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Abstract 

Background: Tuberculous meningitis (TBM) is the most severe form of tuberculosis and is associated 

with high morbidity and mortality, especially in resource-limited settings. In Mozambique, where 

both tuberculosis and HIV are highly prevalent, TBM poses significant diagnostic and therapeutic 

challenges. This study aimed to describe the clinical characteristics and outcomes of TBM patients 

and to identify factors associated with mortality in a rural hospital. Methods: We conducted a 

retrospective observational study of 372 patients diagnosed with TBM at Carmelo Hospital of 

Chókwè between 2015 and 2020. Data on demographics, clinical presentation, and laboratory 

findings were extracted from patient records. TBM diagnosis was based on a hospital-adapted 

algorithm incorporating clinical features, cerebrospinal fluid (CSF) analysis, TB-LAM, and Xpert 

MTB/RIF testing. Cox proportional hazards models were used to identify independent predictors of 

mortality, and Kaplan–Meier survival curves with log-rank tests were used to assess survival 

differences across clinical subgroups. Results: Among the 372 TBM cases, 140 patients (37.6%) died 

during follow-up, corresponding to a mortality incidence of 3.76 deaths per 100 person-months. 

Factors independently associated with increased mortality included male sex (adjusted hazard ratio 

[aHR]: 1.80; 95% CI: 1.21–2.68), BMI <18.5 kg/m² (aHR: 2.75; 95% CI: 1.41–5.36), HIV-related 

immunovirological failure (aHR: 2.82; 95% CI: 1.54–5.16), CSF opening pressure >40 cmH₂O (aHR: 

3.83; 95% CI: 2.33–6.31), and late-stage neurological signs such as coma or decerebrate posturing 

(aHR: 2.15; 95% CI: 1.31–3.56). Disseminated TB involving other organs also significantly worsened 

survival (aHR: 2.07; 95% CI: 1.31–3.29). Conclusions: Tuberculous meningitis remains a major cause 

of mortality in rural Mozambique, particularly among malnourished individuals, males, and patients 

with advanced HIV or disseminated TB. Early diagnosis, prompt management of intracranial 

hypertension, and integrated HIV/TB/nutritional care are critical for improving outcomes. 

Strengthening diagnostic capacity and tailoring interventions to high-risk subgroups should be 

prioritized in low-resource settings. 
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I.Introduction 

Tuberculous meningitis (TBM) is the most devastating manifestation of extrapulmonary 

tuberculosis, accounting for a significant proportion of tuberculosis-related deaths and long-term 

neurological disability [1,2]. The disease arises when Mycobacterium tuberculosis invades the central 

nervous system, triggering a granulomatous inflammatory response in the meninges [3–5]. This 
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process can result in hydrocephalus, vasculitis, infarctions, and raised intracranial pressure, 

contributing to its high case fatality and the potential for profound neurocognitive sequelae [3,6]. 

Early diagnosis and initiation of anti-tuberculosis therapy, often supplemented with corticosteroids, 

are essential to improving outcomes, yet diagnostic delays are common due to the nonspecific early 

symptoms and limited diagnostic capacity in many healthcare settings [1,7]. 

Globally, TBM poses a major challenge in tuberculosis-endemic regions, particularly in sub-

Saharan Africa where the burden of HIV co-infection exacerbates disease severity and complicates 

clinical management [8,9]. HIV-positive individuals are at higher risk of developing disseminated 

TB, including TBM, and have a poorer prognosis due to immunosuppression and increased 

likelihood of drug-resistant strains [10,11]. In resource-limited environments, the lack of access to 

cerebrospinal fluid (CSF) culture, imaging, and rapid molecular diagnostics such as Xpert MTB/RIF 

Ultra compounds the difficulty of confirming TBM, leading to reliance on clinical criteria and empiric 

treatment [3,11]. Despite these challenges, studies focusing specifically on TBM in rural African 

settings remain limited, especially regarding mortality outcomes and risk factor profiles. 

Mozambique is among the 30 countries with the highest tuberculosis (incidence of 361 per 

100,000 population) and TB/HIV burden (incidence of 83 per 100,000 population), with significant 

disparities in healthcare infrastructure between urban and rural areas [8,12]. In rural hospitals, the 

diagnosis and management of TBM are often hindered by insufficient laboratory support, shortages 

of trained personnel, and delays in referral pathways. While national TB control programs have made 

progress in expanding diagnostic and treatment services [13,14], TBM remains under-recognized and 

under-reported. The absence of local epidemiological data on TBM contributes to the lack of targeted 

clinical guidelines for rural health facilities and hampers efforts to improve case detection and 

survival. 

