
Comparative Effectiveness of Regimens for Drug-Susceptible TB Meningitis • OFID • 1

Open Forum Infectious Diseases

Comparative Effectiveness of Regimens for Drug-
Susceptible Tuberculous Meningitis in Children and 
Adolescents: A Systematic Review and Aggregate-Level 
Data Meta-Analysis
Giorgia Sulis,1,2,  Gamuchirai Tavaziva,2,  Genevieve Gore,3,  Andrea Benedetti,1,2,  Regan Solomons,4,  Ronald van Toorn,4,  Stephanie Thee,5,  
Jeremy Day,6,7,  Sabine Verkuijl,8,  Annemieke Brands,8,  Kerri Viney,8,  Tiziana Masini,8,  Faiz Ahmad Khan,2,a,  and Silvia S. Chiang9,10,a

1Department of Epidemiology, Biostatistics and Occupational Health, School of Population and Global Health, McGill University, Montreal, Canada, 2McGill International TB Centre, Montreal, 
Canada, 3Schulich Library, McGill University, Montreal, Canada, 4Faculty of Medicine and Health Sciences, Stellenbosch University, Cape Town, South Africa, 5Charité-Universitätsmedizin Berlin, 
Berlin, Germany, 6Nuffield Department of Medicine, University of Oxford, Oxford, United Kingdom, 7Oxford University Clinical Research Unit, Hospital for Tropical Diseases, Ho Chi Minh City, 
Vietnam, 8Global Tuberculosis Programme, World Health Organization, Geneva, Switzerland, 9Department of Pediatrics, Alpert Medical School of Brown University, Providence, Rhode Island, USA, 
10Center for International Health Research, Rhode Island Hospital, Providence, Rhode Island, USA

Background. Before August 2021, the only regimen recommended by the World Health Organization (WHO) to treat pediatric 
drug-susceptible tuberculous meningitis was a 12-month regimen consisting of isoniazid, rifampicin, ethambutol, and pyrazinamide 
(2HRZE/10HR). The comparative effectiveness of shorter regimens is unknown.

Methods. To inform a WHO guideline update, we undertook a systematic review and meta-analysis to evaluate outcomes from 
regimens of 6- to less than 12-months’ duration that included, at a minimum, isoniazid, rifampicin, and pyrazinamide. We included 
studies that applied rigorous diagnostic criteria and reported outcomes for ≥10 children or adolescents. Using generalized linear 
mixed models, we estimated the random effects pooled proportions of patients with key outcomes.

Results. Of 7 included studies, none compared regimens head-to-head. Three studies (724 patients) used a 6-month intensive 
regimen, which includes isoniazid and rifampicin at higher doses, pyrazinamide, and ethionamide instead of ethambutol (6HRZEto). 
Outcomes for this versus the 12-month regimen (282 patients, 3 studies) were, respectively, as follows: death, 5.5% (95% confidence 
interval [CI], 2.1%–13.4%) vs 23.9% (95% CI, 17.5%–31.7%); treatment success (survival with or without sequelae), 94.6% (95% 
CI, 73.9%–99.1%) vs 75.4% (95% CI, 68.7%–81.1%); and neurological sequelae among survivors, 66.0% (95% CI, 55.3%–75.3%) 
vs 36.3% (95% CI, 30.1%–43.0%). Relapse did not occur among 148 patients followed-up for 2 years after completing the 6-month 
intensive regimen.

Conclusions. Our findings are limited by the small number of studies and substantial potential for confounding. Nonetheless, 
the 6HRZEto regimen was associated with high treatment success and is now recommended by WHO as an alternative to the 
12-month regimen.

Keywords. neurological sequelae; treatment outcomes; tuberculosis; World Health Organization guidelines.

