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Abstract
Background Tuberculous meningitis (TBM) emerges as a grave complication of tuberculosis in people living with 
HIV (PLWH). The diagnosis and treatment of TBM pose significant challenges, leading to elevated mortality rates. To 
comprehensively grasp the epidemiological landscape of TBM in PLWH, a systematic review and meta-analysis were 
meticulously undertaken.

Methods We performed a comprehensive search in PubMed, Embase, and Web of Science from database inception 
to September 19th, 2023, with no limitations on the publication type. The search terms were HIV/AIDS terms (AIDS 
OR HIV OR PLWH) and TBM-related terms (tuberculous meningitis OR TBM). Studies included in this meta-analysis 
evaluated the incidence of TBM among PLWH, or we were able to calculate the incidence of TBM among PLWH from 
the research.

Results The analysis revealed that the prevalence of TBM among PLWH was 13.6% (95% CI: 6.6–25.9%), with an 
incidence rate of 1.5 cases per 1000 persons per year. The case fatality rate was found to be 38.1% (95% CI: 24.3–
54.1%). No significant publication bias was observed. Meta-regression analysis identified the proportion of females 
and finance situation as factors influencing the outcomes.

Conclusions Our study highlights TBM as a prevalent opportunistic infection that targets the central nervous system 
in PLWH. The elevated case fatality rate is especially prominent among PLWH in impoverished regions, underscores 
the pressing necessity for enhanced management strategies for PLWH suffering from TBM.

Trial registration PROSPERO; No: CRD42022338586.
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Background
Tuberculous meningitis (TBM) is a common neurologi-
cal disorder in young children and people living with 
HIV (PLWH), and it accounts for approximately 1% of 
all cases of tuberculous (TB) [1, 2]. Moreover, TBM is a 
fatal form of TB that kills or severely disables up to 50% 
of infected individuals [3–5]. In many regions around 
the world, especially in countries with TB epidemics, TB 
is the predominant cause of bacterial meningitis due to 
the protective effects of vaccination against other forms 
of meningitis. Moreover, the challenge of diagnosis and 
treatment delay is compounded by the lack of specific 
clinical features and the insensitivity of laboratory tests, 
ultimately contributing to its elevated mortality rate [6]. 
Critical risk factors for TBM, including age, anti-TB regi-
mens, disease duration, and HIV infection, may contrib-
ute to the incidence and outcomes of TBM [7, 8].

PLWHs have an increased risk of developing all forms 
of TB [9], coinfection with TB influences the pathogen-
esis of HIV and increases HIV-1 replication in PLWH 
[10]. In adults, HIV-1 coinfection is the most significant 
risk factor for TBM. Additionally, TBM has become 
a severe HIV-associated CNS opportunistic infection 
and has increased the relative risk of death from two- 
to three-fold in PLWH, even with the introduction of 
antiretroviral therapy (ART) [11]. In the context of HIV 
infection, the pathological, clinical, and laboratory find-
ings in patients with TBM are influenced in various ways, 
and the outcomes of TBM may be poor [12]. Although 
previous studies have shown that TBM is linked to a 
significant risk of neurological complications and death 
[13–15], and Purmohamad et al. found a high incidence 
of TBM-HIV coinfection [16], there is currently a lack 
of systematic analysis of the incidence, prevalence, and 
mortality rates of TBM infection in adult PLWH.

In this study, we performed a systematic review and 
meta-analysis to understand the global prevalence, inci-
dence and case fatality of PLWH with TBM. Additionally, 
we aimed to analyse the potential risks of death associ-
ated with TBM in PLWH, providing new insights into 
strategies for diagnosing and treating the disease.

Methods
This study is registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO; regis-
tration No: CRD42022338586). Furthermore, this study 
was reported according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines [17]. The PRISMA checklist is provided in 
Supplement Table 1.