This study aims to describe the clinical characteristics and outcomes of patients diagnosed with 

TBM at a rural hospital in Mozambique and to identify risk factors associated with in-hospital 

mortality. By providing evidence from a real-world rural setting, the study seeks to contribute to the 

limited body of knowledge on TBM in high-burden, resource-constrained environments. Findings 

from this study may inform clinical decision-making, support context-specific treatment protocols, 

and highlight areas for health system strengthening and further research. 

II. Materials and Methods 

2.1. Study Design and Setting 

This was a retrospective observational study conducted at Carmelo Hospital of Chókwè, a rural 

referral facility in southern Mozambique. The hospital serves a predominantly rural population with 

a high burden of TB and HIV. The study period spanned six years, from January 2015 to December 

2020, and focused specifically on cases of TBM diagnosed and managed at the facility. 

2.2. Study Population and Case Selection 

Medical records of all TB patients registered in the hospital’s tuberculosis database during the 

study period were reviewed. A total of 3,974 TB cases were recorded. From these, 372 cases (9.4%) 

were identified as having TBM and were included in the analysis. Cases of pulmonary TB and other 

extrapulmonary forms were excluded (N=3,602; 90.6%). TBM cases were identified based on clinical 

documentation in the medical records following a hospital-adapted screening and diagnostic 

algorithm. (Figure 1). 
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Figure 1. Flowchart of study population. 

2.2.1. TBM Screening and Diagnostic Criteria 

At Carmelo Hospital, the diagnosis of TBM followed a structured screening algorithm 

integrating clinical assessment with stepwise laboratory testing. Patients presenting with central 

nervous system (CNS)-related clinical features—such as headache, neck stiffness, altered mental 

status, or seizures—underwent lumbar puncture for CSF testing. 

Initial CSF testing included TB-LAM and/or Xpert MTB/RIF Utra. A positive result on either test 

led to immediate initiation of TBM treatment. If the result was negative, further diagnostic steps were 

pursued. These included CSF analysis for other aetiologies such as cryptococcal antigen (CrAg) and 

culture. Positive findings for non-TB pathogens resulted in treatment specific to the identified 

condition, and TBM was discarded as a diagnosis. 

In cases where both CSF TB-LAM/Xpert MTB/RIF Ultra and CrAg/culture were negative, 

additional testing using non-CSF samples was performed. Urine TB-LAM or sputum Xpert MTB/RIF 

Ultra tests were used to further evaluate for extrapulmonary TB. A positive result in these tests 

prompted treatment of TB, while negative results led to the exclusion of TBM. 

This diagnostic algorithm allowed for a pragmatic, tiered approach to TBM diagnosis in a 

resource-limited setting, supporting rapid treatment decisions while accounting for differential 

diagnoses (Figure 2). 
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Figure 2. Screening algorithm for tuberculous meningitis adjusted to Carmelo Hospital in Chokwe. 

2.3. Data Collection and Variables 

A standardized data extraction tool was used to collect information from medical records, 

including demographic data (age, sex), clinical presentation, HIV status, laboratory results (CSF, 

Xpert MTB/RIF Ultra, TB-LAM), and treatment details. Outcome variables included in-hospital 

mortality (primary outcome), loss to follow-up, treatment failure, and treatment success (cure or 

completion). Patients were followed from admission until treatment outcome or hospital discharge. 

2.4. Outcomes definitions 

• Died TBM: Patients with TBM who died during hospitalization or TB treatment. 

• Cured TBM: Patients who completed treatment and had a documented favourable clinical 

response. 

• Treatment failure: Clinical deterioration or persistent symptoms despite TB treatment. 

• Lost to follow-up: Patients who discontinued treatment or were transferred to other facilities 

with unknown outcome. 

• Censored: Patients still under treatment or with missing final outcome documentation. 

2.5. Statistical Analysis 

Data were analysed using SPSS version 25. Descriptive statistics were used to summarize 

demographic and clinical characteristics, stratified by mortality outcome. Continuous variables were 

reported as means or medians, and categorical variables as proportions. The primary outcome was 

time to death from the date of TBM diagnosis. Mortality incidence rates were calculated per 100 

person-months of observation. Survival time was estimated using Kaplan–Meier curves, and 

differences between groups were assessed using the log-rank (Mantel-Cox) test. To identify factors 

independently associated with mortality, univariable and multivariable Cox proportional hazards 

regression models were fitted. Variables with p < 0.2 in univariable analysis or of clinical relevance 

were included in the multivariable model. Adjusted hazard ratios (aHRs) and 95% confidence 

intervals (CIs) were reported. The proportional hazards assumption was assessed using Schoenfeld 

residuals and log–log plots. 