Tuberculous (TB) meningitis is associated with a 19.3% risk 
of death and 36.7% risk of neurological sequelae among sur-
viving children and adolescents [1]. Despite poor outcomes, 
evidence to support current treatment approaches is limited. 
Before August 2021, the only regimen recommended by the 

World Health Organization (WHO) to treat pediatric drug-
susceptible TB meningitis was a 12-month regimen, consisting 
of daily isoniazid, rifampicin, ethambutol, and pyrazinamide at 
standard doses for 2 months, followed by daily isoniazid and ri-
fampicin for 10 months (2HRZE/10HR) [2, 3]. Regimens of less 
than 12 months’ duration, which may facilitate treatment com-
pletion and reduce burdens on patients and healthcare systems, 
are routinely used in some settings based on expert opinion 
[4, 5], but their effectiveness compared to the 12-month reg-
imen is unknown. A 2014 systematic review and meta-analysis 
of pediatric TB meningitis outcomes observed no associations 
between treatment duration and outcomes [1]. However, the 
meta-analysis included studies of outdated regimens, and it 
did not control for confounding [1]. Although a randomized 
controlled trial is underway to compare a 6-month regimen of 
isoniazid, rifampicin, pyrazinamide, and levofloxacin against 
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the WHO recommended 12-month regimen, results are not ex-
pected for a few more years [6].

To inform an update of WHO guidance on TB meningitis 
treatment in children (ages 0–9 years) and adolescents (ages 
10–19 years), we undertook a systematic review and meta-
analysis of outcomes from regimens that included, at a min-
imum, isoniazid, rifampicin, and pyrazinamide, and were given 
for 6 to less than 12 months. We sought to determine whether 
the risks of death, loss to follow-up, treatment success, and neu-
rological sequelae were different when a regimen of 6 to less 
than 12 months’ duration was used, compared to the 12-month 
regimen.

METHODS

The protocol for this systematic review was registered on 
PROSPERO on April 12, 2021 (CRD 42021243817).

Search Strategy

An academic librarian (G.G.) adapted the search strategy used 
in a previous systematic review of pediatric TB meningitis out-
comes [1] (Supplementary Text S1). Search terms included 
those related to the treatment of TB meningitis, children/adoles-
cents, and outcomes. We ran the search on February 24, 2021, in 
PubMed, EMBASE Classic + EMBASE (Ovid), Web of Science 
Core Collection (Web of Science), BIOSIS Citation Index (Web 
of Science), Cochrane CENTRAL (Trials) (Cochrane Library), 
and LILACS (Global Index Medicus). We also considered un-
published studies/datasets proposed by the WHO Secretariat.

Screening and Data Abstraction

We screened studies in English, Spanish, French, Italian, 
Portuguese, Romanian, German, Chinese, Russian, and 
Ukrainian. Supplementary Text S2 provides detailed inclusion 
and exclusion criteria. In brief, we included studies that ap-
plied rigorous diagnostic criteria (see Supplementary Text S2) 
and reported our outcomes of interest for at least 10 children 
or adolescents treated with eligible regimens. Regimens had to 
include isoniazid, rifampicin, and pyrazinamide, with a treat-
ment duration of 6 to less than 12 months. We excluded studies 
restricted to specific subsets of patients, such as those requiring 
shunt placement.

Title and abstract screening, full-text screening, and data ab-
straction were conducted independently by 2 investigators; dis-
agreements were resolved by consensus or arbitration by a third 
investigator. We contacted study authors to ask for outcomes 
stratified by disease stage at diagnosis and other clarifying in-
formation, but we did not receive further data from the pub-
lished studies of the 12-month regimen.

Risk of Bias Assessment

Given the lack of validated criteria for assessing the risk of bias 
in TB treatment studies, recent systematic reviews that have 

informed WHO TB guidelines have evaluated risk of bias in 
studies using tailored approaches informed by existing tools 
[7–9]. Similarly, we developed a checklist to assess 5 key sources 
of bias: (1) participant selection and loss to follow-up; (2) di-
agnostic uncertainty; (3) treatment allocation, including con-
founding by indication, and adherence; (4) assessment and 
reporting of treatment outcomes; and (5) potential confounding 
by age, human immunodeficiency virus (HIV) status, disease 
stage at diagnosis, and Mycobacterium tuberculosis resistance 
pattern (Supplementary Table S1). Each domain consisted of 
several subdomains relevant to pediatric TB meningitis. The 
risk of bias arising from each subdomain was judged to be low, 
high, or uncertain. Two investigators (1) independently applied 
the risk of bias tool to all included studies, (2) resolved discrep-
ancies by discussion or consultation with a third investigator, 
and (3) summarized findings in a color-coded table. We did not 
generate an overall impression of bias for each study.

