the expertise of
the laboratory personnel and the frequency of LPs as
well as the volume collected. In one study, collecting 10
ml of CSF and centrifuging increased the sensitivity of
acid-fast bacilli yield to 69% [23]. Given that we usually
collected 1 – 2 ml could explain why we had such low
detection rates. Some other studies had similarly low
detection rates [10,13,24]. Therefore, for more yield
from acid fast microscopy, a minimum of 5 ml of CSF
should be collected [2] and centrifuged [23] so as to in-
crease sensitivity, this especially in a low income setting
like ours. On the other hand, acid fast bacilli culture is
not our routine practice due to logistic reasons and the
long delay for availability of results. In our setting
therefore, most diagnoses are based either on clinical
suspicion (and an associated favourable response to
empirical treatment) or on indirect clinical, laboratory
and/or radiological features suspicious of TBM, the
most crucial of which is CSF analysis [8].
Clinical features were useful in orientating clinical sus-

picion towards CNS disease, though they usually were
non-specific and not outstanding. In our study, head-
aches and fever were the most common symptoms in-
volving 74.1% and 59.3% of our patients respectively.
Though these finding were similar to those of some
studies [1,2,25] they were less than the over 80% preva-
lence in other studies [26,27]. This discrepancy could be
simply because our patients were more severely immune
depressed and patients with low CD4 counts are more
likely to present atypically [21]. More so, classical fea-
tures expected in bacterial meningitis were uncommon
in our TBM patients [28] probably because TBM being a
sub-acute disease with insidious onset and variable dur-
ation of symptoms from a few days to many months [29]
there is possibility of symptom modification by previous
non-specific treatment as is often the case with many
patients we receive in our referral institution. However
once suspected, initiation of anti-TB treatment becomes
urgent because of the associated high case fatality.
We therefore suspected TBM in the presence of CNS

disease orientating symptoms/signs and the diagnosis
relied almost entirely on CSF finding of high proteins
levels, low glucose levels and leucocyte pleocytosis espe-
cially where there was mononuclear cell predominance
[2,8,28]. We also used CT scan features. In CSF we
found that the median WCC in our study was similar to
that of one study [25] but was however lower than that
of others [1,2,8,26]. It is known that CSF WCC is lower
in HIV-infected TBM patients compared to those who
are HIV-uninfected [8] and patients with advanced HIV
disease usually have low numbers of lymphocytes in the
peripheral blood, which may be reflected by a low
lymphocyte count in the CSF. Moreover, TBM may
stimulate increased HIV replication in the CNS resulting
in destruction of CSF lymphocytes [21] this especially as
our study population was made up of severely immune
depressed patients. Therefore in settings like ours where
the burden of both TB and HIV overlap [3,30], LPs for
CSF analysis should be part of HIV patients care package
in those with CNS symptom as early diagnosis and treat-
ment of suspected TBM could be lifesaving.
CT scan findings in our TBM patients were mostly

hydrocephalus and meningeal enhancement. The former,
seen in 70.6% of our patients is similar to that in one
study [31] but much higher than what was found in two
other studies [25,27]. Given that in our institution, CT
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scan imaging of the brain is a common practice in CNS
disease investigation, these findings in our patients
raised much suspicion for TBM and together with CSF
findings improved our presumption of TBM diagnosis.
However, a remarkable proportion of our patients with
hydrocephalus died in the course of TBM treatment.
Given that the development of hydrocephalus either at
presentation or in the course of TBM is a factor associated
with mortality [32], our management of hydrocephalus
which was neither medically nor neurosurgically [33]
aggressive, could explain why most of our patients with
hydrocephalus died.
TBM is the most deadly form of TB particularly in

patients co-infected with HIV and severely immune
depressed [8]; 79.6% (43/54) of our patients died a case
fatality similar to that of other studies [9,34]. Though we
found such high mortality, the real mortality is probably
higher because some patients might have died before the
diagnosis. In our study, most of those who died were
men probably because they were more profoundly
immune depressed than women as reflected by their
median CD4 count. Also, the presence of focal signs and
altered consciousness on admission, were found in other
studies to be strongly associated with death [2]. In our
study, all those who presented with focal signs died.
According to the staging of the severity of TBM pro-
posed by the British Medical Research Council (BMRC)
Streptomycin in tuberculosis trial committee [18], the
presence of focal signs is a factor associated with poor
prognosis and this could be reflected in our study
whereby majority of the deaths were among those
graded BMRC grade II/III.
There were several limitations in our study. First of all,