III. Results 

3.1. Baseline Characteristics and Mortality Outcomes 
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A total of 372 patients with TBM were included in the study from 2015 to 2020. During the 

treatment follow-up period, 140 patients (37.6%) died, corresponding to an overall mortality 

incidence of 3.76 deaths per 100 person-months (95% CI: 3.14–3.76) over 3,720 person-months of 

observation. The majority of patients were male (56.5%), and males accounted for a higher proportion 

of deaths (60.0%). The incidence of mortality was notably higher in males (4.44 per 100 person-

months) compared to females (2.30 per 100 person-months). 

Undernutrition was common, with 72.8% of patients presenting with a BMI <18.5 kg/m². This 

group represented 92.1% of all deaths, with a mortality incidence of 4.76 per 100 person-months, in 

contrast to 0.99 per 100 person-months among patients with a BMI >18.6 kg/m². These findings 

highlight undernutrition as a major risk factor for TBM mortality. 

Among patients who had been on antiretroviral treatment (ART) for ≥90 days prior to initiating 

TB treatment, those with an optimal immunological response had the lowest mortality incidence (2.04 

per 100 person-months). In contrast, immunological non-responders (INR) and those with 

immunovirological failure experienced significantly higher mortality (4.44 and 22.22 per 100 person-

months, respectively). Patients who had initiated ART <90 days before starting TB treatment had a 

mortality incidence of 8.00 per 100 person-months, while those who initiated ART after TB treatment 

or had no ART history had a lower but still notable incidence (2.02 per 100 person-months). These 

results underscore the critical role of ART timing and immune reconstitution in TBM outcomes. 

Most patients (84.1%) presented with isolated TB meningitis, while 15.9% had TBM with 

additional organ involvement. The latter group experienced significantly higher mortality, with an 

incidence of 39.83 per 100 person-months, compared to 2.48 per 100 person-months among those with 

isolated meningeal disease. 

Among patients with recorded CSF opening pressure, mortality increased with pressure levels. 

Those with pressures >40 cmH₂O had the highest mortality incidence (31.37 per 100 person-months), 

while those with pressures between 21–39 cmH₂O and <20 cmH₂O had lower rates (3.57 and 1.58 per 

100 person-months, respectively). 

Neurological Signs and Symptoms like meningeal signs (e.g., neck stiffness, photophobia, severe 

headache, vomiting) were present in 74.2% of patients and associated with a higher mortality 

incidence (3.82 per 100 person-months) than those without such signs (2.78 per 100 person-months). 

Focal CNS deficits (e.g., cranial nerve palsies, aphasia, hemiparesis) were observed in 11.3% of 

patients and markedly increased mortality risk (33.33 per 100 person-months) compared to patients 

without deficits (3.09 per 100 person-months). 

Altered mental status (AMS), including confusion or drowsiness, was seen in 32.3% of patients 

and associated with a higher mortality incidence (5.56 per 100 person-months) than in patients 

without AMS (2.89 per 100 person-months). Seizures were reported in only 3.8% of patients but 

carried a high mortality incidence (8.57 per 100 person-months). Late-stage neurological compromise 

(paralytic stage, including hemiplegia, coma, or decerebrate/decorticate posturing) was observed in 

32.8% of patients and associated with significantly elevated mortality (21.31 per 100 person-months) 

compared to those without such features (2.07 per 100 person-months). (Table 1) 

Table 1. Demographic and clinical characteristics of 372 persons with tuberculosis meningitis at TB Clinic, in 

Mozambique 2015–2020, by mortality outcome. 