Statistical Analysis

Using generalized linear mixed models, we estimated the 
random effects pooled proportion and 95% confidence interval 
(CI) of patients with each of 5 outcomes: (1) death; (2) loss to 
follow-up; (3) treatment success, defined as the number of pa-
tients who completed treatment and were alive, with or without 
neurological sequelae; (4) neurological sequelae, defined as the 
number of survivors who completed treatment (ie, were not lost 
to follow-up) and developed neurological sequelae of any se-
verity; and (5) survival without neurological sequelae. For neu-
rological sequelae, the denominator was the number of patients 
who survived and completed treatment. For all other outcomes, 
the denominator was the total number of patients starting 
treatment.

We assessed between-study heterogeneity through visual 
inspection of forest plots. Because of the noncomparative na-
ture of the studies, we did not pool measures of relative effect. 
Insufficient data precluded subgroup analyses (Supplementary 
Table S2). Analyses were performed using the meta package in 
R version 3.6.3 [10, 11].

Patient Consent Statement

As a systematic review and meta-analysis of aggregate-level 
data, this study did not require institutional board approval or 
patient consent.

RESULTS

From 1820 unique citations, we identified 130 studies for full-
text screening. We also screened the 19 studies included in a 
prior systematic review [1] and 2 unpublished datasets identi-
fied by the WHO Secretariat [12]. One of those unpublished 
datasets has since been published [12]. Seven studies met inclu-
sion criteria [12–17] (Supplementary Figure S1). Supplementary 
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Table S3 reports reasons why individual studies were excluded 
after full-text review.

Characteristics of Included Studies

Table 1 summarizes the characteristics of the included studies, 
all of which were cohort studies, and none of which per-
formed head-to-head comparisons of the regimens of interest 
[12–17]. Of 837 patients who received regimens of less than 
12 months’ duration, 100 received an 8-month regimen in 
Vietnam (2HRZES/1HRZE/5HRE) [13], and 737 were treated 
at a single referral center in South Africa [14, 15]. Among the 
737 patients in South Africa, 724 received the 6-month inten-
sive (“Cape Town”) regimen, which consisted of daily isoni-
azid, rifampicin, pyrazinamide, and ethionamide throughout 
treatment (6HRZEto). As detailed in Table 1, dosing of iso-
niazid and rifampicin was higher compared to the 12-month 
regimen. For an additional 13 patients with HIV, the intensive 
regimen was extended to 9 months (9HRZEto) [14]. Patients 
whose regimens were extended beyond 6 months for other 
reasons, including poor adherence, tuberculomas, and isoni-
azid monoresistance, were excluded. A total of 282 patients 
received the 12-month regimen. Two studies of the 12-month 
regimen were conducted in India [16, 17], while data for the 
third study that included the 12-month regimen were col-
lected in various centers in Europe through the Pediatric 
Tuberculosis Network European Trials Group (ptbnet) [12].

Among cohorts that received regimens of less than 12 
months’ duration, the median age of patients ranged from 2.3 
to 2.9 years. The median age of the ptbnet patients who received 
the 12-month regimen was 3.3 years; summary age data were 
not reported for the Indian cohorts. Children with HIV com-
prised 2.5% of patients who received the 6-month intensive reg-
imen. Two of 3 cohorts that received regimens of 12 months’ 
duration did not include patients with HIV [12, 16]. The ages 
of the 12 patients with HIV included in the third study of 
12-month regimen, which combined adults and children, were 
not reported [17].

Patients who received the 6-month intensive or 12-month 
regimens were staged at diagnosis using the original or mod-
ified British Medical Research Council (MRC) staging system 
[12, 14–16]. One study of the 12-month regimen did not report 
stage [17]. The Vietnam study used the MRC classification for 
patients 5 years or older and the Blantyre coma scale for patients 
younger than 5 years [13]. Of the 724 patients who received the 
6-month intensive regimen, 36 (5.0%) presented in stage 1, 401 
(55.4%) presented in stage 2, and 287 (39.6%) presented in stage 
3. Of the 282 patients who received the 12-month regimen, 
28 (9.9%) presented in stage 1, 67 (23.8%) presented in stage 
2, and 49 (17.4%) presented in stage 3; stage was not reported 
for 138 (48.9%) patients. Fifty-nine percent of the patients in 
the Vietnamese cohort were diagnosed in stage 1 (Table 1). 