its retrospective nature and the fact that information
was abstracted from medical case notes, (which often
are not uniformly recorded) created the problem of
missing data and probably resulted in a remarkable
proportion of eligible patients not included in the study.
Secondly the small sample size limited our statistical
analysis. Finally, being a hospital based study in a referral
hospital in an urban area, it does not capture the real
picture of the burden of TBM among HIV-infected
patients in Cameroon. However, the study portrays the
challenges faced by clinicians in the diagnosis and
management of TBM in HIV especially in a setting with
limited resources. With these challenges, we have
designed and put in place, a prospective study with the
aim of throwing more light on the burden of TBM both
in HIV-infected and HIV-uninfected patients in Douala,
from which we hope to obtain more robust data.

Conclusion
TBM is a common CNS complication in HIV-infected
patients in Douala. The definitive diagnosis of TBM is
very difficult especially in resource limited settings. This
diagnosis reposes mostly on analysis of sufficient
volumes (at least 5 ml) of CSF, as such, in the presence
of any CNS symptoms, clinicians caring for HIV patients
should not hesitate to do lumbar taps because these
symptoms may be revelatory of TBM, a complication
with very high case fatality. Treatment of TBM, should
also take into consideration specific management of its
complications, amongst which hydrocephalus is the
most outstanding.

Competing interest
The authors of this piece of work declare no conflict of interest.

Authors’ contribution
HNL, BCNT and ET designed the study. BCNT, BHNM and MPH collected the
data and together with ET, they entered the data. ET and HNL analysed the
data and were assisted by BCNT and MSD in the manuscript write up. HAJ,
SKS, MSD and MPH did the manuscript proof-reading and editing. All
authors read and approved the final manuscript to be submitted.

Acknowledgement
We wish to thank the secretariat of the Internal Medicine Unit which
contributed greatly in sorting out clinical case notes for data abstracting. We
thank the staff of the tuberculosis and HIV integrated management unit of
the Douala General Hospital and the Douala Research Network group for
their contribution.

Author details
1Internal Medicine Unit, Douala General Hospital, Douala, Cameroon. 2Faculty
of Medicine and Biomedical Sciences, University of Yaoundé 1, Yaoundé,
Cameroon. 3Universite des Montagnes, Bagangté, Cameroon. 4Faculty of
Medicine and Pharmaceutical Sciences, University of Douala, Douala,
Cameroon.

Received: 30 January 2013 Accepted: 6 June 2013
Published: 11 June 2013

References
1. Marais S, Pepper DJ, Marais BJ, Torok ME: HIV-associated tuberculous

meningitis–diagnostic and therapeutic challenges. Tuberculosis 2010,
90(6):367–374.

2. Thwaites GE, Tran TH: Tuberculous meningitis: many questions, too few
answers. Lancet Neurol 2005, 4(3):160–170.

3. Joint United Nations Programme on HIV/AIDS: Report on the global HIV/AIDS
epidemic. Geneva; Switzerland: UNAIDS; 2011. [Accessed November 20th 2012].
Available from http://www.unaids.org/en/media/unaids/contentassets/
documents/unaidspublication/2011/jc2216_worldaidsday_report_2011_en.pdf.

4. Ganiem AR, Parwati I, Wisaksana R, van der Zanden A, van de Beek D, Sturm P,
et al: The effect of HIV infection on adult meningitis in Indonesia: a
prospective cohort study. AIDS 2009, 23(17):2309–2316.

5. World Health Organisation: Global tuberculosis control 2011; 2011. Available
from: http://whqlibdoc.who.int/publications/2011/9789241564380_eng.pdf.

6. Sume GE, Etogo D, Kabore S, Gnigninanjouena O, Epome SS, Metchendje
JN: Seroprevalence of human immunodeficiency virus infection among
tuberculosis patients in the Nylon district hospital tuberculosis
treatment centre. East Afr Med J 2008, 85(11):529–536.