  
Total 

N(%) 

Death 

N(%) 

Person-

months  

(PM) 

Incidence per 

PM 

(95% CI) 

Total 
372 

(100.0) 

140 

(37.63) 
3720 

3.76 (3.14 - 

3.76) 

Sex         

Female 
162 

(43.5) 
56 (40.0) 2430 

2.30 (1.92 - 

2.66) 
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Male 
210 

(56.5) 
84 (60.0) 1890 

4.44 (4.00 - 

4.44) 

BMI (Body Mass Index)         

BMI > 18.6Kg/m2 
101 

(27.2) 
11 (7.9) 1111 

0.99 (0.64 - 

1.09) 

BMI < 18.5Kg/m2 
271 

(72.8) 
129 (92.1) 2710 

4.76 (3.97 - 

5.29) 

Immnunovirogical Status to ART Prior to 

ATT 
        

on ART= >90 days prior to ATT: Optimal 

immunovilogical response 

139 

(37.4) 
34 (24.3) 1668 

2.04 (1.29 - 

2.22) 

on ART= >90 days prior to ATT: INR - 

Immunological non-responders. 
90 (24.2) 36 (25.7) 810 

4.44 (3.33 - 

5.00) 

on ART= >90 days prior to ATT: 

Immunovirological failure 
30 (8.1) 20 (14.3) 90 

22.22 (6.06 - 

22.22) 

on ART <90 days prior to TB treatment 50 (13.4) 36 (25.7) 450 
8.00 (4.80 - 

36.00) 

prior to ART/ ART started after ATT 63 (16.9) 14 (10.0) 693 
2.02 (1.39 - 

2.22) 

TB Meningeal VS TBM+Others         

TB Meningeal only 
313 

(84.1) 
93 (66.4) 3756 

2.48 (1.98 - 

2.70) 

TB Meningeal plus+ Other orghans 59 (15.9) 47 (33.6) 118 
39.83 (8.85 - 

39.83) 

Open Pressure Lumbar Puncture         

OP < 20 cmH2O 
136 

(37.2) 
28 (20.0) 1768 

1.58 (1.08 - 

1.87) 

OP [21 - 39] cmH2O 
128 

(35.0) 
48 (34.3) 1344 

3.57 (3.13 - 

4.17) 

OP > 40 cmH2O 
102 

(27.9) 
64 (45.7) 204 

31.37 (12.55 - 

62.75) 

Meningeal signs:  

(Neck stiffness, Severe headache, 

Photophobia, Vomiting) 

        

No meningeal signs 96 (25.8) 24 (17.1) 864 
2.78 (2.08 - 

2.78) 

Meningeal signs 
276 

(74.2) 
116 (82.9) 3036 

3.82 (3.23 - 

4.20) 

Focal CNS deficits:  

(Cranial nerve palsies [III,VI,VII], 

Aphasia, Hemiparesis) 

        

No Focal CNS deficits 
330 

(88.7) 
112 (80.0) 3630 

3.09 (2.61 - 

3.39) 

Focal CNS Deficits 42 (11.3) 28 (20.0) 84 
33.33 (7.41 - 

66.67) 

Altered Mental Status (AMS):  

Confusion, Drowsiness 
        

No altered mental status (AMS) 
252 

(67.7) 
80 (57.1) 2772 

2.89 (2.44 - 

2.89) 

AMS: confusion, drowsiness 
120 

(32.3) 
60 (42.9) 1080 

5.56 (4.17 - 

5.56) 

Seizures         

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 July 2025 doi:10.20944/preprints202507.0200.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.0200.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 15 

 

No seizures 
356 

(96.2) 
128 (91.4) 3916 

3.27 (2.77 - 

3.60) 

Seizures 14 (3.8) 12 (8.6) 140 
8.57 (4.76 - 

8.57) 

Paralytic stage (Late):  

Hemiplegia, Paraplegia, Coma, 

Decerebrate or decorticate posturing 

        

No paralytic stage 
250 

(67.2) 
62 (44.3) 3000 

2.07 (1.65 - 

2.25) 

Paralytic stage 
122 

(32.8) 
78 (55.7) 366 

21.31 (7.10 - 

31.97) 

3.2. Predictors of Mortality in Patients with Tuberculous Meningitis 

Multivariable Cox proportional hazards analysis identified several independent predictors of 

mortality. Male sex was independently associated with increased mortality. Compared to females, 

males had a 1.80-fold higher adjusted hazard of death (aHR: 1.80; 95% CI: 1.21–2.68; p = 0.004). 

Patients with BMI <18.5 kg/m² had significantly higher risk of death than those with BMI >18.6 kg/m². 

In the adjusted model, undernourished patients had a 2.75 times greater hazard of mortality (aHR: 

2.75; 95% CI: 1.41–5.36; p = 0.003). 