Supplementary Tables S4 and S5 summarize additional patient 
characteristics.

Risk of Bias in Included Studies

Figure 1 presents the results of the risk of bias assessment. All 
studies of regimens of 6 to less than 12 months’ duration had 
low risks of selection bias because they included all consecu-
tive patients meeting eligibility criteria and had few losses to 
follow-up [13–15]. However, studies of the 12-month regimen 
had high or unclear risk of selection bias because they did not 
enroll consecutive patients [12, 17] or did not provide informa-
tion on sampling approaches [16]. Risk of bias related to diag-
nostic uncertainty was uncommon because all studies applied 
prespecified diagnostic criteria, which, in all but 1 study, in-
cluded cerebrospinal fluid (CSF) assays and/or central nervous 
system imaging.

Risk of bias related to treatment allocation was unclear for 5 
studies because reasons for regimen choices were unreported 
[12, 13, 15–17]. Risk of bias related to treatment allocation was 
low for 2 cohorts that received the 6-month intensive regimen 
because the reasons for extending therapy beyond 6 months 
were explained, and we were able to exclude those patients from 
the meta-analysis [14]. Treatment adherence, which may have 
impacted effectiveness, was reported in only 1 unpublished 
dataset from South Africa. Steroid use was inconsistent in the 
largest cohort that received the 6-month intensive regimen [15] 
and was not reported in one cohort that received the 12-month 
regimen [17].

Risk of bias related to treatment outcome reporting was high 
for one study of the 6-month intensive regimen because over 
10% of patients were missing outcomes [15]. For the unpub-
lished study of the 12-month regimen, there was uncertain risk 
of bias related to ascertainment of neurological sequelae, which 
were not standardized across the 9 study sites [12]. Risk of bias 
related to adverse events was unclear in 4 studies due to a lack 
of data [12, 13, 15, 16].

Confounding was the domain with the highest concern 
for bias. Outcomes were not reported for age subgroups, thus 
hindering assessment of age-related differences. Two studies 
of the 12-month regimen did not disaggregate outcomes by 
disease stage [16, 17], the best-known predictor of outcome. 
Finally, most studies provided limited details regarding efforts 
to exclude drug-resistant cases. No study reported the resistance 
profiles of presumed source cases. In 3 cohorts that received the 
6-month intensive regimen, drug susceptibility testing was con-
ducted in fewer than a third of patients [14, 15]. The remaining 
studies did not report susceptibility testing [12, 13, 16, 17].

Treatment Outcomes

All studies reported mortality, treatment success, and neurolog-
ical sequelae among survivors. All but 1 study reported loss to 
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follow-up [12–16]. Only 1 study from South Africa reported re-
lapse [14].

All studies of the 6-month intensive regimen stratified death 
and neurological sequelae by stage at diagnosis. No studies 
stratified outcomes by age, sex, nutritional status, isoniazid sus-
ceptibility pattern, microbiological confirmation, or complica-
tions (Supplementary Table S2).

One cohort of 13 patients with HIV who received a 9-month 
intensive regimen in South Africa and another cohort of 100 
patients who received an 8-month regimen in Vietnam were ex-
cluded from meta-analysis [13, 14]. The proportions of patients 
who received the 9-month intensive regimen that died (1) were 
lost to follow-up, (2) were successfully treated, and (3) had neu-
rological sequelae fell within the 95% CIs of those proportions 
in the cohorts that received the 6-month intensive regimen. 
Likewise, outcomes for patients who received the 8-month 
regimen were similar to those of the cohorts that received the 
12-month regimen (Tables 2 and 3).

Compared to the 12-month regimen, the 6-month inten-
sive regimen was associated with a lower proportion of death, 
similar proportion of loss to follow-up, and higher proportions 
of treatment success and neurological sequelae. Death ranged 
from 0% to 9.6%, with a pooled proportion of 5.5% (95% CI, 
2.1%–13.4%) for the 6-month intensive regimen, and from 
7.1% to 30.0%, with a pooled proportion of 23.9% (95% CI, 
17.5%–31.7%) for the 12-month regimen (Table 2 and Figure 
2). Heterogeneity was limited for the 6-month intensive reg-
imen but substantial for the 12-month regimen.