7. Pefura Yone EW, Kuaban C, and Simo L: [Tuberculous pleural effusion in
Yaounde, Cameroon: The influence of HIV infection]. Rev Mal Respir 2011,
28(9):1138–1145.

8. Vinnard C, Macgregor RR: Tuberculous meningitis in HIV-infected
individuals. Curr HIV/AIDS Rep 2009, 6(3):139–145.

9. Torok ME, Yen NT, Chau TT, Mai NT, Phu NH, Mai PP, et al: Timing of
initiation of antiretroviral therapy in human immunodeficiency virus
(HIV)–associated tuberculous meningitis. Clinical infectious diseases: an
official publication of the Infectious Diseases Society of America 2011,
52(11):1374–1383.

http://www.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2011/jc2216_worldaidsday_report_2011_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2011/jc2216_worldaidsday_report_2011_en.pdf
http://whqlibdoc.who.int/publications/2011/9789241564380_eng.pdf


Luma et al. AIDS Research and Therapy 2013, 10:16 Page 6 of 6
http://www.aidsrestherapy.com/content/10/1/16
10. George EL, Iype T, Cherian A, Chandy S, Kumar A, Balakrishnan A, et al:
Predictors of mortality in patients with meningeal tuberculosis.
Neurol India 2012, 60(1):18–22.

11. Brancusi F, Farrar J, Heemskerk D: Tuberculous meningitis in adults: a
review of a decade of developments focusing on prognostic factors for
outcome. Future Microbiol 2012, 7(9):1101–1116.

12. Donald PR, Schaaf HS, Schoeman JF: Tuberculous meningitis and miliary
tuberculosis: the Rich focus revisited. J Infect 2005, 50(3):193–195.

13. Roca B, Tornador N, Tornador E: Presentation and outcome of tuberculous
meningitis in adults in the province of Castellon, Spain: a retrospective
study. Epidemiol Infect 2008, 136(11):1455–1462.

14. Loubiere S, Boyer S, Protopopescu C, Bonono CR, Abega SC, Spire B, et al:
Decentralization of HIV care in Cameroon: increased access to
antiretroviral treatment and associated persistent barriers. Health Policy
2009, 92(2–3):165–173.

15. Cameroon National Tuberculosis Strategic plan 2010–2014. Yaoundé,
Cameroon: Ministry of Public Health; 2011. Available from: http://minsante-
cdnss.cm/sites/minsantecdnss.cm/files/biblio/2011/nationaltuberculosis
strategicplan2010.pdf.

16. PLAN STRATEGIQUE NATIONAL DE LUTTE CONTRE LE VIH, LE SIDA ET LES IST.
Yaounde, Cameroon: NATIONAL AIDS CONTROL COMMITTEE, Ministry of
Public Health; 2011. Available from: http://minsante-cdnss.cm/sites/
minsantecdnss.cm/files/biblio/fr/2012/2010-cnls-psn20112015draftfinal
17aoutok.pdf.

17. Medical Research Council. Streptomycin in Tuberculosis Trials
Committee, STREPTOMYCIN treatment of tuberculous meningitis. Lancet
1948, 1(6503):582–596.

18. Berhe T, Melkamu Y, Amare A: The pattern and predictors of mortality of
HIV/AIDS patients with neurologic manifestation in Ethiopia: a retrospective
study. AIDS Res Ther 2012, 9:11.

19. Tan IL, Smith BR, von Geldern G, Mateen FJ, McArthur JC: HIV-associated
opportunistic infections of the CNS. Lancet Neurol 2012, 11(7):605–617.

20. Garg RK, Sinha MK: Tuberculous meningitis in patients infected with
human immunodeficiency virus. J Neurol 2011, 258(1):3–13.

21. Pasco PM: Diagnostic features of tuberculous meningitis: a cross-sectional
study. BMC research notes 2012, 5:49.

22. Iseman MD: A clinician's guide to Tuberculosis. Baltimore, Md, USA: Lippincott
Williams & Wilkins; 1999.

23. Thwaites GE, Chau TT, Farrar JJ: Improving the bacteriological diagnosis of
tuberculous meningitis. J Clin Microbiol 2004, 42(1):378–379.

