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Central nervous system infection are a primary cause of HIV-associated morbidity and mortality 

worldwide. In this dissertation, I discuss results from research conducted in Botswana, a country 

in southern Africa with an HIV prevalence that is among the highest in the world, including the 

first comprehensive meningitis national incidence estimates in a high HIV prevalence country and 

temporal trends over 16 years with national scale-up of ART. Linking cerebrospinal fluid (CSF) 

laboratory records of patients evaluated with meningitis to HIV and vital status records from 

national electronic registries, I provide novel insights into HIV correlates and outcomes from 

suspected and microbiologically-confirmed meningitis. I compare local findings in Botswana to 

other settings in sub-Saharan Africa through a systematic review and meta-analysis. Finally, I 

discuss estimates of the impact and cost-effectiveness of preventing cryptococcal meningitis - the 

most common cause of meningitis we observed in Botswana - through cryptococcal antigen 

(CrAg) screening and targeted pre-emptive antifungal therapy for individuals with advanced HIV.  

In the first two studies (Chapters 2-3), I discuss results from the Botswana National 

Meningitis Survey, a 16-year national cross-sectional audit of patients evaluated for meningitis by 

lumbar puncture with CSF analysis from 2000-2015, including complete national records for 2013 

and 2014. Forty-one percent (8759/21,560) of cases of suspected meningitis in adults had abnormal 

cerebrospinal fluid (CSF) findings, half of these receiving a diagnosis of cryptococcal meningitis. 

Other causes of meningitis were rarely identified. Most evaluations for meningitis were in 

individuals with known HIV (73%), almost half (47%) of these with a preceding history of ART 

use. Using UNAIDS population data, we estimated a 2013-2014 national cryptococcal meningitis 

incidence of 17.8 cases / 100,000 person-years (PYO), or 96.8 cases / 100,000 PYO in HIV-

positive, nearly identical to estimates from Gauteng Province, South Africa in the pre-ART era of 

2002-2004. Incidence was two-fold higher in HIV-positive men than women.  



 

In the third study (Chapter 4), I evaluated outcomes of “culture-positive” (including 

cryptococcal, pneumococcal, or TB) and culture-negative suspected meningitis (stratified by CSF 

white cell count [WCC]) in a retrospective cohort study. This was done deterministic linkage of 

CSF to vital status records in a national death registry with a unique national identification number 

(“Omang”). Estimated mortality for cryptococcal meningitis under routine care settings in 

Botswana was 50% at 10 weeks and 65% at one year with amphotericin B-based therapy, similar 

to mortality estimated in sub-Saharan Africa with less potent fluconazole therapy. Missed doses 

of amphotericin were common and independently predicted poor outcomes, while adherence to 

interventions usually associated with improved outcomes such as therapeutic lumbar punctures 

was poor. One-year mortality for culture-negative, pneumococcal, and TB meningitis were 49%, 

49%, and 56%, respectively. For HIV-associated cases without a cause identified, CSF 

inflammation (CSF WCC >20 cells/µL vs. ≤20 cells/µL) was not a predictor of mortality in the 

setting of advanced immune-deficiency (median CD4 136 cells/µL).  

In the fourth study (Chapter 5), I describe results from a systematic review and meta-

analysis evaluating published mortality estimates for common HIV-associated meningitides in 

sub-Saharan Africa, under routine care conditions and “clinical trial” settings subject to more 

intensive clinical management. Pooled short-term mortality (defined as ≤2 weeks or in-hospital) 

for cryptococcal meningitis under routine care settings was 44% (95%CI: 39-49%, 40 studies) with 

no difference in mortality when stratified by treatment (amphotericin vs. fluconazole 

monotherapy). This contrasts with pooled mortality of 21% (95%CI: 17-26%, 17 studies) from 

controlled trial settings. Short-term mortality from pneumococcal and TB meningitis under routine 

settings were estimated at 55% (95%CI: 44-66%, 8 studies) and 48% (95%CI:35-61%, 10 studies), 

respectively. Few studies reported long-term outcomes.  



 

 In the fifth study (Chapter 6), I discuss results from a modeling analysis. I estimated the 

impact and cost-effectiveness of CrAg screening and targeted pre-emptive antifungal treatment for 

CrAg-positive patients for the prevention of HIV-associated cryptococcal meningitis. Using local 

CD4 count, CrAg prevalence, outcomes, costing, and national incidence estimates, 

implementation of CrAg screening in patients with a CD4 T-cell count <100 cells/µL was found 

to be highly cost-effective and estimated to prevent one-quarter of cryptococcal meningitis deaths. 

I explored treatment of ART-experienced patients, not the target population in guidelines but 

increasingly recognized with cryptococcal infection through laboratory-based CrAg screening. 

Screening and pre-emptive treatment in this population remained highly cost-effective and 

prevented additional deaths. CrAg screening at a higher CD4 count thresholds (100-200 cells/µL), 

now conditionally recommended by the World Health Organization, had little impact and was 

significantly less cost-effective, with an estimated cost of nearly US$15,000 per death averted in 

Botswana (although still cost effective per World Health Organization standards). 

 This research has important public health implications. First, the findings highlight that 

cryptococcal meningitis remains a key cause of HIV-associated mortality well into the ART era in 

southern Africa and now commonly occurs in patients previously established in HIV care services. 

Despite widespread ART availability, incidence remained high through 2013-2014 and almost half 

of cases occurred in patients with previous ART use. Improved strategies for care and retention in 

HIV-treatment services are warranted, particularly for key at-risk populations (e.g. working-age 

men). Secondly, these findings support nationwide scale-up of CrAg screening for individuals with 

advanced HIV in Botswana with CD4 count <100 cells/µL, as well as new guideline 

recommendations for treating the emerging population of ART-experienced patients with early 

cryptococcal infection increasingly recognized in mature ART programs. Given the high cost and 



 

modest impact of CrAg screening at higher CD4 counts, policy decisions will need to weigh the 

benefits against other health system priorities. Thirdly, under routine care settings I showed similar 

high mortality with amphotericin B based treatment for cryptococcal meningitis compared to less 

potent antifungal treatment with fluconazole. These findings suggest that simplified cryptococcal 

meningitis treatment strategies, such as with less toxic, shorter-course regimens, may be necessary 

to reduce mortality and to complement prevention efforts through CrAg screening and other 

upstream measures to prevent incident disease. Finally, a majority of suspected meningitis cases 

have no cause identified through laboratory testing. Typical prognostic markers, e.g. CSF WCC, 

are poor predictors of mortality in the context of advanced HIV, and mortality is estimated around 

50% at one year. These novel findings support use of enhanced meningitis diagnostic strategies, 

particularly routine use of available TB molecular diagnostics (e.g. Xpert Ultra), and a need to 

better define etiologies and treatment strategies to improve survival.  
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Chapter 1. INTRODUCTION  

1.1 THE BURDEN OF HIV-ASSOCIATED MENINGITIS AND TEMPORAL CHANGES IN 

THE ERA OF ANTIRETROVIRAL THERAPY  

Central nervous system (CNS) infections are common HIV-associated opportunistic infections in 

resource-limited settings and a leading cause of mortality in people living with HIV/AIDS 

(PLWH) [1-3]. Cryptococcal meningitis, which typically occurs in the setting of profound immune 

deficiency from HIV/AIDS, causes an estimated 15% of global HIV deaths [1]. The risk of TB, 

the most common cause of mortality in PLWH, increases with advanced HIV/AIDS and meningitis 

complicating up to 5% of extra-pulmonary disease [4]. The risk of other opportunistic infections, 

as well as traditional CNS pathogens such as Streptococcus pneumoniae, dramatically increases 

with HIV-related immune deficiency [5,6].  

 Understanding epidemiological shifts in CNS infections corresponding with increasing 

ART availability can serve as an “indicator” of a country’s HIV care cascade, including successful 

HIV diagnosis and linkage-to-care, ART initiation, and sustained viral suppression. This is 

particularly true for cryptococcal meningitis, which unlike many other HIV-related infections is 

easily diagnosed using sensitive and widely available diagnostics [7]. In high-income countries, 

an estimated 5-10% of HIV-infected individuals developed cryptococcal meningitis in the pre-

ART era [8]. With rollout of combined ART in the 1990s, the burden of HIV-associated 

cryptococcal meningitis decreased dramatically. A U.S. population-based audit using State 

Inpatient Databases records observed a 53.6% decline in HIV-associated cryptococcal meningitis 

hospitalizations between 1997 and 2009 [9], with a similar 46% decline observed in a French 

national surveillance study from the pre-ART era (1985-1996) to early post-ART era (1997-2001) 
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[10]. However, similar declines are yet to be observed in sub-Saharan Africa. Single-center studies 

in South Africa from and Malawi have observed a relatively stable burden of microbiologically-

diagnosed cryptococcal meningitis with early rollout of ART, and sub-national data in Gauteng 

Province, South Africa, observed only a modest decline in incidence from 172.8 cases / 100,000 

PYO to 144.7 cases / 100,000 PYO between 2009 and 2012 [11]. 

 Understanding the epidemiology of cryptococcal meningitis in Botswana serves as an 

important indicator for the persistence of advanced HIV disease in sub-Saharan Africa following 

successful ART rollout with high coverage.  Botswana established the first national ART program 

in Africa in 2002 and serves as a regional model. Data from the Botswana Combination Prevention 

Project (BCPP) estimated that over 70% of HIV-infected patients in parts of the country are now 

accessing HIV care and virologically suppressed [12]. However, programmatic data in Botswana 

and recent research from our group suggest that about one-quarter of patients may delay ART 

initiation until they have advanced HIV/AIDS (CD4 <200 cells/µL) [13,14], with treatment default 

also common [15]. Important gaps therefore remain in understanding the persistence and impact 

of advanced HIV disease in Botswana and regionally as the HIV epidemic matures.  

1.2 RECOGNIZING ADVANCED HIV DISEASE TO REDUCE HIV-RELATED 

MORTALITY 

Delays in initiation of ART with advanced HIV/AIDS is associated with high mortality during 

early months on ART. A systematic review of published observational study data from 1996 

through 2010 estimated a pooled mortality of 17% (95%CI: 10-24%) during the first year on ART 

in sub-Saharan Africa [16]. Cryptococcal meningitis (3-18% of deaths) and tuberculosis (5-44% 

of deaths) were among the most commonly reported infectious causes of death. Published 

programmatic data during the early ART era in Botswana supports these findings: Of patients 
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starting ART between 2002 and 2010, estimated mortality was 12.8 deaths / 100 PYO during the 

first 3 months of ART but fell to 1.6 deaths / 100 PYO by the second year on ART [17].  

 With recognition of the importance of advanced HIV disease as a major driver of HIV-

related deaths in sub-Saharan Africa, the World Health Organization has highlighted the 

importance of differentiated care models for patients with advanced HIV disease, with a focus on 

recognizing and treating cryptococcal infection and TB as major causes of death [18]. 

Asymptomatic cryptococcal infection can be recognized in the blood through a highly sensitive 

cryptococcal antigen (CrAg) lateral flow assay [19]. Evidence suggests that CrAg screening and 

targeted high-dose fluconazole therapy reduces both incident cryptococcal meningitis and all-

cause mortality. The REMSTART trail in Tanzania finding that adults with advanced HIV 

receiving CrAg screening coupled with lay community support had a 29% reduction in one-year 

mortality [20]. On the basis of existing evidence, the World Health Organization recommends 

CrAg screening in ART-naïve adults with advanced HIV/AIDS [21,22]. On the basis of these 

guidelines and findings from our CrAg prevalence and screening feasibility pilot study [23], CrAg 

screening for ART-naïve patients with a CD4 ≤100 cells/µL was recommended in Botswana 

national HIV guidelines although it has yet to be widely implemented [24].  

To promote screening scale-up, several studies have established cost-effectiveness of CrAg 

screening in other African countries [25-28]. However, data on cost-effectiveness in Botswana are 

lacking and important for promotion of broader scale-up. Modelling the cost-effectiveness and 

impact of CrAg screening in Botswana is also important in light of two recent developments, 

including: 1) The rollout of HIV “test-and-treat” models, with a growing proportion of PLWH 

starting ART without baseline CD4 testing to guide CrAg screening and treatment [18]; and 2) 

2018 World Health Organization guidelines conditionally recommending screening at a higher 
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CD4 threshold of ≤200 cells/µL [22]. There is therefore a need to consider the cost-effectiveness 

and impact of CrAg screening in both ART-naïve and ART-experienced patients as well as 

screening at a CD4 threshold of 100-200 cells/µL to inform updated guidelines for the care of 

patients with advanced HIV disease. 

 

1.3 UNDERSTANDING OUTCOMES FROM HIV-ASSOCIATED MENINGITIS IN ORDER 

TO IMPROVE CARE  

Incident cryptoccoccal meningitis has been associated with an estimated 70% one-year case-

fatality rate in sub-Saharan Africa [29,30]. This high case-fatality rate is, in part, attributed to 

reliance on treatment with fluconazole rather than more fungicidal amphotericin B (AmB) due to 

low cost and oral (rather than intravenous) administration. Botswana has been using amphotericin 

B for over a decade and should have relatively low mortality as observed in U.S. and other high-

income country settings [31,32]. A number of factors apart from antifungal therapy used, however, 

are important in the management of cryptococcal meningitis and have been associated with 

treatment outcomes. These factors include: 1) Use of therapeutic lumbar punctures to lower 

elevated intracranial pressure [33]; 2) pre-treatment hydration, electrolyte supplementation, and 

regular laboratory monitoring to prevent and manage severe amphotericin B-related toxicities [34]; 

and 3) appropriate initiation of ART [35]. Long-term outcomes of cryptococcal meningitis treated 

with amphotericin B therapy in under-resourced, routine care conditions are not well characterized 

and are important to understand in deriving accurate global burden estimates as amphotericin B 

increasingly becomes available in resource-limited settings, as well as to inform improvements in 

management strategies such as incorporation of less toxic, short-course regimens [36,37]. 
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 Outcomes from other HIV-associated meningitides in sub-Saharan Africa, including TB 

and pneumococcal meningitis, are also poorly characterized in routine care settings. Further, 

almost no outcomes data has been generated for cases of meningitis without an established 

microbiological diagnosis. Such “culture-negative” meningitis accounts for a majority of cases in 

cross-sectional audits from diverse African health settings [38,39]. Reported in-hospital mortality 

of culture-negative lymphocyte-predominant meningitis ranged from 13-35% in two small studies 

of HIV-infected patients, from which limited inference can be drawn [40,41]. Furthermore, in the 

context of severe immune suppression with advanced HIV, traditional CSF markers of infection 

such as elevated CSF white cell count may be blunted [42], and poorly predict serious CNS 

pathology and death. Through novel linkage of patient CSF laboratory data with vital status data 

from a national death registry, this dissertation research establishes the first robust estimates of 

meningitis outcomes in sub-Saharan Africa in culture-negative meningitis, with important 

implication for meningitis diagnostic strategies nationally and more broadly in other high HIV 

prevalence resource-limited settings.  

1.4 MOTIVATION AND PUBLIC HEALTH IMPACT 

Central nervous system infections have a devastating impact as a leading cause of mortality in 

morbidity in people living with HIV worldwide [1,2]. In resource-limited countries with the 

major burden of HIV, no nationally-representative data exits on the epidemiology of central 

nervous system infections, particularly with the availability and scale-up of ART over the past 

decade-and-a-half. Establishing a better understanding of central nervous system infections in a 

mature ART program can provide valuable insights into gaps in ART coverage and retention in 

care for HIV programs, inform preventive efforts (e.g. through cryptococcal antigen screening 

and immunizations against vaccine-preventable diseases), inform diagnostic pathways for 
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evaluation of central nervous system infections, and guide strategies to improve the clinical 

management of diagnosed cases of meningitis in order to reduce central nervous system-

associated mortality.   

1.5 REMAINING CHAPTER 

The remaining chapters of this dissertation discuss the results from the mostly completed research 

studies, along with a concluding chapter. The second and third chapters report results from the 

Botswana National Meningitis Survey on the epidemiology including 2013-2014 national 

incidence of meningitis in Botswana, the first under review in the Journal of Infection and the 

second published in Clinical Infectious Diseases. The fourth chapter describes treatment outcomes 

of culture-positive and culture-negative meningitis in Botswana, and has been published in Lancet 

Infectious Diseases. The fifth chapter, a systematic review of mortality from HIV-associated 

meningitis in sub-Saharan Africa under routine care and clinical trial conditions, is currently under 

review in The Journal of the International AIDS Society. The final chapter, evaluating the cost 

effectiveness and impact of cryptococcal antigen screening in Botswana, will be submitted to PLoS 

One following some refinement in several model parameters.  