No patients were lost to follow-up in 2 of 3 cohorts that re-
ceived the 6-month intensive regimen [14]; 11.9% of patients 
were lost to follow-up in the third cohort [15]. Two of three 
studies of the 12-month regimen reported loss to follow-up 
[12, 16], which occurred in 0% and 7.1% of patients (Table 2 
and Figure 2). The pooled proportions of loss to follow-up were 
0.3% (95% CI, .0%–51.3%) and 0.6% (95% CI, .0%–24.1%) for 
the 6-month intensive and 12-month regimens, respectively.

Treatment success ranged from 78.5% to 100.0%, with a 
pooled proportion of 94.6% (95% CI, 73.9–99.1) for the 6-month 
intensive regimen, and from 70% to 85.7%, with a pooled pro-
portion of 75.4% (95% CI, 68.7–81.1) for the 12-month reg-
imen (Table 2 and Figure 2). Heterogeneity was moderate for 
the 6-month intensive regimen but minimal for the 12-month 
regimen.

Neurological sequelae were defined and assessed differently 
between study sites (Table 3). Fifty to 66.7% of survivors suc-
cessfully treated with the 6-month intensive regimen had neu-
rological sequelae, mostly mild. Among survivors successfully 
treated with the 12-month regimen, 31.9%–50.0% had neu-
rological sequelae. In one study from India, 17 of 29 (58.6%) 
patients with sequelae had mild sequelae [16]. The other studies 
of the 12-month regimen did not report severity. The pooled 
proportions of survivors who completed treatment and had 
neurological sequelae were 66.0% (95% CI, 55.3%–75.3%) 
and 36.3% (95% CI, 30.1%–43.0%) for the 6-month intensive 
regimen and the 12-month regimen, respectively (Figure 2). 
Heterogeneity was substantial for both regimens.

The proportion of patients who completed treatment and sur-
vived without sequelae was 20.0%–43.0%, with a pooled propor-
tion of 29.9% (95% CI, 20.4%–41.4%) for the 6-month intensive 
regimen; among those who received the 12-month regimen, the 
proportions ranged from 42.9% to 48.6% (Supplementary Table 
S6), with a pooled proportion of 47.9% (95% CI, 42.1%–53.7%). 
Heterogeneity was moderate for the 6-month intensive regimen 
and limited for the 12-month regimens.

Only 1 study reported relapse. Among 148 patients who re-
ceived the 6-month intensive regimen, none relapsed within 2 
years posttreatment [14].

Adverse Events

Only 3 studies reported drug-related adverse events [13, 14, 
16]. Hepatotoxicity was the most frequently reported event 
(Supplementary Table S7). In one study of the 6-month 
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intensive regimen, hepatotoxicity resolved after a change to a 
less hepatotoxic regimen and subsequent stepwise restarting 
of the original regimen [14]. In Vietnam, 2 patients developed 
drug-induced hepatotoxicity (defined per the WHO definition) 
and recovered after discontinuation of pyrazinamide [13, 18]. 
The remaining study did not explain the approach to managing 
hepatotoxicity [16].

DISCUSSION

In this systematic review and meta-analysis, we found that, 
compared to the 12-month regimen, the 6-month intensive reg-
imen was associated with lower mortality, higher treatment suc-
cess, and more frequent neurological sequelae among survivors. 

Loss to follow-up was similar between the regimens, but data 
on this outcome were incomplete. The cohort in Vietnam had 
similar outcomes as those that received the 12-month regimen 
[13]. Data were insufficient to compare adverse events. A key 
concern with shorter TB regimens is relapse; however, in one 
study of the 6-month intensive regimen, none of the 148 pa-
tients who were monitored for 2 years posttreatment relapsed 
[14]. Moreover, across studies and regimens, almost all deaths 
occurred in the early treatment phases. Taken together, these 
observations suggest that treatment success may depend more 
on early effective treatment than on regimen duration beyond 
6 months.