Search strategy
We performed a comprehensive search in PubMed, 
Embase, and Web of Science from database inception 

to September 19th, 2023, with no limitations on the 
publication type. To avoid bias due to language barri-
ers, we only searched the articles written in English. The 
search terms were HIV/AIDS terms (AIDS OR HIV OR 
PLWH) and TBM-related terms (tuberculous meningitis 
OR TBM). We further screened the reference lists of the 
selected articles to identify missing studies. A detailed 
description of the search strategies is provided in Supple-
ment Table 2.

Selection criteria
Studies included in this meta-analysis evaluated the 
incidence of TBM among PLWH, or provided data that 
allow for the calculation of the incidence of TBM among 
PLWH from the presented research. We excluded the fol-
lowing types of studies: (1) not related to HIV/AIDS; (2) 
research protocols or feedback reports; (3) case reports; 
(4) review articles; (5) children-oriented; (6) compara-
tive study; (7) the prevalence or the incidence of TBM 
among PLWH could not be extracted; (8) participants 
less than 20. Researchers (XC and JW) removed duplicate 
studies using EndNote X9 software, selected preliminary 
search results through title and abstract, and then further 
determined the remaining articles by assessing full-text. 
Disagreements between reviewers about eligibility were 
resolved by discussion with TZ and YZ.

Data extraction
Two researchers (XC and JW) independently extracted 
and cross-checked relevant data using an Excel spread-
sheet. The main information was the prevalence, 
incidence, and case fatality of TBM among PLWH. 
Additionally, we extracted other information from these 
articles, including authorship, year of publication, type 
of study, study location, sample size, mean age of par-
ticipants, sex distribution, and current CD4+ T cell 
count from the total PLWH population and the TBM 
population.

Statistical analysis
Comprehensive Meta-Analysis (CMA) Version 3.0 (Bio-
stat, Englewood, New Jersey) was adopted for quantita-
tive analysis. Firstly, we calculated the combined event 
rate (ER) using the prevalence and death of TBM, and 
the total number of samples included. Next, the number 
of cases in the cohort articles was divided by the num-
ber of months of surveillance and then multiplied by 12 
to calculate the number of cases per year [18]. Person-
years were represented by the total number of HIV cases 
in each country during the study year, obtained from the 
UNAIDS website (https://www.unaids.org/en/region-
scountries/countries). The rate was the number of cases 
per year multiplied by person per year. In addition, we 
conducted a random effects meta-analysis using the ER 

https://www.unaids.org/en/regionscountries/countries
https://www.unaids.org/en/regionscountries/countries
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to estimate the prevalence and the case fatality of TBM 
among PLWH and used the rate to estimate the incidence 
of TBM among PLWH. Additionally, the Egger ranks cor-
relation test was adopted to assess publication bias across 
studies. The I2 and Q-tests were used to evaluate the pro-
portion and statistical significance of heterogeneity. The 
threshold for statistical significance was 2-tailed p < 0.05.

Quality assessment
Two researchers (XC and JW) used the Agency of Health-
care Research and Quality (AHRQ) methodology check-
list (http://www.ncbi.nlm.nih.Gov/books/NBK35156/) 
for cross-sectional studies and independently assessed 
the individual studies. The checklist contained 11 items: 

(1) information source, (2) study criteria, (3) study 
period, (4) sampling, (5) interview method, (6) instru-
ment validation, (7) exclusion criteria, (8) the measure-
ment of confounding effects, (9) the process of dealing 
with missing values, (10) response rate, and (11) the use 
of follow-up assessment. According to this standard, 
studies were divided into three levels: high-quality (over 
8 points), moderate-quality (4–7 points), and low-quality 
(0–3 points).