1.6 REFERENCES 
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Short summary: In a 16-year Botswana national audit, nearly 90% of microbiologically-

confirmed adult meningitis was due to Cryptococcus, but microbiological yield in suspected 

cases was low, highlighting diagnostic limitations in resource-poor settings; 2013-2014 national 

incidence of culture-confirmed pneumococcal meningitis was 1.8 cases/100,000 person-years. 
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2.2 ABSTRACT 

Background: Nationally representative data on meningitis epidemiology in high HIV-prevalence 

African settings following antiretroviral therapy (ART) scale-up are lacking. We described the 

epidemiology of adult meningitis in Botswana over a 16 year period.  
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Methods: Laboratory records for adults (≥15 years) undergoing lumbar puncture (LP) from 2000-

2015 were collected, capturing complete national data for 2013 and 2014. Laboratory data were 

linked to national HIV registry data.  The proportion of culture-positive and culture-negative cases 

and associated HIV-related data were described. National incidence estimates were derived for 

cryptococcal, pneumococcal, and all meningitis in 2013-2014. Temporal trends in meningitis 

diagnosis at referral hospitals from 2004-2014 were evaluated using Poisson regression.  

Results: We collected data from 21,560 adults undergoing LP for suspected meningitis; 41% 

(8759/21,560) had abnormal cerebrospinal fluid (CSF)  findings (positive microbiological testing 

in 5004/8759 (57%) and pleocytosis alone in 3750/8759 (43%)). Of microbiologically-confirmed 

meningitis, 89% (4432/5004) were cryptococcal, 6% (278/5004) pneumococcal, and 1% (51/5004) 

TB. Of those with a unique identifier for HIV registry linkage 73% (9525/13,033) had documented 

HIV-infection. Overall incidence of LP for meningitis evaluation in Botswana in 2013-2014 was 

142.6/100,000 person-years (95% confidence interval [CI]:138.3-147.1). Pneumococcal 

meningitis incidence was 1.8/100,000 (95%CI:1.4-2.4), with no evidence of a significant decrease 

over time at the referral hospitals (in contrast to cryptococcal meningitis for which a significant 

downwards trend was observed  (p<0.001).  

Conclusions: Cryptococcal meningitis was the predominant identified etiology of meningitis 

despite ART scale-up but a high proportion of cases had abnormal CSF findings with negative 

microbiological evaluation, emphasizing the need for improved meningitis diagnostics. 

2.3 INTRODUCTION 

Central nervous system (CNS) infections are a major cause of morbidity and mortality in people 

living with HIV (PLWH) [1]. Studies in high HIV prevalence regions of central, east, and southern 

Africa have shown cryptococcal, TB, and pneumococcal meningitis to be the most common 
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microbiologically-confirmed etiologies of meningitis [2-5]. However, these studies have generally 

been limited to single referral centers [2,3,5], or have used sub-national surveillance data [4], and 

data regarding temporal trends in meningitis with ART scale-up and vaccine introduction are 

limited. Nationally-representative longitudinal data of meningitis under routine care conditions 

can provide important insights into the shifting epidemiology of CNS infections in sub-Saharan 

Africa (SSA), highlight limitations of current diagnostic strategies, and inform research on 

approaches to improve management for CNS infections.  

 

Botswana, a middle-income country in southern Africa with a 23% adult HIV prevalence in 2017 

[6], established the first antiretroviral therapy (ART) program in Africa in early 2002. Expanded 

access to ART has led to high coverage, with more than 70% of PLWH estimated to have been 

diagnosed, started on ART, and virologically suppressed [7]. Despite progress, late presentation 

with advanced HIV/AIDS [8,9], as well as care default [10], are common. We previously showed 

ongoing high incidence of HIV-associated cryptococcal meningitis in Botswana despite excellent 

ART coverage [11]. Incidence and temporal trends for other HIV-associated meningitides have 

not been described, including potential changes in pneumococcal meningitis following the 2012 

introduction of childhood 13-valent pneumococcal conjugate vaccine (PCV13) [12].  

 

In a nationwide meningitis study, we collected laboratory records at all facilities that performed 

microbiological testing of cerebrospinal fluid (CSF).  We characterized cases over a 16-year period 

(2000-2015) in adults (≥15 years old), determined national incidence of meningitis during 2013-

2014 when full national laboratory data were available, and examined temporal trends over an 11-

year period at Botswana’s two referral hospitals (2004-2014).  
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2.4 METHODS 

Study design and data collection 

A cross-sectional study was performed using data from the Botswana National Meningitis Survey 

(BNMS), as described previously [11]. BNMS included records from laboratory facilities that 

perform cerebrospinal fluid (CSF) testing for meningitis evaluation. Data sources included paper-

based records collected during in-person laboratory visits and records from electronic medical 

records (EMRs) used during the study period. Records were merged and de-duplicated. 

 

Standard CSF evaluation remained unchanged during the study period, consisting of white cell 

count (WCC) and differential (lymphocytes, neutrophils) when WCC ≥10 cells/µL, protein and 

glucose, microscopy (gram stain, India ink), and bacterial and fungal culture [13]. CSF latex 

agglutination cryptococcal antigen (CrAg) testing was performed infrequently. Tuberculous 

meningitis evaluation by acid-fast bacillus (AFB) [Ziehl-Neelsen] smear was performed in some 

laboratories, on request, with TB culture available as a send-out to a national reference laboratory 

(National Tuberculosis Reference Laboratory). XPert MTB/RIF was introduced in 2012 but was 

not used on CSF samples. Other molecular diagnostic testing (e.g. herpes simplex viruses or 

Toxoplasma gondii PCR) and syphilis testing have not been introduced in public-sector 

laboratories.  

 

HIV-related data (HIV status, CD4 count, ART use) were obtained from EMR records and from a 

national HIV registry through deterministic linkage of laboratory and HIV records using a unique 

9-digit national identification number (“Omang”). As Omang was not documented in paper 

records, linkage was restricted to individuals undergoing evaluations at centers using the EMR, 
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Integrated Patient Management System (IPMS). For CD4 T-cell count, the closest value within a 

6-month period of lumbar puncture (LP) was used. Prior ART use was defined as documented 

prescription of ART or any HIV viral load testing within 3 months of CSF evaluation (as initial 

viral load testing only occurs after at least 3 months on ART [14]).  

 

The study was approved by the University of Botswana, the Botswana Ministry of Health and 

Wellness’ Health Research Development Committee, Botswana referral and district hospitals with 

research ethics committees, the University of Pennsylvania, and the University of Washington.    

 

Case definitions 

A “case,” or episode, was defined as receipt of a LP with CSF analysis at any lab in Botswana 

from 2000-2015. We restricted our analysis to adults (≥15-years) because of differences in the 

HIV prevalence and epidemiology of CNS infections in adults and children, and for consistency 

with age strata in UNAIDS denominator estimates. Cases were characterized by microbiological 

diagnosis: Cryptococcal meningitis was defined as positive CSF microscopy (India ink), culture, 

and/or CrAg. TB meningitis was defined as positive CSF culture for Mycobacterium tuberculosis 

or AFB smear. Two definitions were used for pneumococcal meningitis: A restrictive definition 

limited to individuals with CSF culture growth of S. pneumoniae, and a second including positive 

CSF culture or gram stain showing gram-positive cocci. This definition was used due to imperfect 

sensitivity of culture and added diagnostic yield of gram stain [15,16], particularly in patients 

receiving pre-LP antibiotics. Other meningitides were defined by positive CSF culture.  
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Cases without positive microbiological test results (microscopy, culture, and/or CrAg) were 

defined as normal (CSF WCC 0-5 cells/µL), with minor abnormalities (WCC 6-20 cells/µL), or 

markedly abnormal (WCC >20 cells/µL), the latter stratified as lymphocytic (≥50% lymphocytes) 

or neutrophilic (<50% lymphocytes). CSF protein and glucose analyses were not performed in a 

sizeable proportion of samples due to frequent reagent stock-outs, thus additional classifications 

of culture negative-disease were not explored. To account for repeated LPs (e.g. therapeutic LPs 

for cryptococcal meningitis), all CSF evaluations within a ≤14-day window from a previous LP 

were defined as part of the same episode, and results from the first LP used in the analysis. For TB 

meningitis, LP evaluations within a 6-month window of diagnosis were considered part of a single 

episode. 

 

 Data analysis 

Findings from all adult cases 2000-2015 were described, including proportion of cases with 

positive microbiological findings and classification of cases without positive microbiological 

findings by WCC strata. Patient demographic, HIV clinical characteristics, and CSF findings were 

evaluated using descriptive statistics (number and percentage or median and interquartile range 

[IQR]).  

 

Complete CSF records were obtained from all laboratories in Botswana 2013-2014. During this 

two-year period the overall and HIV-specific incidence of meningitis cases in adults (≥15 years) 

was determined by category (any LP, cryptococcal meningitis, pneumococcal meningitis, or 

markedly abnormal CSF [WCC >20 cells/µL] with or without positive bacterial gram stain or 

culture). TB meningitis incidence was not evaluated due to the small number of confirmed cases 
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resulting from limitations in TB diagnostics. UNAIDS Spectrum data were used for national 

population denominator estimates [11]. Incidence estimates with 95% confidence intervals (95% 

CIs) were calculated using a Poisson distribution.  

 

To account for missing age in a small proportion of cases (3%), when deriving incidence estimates 

it was assumed that the age distribution (adult vs. child) was the same in cases without documented 

age as in those with age data for each type of meningitis. The total number of HIV-associated cases 

for each meningitis type was estimated by applying the HIV prevalence data derived from the 

cases registered in IPMS and linked the HIV database to the entire cohort. This provides a 

conservative estimate of HIV-associated cases as some PLWH may have been undiagnosed.  

 

At referral hospitals with complete longitudinal records 2004-2014 the number of cases were 

plotted by year to evaluate trends. Due to the lack of defined catchment populations for the two 

referral hospitals, it was not possible to statistically evaluate incidence trends. Rather, given 

consistent clinical care provision and referral pathways over the full study duration (as evidenced 

by a consistent proportion of cases seen at the two referral hospitals), Poisson regression was used 

to assess trends in case numbers over time. Finally, seasonality of culture-confirmed 

pneumococcal meningitis cases was assessed by plotting number of cases by month, along with 

average Botswana temperature and rainfall by month 2000-2015 [17]. Both adult and pediatric 

cases were included for seasonality evaluation as similar findings were observed for both groups. 

Analyses were performed in Stata (Version 13, College Station, TX) and figures generated using 

Stata and the ggplot2 package in R [18]. Statistical significance was defined as a p-value <0.05. 
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2.5 RESULTS 

Overall description of cases 

A total of 34,505 LP samples were documented from 2000-2015. After restricting to adults (≥15 

years), and excluding repeat samples, 21,560 unique cases were observed (Figure 1). Fifty-six 

percent (12,143/21,560) were from referral hospitals. Median age was 36 years (IQR 30-45) and 

52% (11,108/21,488) were male. Forty-one percent (8,759/21,560) had at least minor CSF WCC 

abnormalities and/or positive microbiological findings. A microbiological diagnosis was made in 

23% (5,004/21,560) of cases. Of those with HIV-related information, 73% (9,525/13,033) were 

known to be HIV-infected. Median CD4 count was 91 cells/µL (IQR 37-216) with 47% 

(4,474/9,525) initiated on ART prior to the date of LP.  

 

Characteristics by pathogen 

Cryptococcal meningitis (CM) accounted for the majority of cases with positive microbiological 

findings (89%, 4,432/5,004).  Although India ink and culture was performed routinely on all CSF 

samples, CrAg testing was performed in only 9% (1,844/21,560) of episodes. Most CM patients 

were males (62%, 2,720/4,421) [Table 1], with mild CSF inflammation (median WCC 5/µL [IQR 

2-34]). Nearly all with HIV registry linkage were known HIV-infected (>99.9%, 2,772/2,775), 

with a median CD4 count of 42 cells/µL (IQR 19-89) and 38% (1,039/2,772) already taking ART.  

 

TB meningitis (TBM) was diagnosed in 1% (51/5,004) of cases with positive microbiological 

findings; 36 by culture, 14 by AFB smear, and 1 by both. This was in the context of infrequent 

evaluation for TB, with smear performed in 22% (4,755/21,560) and culture in 7% (1,517/21,560) 

of cases. CSF was characterized by moderate lymphocytic pleocytosis but significant spread 
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(median WCC 48/µL [IQR 8-150]). Most patients with available HIV-related data were known 

HIV-infected (83%, 24/29), with a median CD4 count of 104 cells/µL (IQR 27-165).  

 

Cases with confirmatory bacterial culture and/or gram stain accounted for 11% (552/5,004) of 

those with positive microbiological findings; 72% (395/552) of these were culture-positive and 

28% (157/552) had a positive gram stain alone. Pneumococcal meningitis was identified in 69% 

(382/552), 73% (278/382) of whom were S. pneumoniae culture-positive. Pneumococcal 

meningitis cases showed highly inflammatory neutrophil-predominant pleocytosis and 

hypoglycorrhachia; 62% with HIV-related data (150/244) were known HIV-infected with a 

median CD4 count of 196 cells/µL (IQR 127-379). CSF and clinical characteristics were similar 

when we restricted to culture-confirmed cases alone (data not shown).  

 

Other typical bacterial pathogens were uncommon: 11 Haemophilus influenzae, 6 Group B 

Streptococcus, 1 Neisseria meningitidis, and 1 Listeria monocytogenes cases. Other cultured 

isolates included 34 Enterobacteriaceae (14 Klebsiella pneumoniae, 13 Escherichia coli, 4 

Salmonella spp, 2 Enterobacter spp, 1 Proteus mirabilis), 32 Staphylococcus spp (20 coagulase-

negative Staphylococcus, 12 Staphylococcus aureus), 15 non-pneumococcal and non-group B  

Streptococcus spp, 3 Pseudomonas aeruginosa cases, and 12 with other pathogens. Clinical data 

to distinguish likely contamination versus clinical disease for atypical pathogens, e.g. coagulase-

negative Staphylococci, were unavailable.  

 

Cases with negative microbiological evaluation 
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Seventy-seven percent (16,556/21,560) of LP evaluations for meningitis had no positive 

microbiological findings (Figure 1), of which 19% (3,220/16,556) had no CSF WCC recorded. 

Of cases with WCC, 28% (3,755/13,336) showed elevated WCC; 10% (1,309/13,336) mildly 

abnormal (6-20 cells/µL) and 18% (2,446/13,336) markedly abnormal (>20 cells/µL), the majority 

with lymphocyte predominance (55% [1,348/2,446]) in those with a WCC differential. 

Demographic and HIV-related characteristics were similar between WCC categories. Of all cases 

with negative evaluation, 66% (6,526/9,897) with HIV registry linkage were known HIV-infected 

with a median CD4 count of 120 cells/mL (IQR 49-269) and 51% (3,343/6,526) were on ART 

before evaluation.  

 

National incidence and temporal trends  

Over the two-year period with complete national data (2013-2014), an estimated 142.6 LPs / 

100,000 person-years (95%CI: 142.6-147.1) were performed in adults overall, and 405.7 LPs 

/100,000 person-years (95% CI…) among those known to be HIV-infected (Table 2). Using the 

combined definition for pneumococcal meningitis (positive CSF culture and/or gram stain), the 

estimated overall incidence of pneumococcal meningitis was 2.7/100,000 person-years (95%CI: 

2.4-3.1) and 5.9 /100,000 person-years (95%CI: 4.3-7.9) in the HIV-infected population. 

Restricted to culture-confirmed pneumococcal meningitis, incidence was 1.8 /100,000 person-

years (95%CI: 1.4-2.4) overall and 4.3/100,000 person-years (95%CI: 2.9-6.0) among those 

known to be HIV-infected. Incidence of cryptococcal meningitis was 25.0/100,000 person-years 

(95%CI: 23.2-26.9) overall and 92.9/100,000 person-years (95%CI: 86.2-99.9) in the HIV-

infected.  
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As previously described [11], cases of cryptococcal meningitis declined from 2004-2014 at referral 

hospitals (p<0.001) [Figure 2]. However, similar trends were not observed for pneumococcal 

cases (p=0.68), cases with minor WCC abnormalities (6-20 cells/µL) [p=0.94], or cases with 

markedly abnormal CSF (WCC >20 cells/µL) [p=0.16]. No decrease in adult pneumococcal 

meningitis cases was observed 2013-2014 following childhood PCV13 introduction, compared to 

the earlier period.  In seasonal analysis of culture-confirmed pneumococcal meningitis, cases 

peaked in the winter and early spring (Figure 3).  

2.6 DISCUSSION 

Using a nationally representative sample of over 20,000 adult episodes of suspected meningitis 

over 16 years, this study provides novel insights into the epidemiology of meningitis in high HIV-

prevalence regions of Africa. About three-quarters of adult patients evaluated for CNS infection 

were known to be HIV-infected. Evaluation for CNS infections was common in the HIV-infected 

adults, with over 400 LPs/100,000 person-years. Most HIV-infected individuals undergoing LP 

were profoundly immunocompromised (median CD4 <100 cells/µL) despite almost half having a 

history of ART use. This mirrors findings from recent studies showing approximately half of 

patients with cryptococcal meningitis are now ART-experienced [19-21], reflecting a combination 

of late presentation to care with severe immune-suppression [9], default from care, and ART failure 

from resistance. Interpreted alongside recent data showing that approximately half of patients with 

culture-negative meningitis and two-thirds diagnosed with cryptococcal meningitis die within one 

year of presentation in Botswana [13,22], these findings demonstrate that CNS infections remain 

a principal cause of mortality in HIV-infected individuals over a decade into the ART era.  
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Our findings highlight severe limitations in routine strategies for the diagnosis of meningitis 

common throughout much of sub-Saharan Africa. Consistent with previous studies from South 

Africa [3,4], Zambia [23], and Uganda [24], cryptococcal meningitis was the most common 

etiology of meningitis accounting for about 90% of cases. This high case ascertainment reflects 

both the still-high burden of advanced HIV/AIDS and excellent diagnostic yield combining rapid 

cryptococcal testing (usually India ink) with more sensitive fungal culture in all cases.  