The immune and virological response to ART prior to anti-TB treatment initiation was strongly 

predictive of survival. INR had a 2.16-fold increased risk of death compared to those with optimal 

immune recovery (aHR: 2.16; 95% CI: 1.29–3.62; p = 0.003). Patients with immunovirological failure 

showed an even higher hazard (aHR: 2.82; 95% CI: 1.54–5.16; p = 0.001). Those who initiated ART <90 

days before TB treatment also faced elevated mortality (aHR: 2.01; 95% CI: 1.19–3.38; p = 0.009). Being 

ART-naïve or starting ART after TB treatment was not significantly associated with mortality (aHR: 

0.69; p = 0.278). 

Patients with TBM involving other organs in addition to the meninges had more than double 

the hazard of death compared to those with isolated TBM (aHR: 2.07; 95% CI: 1.31–3.29; p = 0.002). 

Elevated cerebrospinal fluid opening pressure was a strong independent predictor of mortality: 

moderate elevation (21–39 cmH₂O): aHR 2.08 (95% CI: 1.25–3.46; p = 0.005) and marked elevation (>40 

cmH₂O): aHR 3.83 (95% CI: 2.33–6.31; p < 0.001). 

Meningeal signs (e.g., neck stiffness, vomiting, photophobia) were independently associated 

with increased mortality (aHR: 2.87; 95% CI: 1.74–4.75; p < 0.001). Focal CNS deficits and seizures, 

although significant in crude analysis, were not statistically significant in the adjusted model (aHRs: 

1.46 and 0.89, respectively; p > 0.1). Altered mental status (AMS) was not significantly associated with 

mortality after adjustment (aHR: 1.06; p = 0.793). Presence of paralytic signs (e.g., coma, hemiplegia, 

decerebrate posture) was a strong independent predictor of death (aHR: 2.15; 95% CI: 1.31–3.56; p = 

0.003). 

Overall, the multivariable model underscores that male sex, undernutrition, poor ART response 

or timing, high CSF opening pressure, disseminated TB, and late-stage neurological deterioration 

were significant independent predictors of mortality among TBM patients in this rural Mozambican 

setting. (Table 2) 

Table 2. Cox proportional hazards model for mortality in 372 persons with Tuberculosis meningitis at TB Clinic, 

in Mozambique 2015–2020. 

  
Crude cHR 

(95% CI) 

p-

valu

e 

Adjusted aHR 

(95% CI) 

p-

valu

e 

Sex         

Female Reference   Reference   
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Male 
1.41 (1.00 - 

1.98) 
0.048 1.80 (1.21 - 2.68) 0.004 

BMI (Body Mass Index)         

BMI > 18.6Kg/m2 Reference   Reference   

BMI < 18.5Kg/m2 
5.03 (2.72 - 

9.32) 
0.000 2.75 (1.41 - 5.36) 0.003 

Immnunovirogical Status to ART Prior to 

ATT 
        

on ART= >90 days prior to ATT: Optimal 

immunovilogical response 
Reference 0.000 Reference 0.000 

on ART= >90 days prior to ATT: INR - 

Immunological non-responders. 

1.99 (1.25 - 

3.19) 
0.004 2.16 (1.29 - 3.62) 0.003 

on ART= >90 days prior to ATT: 

Immunovirological failure 

3.88 (2.23 - 

6.76) 
0.000 2.82 (1.54 - 5.16) 0.001 

on ART <90 days prior to TB treatment 
3.55 (2.22 - 

5.68) 
0.000 2.01 (1.19 - 3.38) 0.009 

prior to ART/ ART started after ATT 
0.96 (0.51 - 

1.78) 
0.886 0.69 (0.36 - 1.34) 0.278 

TB Meningeal VS TBM+Others         

TB Meningeal only Reference   Reference   

TB Meningeal plus+ Other orghans 
4.27 (2.97 - 

6.15) 
0.000 2.07 (1.31 - 3.29) 0.002 

Open Pressure Lumbar Puncture         

OP < 20 cmH2O Reference 0.000 Reference 0.000 

OP [21 - 39] cmH2O 
2.01 (1.26 - 

3.20) 
0.003 2.08 (1.25 - 3.46) 0.005 

OP > 40 cmH2O 
4.47 (2.85 - 

7.01) 
0.000 3.83 (2.33 - 6.31) 0.000 

Meningeal signs:  

(Neck stiffness, Severe headache, 

Photophobia, Vomiting) 

        

No meningeal signs Reference   Reference   

Meningeal signs 
1.59 (1.03 - 

2.47) 
0.038 2.87 (1.74 - 4.75) 0.000 

Focal CNS deficits:  