Meta regression
The primary outcome of our study was the prevalence 
and incidence of TBM among PLWH, and the secondary 
outcome was the case fatality of TBM among PLWH. The 

Table 1 Characteristics of the included studies
Study Name Coun-

try and 
Region

Period of 
Sampling

Study 
Design

Sam-
ple 
Size, 
n

Age, 
year

Female 
Proportion

Current CD4+ 
T Cell Counts 
among PLWH

Current 
CD4+ T Cell 
Counts 
among TBM

Study 
Qual-
ity

Amalakanti-2017 India 2012.1-2016.5 Retrospec-
tive study

116 35 29 NA NA 9

Berenguer-1992 Spain 1985–1990 Retrospec-
tive study

455 28 14 NA NA 8

Bergemann-1996 South 
Africa

1994.5-1995.4 Retrospec-
tive study (8 
months) and 
prospective 
study (4 
months)

106 NA NA NA NA 9

Berhe-2012 Ethiopia 2002.9-2009.8 Retrospec-
tive study

347 35 49 96 114 10

Boaz-2016 Tanzania 2012.12-2013.5 Prospective 
study

60 39 68 89 NA 9

Dai-2014 China 2009.9-2011.8 Retrospec-
tive study

60 36 23 39 14 10

Ellis-2019 Uganda 2015.3-2017.9 Prospective 
study

842 35 43 26 85 10

Ganiem-2009 Indonesia 2006.11-2008.11 Prospective 
study

47 30 23 13 NA 10

Hakim-2000 Zimbabwe 1994.1-1994.10 Prospective 
study

168 32 40 NA 131 7

Jowi-2007 Kenya 2000.1-2005.6 Retrospec-
tive study

150 39 43 NA 67 8

Kongsiriwattanakul-2011 Thailand 2007.1- 2008.12 Retrospec-
tive study

148 36 30 64 142 7

Luma-2013 Cameroon 2004.1-2009.12 Retrospec-
tive study

572 NA NA NA 16 8

Portocarrer-1996 Spain 1988–1992 Prospective 
study

142 NA NA NA 139 7

Ramírez-Crescencio-2013 Mexico 1995.1-2009.12 Retrospec-
tive study

320 34 15 NA NA 6

Schutte-2000 South 
Africa

1994.3-1998.2 Prospective 
study

44 34 45 NA 147 10

Silber-1999 South 
Africa

1996.7-1996.11 Prospective 
study

38 NA NA 158 142 6

Tenforde-2019 Botswana 2000–2015 Retrospec-
tive study

2946 36 48 91 104 7

http://www.ncbi.nlm.nih.Gov/books/NBK35156/
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predefined continuous moderators were age, gender (the 
proportion of women), the current median/mean CD4+ 
T cell counts among PLWH and TBM, finance situation 
(Per capita gross domestic product (GDP) was obtained 
from the world bank website: https://data.worldbank.org.
cn), and study quality. The categorical moderators were 
the study period, and the study design. Restricted ML 
meta-regression was used to evaluate associations. The 
results with p < 0.05 were considered as significance-level 
factors.

Results
Search results
After removing all duplicates from the 1824 records, 
1821 studies were screened. Of these, 1779 records were 
excluded based on the title and abstract, and 42 full-text 
articles were assessed for eligibility. Overall, 17 eligible 
studies were included in the meta-analysis. A flowchart 
of the study selection is shown in Fig. 1, and the details of 
the excluded articles are shown in Supplementary Table 
3.

Study characteristics
Among the 17 studies included, 9 were retrospective, and 
7 were prospective. The remaining studies were a combi-
nation of retrospective and prospective designs. In addi-
tion, 12 were cross-sectional studies, and five were cohort 
studies. Studies included data from Africa, Europe, Asia, 
and South America, comprising 6561 participants. Thir-
teen studies reported a mean age of 35 (range, 28–39) 
years; the mean female proportion was 36% (range, 
14–68%). The current CD4+ T cell counts was 13–158 
cells/µl in PLWH and 14–142 cells/µl in TBM. Six stud-
ies were considered moderate-quality studies, whereas 
the remaining were high-quality (Supplementary Table 
4). Additional characteristics of the included studies and 
their corresponding participants are presented in Table 1.

Meta-analysis of prevalence, incidence and case fatality of 
TBM
Prevalence
Twelve studies reported the prevalence of TBM among 
PLWH. The combined ER of TBM was 13.6% (95% confi-
dence interval [CI]: 6.6–25.9%). Significant heterogeneity 

Fig. 1 The flowchart of study selection
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was detected (Q: 520.4; I2: 97.9%; p < 0.001). Publication 
bias of the included studies had no statistical significance 
(intercept: -0.1, 95% CI: -114.4 to 14.3; p = 0.9) (Fig. 2).