 

Microbiological diagnoses other than cryptococcal meningitis were infrequent despite a significant 

proportion of cases with abnormal CSF WCC. TB accounted for only 1% of cases with positive 

microbiological findings. This contrasts with surveillance data from South Africa 2009-2012, 

where almost 25% of microbiologically-confirmed adult meningitis cases had TB confirmed by 

smear, culture and/or Xpert. Of cases in Botswana with pleocytosis and/or a positive 

microbiological finding, 15% (1348/8759) had a WCC >20/µL with lymphocytic predominance 

and negative standard work-up, much of which likely reflects undiagnosed TB meningitis. The 

small number of confirmed TB diagnoses in Botswana almost certainly reflects infrequent TB 

testing despite culture availability. Reasons for infrequent TB diagnostic testing are probably 

multifactorial, including lack of decentralized testing and intermittent TB laboratory stoppages; 

however a major factor driving clinicians’ low testing rates is likely the poor sensitivity of AFB 

smear and delays in culture results with lack of actionable data on which to base clinical decisions 

[25]. Patients with TB meningitis and advanced immune suppression due to HIV also often lack 

significant CSF pleocytosis or other “classic” CSF findings [26], possibly reducing clinical 

suspicion. Rapid next-generation Xpert (Ultra) has recently shown improved yield over CSF 

culture in HIV-infected Ugandan patients [27], and gives actionable results within hours, providing 
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an attractive diagnostic option for TB meningitis which may overcome many of the existing 

diagnostic challenges if widely implemented. 

 

Bacterial meningitis accounted for 11% of cases with positive microbiological findings with a 

predominance of Streptococcus pneumoniae. Even using a conservative definition restricted to 

culture-confirmed cases the adult national incidence of 1.8 cases / 100,000 person-years is 

approximately 6 times higher than the rate estimated in the United States in 2010 [28], or 9 times 

higher with an expanded case definition combining culture and gram stain results. HIV-specific 

incidence was approximately 15-20-fold higher than in the general U.S. population. Our 

pneumococcal meningitis incidence estimates in Botswana are certainly an underestimate of true 

population rates. First, we found a large number of culture-negative cases with markedly elevated 

CSF white cell count (>20/µL) and neutrophil predominance (632 cases versus 278 culture-

confirmed pneumococcal meningitis cases), probably in-part representing rapid CSF sterilization 

and decreased culture sensitivity with pre-LP antibiotic administration [29]. Pneumococcal 

meningitis occurred year-round but peaked during winter and early spring, as previously described 

[30]. Cases of pneumococcal meningitis over a >10-year period at the two referral hospitals were 

largely unchanged over time and did not show any appreciable decline following introduction of 

PCV13 vaccination in 2012, although our analysis was restricted to just two full years following 

introduction. Pneumococcal vaccination trials in HIV-infected adults in Africa have shown mixed 

results [31,32], but pediatric vaccination may provide some protection through herd immunity 

[33], and further surveillance, preferably with serotype data, is warranted.  
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Our study has several limitations. We relied on routinely collected laboratory data, did not have 

detailed clinical information, and lacked HIV-related clinical data for some patients (those with 

only paper records). As most records with national identification used for HIV database linkage 

were from referral hospitals, HIV prevalence data may not be fully representative of the general 

population. HIV prevalence was likely under-ascertained in our study; although 73% of adults 

evaluated for meningitis were documented as HIV-infected, this is lower than observed in other 

high HIV prevalence African settings [3,34]. This results in conservative HIV-associated 

meningitis incidence estimates. Finally, other than 2013-2014, we had incomplete CSF laboratory 

records and were unable to evaluate national incidence trends over the full study period.  

2.7 CONCLUSION 

In conclusion, using a nationally representative sample of suspected meningitis cases, we provide 

insights into the epidemiology of meningitis in high HIV prevalence sub-Saharan African 

settings. Cryptococcal meningitis remains the predominant etiology identified. However, our 

findings highlight a large burden of culture-negative meningitis, some of which likely represents 

partially-treated pyogenic bacterial meningitis or TB meningitis, but may also include a large 

number of other potential  pathogens. Our findings support the need for scale-up of molecular 

diagnostic platforms, particularly for TB evaluation, and to better characterize pathogens to 

inform treatment approaches.    
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Table 1. Clinical and laboratory characteristics of patients evaluated for meningitis. 

Pathogen  Age 

(years), 

Median 

(IQR) 

Sex, % (n) 

male  

CSF WCC 

(/µL), 

median (IQR) 

* 

Lymphocyte 

% (IQR) 

Protein 

(g/dL), 

median (IQR) 

Glucose, 

mmol/L, 

median (IQR) 

HIV +ve, % 

(n/N) † 

CD4 count 

(cells/µL) if 

HIV +ve, 

median (IQR) 

On ART if 

HIV +ve, % 

(n) 

 

With microbiological diagnosis 

Cryptococcus  

(n = 4432) 

36 (31-43) 61.5% 

(2720/4421) 

5 (2-34) 90% (60-95) 0.91  

(0.49-1.75) 

2.10  

(1.23-2.86) 

99.9% 

(2772/2775) 

42 (19-89) 37.5% 

(1039/2772) 

TB 

 (n = 51) 

36 (31-45) 54.9% 

(28/51) 

48 (8-150) 90% (20-96) 2.56  

(0.93-3.27) 

0.83  

(0.61-1.36) 

82.8% 

(24/29) 

104 (27-165) 20.8% (5/24) 

Pneumococcus 

(n = 382)  

36 (30-45) 43.2% 

(164/380) 

250 (40-946) 10% (5-24) 3.66  

(2.42-6.66) 

0.07  

(0.01-0.90) 

61.5% 

(150/244) 

196  

(127-379) 

39.3% 

(59/150) 

 

Without microbiological diagnosis 

CSF WCC 0-5  

(n = 9581) 

36 (30-46) 47.6% 

(4546/9557) 

---- ---- 0.47  

(0.26-0.92) 

3.20  

(2.60-3.85) 

66.2% 

(4052/6119) 

113 (44-268) 54.5% 

(2207/4052) 

CSF WCC 6-20  

(n = 1309) 

36 (30-45) 50.2% 

(654/1302) 

---- ---- 0.84  

(0.40-1.80) 

2.84  

(2.00-3.72) 

66.8% 

(514/770) 

129 (55-254) 52.0% 

(267/514) 
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CSF WCC >20, 

no differential 

(n = 466) 

36 (30-45) 53.7% 

(249/464) 

70 (32-230) ---- 1.58 

(0.80-3.18) 

2.10 

(1.12-3.17) 

64.8% 

(136/210) 

138 (69-317) 46.3% 

(63/136) 

CSF WCC >20, 

lymphocytic 

(n = 1348) 

36 (29-43) 52.6% 

(708/1345) 

123 (54-312) 90% (80-96) 1.83  

(1.00-3.53) 

1.92  

(1.10-2.89) 

70.7% 

(662/936) 

156 (77-284) 48.0% 

(318/662) 

CSF WCC >20, 

pyogenic 

(n = 632) 

36 (30-44) 57.1% 

(358/627) 

244 (75-810) 15% (9-30) 2.37  

(1.18-4.21) 

1.46  

(0.90-2.43) 

60.1% 

(217/361) 

116 (53-214) 43.3% 

(94/217) 

+ve - positive; ART - antiretroviral therapy; IQR - interquartile range; WCC - white cell count 
* Upper limit recorded for WCC 2000/µL 

† Among patients with documented HIV status 
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Table 2. Botswana national incidence of adult (≥15 years) meningitis, 2013-2014. 

Strata Category Number of cases Person-years Incidence (per 100,000 

PYO) 

95% confidence 

interval (per 100,000 

PYO) 

Underwent lumbar puncture Overall population 

Known HIV-infected 

4114 

3150 

2,884,278 

776,523 

142.6 

405.7 

138.3 - 147.1 

391.6 - 420.1 

Cryptococcal meningitis Overall population 

Known HIV-infected 

721 

721 

2,884,278 

776,523 

25.0 

92.9 

23.2 - 26.9 

86.2 - 99.9 

Pneumococcal meningitis 

(+ve culture or GPCs) 

Overall population 

Known HIV-infected 

73 

46 

2,884,278 

776,523 

2.7 

5.9 

2.4 - 3.1 

4.3 - 7.9 

Pneumococcal meningitis 

(+ve culture) 

Overall population 

Known HIV-infected 

53 

33 

2,884,278 

776,523 

1.8 

4.3 

1.4 - 2.4 

2.9 - 6.0 

Any abnormal CSF (WCC >20 or 

non-Cryptococcus pathogen) 

Overall population 

Known HIV-infected 

313 

213 

2,884,278 

776,523 

10.9 

27.4 

9.7 - 12.1 

23.9 - 31.4 

+ve - positive; CSF - cerebrospinal fluid; GPC - gram positive cocci; WCC - white cell coun 
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Figure 1. Overall description of 21,560 adult cases. Of 34,505 overall lumbar puncture assessments, 7,238 samples from children, 

4,014 with undocumented age, and 1,693 repeat lumbar punctures excluded.  

 
CSF = cerebrospinal fluid; TB = tuberculosis; WCC = white cell count 
*>100 percent due to 31 mixed cryptococcal and bacterial meningitis cases and 2 mixed cryptococcal and TB meningitis; 1 additional case of Candida spp and 1 non-tuberculous Mycobacterium without 
further speciation also found 
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Figure 2. Trends in meningitis cases at Botswana national referral hospitals, 2004-2014. 

 

WCC - cerebrospinal fluid white cell count 
Classifications for pneumococcal meningitis restricted to culture-positive cases. WCC >20 and WCC 6-20 groups excluded cases of diagnosed cryptococcal meningitis. 
* Excluded 2006 data for Cryptococcus, WCC>20 and WCC 6-20; a large drop in cryptococcal meningitis cases and concurrent rise in cases with WCC 6-20 and WCC>20 likely 
represented missed diagnoses of cryptococcal meningitis in this year 
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Figure 3. (A) Culture-confirmed pneumococcal meningitis cases, (B) average rainfall 

(centimeters), and (C) average temperature (Celsius) by month  

(A) 

 

(B) 

 

(C) 

 

* Month: 1=January, 2=February, etc.  
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Chapter 3. ADVANCED HIV DISEASE IN BOTSWANA 

FOLLOWING SUCCESSFUL ANTIRETROVIRAL 

THERAPY ROLLOUT: INCIDENCE AND TEMPORAL 

TRENDS IN CRYPTOCOCOCAL MENINGITIS 
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Short summary: 

In a Botswana national meningitis survey, we observed a high 2013-2014 incidence of 

cryptococcal meningitis, particularly in men in their 4th-5th decade, highlighting the need to target 

populations at high risk for advanced HIV and adopt HIV differentiated care models.  
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3.2 ABSTRACT 

Background: Botswana has a well-developed antiretroviral therapy (ART) program which serves 

as a regional model. With wide ART availability, the burden of advanced HIV and associated 

opportunistic infections would be expected to decline. We performed a nationwide surveillance 

study to determine the national incidence of cryptococcal meningitis, and describe characteristics 

of cases 2000-2014 and temporal trends at two national referral hospitals.  

Methods: Cerebrospinal fluid data from all 37 laboratories performing meningitis diagnostics in 

Botswana were collected 2000-2014 to identify cases of cryptococcal meningitis. Basic 

demographic and laboratory data were recorded. Complete national data from 2013-2014 were 

used to calculate national incidence using UNAIDS population estimates. Temporal trends in cases 

were derived from national referral centers 2004-2014.  

Results: 5296 episodes of cryptococcal meningitis were observed in 4702 individuals; 60·6% were 

male, and median age was 36 years. Overall 2013-2014 incidence was 17·8 cases/100,000 person-

years (95%CI 16·6 – 19·2). In the HIV-infected population, incidence was 96·8 cases/100,000 

person-years (95%CI 90·0 – 104·0); male predominance was seen across CD4 strata. At national 

referral hospitals, cases decreased 2007-2009 but stabilized 2010-2014.  

Conclusions: Despite excellent ART coverage in Botswana, there is still a substantial burden of 

advanced HIV, with 2013-2014 incidence of cryptococcal meningitis comparable to pre-ART era 

rates in South Africa. Our findings suggest a key population of individuals, often men, are 

developing advanced disease and associated opportunistic infections due to a failure to effectively 

engage in care, highlighting the need for differentiated care models. 
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3.3 INTRODUCTION 

Botswana was the first country in Africa to establish a national ART program and began providing 

treatment free-of-charge to its HIV-infected population in early 2002 [1]. National HIV care 

guidelines in 2012 recommended a CD4 T-cell threshold of <350 cells/μL for ART initiation, up 

from <200 cells/μL in 2008 [2,3], and recent population level data suggest that, in rural regions, 

the program is close to achieving “90-90-90” targets set by the Joint United Nations Programme 

on HIV/AIDS (UNAIDS).[4] Despite the success of the national ART program, Botswana, a 

country of approximately two million people, still has high incidence of new HIV infections in 

certain populations and an HIV prevalence among the highest in the world, with an estimated adult 

HIV prevalence of 25% in 2014 [5,6]. 

 

In sub-Saharan Africa as a whole, as in Botswana, although millions now access life-saving 

antiretroviral therapy (ART), overall HIV prevalence is still not declining and ART is initiated at 

low CD4 T-cell counts in a majority of HIV-infected individuals [7-9], resulting in a large 

population at substantial risk of opportunistic disease and with high rates of mortality [10]. Care 

default and treatment failure further increase the size of this high-risk population, with pooled 

observational cohort data from African settings suggesting only 65% of patients starting first-line 

ART remain in care at 36 months and virological failure and acquired ART resistance frequently 

observed [11-13]. Movement toward an HIV “test and treat” strategy in sub-Saharan Africa, which 

was adopted in Botswana in June 2016, will necessitate streamlining models of care to quickly 

expand treatment programs, which has the potential of leaving vulnerable patients further behind.  
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Cryptococcal meningitis (CM) is a severe fungal infection primarily seen in individuals with 

defective cell-mediated immunity [14], with the vast majority of cases occurring in the context of 

advanced HIV infection [15]. CM typically affects individuals with CD4 cell counts <100 cells/µL, 

and is now frequently described following late ART initiation and ART default, as well as in ART 

naïve individuals [16-18]. As countries move toward expanded HIV treatment programs, CM 

serves as an important indicator disease for national programs. An understanding of advanced HIV 

disease burden and temporal trends in sub-populations will guide program delivery and 

differentiated models of HIV care targeting groups most at risk for delayed HIV diagnosis, ART 

initiation, and care default, with the associated morbidity and mortality and high transmission 

risks.  

 

We collected laboratory records from all facilities in Botswana that perform meningitis diagnostics 

and UNAIDS country-level HIV prevalence estimates to determine the 2013-2014 national 

incidence rate of cryptococcal meningitis, describe characteristics of CM cases over a 15-year 

period, and define temporal trends in cases diagnosed at the two national referral hospitals.  

3.4 METHODS 

Study design 

The Botswana National Meningitis Survey was a 15-year retrospective review of routine 

cerebrospinal fluid (CSF) laboratory records to determine the etiologies of meningitis in Botswana 

and temporal trends with maturation of the local HIV epidemic.  The study was conducted in 

collaboration with the Botswana Ministry of Health (MoH) and the National Health Laboratory. 

Institutional review board (IRB) approval was obtained from the University of Botswana, 

University of Pennsylvania, University of Washington, Health Research Development Council 
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(Botswana Ministry of Health), and at hospitals with independent IRB committees (Letsholathebe 

Memorial Hospital, Mahalapye Hospital, Nyangabwe Referral Hospital, Princess Marina Hospital, 

Scottish Livingstone Hospital, and Sekgoma Memorial Hospital).  

 

Participating laboratories and CSF data collection 

Thirty-seven laboratories are registered by the Botswana National Health Laboratory (NHL) to 

perform cerebrospinal fluid (CSF) testing for the diagnosis of cryptococcal meningitis by India ink 

stain (II), fungal culture, and/or cryptococcal antigen (CrAg) testing, including two national 

referral hospitals, seven district hospitals (six medical, one psychiatric), and 28 primary, private, 

mining, and military hospital-based, clinic-based, or standalone laboratories. Facilities were 

visited by the study team for collection of meningitis-related laboratory data. Most visits took place 

between February 2015 and May 2015. All available CSF records from 1 January 2000 through 1 

January 2015 were located at facilities. Records were scanned on a password-protected study 

laptop, then numbered and entered into a REDCap database. To ensure data accuracy during 

transcription of paper-based records into the REDCap database, a minimum of two study team 

members reviewed each entry and discrepancies were adjudicated through consensus.  

 

In addition to paper records, a majority of hospital-based laboratories maintain records on a 

government-financed electronic medical record (EMR), Integrated Patient Management System 

(IPMS). At facilities with IPMS, clinical data is entered directly into IPMS with laboratory books 

used to keep records during internet downtime or entered both in laboratory notebooks and IPMS. 