These findings should be interpreted with caution. As high-
lighted in our risk of bias assessment, there was high potential 

Table 3. Neurological Sequelae Among Survivors Across Studies Reporting on the Effectiveness of Regimens to Treat Drug-Susceptible Tuberculous 
Meningitis in Children and Adolescents

Study Regimen 

Definition of

Neurological Outcomes 

Number Alive

at End of Treatment

Number (%)

With Neurological Sequelae

Bang et al [13] 2HRZES/1HRZE/5HRE Severe or intermediate 
disability (not further 
specified)

81 Stage 1: 54

Stage 2: 19

Stage 3: 8 

27 (33.3)

 Moderate: 21 (25.9)

 Severe: 6 (7.4) 

Stage 1: 11 (20.4)

Stage 2: 10 (52.6)

Stage 3: 6 (75.0) 

van Toorn et al 
[14]

6HRZEto Mild sequelae:
•  mild intellectual impair-

ment,
•  hemiparesis
•  impaired vision and/ 

or hearing
Severe sequelae:
•  severe intellectual im-

pairment,
•  quadriparesis,
•  blindness and/or deaf-

ness.

129 Stage 1: 16
Stage 2: 68
Stage 3: 45

71 (55.0)
 Mild: 49 (38.0)
 Severe: 22 (17.1)

Stage 1: 1 (6.3)
Stage 2: 27 (39.7)
Stage 3: 43 (95.6)

9HRZEto 12 Stage 1: 2
Stage 2: 8
Stage 3: 2

6 (50.0)
 Mild: 3 (25.0)
 Severe: 3 (25.0)

Stage 1: 1 (50.0)
Stage 2: 3 (37.5)
Stage 3: 2 (100)

van Well et al 
[15]

6HRZEto 435 Stage 1: 13
Stage 2: 290
Stage 3: 132

294 (66.7)
 Mild: 217 (49.9)
 Severe: 77 (17.7)

Stage 1: 2 (15.4)
Stage 2: 182 (62.8)
Stage 3: 110 (83.3)

Solomons et 
al (unpub-
lished)

6HRZEto 35 Stage 1: 6
Stage 2: 15
Stage 3: 14

28 (80.0) Stage 1: 3 (50.0)
Stage 2: 13 (86.7)
Stage 3: 12 (85.7)

Dhawan et al 
[16]

2HRZE/10HR Mild/moderate/severe 
disability, coma, or 
vegetative state

91 Not disaggregated 
by stage, but 
stage 3 was the 
strongest risk 
factor for poor 
neurological out-
come

29 (31.9)
 Mild: 17 (18.1)
 Moderate: 5 (5.5)
 Severe: 4 (4.4)
 Coma or vegetative state: 3 (3.3)

Gupta et al [17] 2HRZE/10HR Altered sensorium, cra-
nial nerve palsy, extra-
pyramidal movements, 
focal neurological 
deficit, mental retar-
dation, optic atrophy, 
and/or tone abnor-
malities

109 Not disaggregated 
by stage

42 (38.5)
No further details provided

Thee et al [12] 2HRZE/10HR Coma, paresis, spasticity, 
cranial nerve palsy, 
seizures, hydroceph-
alus, hypothalamic or 
pituitary dysfunction, 
developmental delay, 
impairment of speech, 
hearing, or vision

12 Stage 1: 2
Stage 2: 10
Stage 3: 0

6 (50.0) Stage 1: 0
Stage 2: 6 (60.0)
Stage 3: 0

Abbreviations: E, ethambutol; Eto, ethionamide; H, isoniazid; NR, not reported; R, rifampicin; S, streptomycin.
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for confounding by indication, disease stage at diagnosis, treat-
ment adherence, and other patient characteristics. A range of 
antimicrobial doses were prescribed to patients who received 
the 12-month regimen, including within studies (Table 1). 
However, because outcomes were not disaggregated by dose, we 
could not evaluate for associations between these 2 variables. 
All data for the 6-month intensive regimen came from a single 
referral center in South Africa [14, 15], whereas most patients 
who received the 12-month regimen were treated in India [16, 
17]. These distinct settings may lead to additional sources of 
confounding, including the following: time to diagnosis and 
treatment; the non-antimicrobial components of TB menin-
gitis therapy, such as hydrocephalus management and steroid 
treatment; and perhaps even genetic differences in anti-TB drug 
metabolism [19, 20]. Finally, the lack of standardization of the 
assessment and categorization of neurological sequelae may ac-
count for differences in this outcome across sites.