(Cranial nerve palsies [III,VI,VII], Aphasia, 

Hemiparesis) 

        

No Focal CNS deficits Reference   Reference   

Focal CNS Deficits 
2.80 (1.83 - 

4.26) 
0.000 1.46 (0.82 - 2.58) 0.197 

Altered Mental Status (AMS):  

(Confusion, Drowsiness) 
        

No altered mental status (AMS) Reference   Reference   

AMS: confusion, drowsiness 
1.78 (1.27 - 

2.48) 
0.001 1.06 (0.69 - 1.62) 0.793 

Seizures         

No seizures Reference   Reference   

Seizures 
2.50 (1.38 - 

4.53) 
0.002 0.89 (0.44 - 1.81) 0.748 

Paralytic stage (Late):  

(Hemiplegia, Paraplegia, Coma, 

Decerebrate or decorticate posturing) 

        

No paralytic stage Reference   Reference   
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Paralytic stage 
3.54 (2.53 - 

4.96) 
0.000 2.15 (1.31 - 3.56) 0.003 

3.3. Cumulative Mortality Rate 

Cumulative mortality rate using Kaplan–Meier plots and log-rank (Mantel-Cox) tests revealed 

significant differences in mortality across several clinical and demographic variables (Figure 3A-D). 

Men with TB meningitis had a higher cumulative incidence of death than women, exceeding 40% by 

three months of follow-up (p = 0.039). Undernourished patients (BMI <18.5 kg/m²) experienced 

significantly greater mortality, with cumulative deaths surpassing 40% within three months of 

follow-up (p < 0.001). Among HIV-positive patients, those with immunovirological failure despite 

being on ART for more than 90 days prior to TB treatment initiation had over 50% mortality by three 

months of follow-up (p < 0.001). TB meningitis with concurrent involvement of other organs was 

associated with particularly poor outcomes, with cumulative mortality exceeding 90% at three 

months of follow-up (p < 0.001). 

Elevated CSF opening pressure was another strong predictor of early death; patients with 

pressures ≥40 cmH₂O had cumulative mortality above 65% (p < 0.001). The presence of meningeal 

signs, such as neck stiffness and photophobia, was also associated with worse survival, with a 3-

month mortality rate of over 31.5% compared to those without such signs (p = 0.029). Focal 

neurological deficits, including cranial nerve palsies and hemiparesis, significantly increased the risk 

of death, with cumulative incidence exceeding 85% within three months of follow-up (p < 0.001). 

Similarly, altered mental status (e.g., confusion, drowsiness) was linked to a higher risk of early 

mortality, with over 36% dying by three months of follow-up (p < 0.001). (Figure 3E-F) 

Seizures, although less common, were associated with a 3-month cumulative mortality above 

34% (p = 0.001). Finally, patients in the paralytic stage, marked by severe neurological compromise 

such as coma or decerebrate posturing, had markedly worse outcomes, with more than 64.5% dying 

within the first three months of follow-up (p < 0.001). (Figure 3I-J) 

 

Figure 3A-D. Survival analysis using Kaplan–Meier cumulative hazard plots and log-rank (Mantel-Cox) tests 

(sex, BMI, immunovirological status, TBM and others). Figure 3A: Men with TBM had higher cumulative incidence 

of death above 40% after 3 months of follow-up (log Rank test, p=0.039). Figure 3B: Persons with TBM TB having Body 

Mass Index below 18.5g/dL had higher cumulative incidence of death above 40% after 3 months of follow-up (log Rank test, 

p=0.000). Figure 3C: Being on 90 days ART prior to ATT with Immunological failure had higher cumulative incidence of 
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death above 50% after 3 months of follow-up (log Rank test, p=0.000). Figure 3D: Presenting a TBM with other orghans 

involvement had higher cumulative incidence of death above 90% after 3 months of follow-up (log Rank test, p=0.000). 

 

Figure 3E-F. Survival analysis using Kaplan–Meier cumulative hazard plots and log-rank (Mantel-Cox) tests 

(CSF, meningeal signs, focal CNS deficits and AMS). Figure 3E: Presenting open pressure lumbar puncture more or 

equal to 40 cmH20, had higher cumulative incidence of death above 65% after 3 months of follow-up (log Rank test p=0.000). 