IPMS was queried centrally at the MoH to obtain all Botswana CSF-related electronic laboratory 

records and HIV-related data (CD4 T-cell count nearest to the date of cryptococcal meningitis 
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diagnosis). Paper-based records from the REDCap database were merged with IPMS records using 

Stata (version 12, College Station, TX), matching by date, testing location, and patient identifiers 

(name, age, gender), and duplicate entries removed. Three hospitals used additional EMR 

platforms for limited periods during the study period. Electronic records from these EMR 

platforms were also queried using CSF-related search terms and this data entered into the REDCap 

database.  

 

Population denominator data 

The UNAIDS Spectrum model version 5·41 was used to determine population numbers [19], 

national HIV prevalence, new HIV infections, and the distribution of CD4 count. Two module sets 

were activated for this projection.  The demographic set included DEMPROJ – to estimate the 

population by age and sex, and FAMPLAN – to estimate the impact of family planning services 

on population size. The HIV set included AIM – to estimate the impact of HIV, GOALS – to 

estimate the funding needed to achieve the national HIV response targets, and RNM – to estimate 

the costs of implementing the national HIV program. Model inputs were derived from published 

country reports, strategic plans, costing studies, programmatic data, and expert opinion [20]. 

 

Patients and case definition 

Records were obtained of any patient who received a lumbar puncture (LP) for CSF analysis 

without an age cut-off. In Botswana, routine CSF testing includes gram stain and bacterial culture, 

acid-fast Bacillus (AFB) smear, India ink stain and fungal culture, cell count, white blood cell 

(WBC) differential, and protein and glucose concentrations. AFB culture, when ordered, is 

performed centrally at the Botswana National Tuberculosis Reference Laboratory in Gaborone. 
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CSF testing for CrAg was performed by several centers and routinely at referral hospital 

laboratories. 

 

A “case” (or episode) of cryptococcal meningitis was defined as CSF with positive India ink stain, 

Cryptococcus culture, and/or positive CSF CrAg. As CSF analysis may have been repeated on 

patients receiving multiple LPs for lowering of intracranial pressure or other indications during an 

admission, all positive CSF samples for a unique patient within a single documented 

hospitalization (or in the absence of admission dates, within a ≤ 14-day window of any previous 

CSF sample) were considered part of the same “case”. 

 

Data analysis 

Data were analyzed using Stata (version 12, College Station, TX). Cases of cryptococcal 

meningitis in Botswana were enumerated using the case definition. The number of cases, recurrent 

cases, patient age and gender, and month and season of diagnosis were described using 

frequencies, percentage or median and interquartile range (IQR), as appropriate. It was not possible 

to calculate national incidence rates over the full 15-year study period, as records prior to 2013 

were partially complete. Complete CSF laboratory data from all laboratories were obtained during 

2013 and 2014 calendar years. For this 2013-2014 national data, UNAIDS spectrum model HIV 

estimates were used as a population denominator to determine cryptococcal meningitis incidence 

rate in person-years of observation with 95% confidence intervals (95%CI) derived using a Poisson 

distribution. Incidence was estimated by gender and ordinal age categories as well as by CD4 T-

cell count category stratified by gender in individuals ≥15-years old.  

 



 60

The two national referral hospitals (Princess Marina Hospital and Nyangabwe Referral Hospital) 

adopted IPMS in 2004 and also maintained paper-based records, yielding a complete dataset for 

the 11-year period 2004 to 2014. At these two hospitals, annual cases diagnosed over this 11-year 

period were displayed graphically in relation to the “treatment gap” (UNAIDS-estimated HIV-

infected population ≥15 years of age minus population receiving ART) and median CD4 cell count 

at ART initiation.  

3.5 RESULTS 

15-year cryptococcal meningitis data 

We identified 5296 unique cases of cryptococcal meningitis in 4702 individuals from 2000-2014 

(Table 3). Of these individuals, 90·3% (4248/4702) experienced a single episode, 7·7% (360/4702) 

two episodes, 1·0% (48/4702) three episodes, and 1·0% (46/4702) four or more episodes of 

disease. Median age at diagnosis was 36 years (IQR 30-43 years) (Figure 4) and more cases were 

diagnosed in males than females (60·6% males versus 39·4% females). There was no evidence of 

seasonality. Case numbers did not differ with respect to month or season at diagnosis.  

 

2013-2014 incidence of cryptococcal meningitis 

National incidence of diagnosed cryptococcal meningitis 2013-2014 was 17·8 cases/100,000 

person-years (95%CI 16·6 – 19·2 cases/100,000 person-years), with higher incidence observed in 

males than in females (22·0 cases/100,000 person-years in males [95%CI 20·1 – 24·1 

cases/100,000 person-years] versus 13·7 cases/100,000 person-years [95%CI 12·1 – 15·3 

cases/100,000 person-years] in females) (Table 4, Figure 5A-B). Peak incidence was observed in 

40-44 year olds, with an earlier peak among females (30-34 years) and a later peak among males 

(40-44 years) mirroring national age trends in HIV prevalence.  
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In the HIV-infected population, overall incidence was 96·8 cases/100,000 person-years (95%CI 

90·0 – 104·0 cases/100,000 person-years), or 135·4 cases/100,000 person-years (95%CI 123·4 – 

148·3 cases/100,000 person-years) in males and 66·3 cases/100,000 person-years (95%CI 58·9 – 

74·4 cases/100,000 person-years) in females. Incidence rate was relatively uniform across adult 

age categories, peaking in the 4th through 5th decade of life (Figure 5C). Although the absolute 

number of CM cases in children was relatively low, incidence was comparatively high in the two 

youngest age categories (0-4 years and 5-9 years), declining in the 10-14 year age group, then 

increasing to adult levels in the adolescent category (15-19 years). Note that the high incidence in 

the 0-4 year age category may be spuriously high due to an underestimation of the denominator in 

the UNAIDS figures and low overall numbers in both the numerator and denominator categories. 

Incidence increased markedly with declining CD4 T-cell count strata. In those with CD4 T-cell 

counts <50 cells/μL, a nearly 2% annual incidence was observed, of 1,854 cases/100,000 person-

years (95%CI 1,680·5 – 2,042·0 cases/100,000 person-years), with higher incidence in males than 

females across CD4 count strata (Figure 6).  

 

Referral hospital temporal trends 

At the two national referral hospital laboratories, processing 60% of CSF samples, the number of 

cases of cryptococcal meningitis cases decreased between 2004 and 2014, with a marked decrease 

2007-2009 but only a modest decline in 2010-2014, despite a shift in national ART guidelines 

recommending ART initiation at a higher CD4 count (<350 cells/μL in 2012 guidelines versus 

<200 cells/μL in 2008 guidelines).[2,3] Figure 7A shows cases of cryptococcal meningitis 

diagnosed at the referral hospitals, with total HIV-infected population in Botswana ≥15 years of 
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age and population on ART over time. Over this period, the median CD4 count at ART initiation 

increased from 2007-2011 but remained stable 2012-2014 (Figure 7B), with similar trends 

observed in the total population of HIV-infected individuals with CD4 counts <200 cells/μL 

(Figure 7C).  

3.6 DISCUSSION 

These are the first robust national cryptococcal meningitis incidence estimates from a resource-

limited country. Collection of complete records from all laboratories in Botswana performing CSF 

testing allowed us to accurately estimate 2013-2014 national incidence rates, revealing a high 

incidence of cryptococcal meningitis in Botswana in the context of the highest population 

antiretroviral therapy coverage in Africa. The 2013-2014 Botswana national cryptococcal 

meningitis incidence is almost identical to the pre-ART era (2002-2004) laboratory surveillance-

based incidence estimates from Gauteng Province, South Africa (17.8 cases/100,000 person-years 

versus 15·6 cases/100,000 person-years, respectively), a period when estimated adult (15-49 years) 

HIV prevalence in South Africa was 21·5% [21,22]. Limited to only HIV-infected populations, 

2013-2014 Botswana incidence of 96·8 cases/100,000 person-years is again comparable to South 

African incidence estimates from the pre-ART era (95 cases/100,000 person-years), and greater 

than 100-fold higher than the 2009 estimated United States HIV-associated cryptococcal 

meningitis rate of 7·7 cases/1,000,000 person-years [15]. 

 

The rate of decline in cryptococcal meningitis cases diagnosed at referral center laboratories has 

stagnated in recent years, despite national data showing high rates of HIV testing, ART uptake, 

and viral suppression [4]. These findings reflect a number of factors, including high ongoing 

national HIV prevalence, only modest improvements in median CD4 T-cell counts at ART 
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initiation in recent years, from 191 cells/μL (IQR 115 – 239 cells/μL) in 2010 to 258 cells/μL (IQR 

147 – 337 μL) in 2013 despite a shift in national guidelines promoting earlier therapy [1,23-25], 

and high annual incidence of new HIV infection estimated at 1·5-2·5% in adults [26]. Importantly, 

these findings suggest that, despite a decade and a half of free and widely available HIV testing 

and treatment services in Botswana, a population of vulnerable individuals are not being 

effectively reached, engaged, or retained by current testing and treatment services. This key 

population is now the main driver of HIV-related morbidity and mortality, and likely to be 

maintaining the high ongoing incidence of HIV acquisition in this setting.  

 

With stabilizing or rising adult HIV prevalence in Botswana and the African region, eliminating 

the remaining treatment gap and advanced HIV-disease will require innovative solutions to 

effectively reach key populations who are being missed by current testing and treatment models, 

diagnose and treat early asymptomatic infection, and promote lifelong engagement with treatment 

services. Updated 2016 guidelines in Botswana, in line with 2015 World Health Organization 

guidelines, now recommend the “test and treat” strategy of ART at any CD4 count for people 

living with HIV [27,28]. This represents a critical step toward reducing advanced HIV disease and 

opportunistic infections like cryptococcal meningitis and tuberculosis. However, the latest 

Botswana AIDS Indicator Survey data estimated 30% of the population aged 10-64 years had 

never undergone HIV testing in 2013 and ART coverage [26], at about 250,000 HIV-infected 

individuals by 2015,[23] needs to expand by 100,000, which will put a strain on existing services 

[29]. Similar scale-up will likely be even more disruptive throughout the rest of Africa, where the 

number of people receiving ART needs to double to cover all HIV-infected individuals [30]. To 

avoid leaving vulnerable individuals behind, differentiated care models should be considered to 
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streamline care for populations with well-controlled disease and focus more intensive resources 

on those with higher need who are now driving the epidemic.  

 

Our study provides important insights into the characteristics of individuals presenting with 

advanced HIV and cryptococcal meningitis in Botswana. We found peak incidence of disease in 

adults in the 4th and 5th decade of life, suggesting a need to better engage young, working-age 

adults through work- or community-based care models that minimize lost opportunity costs. 

Strikingly, we observed a greater than two-fold higher incidence of disease in HIV-infected males 

than HIV-infected females. Although this did not completely correct when the analysis was 

stratified by CD4 count, perhaps in part reflecting a true gender-related biological predisposition 

to cryptococcal disease for which the pathogenesis is incompletely understood [31,32], it 

highlights the high numbers of men presenting late to care or failing to engage with testing and 

treatment services. 

  

This study had several important limitations. First, these estimates likely represent the lowest range 

of true cryptococcal meningitis incidence rates in Botswana due to the limitations of deriving 

incidence estimates from laboratory-based surveillance, including missing individuals who died 

before seeking medical care or who sought care but went undiagnosed due to misdiagnosis, stock 

out of lumbar puncture equipment or laboratory reagents, or lumbar puncture refusal [33]. 

Although we applied a rigorous approach to data collection and estimated incidence only for 2013-

2014 when we believed laboratory data to be complete, missed case ascertainment may also have 

led to spuriously low incidence estimates. A small number of individuals may have sought care 

from neighboring countries, but this is not likely to have significantly impacted our findings. Over 
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85% of cases in the IPMS dataset had a Botswana national identification number and the vast 

majority of the remainder could be identified as citizens using available identifying data. 

Uncertainty in UNAIDS Spectrum model denominator estimates could lead to either 

overestimation or underestimation, although figures are based on the most robust and 

contemporary data available and are validated against reliable national census and HIV population 

prevalence survey results [26]. Secondly, as a laboratory-based surveillance study we did not have 

national data on ART treatment history and were unable to stratify incidence based on ART status. 

However, single-center data from Princess Marina Hospital indicates that 51% of cryptococcal 

meningitis patients are now presenting on ART [34], in keeping with other regional data [16,17]. 

Thirdly, we were unable to ascertain outcomes, although 2012-2014 data from Princess Marina 

Hospital showed a 10-week cryptococcal meningitis mortality of 50% and 1-year mortality of 65% 

[35]. The competing risk of high mortality could explain, in part, the relatively low observed 

relapse rate. Finally, we were unable to evaluate temporal trends in cryptococcal meningitis outside 

of the two referral hospitals due to incomplete records, which might differ from urban settings 

where referral centers are located. However, as almost two-thirds of cases were diagnosed at 

referral centers, this provides meaningful information regarding national trends.   

3.7 CONCLUSION 

In summary, we provide evidence for a high ongoing burden of advanced HIV disease in 

Botswana, a country with a mature ART program and the highest population ART coverage in 

Africa. Our findings highlight a need not only to adopt disease-specific measures to reduce 

cryptococcal meningitis, such as CrAg screening in patients with advanced disease [36,37], but 

the broader need to engage and link key populations to care who are being missed with current 

strategies. Adoption of HIV test and treat could substantially reduce advanced HIV disease but 
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must be coupled with paradigm shifts in testing, care linkage, and ART delivery such as 

differentiated care models.  
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Table 3. Description of cryptococcal meningitis cases in Botswana, 2000-2014.  

Total Cryptococcal Meningitis Episodes 5296 

Total Cryptococcal Meningitis Patients 4702 

 Single episode 4248 90·3% 

 Two episodes 360 7·7% 

 Three episodes 48 1·0% 

 Four or more episodes 46 1·0% 

     

Variable Value Number with 

data 

Result (N, %)* 

Age**  (Median, IQR) 4056 36 years 30 – 43 years 

Sex**  Male 4407 2670 60·6% 

 Female  1737 39·4% 

Site† Tertiary 5296 3161 59·7% 

 Primary/Secondary   2135 40·3% 

Month† January 5296 430 8·1% 

 February  442 8·4% 

 March  481 9·1% 

 April  398 7·5% 

 May  432 8·2% 

 June  418 7·9% 

 July  449 8·4% 
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 August  490 9·3% 

 September  435 8·2% 

 October  423 8·0% 

 November  456 8·6% 

 December  442 8·4% 

Season† Summer (Nov-Jan) 5296 1328 25·1% 

 Autumn (Feb-Apr)  1321 24·9% 

 Winter (May-Jul)  1299 24·5% 

 Spring (Aug-Oct)  1348 25·5% 

*Unless otherwise indicated 

**De-duplicated to represent individual patients rather than cryptococcal meningitis episodes. 

†Data from all cryptococcal meningitis episodes including relapses.  

IQR = interquartile range 
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Table 4. National incidence of cryptococcal meningitis in Botswana, 2013-2014.  

Strata Category Case Number Person-years Incidence 

(per 100,000 

PYO) 

95% Confidence 

Interval (per 

100,000 PYO) 

Overall Incidence 

All - 755 4,231,095 17·8 16·6 – 19·2 

Sex Male 466 2,115,031 22·0 20·1 – 24·1 

 Female 289 2,116,063 13·7 12·1 – 15·3 

Age 

(years)  0-4 10 475,589 2·1 1·0 – 3·9 

  5-9 4 467,021 0·9 0·2 – 2·2 

  10-14  5 458,710 1·1 0·4 – 2·5 

  15-19  20 457,334 4·4 2·7 – 6·8 

  20-24  37 450,494 8·2 5·8 – 11·3 

  25-29  79 424,031 18·6 14·8 – 23·2 

  30-34  156 371,214 42·0 35·7 – 49·2 

  35-39  138 295,495 46·7 39·2 – 55·2 

  40-44  141 212,707 66·3 55·8 – 78·2 

  45-49  76 158,636 47·9 37·8 – 60·0 

  50-54  40 125,781 31·8 22·7 – 43·3 

  55-59  27 107,792 25·1 16·5 – 36·4 

  60-64  10 83,350 12·0 5·8 – 22·1 

  65-69  4 55,035 7·3 2·0 – 18·6 
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  70-74  3 42,068 7·1 1·5 – 20·8 

  75+  3 45,839 6·5 1·4 – 19·1 

HIV infected (Any CD4 Count) 

All - 755 779,997 96.8 90·0 – 104·0 

Sex Male 466 344,120 135.4 123·4 – 148·3 

 Female 289 435,877 66.3 58·9 – 74·4 

CD4 cell count <200 cells/µL* 

All - 690 241,445 285.8 264·9 – 307·9 

Sex Male 432 119,120 362.7 329·3 – 398·5 

 Female 259 122,325 211.7 186·7 – 239·2 

CD4 cell count <100 cells/µL* 

All - 590 74,845 788.3 726·0 – 854·6 

Sex Male  370 39,304 941.4 847·9 – 1042·4 

 Female 221 35,541 621.8 542·5 – 709·4 

CD4 cell count <50 cells/µL* 

All - 415 22,376 1854.7 1680·5 – 2042·0 

Sex Male 260 11,846 2194.8 1936·1 – 2478·5 

 Female 156 10,530 1481.5 1258·1 – 1733·1 

*Restricted to individuals aged 15 years old or greater. 