Incidence
Five studies reported the incidence of TBM among 
PLWH. The combined rate of TBM was 1.5 per 1000 
per year (95% CI: 0.6–2.5 per 1000 per year). Significant 
heterogeneity was detected (Q: 43.9; I2: 90.9%; p < 0.001). 
Publication bias of the included studies had no statistical 
significance (intercept: 5.6, 95% CI: -2.5 to 13.7; p = 0.1) 
(Fig. 3).

Case fatality
Twelve studies reported on the case fatality of patients 
with TBM. The combined ER was 38.1% (95% CI: 24.3–
54.1%), and a significant heterogeneity was detected (Q: 
69.1; I2: 84.1%; p < 0.001). No significant publication bias 
was found (intercept: -1.5, 95% CI: -5.8 to 2.8; p = 0.4). 
The detailed results of the meta-analysis are presented in 
Fig. 4.

Meta-regression
We conducted meta-regressions on all factors extracted 
from the studies to analyse the prevalence and case 
fatality among patients with TBM. While no significant 
results were found for prevalence, two factors produced 

Fig. 4 Meta-analysis of case fatality of TBM among PLWH

 

Fig. 3 Meta-analysis of incidence of TBM among PLWH

 

Fig. 2 Meta-analysis of prevalence of TBM among PLWH
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substantial changes in outcomes: female proportion 
(coefficient: 0.05; p < 0.01) and finance situation (coeffi-
cient: -1.16; p = 0.02). The detailed results for the meta-
regression are available in Supplementary Table 5.

Discussion
This comprehensive systematic review and meta-analysis 
was conducted to elucidate the prevalence incidence of 
TBM in PLWH and the corresponding case fatality in this 
population. We found that the prevalence, incidence and 
case fatality were approximately 13.6%, 1.5 per 1000 per 
year, and 38.1%, respectively, indicating that the preva-
lence and incidence of TBM were relatively low, while 
TBM-associated case fatality was high in PLWH. More-
over, the results of the meta-regression analysis suggested 
that the proportion of females and the finance situation 
may have substantial impacts on the outcomes.

PLWH are approximately 14 times more likely to 
develop TB, and face more than double the mortal-
ity rate during TB treatment compared to the general 
population [19]. PLWH are at heightened risk for TBM, 
particularly at more advanced stages of immunosuppres-
sion [20]. Moreover, TBM in PLWH has a poor progno-
sis, with no appreciable difference in survival probability 
based on ART timing [21]. Navarro-Flores et al. found 
that the prevalence of HIV was positively associated with 
the prevalence of TBM, identifying HIV infection as a 
moderator in the prevalence of TBM among hospital-
ized patients [13]. Moreover, a meta-analysis conducted 
by Stadelman et al. also suggested that the mortality of 
adult TBM was high and is influenced by HIV status [22]. 
Our study demonstrated that TMB-associated case fatal-
ity is high in PLWH, consistent with previous research on 
patients with TB [4].

Several risk factors influence the outcomes of CNS OIs 
in PLWH, including region distribution, age, sex, pro-
phylactic history, and CD4+ T cell counts [23]. Our study 
analysed the related risk factors, including age, sex (the 
proportion of women), the current median/mean CD4+ 
T cell counts, and financial situation among PLWH and 
TBM. However, we did not find significant results for 
prevalence.

In addition, we found a marginal correlation effect 
(coefficient: -1.16; p = 0.02) between case fatality and 
socioeconomic status, indirectly indicating the region’s 
impact on case fatality. The changes in outcomes influ-
enced by regional distribution are consistent with previ-
ous studies on TB/HIV coinfection, which showed that 
high morbidity and mortality rates were observed among 
PLWH and TB in resource-limited countries such as 
those in sub-Saharan Africa [24].