Figure 3F: Presenting meningeal signs had higher cumulative incidence of death above 31.5% after 3 months of follow-up 

(log Rank test p=0.029). Figure 3G: Presenting focal CNS deficits had higher cumulative incidence of death above 85% after 

3 months of follow-up (log Rank p=0.000).Figure 3H: Presenting altered mental status had higher cumulative incidence of 

death above 36% after 3 months of follow-up (log Rank p=0.000). 

 

Figure 3I-J. Survival analysis using Kaplan–Meier cumulative hazard plots and log-rank (Mantel-Cox) tests 

(seizures and late paralytic stage). Figure 3I: Presenting seizures had higher cumulative incidence of death above 34% 

after 3 months of follow-up (log Rank test p=0.001). Figure 3J: Presenting paralytic stage had higher cumulative incidence 

of death above 64.5% after 3 months of follow-up (log Rank test p=0.000). 
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IV. Discussion 

4.1. Main Findings 

This study presents a comprehensive analysis of mortality and its associated risk factors among 

patients diagnosed with TBM at a rural hospital in Mozambique over a six-year period. The overall 

mortality rate of 37.6% highlights the severe prognosis of TBM in resource-limited settings and is 

consistent with findings from other high-burden TB/HIV countries, where diagnostic delays, limited 

access to neuroimaging, and advanced disease presentation remain common challenges [15,16]. 

Several demographic and clinical factors were independently associated with increased 

mortality as found in other similar studies [16–20]. Male sex was significantly linked to higher 

mortality risk, possibly reflecting gender differences in health-seeking behaviour and delayed 

presentation. Malnutrition, defined by a BMI <18.5 kg/m², emerged as a powerful predictor of death, 

underscoring the impact of poor nutritional status on immune function and disease progression. 

These findings support the urgent need for nutritional interventions as part of comprehensive TBM 

care. 

HIV co-infection and ART status played a critical role in patient outcomes. Patients who had 

been on ART for more than 90 days but exhibited immunological non-response or immunovirological 

failure faced significantly higher mortality. Similarly, those who initiated ART shortly before TB 

treatment experienced worse outcomes than those with optimal immune recovery. Contributing to 

existing studies [18,19,21,22], our findings further specify which subgroups of HIV co-infected 

individuals are at greatest risk of death: those with failed immune reconstitution despite ART, and 

those initiating ART in the early phase of TB treatment. These distinctions are crucial in guiding 

clinical decision-making and patient monitoring. The results reinforce the importance of early HIV 

diagnosis, timely ART initiation, and sustained immunovirological monitoring in TB/HIV co-infected 

individuals, particularly in resource-constrained settings. 

Neurological severity at presentation was another key determinant of mortality. Elevated CSF 

opening pressure—particularly values above 40 cmH₂O—was strongly associated with poor 

survival, likely reflecting increased intracranial pressure, hydrocephalus, or extensive inflammation. 

The presence of meningeal signs, focal neurological deficits, altered mental status, and progression 

to paralytic stages (e.g., coma or decerebrate posturing) were all associated with significantly 

increased risk of death. These findings reaffirm earlier evidence on the prognostic value of 

neurological signs and highlight the continued relevance of early lumbar puncture with CSF pressure 

measurement in the clinical workup of TBM, especially in settings where advanced neuroimaging is 

not readily available [16,20–22]. 

Patients with TBM and additional extrapulmonary involvement—indicative of disseminated 

TB—had particularly poor outcomes, with over 90% mortality within three months. This highlights 

a more aggressive disease phenotype that likely requires intensified monitoring, broader organ 

support, and possibly modified therapeutic approaches. Notably, we found limited literature 

specifically addressing mortality outcomes among TBM patients with concurrent extrapulmonary TB 

involvement [23–25]. In light of our findings, a deeper investigation into this high-risk subgroup is 

warranted to better understand underlying mechanisms and to inform tailored clinical management 

strategies. 

4.2. Strength and Limitations 

This study has several strengths. It included a relatively large number of patients with TB 

meningitis over a six-year period, which allowed for meaningful analysis of mortality patterns in a 

rural hospital setting. By using routinely collected clinical data, the study reflects real-world 

conditions in a resource-limited environment. A key strength was the ability to differentiate between 

subgroups of HIV co-infected patients, such as those with optimal immune response, immunological 

non-response, and immunovirological failure; an area not often explored in detail. The study also 

incorporated a broad range of clinical indicators, including CSF opening pressure, neurological 
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status, ART history, BMI, and extent of TB involvement, to better understand factors associated with 

poor outcomes. The use of survival analysis and multivariable Cox regression helped to identify 

independent predictors of mortality while accounting for potential confounders. Additionally, the 

study contributes to the limited evidence on TBM outcomes among patients with disseminated TB, 

highlighting an area that may require further research. 