PYO = person years of observation 
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Figure 4. Age distribution of cryptococcal meningitis cases in Botswana, 2000-2014.  
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Figure 5. Incidence of cryptococcal meningitis in Botswana by age category, 2013-2014. 

2A) Overall incidence and interquartile range; 2B) Incidence by gender (males solid bars 

and females striped bars); 2C) Incidence in HIV-infected population.  
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Figure 6. Incidence of cryptococcal meningitis in Botswana in HIV-infected population 

by CD4 strata, 2013-2014. 3A) Overall incidence; 3B) Incidence by gender (males black 

lines, females grey lines).  
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Figure 7. Trends in diagnosed cases of cryptococcal meningitis at the 2 national referral 

hospitals in Botswana, 2004-2015. 4A) Cases diagnosed at referral hospitals (thick black 

line) and treatment gap in adults (≥15 years) [shaded grey area]; 4B) UNAIDS estimate 

of median CD4 count at antiretroviral therapy initiation in Botswana; 4C) UNAID 

estimate of number of HIV-infected individuals not on antiretroviral therapy in 

Botswana. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

81

Chapter 4. MORTALITY OUTCOMES IN CULTURE-POSITIVE 
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4.2 ABSTRACT 

Background: Central nervous system (CNS) infections are a leading cause of HIV-related 

deaths in sub-Saharan Africa. Aetiologies and outcomes are poorly-defined. We performed 

a study to determine mortality rates and predictors of mortality in adults evaluated for 

meningitis in Botswana.  

Methods: We conducted a prevalent cohort study (2004-2015) including all culture-

confirmed pneumococcal, TB, and culture-negative meningitis with cerebrospinal fluid 

(CSF) white cell count [WCC]>20 cells/µL, and a random selection of culture-negative 

cases with WCC≤20 cells/µL. Laboratory records were linked to national HIV and death 

registries. Predictors of mortality were evaluated using Cox proportional hazards. 

Findings: We included 238 pneumococcal, 48 TB, and 2900 culture-negative cases. 

Median age was 37 years (interquartile range [IQR]:31-46); 50% (1605/3184) were male; 

72% (2188/3023) with registry linkage had documentation of HIV-infection, median CD4 

139 cells/µL (IQR 63-271). Ten-week and one-year mortality were 47% (112/238) and 

49% (117/238) for pneumococcal, 46% (22/48) and 56% (27/48) for TB, and 41% 

(1181/2900) and 49% (1408/2900) for culture-negative cases. In known HIV-infected 

culture-negative cases, WCC (>20/µL vs. ≤20/µL) was not predictive of mortality (aHR 

0·93, 95% confidence interval [CI]:0·80-1·09), but higher CD4 count (CD4<50 vs. >350 

cells/µL aHR 2·71, 95%CI:2·06-3·56), ART use (aHR 0·74, 95%CI:0·64-0·87), and 

lymphocytic CSF (aHR 0·55, 95%CI:0·44-0·70) were associated with lower one-year 

mortality.  
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Interpretation: Mortality rates from pneumococcal, TB, and culture-negative meningitis 

were all high, with approximately half dying within one year. There is an urgent need to 

better define aetiologies and treatment approaches.  

Funding: National Institutes of Health, President’s Emergency Plan for AIDS Research. 

 

4.3 INTRODUCTION 

Central nervous system (CNS) infections are a leading cause of mortality in sub-Saharan 

Africa (SSA) [1,2]. The emergence of HIV markedly altered the epidemiology of 

meningitis in the region, with cryptococcal meningitis, tuberculous meningitis and 

bacterial meningitis due to Streptococcus pneumoniae now the most common confirmed 

meningitis aetiologies in adults in central, east, and southern Africa [3-5]. Outcomes from 

cryptococcal meningitis have been relatively well-described in clinical trials and 

observational studies.[6-9] However, data regarding long-term outcomes from TB or 

pneumococcal meningitis in routine-care settings are limited [5,10,11]. 

Furthermore, a majority of patients with suspected meningitis evaluated by lumbar 

puncture (LP) and cerebrospinal fluid (CSF) analysis in resource-limited settings have no 

pathogen identified through available diagnostic studies [3,4]. Even in studies that have 

utilised enhanced molecular diagnostics, up to half of patients still did not have a definitive 

microbiological diagnosis [12-14]. Aetiology of presentation therefore remains poorly 

understood, management recommendations for this large patient population are lacking, 

and no data exists on short- or long-term survival.  

Botswana, a country in Southern Africa with an estimated 23% HIV prevalence among 

adults [15], has a national electronic death registry unique within the region, as well as an 
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electronic national HIV registry used for research and surveillance [16]. To determine long-

term outcomes in routine care settings for culture-confirmed TB and pneumococcal 

meningitis and culture-negative meningitis, we linked CSF laboratory records from a 

national meningitis survey to patient vital registry and HIV databases using patient national 

identification numbers [17]. We compared outcomes for culture-confirmed TB and 

pneumococcal meningitis, culture-negative patients with abnormal CSF cellular findings 

(WCC >20 cells/µL), and culture-negative patients with a relatively normal profile (CSF 

WCC ≤20 cells/µL), and evaluated clinical and laboratory predictors of mortality up to one 

year.  

 

4.4 MATERIALS AND METHODS 

Study population and data sources. 

Patients were sampled from 2004-2015 from the Botswana National Meningitis Survey 

(BNMS), a nationwide audit of all CSF laboratory records from patients receiving a lumbar 

puncture for evaluation of meningitis [17]. BNMS included both paper CSF records and 

electronic records from a national electronic medical record (EMR), Integrated Patient 

Management System (IPMS). IPMS was rolled out in Botswana’s public hospital 

laboratory system from 2004, and by 2014 covered over 72% of patients undergoing CSF 

analysis (data not shown). Paper and electronic data were merged, de-duplicated and stored 

in a REDCap database. Standard CSF work-up included glucose, protein, and WCC with 

or without differential (neutrophil and lymphocyte percentages in those with elevated 

WCC). Microbiological testing included Gram stain, India ink stain, and standard cultures 

on all samples. Cryptococcal antigen (CrAg) latex agglutination testing was available in 
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some laboratories (performed on 4% [703/19,409] of samples registered on IPMS during 

the study period). TB culture was performed at the request of clinical providers at a central 

national TB reference laboratory (performed on 9% [1,723/19,409] of samples registered 

on IPMS during the study period, with AFB microscopy performed on 13% [2,524/19,409] 

of samples). Xpert MTB/RIF was introduced in Botswana in August 2012 but not 

performed on CSF samples.  

Culture-negative meningitis was defined as cases with negative bacterial culture and Gram 

stain and negative work-up for cryptococcal meningitis (including microscopy, CrAg 

testing [when available], and fungal culture). For assessment of culture-negative meningitis 

outcomes the dataset was restricted to patients with a nine-digit national identification 

number (“Omang”) in IPMS; a unique national identification number assigned to all 

Botswana citizens ≥16 years of age. Omang is recorded when a patient is registered in 

 IPMS which occurs at the time of first hospital admission, and is verified at each 

subsequent admission. All patients with CSF WCCs >20 cells/µL were selected for 

analysis, plus a random selection of 1000 CSF samples with negative cultures and normal 

CSF WCCs (0-2 cells/µL), and 1000 with mildly abnormal CSF WCCs (3-20 cells/µL) 

[Figure 8] based on a random number sequence generated using Stata version 13·0 (College 

Station, TX). WCC categories were selected as mild pleocytosis, typically <20 cells/µL, is 

common in asymptomatic HIV-infected adults, and for consistency with previously 

published data [4]. We selected 1000 random samples for pragmatic reasons, based on a 

data agreement with the Botswana Ministry of Labour and Home Affairs which maintains 

the death registry. Repeat samples from the same patient were excluded, as were patients 

subsequently found to have positive microscopy in the absence of positive cultures. 
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Children usually do not have an assigned Omang; therefore, selection of culture-negative 

patients was restricted to adults (≥16 years). The national identification number was used 

for deterministic linkage of patient CSF laboratory data to HIV-related data in the national 

HIV registry. Antiretroviral therapy (ART) was available in Botswana starting in 2002 and 

HIV prevalence in adults (15-49 years) remained stable (from 25% in 2004 to 23% in 2015 

[18]). Records were obtained from the HIV registry on HIV status and, for HIV-infected 

patients, most recent CD4 count within six months of LP and whether ART was initiated 

before date of LP [19]. All-cause mortality within one-year following initial lumbar 

puncture was determined through deterministic linkage by unique identification number to 

the national electronic death registry. From this registry, a prior study captured vital status 

up to one year for 93% of patients treated for cryptococcal meningitis at a Botswana referral 

hospital from 2012-2014 [6], suggesting high quality capture. In 2014, an estimated 89% 

of deaths were registered within one month [20]. 

One-year mortality was also evaluated for all cases of culture-confirmed Streptococcus 

pneumoniae meningitis in IPMS, which accounted for the majority of culture-confirmed 

bacterial meningitis (Figure 8), and culture-confirmed TBM cases from 2007 onward from 

the National Tuberculosis Reference Laboratory’s EMR (Disa, which is distinct from the 

IPMS which is used for non-TB records). These records were linked to the death registry 

by Omang (when available) or by first and surname and by Omang only to the HIV registry.  

Ethics Statement 

The study was approved by institutional review boards at the University of Pennsylvania, 

University of Washington, University of Botswana, and the Ministry of Health’s Health 

Research and Development Committee (HDRC). As the study involved only retrospective 
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collection of routine clinical and outcomes data, a waiver of informed patient consent was 

obtained.  

Data analysis. 

Demographic, clinical, and laboratory characteristics were described using summary 

statistics. The χ2 and Wilcoxon rank sum tests were used to compare categorical and 

continuous characteristics between groups. Kaplan-Meier survival curves were generated 

for TB and pneumococcal meningitis and for culture-negative cases.  

Univariable Cox proportional hazards models were constructed using ten-week and one-

year mortality from first LP as the outcome to evaluate characteristics associated with 

short- and long-term mortality. As patients without known HIV in this dataset likely 

represent a mix of HIV-uninfected individuals and HIV-infected but undiagnosed 

individuals, an analysis restricted to patients with documented HIV was performed. 

Variables were dichotomised using clinically meaningful or previously established cutoffs 

[4,6,8]: Older age (≥50 years); elevated CSF WCC (>20 cells/µL); lymphocyte-

predominant CSF (≥50%); low CSF glucose (<1 mmol/L); high CSF protein (≥1 g/dL); 

and facility type (referral vs. primary or district hospital). CD4 count was stratified as >350 

cells/µL, 200-350 cells/µL, 100-200 cells/µL, 50-100 cells/mL, and ≤50 cells/µL. We also 

evaluated hazards of death by calendar year to assess temporal trends.  

Multivariable Cox proportional hazards models were constructed including older age, sex, 

CSF WCC>20 cells/µL, CD4 strata, ART status, facility level, and calendar year as 

independent variables. Variables were selected a priori because of suspected causal 

association with mortality to evaluate independent predictors of death. A sub-group 

analysis restricted to HIV-infected patients with a CSF WCC count >20 cells/µL was 



 
 

 
 

89

performed to evaluate additional associations between CSF profile (lymphocytes or 

neutrophils) and mortality. CSF chemistries (protein and glucose) and HIV viral load were 

excluded from multivariable models due to high degree of missingness, and in the case of 

viral load a high likelihood that data were not missing at random. For cases of culture-

confirmed pneumococcal meningitis, only univariable regression was performed due to the 

limited sample size, and restricted to ten-week mortality as most deaths occurred within 

the first ten weeks after LP. Models estimated mortality hazard ratios per 100 cells/µL 

difference in WCC, 1 g/L difference in CSF protein concentration, and 1 mmol/L 

difference in CSF glucose concentration. P-values were obtained using conventional 

standard errors with a significance level set at ≤0·05. Analysis was performed in Stata 

Version 13.0 (College Station, TX).   

Role of funding sources. 

Funders for this study had no role in study design, data collection, analysis, or interpretation 

of data, writing of this report, or decision to submit this paper for publication. MWT had 

full access to the data and responsibility for the decision to submit this paper for 

publication.   

 

4.5 RESULTS 

Patient and laboratory characteristics 

A description of the 2004-2015 sampled cohort is shown in Figure 8. Briefly, among all 

CSF records 2004-2015, 80% (21,941/27,432) had no microbiological diagnosis and 20% 

(5491/27,432) had a microbiological diagnosis. Cryptococcal meningitis accounted for 

82% (4532/5491) of microbiological diagnoses, TB meningitis 1% (63/5491), and 
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pneumococcal or other bacterial meningitis 18% (977/5491), with 45 (0.8%) concurrent 

diagnoses. Data from 238 cases with culture-confirmed pneumococcal meningitis, 48 with 

culture-confirmed TB meningitis, and 2900 culture-negative meningitis cases (including 

1691 with a CSF WCC ≤20/µL and 1209 with CSF WCC >20/µL) were included (Table 

5). Overall, 74% (2345/3186) of cases were treated at one of the two national referral 

hospitals.  

For culture-negative cases, 73% (2109/2900) had documented HIV infection. CD4 T-cell 

count testing was performed within 6 months of lumbar puncture in 75% (1578/2109) of 

these HIV-infected individuals, with median CD4 of 136 cells/µL (IQR 61-266 cells/µL). 

Compared to 1691 culture-negative cases with low CSF cell count (≤20/µL), the 1209 with 

elevated CSF cell count (>20/µL) were more likely to be male (55% vs. 49%, p=0·001) 

and less likely to be on ART before LP (43% vs. 50%, p=0·003) but with marginally higher 

median CD4 count (141 cells/µL vs. 133 cells/µL, p=0·010). Prior known HIV status did 

not differ significantly between CSF WCC strata. 

Of the 83% (999/1209) of culture-negative cases with elevated CSF cell count (WCC 

>20/µL) and a differential cell count, 73% (734/999) had lymphocyte-predominant CSF. 

CSF protein concentration was higher and glucose concentration lower in patients with a 

CSF WCC >20/µL compared to ≤20/µL (all p<0·001).  

Mortality 

Kaplan-Meier survival curves are shown in Figure 9 for patients with pneumococcal 

meningitis, TB meningitis, and culture-negative cases, as well as previously published 

2012-2014 referral hospital outcomes from cryptococcal meningitis for comparison [6]. 

For culture-confirmed pneumococcal meningitis, two-week mortality was 44% (105/238), 
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ten-week mortality 47% (112/238), and one-year mortality 49% (117/238) (Table 5). Most 

deaths (90% [105/117]) occurred within two weeks of CSF evaluation. For culture-

confirmed TBM, two-week mortality was 38% (18/48), ten-week mortality 46% (22/48), 

and one-year mortality 56% (27/48). In culture-negative cases, overall two-week mortality 

was 29% (839/2900), ten-week mortality 41% (1181/2900), and one-year mortality 49% 

(1408/2900), with no significant difference between WCC strata [Figure 10].  

In both the pneumococcal meningitis cohort and the cohort without a pathogen identified, 

mortality was higher in those without known HIV diagnosis (Table 5 footnote). However, 

this may represent a survival bias; a proportion of patients with early mortality were likely 

HIV-infected but died before HIV-testing could be performed.  

Predictors of mortality  

For cases of culture-confirmed pneumococcal meningitis, increased CSF WCC was 

associated with lower risk of mortality within ten weeks of lumbar puncture (for each 

100/µL increase in WCC, HR 0·96; 95%CI: 0·92-0·99 in full model; HR 0·93, 95%CI: 

0·87-0·99 restricted to those with known HIV infection). Higher CSF protein was 

associated with higher mortality in the full model (HR 1·04, 95%CI: 1·00-1·09 for 1 g/L 

increase in protein) (data not shown). 

In HIV-infected patients with negative cultures, older age, male sex, low CSF glucose, 

lower CD4 T-cell count, and treatment at non-tertiary facilities were significantly 

associated with increased risk of mortality within one year in univariable analysis (Table 

6). Calendar year was not associated with risk of death (data not shown). Adjusting for 

other covariates, older age (ten-week aHR 1·74, 95%CI: 1·41-2·14; one-year aHR 1·65, 

95%CI: 1·36-2·00) and lower CD4 T-cell count were associated with higher mortality, and 
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baseline ART use (ten-week aHR 0·70, 95%CI: 0·59-0·83; one-year aHR 0·74, 95%CI: 

0·64-0·87) with lower mortality risk.  

In an adjusted analysis restricted to HIV-infected patients with clear evidence of CSF 

inflammation (WCC >20/µL) [Table 7], lymphocyte-predominant CSF was associated 

with an adjusted hazard of death of 0·56 (95%CI: 0·41-0·78) within ten weeks and 0·57 

(95%CI: 0·42-0·76) within one year. Older age (ten-week aHR 1·52, 95%CI: 1·05-2·21; 

one-year aHR 1·52, 95%CI: 1·07-2.13) and lower CD4 T-cell count remained significantly 

associated with increased risk of death by ten-week and one year, and ART use by the time 

of lumbar puncture evaluation with lower risk (ten-week aHR 0·67, 95%CI: 0·49-0·90; 

one-year aHR 0·70, 95%CI: 0·53-0·91).  