24. Christensen AS, Andersen AB, Thomsen VO, Andersen PH, Johansen IS:
Tuberculous meningitis in Denmark: a review of 50 cases. BMC Infect Dis
2011, 11:47.

25. Berenguer J, Moreno S, Laguna F, Vicente T, Adrados M, Ortega A, et al:
Tuberculous meningitis in patients infected with the human
immunodeficiency virus. N Engl J Med 1992, 326(10):668–672.

26. Cohen DB, Zijlstra EE, Mukaka M, Reiss M, Kamphambale S, Scholing M, et al:
Diagnosis of cryptococcal and tuberculous meningitis in a resource-
limited African setting. Tropical medicine & international health: TM & IH
2010, 15(8):910–917.

27. Hosoglu S, Geyik MF, Balik I, Aygen B, Erol S, Aygencel SG, et al: Tuberculous
meningitis in adults in Turkey: epidemiology, diagnosis, clinic and
laboratory [corrected]. Eur J Epidemiol 2003, 18(4):337–343.

28. Marx GE, Chan ED: Tuberculous meningitis: diagnosis and treatment
overview. Tuberculosis research and treatment 2011, 2011:798764.

29. Kent SJ, Crowe SM, Yung A, Lucas CR, Mijch AM: Tuberculous meningitis: a
30-year review. Clinical infectious diseases: an official publication of the
Infectious Diseases Society of America 1993, 17(6):987–994.

30. World Health Organisation: Tuberculosis country profile. Geneva, Switzerland:
WHO; 2010. Available from: https://extranet.who.int/sree/Reports?
op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%
2FTBCountryProfile&ISO2=CM&outtype=html.

31. Thwaites GE, Macmullen-Price J, Tran TH, Pham PM, Nguyen TD, Simmons
CP, et al: Serial MRI to determine the effect of dexamethasone on the
cerebral pathology of tuberculous meningitis: an observational study.
Lancet Neurol 2007, 6(3):230–236.
32. Lu CH, Chang WN, Chang HW: The prognostic factors of adult
tuberculous meningitis. Infection 2001, 29(6):299–304.

33. Cherian A, Thomas SV: Central nervous system tuberculosis. Afr Health Sci
2011, 11(1):116–127.

34. Bhagwan S, Naidoo K: Aetiology, clinical presentation, and outcome of
meningitis in patients coinfected with human immunodeficiency virus
and tuberculosis. AIDS research and treatment 2011, 2011:180352.

doi:10.1186/1742-6405-10-16
Cite this article as: Luma et al.: Tuberculous meningitis: presentation,
diagnosis and outcome in hiv-infected patients at the douala general
hospital, cameroon: a cross sectional study. AIDS Research and Therapy
2013 10:16.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://minsante-cdnss.cm/sites/minsantecdnss.cm/files/biblio/2011/nationaltuberculosisstrategicplan2010.pdf
http://minsante-cdnss.cm/sites/minsantecdnss.cm/files/biblio/2011/nationaltuberculosisstrategicplan2010.pdf
http://minsante-cdnss.cm/sites/minsantecdnss.cm/files/biblio/2011/nationaltuberculosisstrategicplan2010.pdf
http://minsante-cdnss.cm/sites/minsantecdnss.cm/files/biblio/fr/2012/2010-cnls-psn20112015draftfinal17aoutok.pdf
http://minsante-cdnss.cm/sites/minsantecdnss.cm/files/biblio/fr/2012/2010-cnls-psn20112015draftfinal17aoutok.pdf
http://minsante-cdnss.cm/sites/minsantecdnss.cm/files/biblio/fr/2012/2010-cnls-psn20112015draftfinal17aoutok.pdf
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=CM&outtype=html
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=CM&outtype=html
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=CM&outtype=html

	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Background
	Methods
	Study setting, patients and diagnosis of TBM and HIV
	Statistical analysis

	Results
	Characteristics of study population
	Grading and outcome of CNS TB patients

	Discussion
	Conclusion
	Competing interest
	Authors’ contribution
	Acknowledgement
	Author details
	References