There are however several limitations. First, its retrospective design, based on routine clinical 

records, made it susceptible to missing or incomplete data, which may have introduced 

misclassification or limited the ability to fully adjust for confounders. Second, TBM diagnosis in many 

cases relied on clinical algorithms rather than microbiological confirmation, due to constrained 

diagnostic capacity. This may have led to diagnostic uncertainty or underestimation of TBM cases. 

Third, the study lacked detailed data on adjunctive therapies such as corticosteroids, patient 

adherence to TB and HIV treatment, and the precise timing of ART initiation relative to TB treatment. 

Lastly, the single-centre design may limit generalizability to other healthcare settings in Mozambique 

or the broader sub-Saharan African context. 

V. Conclusions and Recommendations 

Tuberculous meningitis continues to carry a high mortality burden in rural Mozambique, 

particularly among men, malnourished patients, and individuals with HIV co-infection and poor 

immunological response to ART. Elevated CSF pressure, disseminated TB, and advanced 

neurological signs at presentation were strong predictors of death. These findings underscore the 

urgent need for early diagnosis, prompt lumbar puncture with pressure assessment, and integrated 

HIV and nutritional support services at the point of care. Strengthening diagnostic infrastructure and 

implementing early intervention pathways are essential steps toward improving TBM outcomes in 

low-resource settings. 

5.1. What the Bullet Points of This Study? 

• Prioritize Early Diagnosis & Triage: Implement urgent lumbar puncture (LP) with 

cerebrospinal fluid (CSF) pressure measurement for patients presenting with central nervous 

system symptoms (e.g., headache, neck stiffness, altered mental status) in high TB/HIV burden 

areas. Expand access to and utilization of rapid point-of-care diagnostic tests like Xpert MTB/RIF 

Ultra and TB-LAM on CSF and other samples (e.g., urine, sputum) to confirm tuberculous 

meningitis (TBM) quickly. Actively use identified risk factors (male sex, malnutrition, 

disseminated disease) to flag high-risk patients for immediate, intensive management. 

• Aggressively Manage Intracranial Hypertension: Routinely measure and actively manage 

elevated CSF pressure, identified as a critical predictor of death. Perform therapeutic LPs for 

pressures exceeding 40 cmH₂O. Train healthcare workers in managing intracranial hypertension 

using available interventions like acetazolamide or osmotic agents, especially where 

neurosurgical support is limited. Screen all TBM patients for signs of disseminated TB involving 

other organs, given its association with extremely high mortality. 

• Integrate & Optimize HIV, TB, and Nutritional Care: Ensure timely initiation of antiretroviral 

therapy (ART) for HIV co-infected patients, generally within 2 weeks of starting TB treatment, 

while carefully weighing risks in severe neurological cases. Crucially, avoid starting ART less 

than 90 days before TB treatment initiation due to the associated higher mortality risk. Regularly 

monitor CD4 counts and viral loads to detect and promptly address immunovirological failure. 

Embed robust nutritional assessment and support, including therapeutic feeding programs, into 

routine TB/HIV care, particularly targeting patients with low BMI (<18.5 kg/m²). 

• Standardize Neurological Assessment and Adjunctive Care: Develop and implement protocols 

for consistent staging of neurological severity at presentation. Train clinicians to recognize high-

risk late-stage neurological signs (e.g., coma, decerebrate posturing, hemiplegia) that necessitate 

intensive monitoring and care. Ensure the consistent use of adjunctive corticosteroids per WHO 
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guidelines in eligible TBM patients. Recognize focal neurological deficits and seizures as 

indicators of poor prognosis requiring heightened vigilance. 

• Strengthen Health System Capacity: Invest in building sustainable diagnostic capacity in rural 

settings, including deploying affordable tools and maintaining reliable supplies of essential tests 

(Xpert, TB-LAM). Develop and disseminate context-specific clinical guidelines for TBM 

management tailored to the realities of resource-limited hospitals, emphasizing the critical steps 

identified (LP/pressure management, integrated care). Enhance training programs for frontline 

healthcare workers focusing on TBM recognition, safe LP procedures, complication 

management, and integrated HIV/TB/nutrition care. Strengthen referral pathways for complex 

cases requiring advanced care. 
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