 

4.6 DISCUSSION 

In this high HIV-prevalence routine-care setting in sub-Saharan Africa, almost half of 

patients evaluated for CNS infection died within one year of lumbar puncture evaluation. 

These figures represent conservative mortality estimates as a small proportion of deaths in 

Botswana likely go unregistered [20]. Three-quarters of patients had known HIV infection 

with a median CD4 count below 150 cells/µL; however it is not possible to attribute the 

high mortality rates seen in this patient cohort to advanced HIV-infection alone. For 

comparison, in 2002-2013 the estimated one-year mortality in patients newly accessing 

ART in the Botswana ART programme with a median baseline CD4 count of 147 cells/µL 

was 4·3% [16]. Mortality was high in both culture-confirmed TB and pneumococcal 

meningitis, with very rapid mortality in pneumococcal meningitis patients. Importantly, 

our data demonstrated similarly high mortality rates in patients with culture negative 
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meningitis, with no pathogen identified through standard microbiological studies. 

Mortality did not differ in patients with clear evidence of CSF inflammation (defined as 

CSF WCC >20 cells/µL) and those with relatively normal CSF cell count, although 

neutrophil-predominant CSF predicted poor outcome in patients with pleocytosis. To our 

knowledge, with data from over 3000 unique patients this is the first large study to describe 

long-term mortality of patients evaluated for CNS infections in a high HIV prevalence 

setting.  

Diagnosis of CNS infections is challenging in sub-Saharan Africa owing to limited 

laboratory and imaging infrastructure and the influence of HIV infection on CSF findings 

[4]. A substantial majority of individuals with meningitis in routine care settings in 

Botswana had a negative diagnostic evaluation, similar to previous studies from other high 

HIV prevalence countries in sub-Saharan Africa [3,4]. Undiagnosed cryptococcal 

meningitis may have accounted for some cases of culture-negative meningitis. 

Cryptococcal antigen (CrAg) testing was infrequently performed and the highly-sensitive 

IMMY lateral flow assay was not used in Botswana during the study period [21]; however, 

standard evaluation with combination India ink microscopy and fungal culture is likely to 

detect most cases. Bacterial meningitis cases may be under-diagnosed using conventional 

culture-based methods. Preliminary findings from an ongoing molecular diagnostics study 

at Botswana’s largest referral hospital show that nearly 40% (6/16) of cases of 

Streptococcus pneumoniae meningitis were diagnosed by PCR alone with negative culture 

results. Cases may well represent undiagnosed TB, other serious opportunistic infections, 

or viral pathogens that require molecular diagnostics for confirmation. Our findings of 
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extremely high mortality within one year of evaluation strongly suggest severe underlying 

pathology in many patients requiring improved diagnostics to enable effective treatment.    

Undiagnosed TB meningitis may have contributed to the high mortality observed in 

culture-negative cases, even those with relatively normal CSF cell count. Compared to 

HIV-uninfected hosts with TB meningitis, patients with advanced HIV are more likely to 

have atypical CSF findings including neutrophil predominance or relatively acellular CSF 

[22]. Culture-confirmed TB meningitis was uncommon in Botswana compared to previous 

studies in South Africa (with estimated overall TB incidence of 300 cases/100,000 person-

years and 567 cases/100,000 person-years, respectively [23]) where CSF TB testing is 

more commonly performed.[4,5] Xpert MTB/RIF, endorsed by the World Health 

Organization for diagnosis of TB meningitis [24], has limited sensitivity and was not used 

in Botswana during the study period, and TB culture has a sub-optimal sensitivity estimated 

around 50-60% [25]. Recent data have demonstrated that second-generation Xpert 

MTB/RIF (Ultra) has improved sensitivity over culture and first-generation Xpert 

MTB/RIF in HIV-infected patients [26], making this an attractive diagnostic option. Our 

findings strongly suggest a need for an enhanced diagnostic approach including evaluation 

for TB meningitis for all cases of suspected meningitis without another clear underlying 

aetiology in high HIV prevalence, highly TB endemic settings. Evidence of TB elsewhere, 

coupled with CSF and imaging findings, may also suggest probable TB meningitis and 

guide treatment [25]. 

Molecular diagnostic studies in African health settings suggest that HIV-associated central 

nervous system infections due to treatable infections, including herpes viruses and 

Toxoplasma gondii, are common and under-diagnosed in routine care where enhanced 
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diagnostics are not available [12-14]. Development and scale-up of sensitive and affordable 

multiplex assays for meningitis may assist in guiding therapy and improving outcomes. 

Further detailed studies to determine underlying aetiologies are needed to inform how best 

to develop and deploy such diagnostics.  

We found significantly higher mortality in patients evaluated for meningitis without known 

HIV infection, almost certainly reflecting a survival bias with patients with undiagnosed 

advanced-HIV dying shortly after hospital presentation before an HIV diagnosis could be 

established. Although almost three-quarters of patients evaluated for meningitis without a 

pathogen identified, and 64% of those with pneumococcal meningitis, were known to be 

HIV-infected, these figures likely underestimate true HIV prevalence. For example, 

previous studies in Malawi and South Africa have found a ≥90% HIV prevalence in 

patients with bacterial meningitis [4,27]. Of patients with known HIV infection in our study 

CD4 cell count was an important predictor of mortality, as previously described [28]. ART 

use before evaluation was also associated with improved survival, likely from a 

combination of improved outcomes for certain CNS infections (e.g. progressive multifocal 

leukoencephalopathy) and decreased risk death from other HIV-related co-infections or 

malignancies. In patients with confirmed pneumococcal meningitis, we found that lower 

CSF leukocyte counts were significantly associated with higher mortality, as has been 

described in HIV-associated cryptococcal and TB meningitis [8,29]. These findings 

suggest that a lack of a robust immune response may be an important predictor of mortality 

in HIV-related bacterial meningitis; in part, explaining why clinical trials have failed to 

show a mortality benefit with adjunctive glucocorticoid therapy in HIV-infected patients 

[27]. 
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Lymphocyte-predominant meningitis was associated with lower mortality than neutrophil-

predominant meningitis. This could be due in part to culture-negative bacterial meningitis 

among neutrophil-predominant cases following prior antibiotic exposure, lumbar puncture 

delays, and/or inadequate culture methods. However, overall mortality in patients with 

lymphocytic meningitis was still high at 36% (261/734) and 43% (314/734) at ten weeks 

and one year. This study significantly increases our understanding of outcomes of culture-

negative lymphocytic meningitis. One small study in the Central African Republic found a 

13% (6/46) in-hospital mortality for HIV-infected patients admitted with lymphocytic 

meningitis (defined as CSF white cell count [WCC] >5 cells/µL, >50% mononuclear cells,  

and negative bacterial and fungal microscopy and culture),[30] whereas a study from 

Zimbabwe found a 35% (15/43) in-hospital mortality of HIV-infected patients with 

lymphocytic meningitis (defined as CSF WCC >100 cells/µL with >50% mononuclear 

cells) [11]. Our findings highlight how lymphocytic meningitis cannot be discounted as a 

benign viral or other self-limited process in high HIV prevalence settings.  

The study has several limitations. First, detailed information on patients’ clinical 

presentation, evaluations including imaging studies, and clinical management including 

prior antimicrobial use were not available. Secondly, HIV-related data were derived from 

an electronic registry that is incomplete, particularly with respect to ART status and history 

including treatment default [16]. Thirdly, there was significantly missingness of data for 

some variables, including likely non-random missingness (e.g. for HIV viral load), which 

precluded a multiple imputation approach to missing data and inclusion of certain variables 

in adjusted regression models. Fourth, we restricted our analysis to a sample of adults in 

the EMR with available national identification numbers; potentially missing a small 
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proportion of non-citizens and over-representing patients receiving care at referral centres. 

We believe that our sampling method resulted in conservative mortality estimates 

compared to the full cohort of adults receiving evaluation for meningitis, as non-citizens 

are likely to have worse access to HIV and other health services, and patients cared for at 

referral centres had lower mortality than primary or district hospitals. Fifth, in any 

prevalent cohort study the possibility of lead-time bias exists. Most meningitis patients 

present to health facilities for diagnostic evaluation rapidly on becoming acutely 

symptomatic, thus lead-time bias is unlikely to occur. Finally, it was necessary to make 

certain assumptions that, although based on the best available data, may have led to 

misclassification for a small number of patients (e.g. in determining ART start date). We 

also assumed that all patients received a lumbar puncture for suspected CNS infection. This 

assumption is supported by data from an ongoing prospective cohort study at Botswana’s 

main referral hospital where lumbar punctures performed between January 2017 to June 

2018 were almost exclusively for evaluation of suspected CNS infection rather than cancer, 

autoimmune disorders, or other non-infectious work-up.  

4.7 CONCLUSION 

In summary, we found very high mortality for cases of pneumococcal and TB meningitis, 

indicating the need for earlier diagnosis and better therapies for patients treated in HIV-

prevalent resource-limited settings. Patients with culture-negative meningitis and 

unconfirmed diagnoses, representing a large majority of cases, had similarly high mortality 

up to one year suggesting serious undiagnosed pathologies, with very limited ability to 

stratify mortality risk on cerebrospinal fluid characteristics alone. Our findings highlight 
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an urgent need for improved access to current diagnostics (e.g. XPert and multiplex PCR 

assays), for future detailed studies to better define aetiologies, and to develop novel 

diagnostic tools and treatment algorithms for patients evaluated for CNS infections in high 

HIV-prevalence settings who are at very high risk of dying.  
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Table 5. Baseline clinical and laboratory characteristics and mortality outcomes 

Pathogen  Age 

(years), 
Median 

(IQR) 

Sex, % 

(n) male 
CSF 

WCC 

(/µL), 

median 

(IQR) * 

Lymphocyte % 

(IQR) † 
Protein 

(g/dL), 

median 

(IQR) 

Glucose, 

mmol/L, 

median 

(IQR) 

HIV 

+ve, % 

(n) § 

CD4 count 

(cells/µL) if 

HIV +ve, 

median 

(IQR) 

On ART 

if HIV 

+ve, % 

(n) ¶ 

2-week 

mortality, % 

(n) ** 

10-week 

mortality, % 

(n) 

1-year 

mortality, % 

(n) 

Culture-confirmed bacterial meningitis 

Pneumococcal 

(n=238) 
32·6 
(17·7-
42·3) 

40·8% 
(97) 

236 (53-
800) 

10% (5-25) 4·14 
(2·5-
7·1) 

0·04 
(0·01-
0·12) 

64·2% 
(79) 

221 (141-
421) 

 44·3% 
(35) 

44·1% (105) 47·1% (112) 49·2% (117) 

Tuberculous 

(n=48) 
34·1 
(23·8-
45·2) 

52·2% 
(24) 

65 (25-
185) 

93% (32-97) 3·13 
(2·6-
3·5) 

2·73 
(1·99-
3·48) 

76·0%  
(22) 

105 (34-
162) 

unknown 37·5% (18) 45·8% (22) 56·3% (27) 

Cases with no pathogen identified 

CSF WCC 0-

20/µL 
(n=1691) 
 

37·8 
(31·2-
46·8) 

48·7% 
(823) 

2 (2-5) 90% (70-98) 0·55 
(0·30-
1·07) 

3·22 
(2·57-
3·83) 

 71.6% 
(1221) 

133 (51-
265) 

50·0% 
(605) 

28·6% (484) 40·1% (678) 48·4% (819) 

CSF WCC 

>20/µL (n=1209) 
37·0 
(30·9-
44·7) 

54.7% 
(661) 

115 (50-
325) 

88% (42-95) 1·89 
(1·03-
3·42) 

1·85 
(1·07-
2·84) 

 74·3% 
(898) 

141 (73-
270) 

 43·4% 
(390) 

29·3% (355) 41·6% (503) 48·7% (589) 

ART = antiretroviral therapy; IQR = interquartile range; +ve = positive; +ve = positive; WCC = white cell count 
* Upper limit recorded for WCC 2000/µL 

† Cerebrospinal fluid (CSF) differential counts were rarely done for patients with total CSF white cell counts <20/µL, and were only available for 78/1691 individuals in this group. 
§ Among patients with national identification number for linkage to HIV registry 

¶ Initiation of ART was defined as either: ART documented in the registry prior to date of LP or, in the absence of documented ART initiation, 90 days prior to the date of first recorded HIV viral load 
result. This definition was chosen as ART prescription may be incompletely documented and baseline viral load testing is not performed in Botswana but recommended three months post-ART 
initiation.[19] Of individuals classified as “On ART” 64% (615/956) had a documented ART start date in IPMS, and 36% (341/956) were classified as on ART based on prior viral load testing. 
** For culture-confirmed pneumococcal meningitis, of 36% (44/123) with national identification number for HIV registry linkage with unknown HIV status, 2-week mortality 77% (34/44), 10-week 82% 
(36/44), and 1-year 82% (36/44); Of 791 patients with unknown HIV status and no pathogen identified, 2-week mortality 43% (344/791), 10-week 55% (438/791), and 1-year 62% (487/791) 
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Table 6. Predictors of mortality for known HIV-infected patients without pathogen 

identified.  

 

Table 6a. Univariable analyses  

 

Table 6b. Multivariable analyses * 

ART = antiretroviral therapy; WCC = white cell count 
* Adjusted for age, sex, WCC category, CD4 strata, ART status, year, and facility level 
  

Variable Category Data N Mortality 
10 weeks 

HR p-

value 
Mortality 
1 year 

HR p-value 

Age <50 years 

≥50 years 

2109 

(100%) 
1830 (86·8%) 
279 (13·2%) 

598 (32·7%) 
145 (52·0%) 

Ref 
1·80 (1·50-2·16) 

<0·001 752 (41·1%) 
169 (60·6%) 

Ref 
1·75 (1·48-2·06) 

<0·001 

 

Sex Female 

Male 

2109 
(100%) 

1069 (50·7%) 
1040 (49·3%) 

345 (32·3%) 
398 (38·3%) 

Ref 
1·22 (1·06-1·41) 

0·006 

 

425 (39·8%) 
496 (47·7%) 

Ref 
1·26 (1·10-1·43) 

0·001 

 

WCC category 0-20/µL 

>20/µL 

2109 
(100%) 

1211(57·4%) 
898 (42·6%) 

431 (35·6%) 
312 (34·7%) 

Ref 
0·95 (0·83-1·10) 

0·530 

 

539 (44·5%) 
382 (42·5%) 

Ref 
0·93 (0·82-1·06) 

0·300 

 

CSF protein <1 g/L 

≥1 g/L 

673 
(31·9%) 

350 (52·0%) 
323 (48·0%) 

102 (29·1%) 
126 (39·0%) 

Ref 
1·43 (1·10-1·86) 

0·008 136 (38·9%) 
151 (46·8%) 

Ref 
1·30 (1·03-1·64) 

0·026 

CSF glucose ≥1 mmol/L 

<1 mmol/L 

1031 
(48·9%) 

907 (88·0%) 
124 (12·0%) 

318 (35·1%) 
55 (43·4%) 

Ref 
1·33 (1·00-1·77) 

0·051 394 (43·4%) 
69 (55·7%) 

Ref 
1·38 (1·07-1·78) 

0·013 

CD4 strata 

 

>350 cells/mL 

>200-350 cells/mL 

>100-200 cells/mL 

>50-100 cells/mL 

≤50 cells/mL 

1578 
(74·8%) 

261 (16·5%) 
299 (179·0%) 
388 (24·6%) 
310 (19·7%) 
320 (20·3%) 

54 (20·7%) 
87 (29·1%) 
131 (33·8%) 
144 (46·5%) 
159 (49·7%) 

Ref 
148 (1·05-2·07) 
1·76 (1·28-2·41) 
2·61 (1·91-3·57) 
2·82 (2·07-3·84) 

<0·001 73 (28·0%) 
112 (37·5%) 
173 (44·6%) 
175 (56·5%) 
189 (59·1%) 

Ref 
1·43 (1·07-1·92) 
1·78 (1·35-2·33) 
2·52 (1·92-3·31) 
2·67 (2·04-3·50) 

<0·001 

ART status Off ART 

On ART 

2109 
(100%) 

1114 (52·8%) 
995 (47·2%) 

409 (36·7%) 
334 (33·6%) 

Ref 
0·91 (0·78-1·05) 

0·184 

 

498 (44·7%) 
423 (42·5%) 

Ref 
0·94 (0·82-1·07) 

0·315 

 

Facility level Primary/district 
Referral 

2109 
(100%) 

582 (27·6%) 
1527 (72·4%) 

235 (40·4%) 
508 (33·3%) 

Ref 
0·78 (0·67-0·91) 

0·002 287 (49·3%) 
634 (41·5%) 

Ref 
0·79  (0·68-0·90) 

0·001 

Variable Category aHR 10 week mortality p-value 
 

aHR 1 year mortality p-value 

Age <50 years 

≥50 years 

Ref 
1·74 (1·41-2·14) 

<0·001 

 

Ref 
1·65 (1·36-2·00) 

<0·001 

 