The available data were insufficient to directly compare the 
effectiveness of pediatric TB meningitis regimens. Nevertheless, 
treatment success among patients who received the 6-month 

intensive regimen was 95%. The higher doses of isoniazid and 
rifampicin used in this regimen, together with the greater CSF 
penetration of ethionamide compared with ethambutol, may 
contribute to the effectiveness of the 6-month intensive reg-
imen [21]. Rifampicin dosing may be particularly important for 
successful treatment [22]: data from adults with TB meningitis 
show an association between higher rifampicin concentrations 
and survival, and a small pediatric trial has shown improved 
neurocognitive function with doses of 30 mg/kg compared to 
the standard dose of 15  mg/kg [23, 24]. Nonpharmacological 
interventions also may have contributed to low mortality, but 
treatment success would not have been so high had the reg-
imen been ineffective. Based on our findings, in August 2021, 
the WHO conditionally recommended the 6-month intensive 
regimen as an alternative to the 12-month regimen for treating 
TB meningitis in children and adolescents, for which a strong 
recommendation remains in place [3].

The current evidence base on pediatric TB meningitis treat-
ment is limited. Despite an extensive search, we identified 
only 7 datasets meeting inclusion criteria. Few studies report 

Study

Pooled

Study

DEATH

LOST TO FOLLOW-UP

TREATMENT SUCCESS

NEUROLOGICAL SEQUELAE

SURVIVAL WITHOUT SEQUELAE

Pooled

van Toorn et al (2014)
van Well et al (2009)
Solomons et al (unpublished)

Thee et al (2022)
Dhawan et al (2016)
Gupta et al (2017)

6 135 0.044 [0.016; 0.094]
53 554 0.096 [0.072; 0.123]
0 35 0.000 [0.000; 0.100]

0 0.2 0.4

Proportion

0.6 0.8 1

0 0.2 0.4

Proportion

0.6 0.8 1

0 0.2 0.4

Proportion

0.6 0.8 1

0 0.2 0.4

Proportion

0.6 0.8 1

0 0.2 0.4

Proportion

0.6 0.8 1 0 0.2 0.4

Proportion

0.6 0.8 1

0 0.2 0.4
Proportion

0.6 0.8 1

0 0.2 0.4

Proportion

0.6 0.8 1

0 0.2 0.4

Proportion

0.6 0.8 1

0 0.2 0.4

Proportion

0.6 0.8 1

59 724

6-month regimen

Deaths Patients Proportion [95% CI]

0.055 [0.021; 0.134]

1 14 0.071 [0.002; 0.339]
39 130 0.300 [0.223; 0.387]
29 138 0.210 [0.145; 0.288]

69 282

12-month regimen

Deaths Patients Proportion [95% CI]

0.239 [0.175; 0.317]

Study

Pooled

Thee et al (2022)
Dhawan et al (2016)
Gupta et al (2017)

12 14 0.857 [0.572; 0.982]
91 130 0.700 [0.613; 0.777]

109 138 0.790 [0.712; 0.855]

212 282

12-month regimen

Treated Patients Proportion [95% CI]

0.754 [0.687; 0.811]

Study

Pooled

Thee et al (2022)
Dhawan et al (2016)
Gupta et al (2017)

6 12 0.500 [0.211; 0.789]
29 91 0.319 [0.225; 0.425]
42 109 0.385 [0.294; 0.483]

77 212

12-month regimen

Sequelae Patients Proportion [95% CI]

0.363 [0.301; 0.430]

Study

Pooled

Thee et al (2022)
Dhawan et al (2016)
Gupta et al (2017)

6 14 0.429 [0.177; 0.711]
62 130 0.477 [0.389; 0.566]
67 138 0.486 [0.400; 0.572]

135 282

12-month regimen

Recovered Patients Proportion [95% CI]

0.479 [0.421; 0.537]

Study

Pooled

Thee et al (2022)
Dhawan et al (2016)

1 14 0.071 [0.002; 0.339]
0 130 0.000 [0.000; 0.028]

1 144

12-month regimen

LTFU Patients Proportion [95% CI]

0.006 [0.000; 0.241]

Study

Pooled

van Toorn et al (2014)
van Well et al (2009)
Solomons et al (unpublished)

0 135 0.000 [0.000; 0.027]
66 554 0.119 [0.093; 0.149]
0 35 0.000 [0.000; 0.100]