In our study, another factor influencing case fatality 
was the proportion of females, which suggests that as the 
proportion of females increases, so does the case fatality 

rate. The worldwide incidence of TB has consistently 
been higher in men compared with women, although 
the male-to-female ratio varies per region [25]. However, 
HIV infection significantly contributed to the epidemic 
rates of TB in women, leading to a 5.3-fold increase, 
which was notably higher compared to men. Since there 
are only a few studies on sex in patients with TBM, we 
speculate that our findings could be attributed to the 
increased rates of TBM in women with the onset of HIV 
and more susceptibility to HIV.

In certain cohorts, the mortality rate among HIV 
patients coinfected with TBM exceeds 50% [26]. Impor-
tant contributing factors include the level of immuno-
suppression due to HIV and immune reconstitution 
inflammatory syndrome (IRIS) resulting from ART [27, 
28]. In our study, we used CD4+ T cell counts to measure 
the degree of immunosuppression in PLWH and found 
that the current CD4+ T cell counts ranged from 13 to 
96 cells/µl among PLWH and 12–142 cells/µl among 
PLWH with TBM, suggesting that these populations are 
severely immunocompromised. The CD4+ T cell counts 
may be associated with the case fatality of PLWH and 
TBM in our study. However, our study did not mention 
other potential risk factors among PLWH and TBM, such 
as drug-resistant TB, specific anti-TB regimens, disease 
duration, and the presence of accompanying pulmonary 
TB or other systemic TB, which could also be critical in 
determining the case fatality rate.

This study had several limitations. First, the number of 
included studies was limited, which restricted the gen-
eralizability of the results. Second, PLWH with TBM 
typically experience severe immunosuppression, charac-
terized by significantly low CD4+ T cell counts. There-
fore, it may affect the generalization of our findings to all 
PLWH. Third, the incomplete and discrepant data in the 
original articles, coupled with a dearth of detailed infor-
mation from individual studies, resulted in inadequate 
subgroup analyses. For example, age and CD4+ T cell 
counts showed no remarkable difference in the preva-
lence and case fatality. This lack of significance could be 
attributed to several factors: (1) in all studies, the mean 
age was approximately 30 years, which is consistent with 
the peak age at onset of TB; and (2) since the popula-
tion in our study was PLWH and TBM, the CD4+ T cell 
counts in each study were relatively low, with the highest 
not exceeding 150 cells/µl, leading to low statistical power 
in this subgroup analysis. In addition, the regional distri-
bution is limited owing to few relevant studies. Thus, our 
findings of regional differences do not reflect the global 
distribution and lack validity and generalizability. For 
example, the outcomes of the regional distribution in the 
population suggested that Europe has the most signifi-
cant number of studies, the prevalence of TBM in PLWH 
is generally high (up to 13%), and the prevalence in Africa 
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and South America is nearly 10%. In contrast, the preva-
lence in Asia is as high as 55.3% (Supplement Fig. 1); the 
case fatality in Africa was the highest (up to 60%); this 
disparity may be linked to limited access to treatment, 
poverty, gender inequality, and societal stigma towards 
HIV in Africa [29, 30]. When compared to other regions, 
this situation is more widespread in Africa [31, 32] (Sup-
plement Fig.  2). Fourth, the heterogeneity in this meta-
analysis was high (Q: 72.081; I²: 81.97%; p < 0.001), likely 
due to significant differences in study design, including 
variations in sample sizes, methodologies, and popula-
tion characteristics. This heterogeneity may contribute to 
limited generalizability and potential biases in our study.

Conclusions
In conclusion, this systematic review and meta-analysis 
provided a comprehensive epidemiological landscape of 
TBM in PLWH exhibiting low prevalence and incidence 
rates alongside high case fatality rates, particularly those 
from economically disadvantaged areas. Additionally, 
meta-regressions were performed to investigate the per-
tinent risk factors influencing TBM prevalence and case 
fatality rates among PLWH. Notably, the financial situa-
tion and the proportion of females were identified as sig-
nificant factors influencing these outcomes. This study 
underscores the critical necessity for immediate public 
health interventions to enhance patient care for individu-
als affected by PLWH and TBM.
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