Sex Female 

Male 

Ref 
1·02 (0·87-1·22) 

0·733 

 

Ref 
1·03 (0·88-1·20) 

0·675 

 

WCC category 0-20/µL 

>20/µL 

Ref 
0·96 (0·81-1·14) 

0·677 Ref 
0·93 (0·80-1·09) 

0·379 

CD4 strata 

 

>350 cells/mL 

>200-350 cells/mL 

>100-200 cells/mL 

>50-100 cells/mL 

≤50 cells/mL 

Ref 
1·51 (1·08-2·13) 
1·80 (1·31-2·48) 
2·56 (1·87-3·52) 
2·85 (2·08-3·90) 

<0·001 Ref 
1·47 (1·10-1·98) 
1·83 (1·39-2·42) 
2·50 (1·90-3·30) 
2·71 (2·06-3·56) 

<0·001 

ART status Off ART 

On ART 

Ref 
0·70 (0·59-0·83) 

<0·001 

 

Ref 
0·74 (0·64-0·87) 

<0·001 

 

Facility level Primary/district 
Referral 

Ref 
0·84 (0·70-1·01) 

0·062 Ref 
0·86 (0·73-1·01) 

0·068 
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Table 7. Cox proportional hazard model associations with mortality in known HIV-

infected patients with CSF without pathogen identified and CSF WCC >20 cells/µL 

 
Table 7a. Univariable analyses  

 

Table 7b. Multivariable analyses * 

aHR = adjusted hazards ratio; ART = antiretroviral therapy; CSF = cerebrospinal fluid; HR = hazards ratio; 
WCC = white cell count 
* Adjusted for age, sex, lymphocyte percentage, CD4 strata, ART status, facility level, and year 
 

  

Variable Category Data No Mortality 
10 weeks 

HR p-

value 
Mortality 
1 year 

HR p-value 

Age <50 years 

≥50 years 

898 
(100%) 

788  (87·8%) 
110 (12·3%) 

260 (33·0%) 
52 (47·3%) 

Ref 
1·54 (1·14-2·07) 

0·004 318 (40·4%) 
64 (58·2%) 

Ref 
1·61 (1·23-2·11) 

0·001 

Sex Female 

Male 

898 
(100%) 

417 (46·4%) 
481 (53·6%) 

131 (31·4%) 
181 (37·6%) 

Ref 
1·24 (0·99-1·55) 

0·061 164 (39·3%) 
218 (45·3%) 

Ref 
1·21 (0·99-1·48) 

0·069 

Lymphocyte 

percentage 

<50% 

≥50% 

748 
(83·0%) 

178 (23·8%) 
570 (76·2%) 

87 (48·9%) 
170 (29·8%) 

Ref 
0·52 (0·40-0·68) 

<0·001 101 (56·7%) 
215 (37·7%) 

Ref 
0·55 (0·44-0·70) 

<0·001 

CSF protein <1 g/L 

≥1 g/L 

285 
(31·7%) 

65 (22·8%) 
220 (77·2%) 

13 (20.0%) 
76 (34·6%) 

Ref 
1·96 (1·09-3·53) 

0·025 16 (24·6%) 
91 (41·4%) 

Ref 
1·93 (1·14-3·29) 

0·015 

CSF glucose ≥1 mmol/L 

<1 mmol/L 

440 
(49·0%) 

333 (75·7%) 
107 (24·3%) 

118 (35·4%) 
44 (41·1%) 

Ref 
1·19 (0·85-1·69) 

0·307 139 (41·7%) 
56 (52·3%) 

Ref 
1·31 (0·96-1·79) 

0·085 

CD4 strata 

 

>350 cells/mL 

>200-350 cells/mL 

>100-200 cells/mL 

>50-100 cells/mL 

≤50 cells/mL 

671 
(74·7%) 

110 (16·4%) 
133 (19·8%) 
188 (28·0%) 
143 (21·3%) 
97 (14·5%) 

26 (23·6%) 
40 (30·1%) 
62 (33·0%) 
59 (41·3%) 
54 (55·7%) 

Ref 
1·33 (0·81-2·18) 
1·45 (0·92-2·30) 
1·90 (1·20-3·02) 
2·80 (1·76-4.48) 

<0·001 32 (29·1%) 
49 (36·8%) 
78 (41·5%) 
75 (52·5%) 
64 (66·0%) 

Ref 
1·34 (0·86-2·10) 
1·52 (1.01-2·30) 
2·08 (1·37-3·15) 
2·96 (1·94-4·54) 

<0·001 

ART status Off ART 

On ART 

898 
(100%) 

508 (56·6%) 
390 (43·4%) 

186 (36·6%) 
126 (32·3%) 

Ref 
0·87 (0·69-1·09) 

0·212 225 (44·3%) 
157 (40·3%) 

Ref 
0·88 (0·72-1·08) 

0·229 

Facility level Primary/district 
Referral 

898 
(100%) 

249 (27·7%) 
649 (72·3%) 

110 (44·2%) 
202 (31·1%) 

Ref 
0·65 (0·52-0·82) 

<0·001 124 (49·8%) 
258 (39·8%) 

Ref 
0·72 (0·58-0·89) 

0·003 

Variable Category aHR 10 week mortality p-value 
 

aHR 1 year mortality p-value 

Age <50 years 

≥50 years 

Ref 
1·52 (1·05-2·21) 

0·027 Ref 
1·52 (1·08-2.13) 

0·017 

Sex Female 

Male 

Ref 
1.02 (0·76-1·36) 

0·912 Ref 
0·94 (0·72-1·22) 

0·643 

Lymphocyte 

percentage 

<50% 

≥50% 

Ref  
0·56 (0·41-0·78) 

<0·001 Ref 
0·57 (0·42-0·76) 

<0·001 

CD4 strata 

 
 

 

>350 cells/mL 

>200-350 cells/mL 

>100-200 cells/mL 

>50-100 cells/mL 

≤50 cells/mL 

Ref 
1·10 (0·64-1·89) 
1·31 (0·80-2·13) 
1·49 (0·91-2·45) 
1·99 (1·19-3·33) 

0·054 Ref 
1·09 (0·67-1·76) 
1·37 (0·88-2·11) 
1·63 (1·05-2·55) 
2·26 (1·43-3·58) 

0·002 

ART Off ART 

On ART 

Ref 
0·67 (0·49-0·90) 

0·009 Ref 
0·70 (0·53-0·91) 

0·009 

Facility Primary/district 
Referral 

Ref 
0·86 (0·61-1·21) 

0·386 Ref 
1·05 (0·76-1·43) 

0·771 
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Figure 8. Flowchart for inclusion of culture-negative meningitis cases. The Botswana 

National Meningitis Survey (BNMS) includes data on 29,704 CSF samples from 2004-

2015, of which 19,409 (65·3%) are in the Integrated Patient Management System 

(IPMS). Cases were selected from culture-negative samples recorded in the IPMS aged 

16 years or over with a valid national identification number (Omang). Random selections 

of 1000 samples were made from those with cerebrospinal fluid (CSF) white cell counts 

(WCC) of 0-2µ/L and 3-20/µL. All samples with CSF WCC >20/µL were selected. 

Selected samples were deduplicated to remove multiple CSF samples taken during the 

same hospital admission, and any culture-negative samples with organisms seen on 

microscopy. 

 

 

 
* Seven S. pneumoniae positive samples were repeat isolates, yielding the 238 unique patients included in subsequent analyses. 

† Tuberculosis (TB) cultures were obtained from the TB specific Disa lab system. Thirty nine of the forty eight patients also had a record 

in the Integrated Patient Management System. These nine excess Disa patients mean the total is 2,923 rather than 2,914. 

¶ Age was missing in 259 (1·6%) of cases. 
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Figure 9. Kaplan-Meier survival curves for: Cryptococcal meningitis (2012-2014), 

pneumococcal meningitis, TB meningitis, and culture-negative cases (no pathogen 

identified). Dashed vertical lines represent two weeks, ten weeks, and one year and 

number at risk values presented at 60-day intervals. Cryptococcal meningitis figures are 

previously published 2012-2014 referral hospital outcomes for comparison.[6]  
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Figure 10. Kaplan-Meier survival curves for A) Culture-negative cases (no pathogen identified) with CSF WCC 0-2/µL, WCC 3-

20/µL, and WCC >20/µL; B) culture-negative cases with CSF WCC >20/µL by neutrophil versus lymphocyte (≥50% lymphocytes) 

predominance. Dashed vertical lines represent two weeks, ten weeks, and one year and number at risk values presented at 60-day 

intervals. Cumulative mortality at 2 weeks, 10 weeks, and one year were: WCC 0-2/µL 29% (254/888), 41% (363/888), and 48% 

(428/888) respectively; WCC 3-20/µL 29% (230/803), 39% (315/803), and 49% (391/803) respectively; overall WCC >20/µL 29% 

(589/1209), 42% (503/1209), and 49% (589/1209) respectively; WCC >20/µL and polymorphonuclear 42% (110/265), 55% 

(145/265), and 61% (162/265) respectively; and WCC >20/µL and lymphocytic 24% (179/734), 36% (261/734), and 43% (314/734) 

respectively. Note that a proportion of patients with WCC >20 cells/µL did not have a WCC differential.  

 

CSF = cerebrospinal fluid; WCC = white cell count 
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5.2 ABSTRACT 

Background: HIV-associated cryptococcal, TB, and pneumococcal meningitis are the leading 

causes of adult meningitis in sub-Saharan Africa (SSA). We performed a systematic review and 

meta-analysis with a primary aim of estimating mortality from major causes of adult meningitis 

in routine care settings, and to contrast this with outcomes from clinical trial settings. 
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Methods and Findings: We searched PubMed, EMBASE, and the Cochrane Library for 

published clinical trials (defined as randomized-controlled trials [RCTs] or investigator-managed 

prospective cohorts) and observational studies that evaluated outcomes of adult meningitis in 

SSA from January 1, 1990 through December 31, 2018. We performed random effects modeling 

to estimate pooled mortality, both in clinical trial and routine care studies. Outcomes were 

stratified as short-term (in-hospital or two-weeks), medium-term (up to 10-weeks) and long-term 

(up to six-month). Seventy-seven studies met inclusion criteria. In routine care settings, pooled 

short-term mortality from cryptococcal meningitis was 44% (95% confidence interval 

[95%CI]:39-49%, 40 studies), which did not differ between amphotericin-based versus 

fluconazole induction therapy (41% for each), and was two-fold higher than pooled clinical trial 

mortality with amphotericin without flucytosine (23% [95%CI:19-28%], 12 studies). Estimated 

short-term mortality of TB meningitis was 48% (95%CI:35-61%, 10 routine care studies). For 

pneumococcal meningitis routine care studies, estimated short-term mortality was 55% 

(95%CI:44-66%, 8 studies), with little difference in outcomes between these studies and two 

published randomized-controlled trials. Few studies evaluated long-term outcomes.  

Conclusions: Mortality from HIV-associated meningitis in SSA is in excess of 50%. Previous 

estimates of up to 70% one-year mortality of HIV-associated cryptococcal meningitis may be 

conservative, although few studies in routine care settings have reported long-term outcomes for 

cryptococcal meningitis. Better strategies are needed to reduce mortality from HIV-associated 

meningitis in the region. 
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5.3 INTRODUCTION 

Approximately 37 million people were living with HIV worldwide in 2017, with over two-thirds 

in sub-Saharan Africa (SSA) [1]. Although access to combined antiretroviral therapy (ART) has 

improved, a large proportion of people living with HIV (PLWH) still present with advanced 

immune suppression and are at high risk for HIV-related infections [2,3]. Central nervous system 

(CNS) infections are a major cause of mortality in PLWH in SSA, with cryptococcal, TB, and 

pneumococcal meningitis the most common microbiologically-confirmed etiologies [4,5]. 

Cryptococcal meningitis alone results in approximately 15% of HIV associated deaths 

worldwide, with almost three-quarters of these in SSA [6].  

Treatment for HIV-associated meningitis is challenging even in well-resourced settings. 

Cryptococcal meningitis management involves initial “induction” therapy of up to two weeks of 

intravenous amphotericin (ideally given with flucytosine, which remains unregistered in Africa), 

an effective but highly toxic drug [7], followed by consolidation and maintenance therapy with 

fluconazole [8]. However, less potent fluconazole monotherapy is often used in resource-

constrained settings due to low cost, ease of oral administration, and better drug toxicity profile. 

Additionally, cryptococcal meningitis survival is associated with performance of therapeutic 

lumbar punctures (LPs) to reduce intracranial pressure (ICP) [9,10], intravenous fluid (IVF) 

hydration and electrolyte supplementation and monitoring to prevent life-threatening 

amphotericin-related toxicities [7,8,11], and appropriate follow-up after hospital discharge to 

initiate antiretroviral therapy (ART) around 4-6 weeks to reduce the risk of immune-

reconstitution inflammatory syndrome [12]. Significant barriers exist to optimal management in 

most SSA settings, such as lack of more potent antifungal drugs, lack of manometers to measure 

ICP, hospital understaffing, limited laboratory services, and loss to follow-up after hospital 
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discharge. Similarly, effective management of TB meningitis is complicated in resource-

constrained settings with challenges in management of common antituberculous drug toxicities, 

long duration of treatment (of a minimum of six months), poor sensitivity of diagnostic studies 

and delay for culture results, emergence of drug resistance, and lack of integration of TB and 

HIV services [13,14]. Survival from pneumococcal meningitis is negatively affected by delayed 

health care access and lack of timely initiation of effective antimicrobial therapy [15].  

Several systematic reviews have evaluated outcomes of HIV-associated meningitides in 

Africa, but each has important limitations.  A recent review of long-term outcomes from HIV-

associated cryptococcal meningitis included only a small subset of studies with long-term 

outcomes data which may not be more generally representative [16]. In a previous systematic 

review of TB meningitis in Africa, investigators did not differentiate between short- and long-

term outcomes and combined outcomes from studies with heterogeneous case definitions (e.g. 

microbiologically-diagnosed TB or TB diagnosed clinically using various criteria), limiting 

interpretation [17]. A prior well-conducted systematic review of pneumococcal meningitis in 

Africa focused on pediatric populations [18]. 

Given the large burden and mortality from HIV-associated meningitis in SSA and 

limitations of prior studies, we performed a systematic review and meta-analysis to evaluate 

short- and long-term outcomes of common HIV-associated meningitides (cryptococcal, TB, and 

pneumococcal). We estimated mortality in “routine care” studies (which we defined as studies in 

which hospital care was provided primarily by the local medical team, e.g. retrospective cohort 

studies), providing realistic global burden estimates important for resource allocation and 

prevention efforts such as cryptococcal antigen (CrAg) screening [19]. We compared outcomes 

from routine care and “clinical trial” studies (which we defined as randomized-controlled trials 
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[RCTs] or prospective cohort studies with regular management of patients by the study 

investigators during therapy) to characterize the outcomes gap and provide insights into potential 

improvement in mortality that might be realized through improved management strategies.  

 
 

5.4 MATERIALS AND METHODS 

Types of outcomes measures 

Our overall aim was to determine the mortality associated with the most common HIV-

associated meningitides in sub-Saharan Africa, captured at time points reflecting acute- and 

long-term outcomes. Our mortality endpoints were defined as: 1) Short-term (death ≤2 weeks 

after hospitalization or enrolment); 2) medium-term (death ≤10 weeks); and long-term (≤6 

months). Study deviations from these pre-defined timepoints were described in the analysis. 

 

Types of studies and participants. 

We included published RCTs and observational studies (cohort studies, case-control studies, 

cross-sectional audits, or surveillance studies) of adults (≥18-years) treated for cryptococcal, TB, 

and/or pneumococcal meningitis. Inclusion criteria included: 1) Study from sub-Saharan Africa; 

2) ≥15 participants treated for cryptococcal, TB, or pneumococcal meningitis; and 3) full period 

of observation after 1990 (to reflect emergence of HIV in SSA and modern antimicrobial therapy 

regimens). Exclusion criteria included: 1) Pediatric study or with a majority of patients <18-years 

old without disaggregated results provided in adults; 2) case report or case series; 3) 

antimicrobial treatment not available or treatment with therapies either not used or 

contraindicated (e.g. acetazolamide for cryptococcal meningitis)  [20,21]; 4) non-representative 



 
 

 
 

116

or biased sampling (e.g. significant RCT recruitment delay with immortal time bias [12,22]; 5) 

missing mortality data for >15% of participants; or 6) diagnostic criteria not clearly defined.  

For cryptococcal meningitis, we included studies of cases confirmed by cerebrospinal 

fluid (CSF) testing (i.e., positive India ink, culture, or CrAg), excluding those with a significant 

number (>10%) of patients diagnosed through peripheral blood CrAg testing and symptoms of 

meningitis alone, as blood CrAg is unable to definitively confirm central nervous system 

involvement. For TB meningitis, we included studies of either microbiologically-confirmed 

cases or with diagnostic criteria that combined CSF findings and other supportive evidence, e.g. 

isolation of Mycobacterium tuberculosis at another site or suggestive imaging [23]. For 

pneumococcal meningitis, we included studies with mortality for microbiologically-confirmed 

cases or, when results were not disaggregated for confirmed S. pneumoniae, if a majority of 

cases (>50%) were confirmed. These definitions were used so that outcomes would reflect 

mortality from the etiologies of interest rather than other potential causes.  