66 724

6-month regimen

LTFU Patients Proportion [95% CI]

0.003 [0.000; 0.513]

Study

Pooled

van Toorn et al (2014)
van Well et al (2009)
Solomons et al (unpublished)

129 135 0.956 [0.906; 0.984]
435 554 0.785 [0.749; 0.819]
35 35 1.000 [0.900; 1.000]

599 724

6-month regimen

Treated Patients Proportion [95% CI]

0.946 [0.739; 0.991]

Study

Pooled

van Toorn et al (2014)
van Well et al (2009)
Solomons et al (unpublished)

71 129 0.550 [0.460; 0.638]
294 435 0.676 [0.630; 0.720]
28 35 0.800 [0.631; 0.916]

393 599

6-month regimen

Sequelae Patients Proportion [95% CI]

0.660 [0.553; 0.753]

Study

Pooled

van Toorn et al (2014)
van Well et al (2009)
Solomons et al (unpublished)

58 135 0.430 [0.345; 0.518]
141 554 0.255 [0.219; 0.293]

7 35 0.200 [0.084; 0.369]

206 724

6-month regimen

Recovered Patients Proportion [95% CI]

0.299 [0.204; 0.414]

Figure 2. Forest plot of pooled proportions of death, loss to follow-up, treatment success, neurological sequelae, and survival without sequelae across 3 studies of 6-month 
intensive regimen (6HRZEto) and 3 studies of 12-month standard regimen (2HRZE/10HR). One study of the 12-month regimen (Gupta et al [17]) was excluded from analysis of 
loss to follow-up because it only included patients with complete follow-up period. In van Well et al [15], 53 of 66 patients who were counted as lost to follow-up were likely 
alive and had completed treatment, but their outcome was not recorded, and their neurological status could not be assessed. CI, confidence interval; LTFU, loss to follow-up. 
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outcomes from the regimens of interest, and many studies—
particularly those reporting on the 12-month regimen—have 
design limitations. Children and adolescents with TB menin-
gitis often are managed in hospitals at the start of treatment and 
then transferred to outpatient clinics to complete therapy; most 
hospital-based studies do not collect data after discharge and, 
thus, do not report end-of-treatment outcomes. Some studies 
reported aggregated results from multiple regimens, including 
the 12-month regimen. Another limitation is inconsistent re-
porting of patient characteristics and treatment outcomes across 
studies. Currently, 2 clinical trials of pediatric TB meningitis 
regimens are underway [6, 25]. Although these interventional 
studies are important, they are challenging to carry out and sub-
ject to their own limitations; for instance, stricter enrollment 
criteria lead to highly selective participant populations [26].

Future studies on pediatric TB meningitis must improve 
upon limitations in the current literature. Collaboration across 
sites is critical to pediatric TB meningitis research. In addition, 
the implementation of standardized methods for the conduct 
and reporting of TB meningitis studies, as proposed by a group 
of experts in the field, would improve the evidence base and 
facilitate future meta-analyses [27]. These proposed standards 
include the following: the reporting of explicit indications for 
which deviations from the standard regimen occurred; the re-
porting of susceptibility patterns of patients’ M tuberculosis 
strains, confirmed through testing, if available, or presumed 
based on the source case’s susceptibility pattern; the stratifica-
tion of outcomes by disease stage at diagnosis; and the appli-
cation of standardized evaluations of neurological outcomes, 
adverse events, loss to follow-up, and relapse [28].

Finally, future research must address not only antimicrobial reg-
imen composition, doses, and duration but also identify strategies 
for earlier diagnosis and treatment of TB meningitis; optimal an-
ti-inflammatory therapies; and ways to prevent and treat paradox-
ical reactions, which may have devastating consequences for the 
patient [29]. Unless these limitations to pediatric TB meningitis re-
search are addressed, too many children and adolescents will con-
tinue to succumb to or suffer long-term disability from this disease.

CONCLUSIONS

This meta-analysis of pediatric TB meningitis regimens is lim-
ited by the small number of studies that met inclusion criteria 
and substantial potential for confounding. Nonetheless, the 
6-month intensive regimen was associated with high treatment 
success and is now recommended by the WHO as an alternative 
to the 12-month regimen.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.
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