 

Search method and data collection. 

We searched for studies from 1 January, 1990 through 30 April, 2018 using PubMed, EMBASE, 

and the Cochrane Central Register of Controlled Trials (CENTRAL). The search was updated 

through 31 December, 2018 in PubMed and EMBASE. Our search strategy combined 

geographic and cryptococcal, TB, and pneumococcal meningitis search terms (Figure 11). We 

excluded conference abstracts and studies that were not peer-reviewed. No restrictions were 

placed on age or language. The search strategy and protocol was developed by the authors before 

the search; the study protocol was not published.    
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Articles obtained in database searches were aggregated and de-duplicated in Covidence. 

Two reviewers (MWT and AMG) independently performed a primary title and abstract search to 

identify potentially eligible studies. The authors then reviewed full text articles to assess for 

inclusion, with data from included studies abstracted using standardized data collection forms. 

Secondary review was provided by DSL and NW. Discrepancies were decided through 

consensus or adjudication from JNJ if needed. We contacted authors as needed for clarification. 

Reference lists of included articles as well as relevant reviews were searched to identify other 

potential studies. We generated a flow diagram, following PRISMA recommendations, and 

summary tables of excluded full-text articles with rationale (data not known), and reporting was 

conducted per PRISMA recommendations [24].  

 

Data synthesis and analysis 

Data were pooled using standard random effects meta-analyses for proportions, with variance of 

proportions stabilized using Freeman-Tukey double arcsine transformation before pooling [25]. 

We estimated the pooled proportion of deaths and 95% confidence interval for each pathogen 

(Cryptococcus, TB, and pneumococcus) by study type (clinical trial vs. routine care study) and 

by timepoint (short-term, medium-term, and long-term mortality). Patient outcomes data were 

combined for multiple routine care studies from the same facility if the studies included patients 

from non-overlapping periods. Heterogeneity was assessed with I2 values, representing the 

percentage of total variability due to between-study heterogeneity. Results were presented using 

forest plots, along with summary tables of study and patient characteristics (data not known). 

Analyses were conducted in R Studio using metaprop in the meta package.  

 



 
 

 
 

118

Sub-group analyses. 

We performed additional analyses to stratify estimates by clinically important confounders. For 

cryptococcal meningitis, we stratified outcomes by induction therapy; amphotericin B with and 

without flucytosine (for <2 or ≥2 weeks), fluconazole with flucytosine, fluconazole, or treatment 

not specified. Outcomes from induction regimens with amphotericin B alone or amphotericin B 

with fluconazole were combined, as no mortality difference has been documented between 

groups [26,27]. For TB meningitis, we stratified analyses by studies with microbiological-

confirmed cases and with a majority of cases defined using combined microbiological and 

clinical criteria without Mycobacterium tuberculosis confirmed from CSF culture, smear, or 

PCR. For pneumococcal meningitis, we stratified analyses by treatment regimen. We further 

stratified outcomes by region (Southern, Eastern, Middle [Central], and Western Africa) as 

defined by the United Nations geoscheme [28], and studies conducted after 2000 or before 2000. 

We initially planned additional stratified analyses by HIV prevalence (≥50% or <50%) within a 

population, but most studies included a majority or only HIV-positive patients.  

 

Dealing with missing data and assessing risk of bias.  

We described missingness of data, including clinical characteristics (e.g. HIV status) and 

mortality. We performed intention-to-treat analysis when multiple groups were compared. 

Outcomes were reported for patients with known outcomes at each mortality timepoint. This was 

done so as not to systematically bias estimates toward higher survival as we would have done if 

those lost to follow-up were all assumed to have survived. If loss to follow-up exceeds 15%, we 

excluded the study from the analysis at that timepoint due to the high likelihood that outcomes 

were not missing at random (i.e. those who died were more likely to be lost to follow-up). Given 
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the heterogeneity of study types, we undertook a subjective assessment of study quality based on 

previous guidance for systematic reviews [29]. This incorporated quality of reporting of 

important covariates, e.g. timing of ART in ART-naïve patients treated for cryptococcal 

meningitis.  

 

5.5 RESULTS 

Overall search findings. 

The initial database search yielded 3569 titles, with four additional articles found that met 

inclusion criteria. After removing duplicates, 2507 titles and abstracts were reviewed, with 265 

selected for full text review. Of these, 188 were excluded (Figure 12). Seventy-seven studies 

were included from the primary database search and additional references.   

 

Cryptococcal meningitis outcomes from treatment provided under “routine care” settings. 

Forty-one observational studies with 10,139 cases of cryptococcal meningitis were included, 

most of HIV-positive patients treated at district or referral hospitals. The majority of studies were 

judged of low quality, with limited description of clinical management (e.g. performance of 

therapeutic lumbar punctures, antifungal therapy dose/duration, timing of ART following 

initiation of antifungal therapy in ART-naïve patients). Seventeen were prospective cohorts and 

one was a mixed prospective and retrospective cohort [30], which we classified as routine care 

studies. Three of these prospective cohorts described more active involvement from a study team 

[31-33], but at irregular intervals with routine day-to-day management under local conditions. In 

10% (4/41) of included studies, the period of observation began prior to 2000. Seventeen 

countries were represented, with greatest representation from South Africa (14 studies) [30,33-
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45], Ethiopia (three studies) [46-48], and Uganda (three studies) [49-51]; other countries had two 

or fewer studies [9,31,32,52-70]. Amphotericin B-based induction therapy (with or without 

fluconazole) was the predominant induction regimen in 16 studies, fluconazole in 13 studies, a 

mix of treatments (45% fluconazole and 43% amphotericin B) in one study [40], and details of 

antifungal induction regimens were not specified in 11 studies. In 28 studies with details on 

baseline ART status, 26% (1792/6777) of patients had a history of current or previous ART use. 

Reasons for exclusion included non-representative sampling [22,71-73], high loss to follow-up 

or duration of follow-up not clear [58,74], antifungal therapy not available [20,75,76], and use of 

treatment regimens not used or contraindicated in management [77-79].  

Short-term mortality was reported in 40/41 included studies (35 in-hospital, with 

mean/median hospitalization approximately two weeks for most, and five studies with two-week 

mortality used). The overall pooled short-term mortality was 44% (95%CI: 39-49%, 40 studies), 

with a high between-study heterogeneity (I2 = 89%) [Figure 13]. Mortality was lowest in 

Southern Africa (37% [95%CI: 31-43%], I2 = 86%, 16 studies) and highest in Central Africa 

(55% [95%CI: 41-69%], I2 = 75%, 3 studies) and West Africa (54% [95%CI: 40-67%], I2 = 

83%, 8 studies). Restricting to studies with a full observation after 2000, pooled mortality was 

44% (95%CI: 39-49%, I2 = 90%, 36 studies). Within these more recent studies, excluding one 

study in which the proportion of patients receiving amphotericin B-based and fluconazole 

induction therapy was roughly equivalent [40], short-term mortality was 41% (95%CI: 32-51%, 

I2 = 91%, 15 studies) in studies with exclusive or predominant amphotericin B-based induction 

therapy, 41% (95%CI: 31-50%, I2 = 89%, 11 studies) with exclusive or predominant fluconazole, 

and 50% (95%CI: 39-61%, I2 = 78%, 9 studies) when treatment was not specified.  
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Few studies reported medium- or long-term mortality. Medium-term mortality (defined 

as death ≤10-weeks, except specified as ≤3-months in one study) was described in five studies 

with 422 total patients in Southern Africa (two studies) or East Africa (three studies), with 

pooled mortality of 51% (95%CI: 43-60%, I2 = 60%). Long-term mortality was described in 

three studies (at nine months in one study and 12 months in two [31,38,52]) with 294 patients in 

Southern Africa (two studies) and East Africa (one study), with pooled mortality of 63% 

(95%CI: 46-78%, I2 = 79%). Studies from Botswana [52], with standard amphotericin B and 

fluconazole induction therapy, and Malawi [31], with high-dose fluconazole (800 mg/day) 

induction therapy, reported one-year mortality of 65% (142/219) and 77% (43/56), respectively, 

in patients with known vital status. The third study, from South Africa, reported nine-month 

mortality of 37% (7/19) [38], comparable to acute mortality in most other studies from South 

Africa. Few participants in this study had baseline altered mental status (11% [2/19] noted to 

have confusion), an established predictor of mortality [80], and investigators may have recruited 

less seriously ill patients in this study. Regions in SSA with the highest acute mortality (Central 

and Western Africa) did not have long-term mortality data.  

 

Cryptococcal meningitis outcomes for treatment provided under clinical trial settings. 

We included 18 studies from clinical trials (randomized trials or investigator-managed cohorts 

that compared ≥1 treatment regimen for cryptococcal meningitis) with a total of 2048 cases, 

almost all HIV-positive. Studies included 10 RCTs and eight prospective cohorts with 

management from the study team investigators, all after 2000 and most at referral hospitals. The 

quality was judged to be good for a majority of studies, with clear documentation of clinical 

management compared to routine care studies (therapeutic lumbar puncture details in 12/18 
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studies, details on timing of ART initiation for ART-naïve patients in 17/18, and details of 

antifungal treatment in all studies). Nine countries were represented (including several multi-

country RCTs); the greatest representation was from South Africa (six studies) [81-86], Uganda 

(six studies) [21,87-91], and Malawi (four studies) [21,92-94], with other countries represented 

in two or fewer studies [95-97]. Ten of 18 studies excluded patients on ART at the time of 

enrollment. Two studies described fluconazole monotherapy as the only regimen and a third 

RCT evaluated fluconazole as one treatment arm [89,93,97], two RCTs evaluated combined 

flucytosine and fluconazole therapy as treatment arms [93,94], and the rest described use of 

amphotericin B with or without flucytosine or fluconazole. Reasons for study exclusion included 

use of abnormal treatment regimens [98-100] and studies with non-representative sampling, e.g. 

delayed enrollment for one week after initiation of antifungal therapy [12]. For RCTs that 

compared standard regimens to experimental regimens not used in clinical practice, e.g. 

adjunctive interferon-gamma [83], or therapies demonstrated to be harmful, e.g. adjunctive 

dexamethasone [21], we restricted our analysis to patients who received standard antifungal 

regimens. For one RCT that recruited patients both in African and Asian health centers, we 

restricted our analysis to patients recruited from Africa [21]. 

Short-term mortality was reported in 17 studies (all reporting two-week outcome) with 

1989 cases. Pooled two-week mortality was 21% (95%CI: 17-26%, I2 = 75%, 17 studies) 

[Figure 14]. Stratified by treatment regimen, mortality was 12% (95%CI: 7-18%, I2 = 40%, 5 

studies) for amphotericin and flucytosine induction therapy, 17% (95%CI: 12-22%, I2 = 0%, 2 

studies) for flucytosine with fluconazole, 23% (95%CI: 19-28%, I2 = 72%, 12 studies) for 

amphotericin with or without fluconazole, and 30% (95%CI: 21-40%, I2 = 0%, 3 studies) for 
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fluconazole alone. Little mortality difference was observed for shorter (<2 weeks) and longer (2-

week) amphotericin-based induction regimens. 

Medium-term mortality (10-week, except four-months in one study [88]) was reported in 

13 studies with 1485 cases, with pooled mortality of 37% (95%CI: 33-41%, I2 = 43%). Stratified 

by induction regimen, mortality was 30% (95%CI: 25-34%, I2 = 0%, 5 studies) for amphotericin 

with flucytosine, 35% (95%CI: 29-42%, I2 = 0%, 2 studies) for flucytosine with fluconazole, 

39% (95%CI: 35-44%, I2 = 14%, 8 studies) for amphotericin with or without fluconazole, and 

49% (95%CI: 39-60%, I2 = 29%, 3 studies) for fluconazole. Long-term mortality (within six-

month except 18-weeks in one) was described in six studies with 612 cases, with a pooled 

mortality of 44% (95%CI: 36-52%, I2 = 71%). Stratified by regimen, mortality was 33% 

(95%CI: 21-45%, 1 study) for amphotericin with flucytosine, 46% (95%CI: 36-56%, I2 = 71%, 4 

studies) for amphotericin with or without fluconazole, and 50% (95%CI: 30-70%, 1 study) in a 

small study from Zimbabwe of fluconazole monotherapy.  

 

TB meningitis outcomes. 

We included 11 studies of TB meningitis with a total of 508 cases, all considered routine care 

studies and all but one study having with a majority or all HIV-positive patients (median 81%) 

[101]. Study quality was relatively poor, with most studies not including details of ART or 

antituberculous treatment or average duration of hospitalization. Five studies included cases 

before 2000 [30,102-105], whereas six had a full period of observation after 2000 

[49,56,63,101,106,107]. Eight countries were represented, with greatest representation from 

South Africa (three studies) and Uganda (two studies). Six studies included exclusively definite 

cases (with positive CSF AFB smear, culture, or PCR) and five included predominately 
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probable/possible cases (0-21% of cases microbiologically-confirmed). One study specified use 

of adjunctive dexamethasone [104]. Several potential studies were excluded on full-text review: 

Reasons included TB case series, e.g. exclusively multi-drug resistant cases [108-110], high risk 

of selection bias [38,111-113], significant missingness of outcomes [114-116], and poor 

specification of diagnostic criteria [46,70,117-119].  

Short-term mortality for 468 cases was reported in 10 studies (two from a single hospital 

with combined patient outcomes [49,106]; two-week mortality specified in one study [107], in-

hospital mortality in nine studies with length of hospitalization not specified). Pooled mortality 

was 48% (95%CI: 35-61%, I2 = 87%, 10 studies) [Figure 15], and differed marginally between 

studies with only definite cases (51% [95%CI: 37-65%], I2 = 78%, 6 studies) or with 

predominately possible/probable cases (45% [95%CI: 22-68%], 4 studies). Restricting to studies 

after 2000, pooled short-term mortality was similar at 46% (95%CI: 28-64%, I2 = 93%, 6 

studies). Ten-week mortality from a national meningitis audit in Botswana of microbiologically-

confirmed cases was 46% (95%CI: 31-61%) [107]. Long-term mortality was reported in two 

studies, within one year in the Botswana study and after completion of six months of 

antituberculous therapy in Nigerian study [104], both studies with exclusively definite cases. 

Reported mortality for these studies was 56% (27/48) in Botswana and 78% (31/40) in Nigeria. 

Of note, the Botswana study relied on national electronic death registry data, which has been 

previously shown to accurately capture deaths but might slightly under-estimate mortality [52]. 

 

Pneumococcal meningitis outcomes. 

We included 11 studies for pneumococcal meningitis with 2891 cases, a majority HIV-positive 

in 8 studies, <50% HIV-positive in one, and with HIV prevalence not specified in two studies. 

Eight studies were classified as routine care studies [107,120-126] and two were RCTs 
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[127,128]. One study consisted of two sequential cohorts, a lead-in observational routine care 

cohort followed by a prospective cohort that received a bundled Goal Directed Therapy (GDT) 

intervention including parenteral ceftriaxone therapy within one hours of registration, airway 

support, and fluid resuscitation according to sepsis guidelines, among other supportive measures 

[129]. The clinical trial studies were judged to be of high quality, but routine care studies of 

relatively poor quality (including lack of description of patient ART status, details on dose and 

duration of antibiotic therapy). Eight countries were represented, with four studies (two RCTs, 

one observational cohort, and the combined sequential cohort study) from a single referral 

hospital in Malawi. Eight of 11 studies included a full period of observation after 2000. Nine of 

11 studies provided outcomes for microbiologically-confirmed cases (CSF culture, PCR, and/or 

antigen testing) and two studies had Streptococcus pneumoniae microbiologically-confirmed for 

a majority of cases (64-69%). Treatment specified varied significantly between studies; four 

specified ceftriaxone as standard antibiotic therapy (one RCT with adjunctive dexamethasone 

used in a single treatment arm) [107,127-129], two included chloramphenicol-based treatment as 

the predominant treatment (one combined with intravenous penicillin G) [120,122], two included 

aminopenicillins (amoxicillin or ampicillin) with or without gentamycin as the predominant 

therapy given [123,125], two studies did not specify therapy [121,124], and one study included a 

similar mix of treatment with ceftriaxone and chloramphenicol [126]. Vancomycin was not 

provided with ceftriaxone in any study. Several potential studies were excluded on full text 

review: Reasons included a minority of cases with Streptococcus pneumoniae isolation [30,130-

132] and high loss to follow-up / missing outcomes data [133-137].   

 Short-term mortality was reported in all eight routine care studies with 2436 cases 

(including 14-day [107], 30-day [121], in-hospital [122-125], and with length of follow-up not 
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specified in two surveillance studies but assumed to be short-term [120,126]). Pooled mortality 

was 55% (95%CI: 44-66%, I2 = 95%, 8 studies) [Figure 16]. Medium- and long-term mortality 

was described in two routine care studies, one from Botswana and the other from Malawi 

[107,122]. Both found generally good long-term survival in those who survived the early period 

shortly after diagnosis. The study from Malawi showed a short-term (in-hospital up to nine 

days), medium-term (10-week), and long-term (six-month) mortality of 65% (42/65), 69% 

(45/65), and 69% (45/65), respectively, with one-year mortality of 75% (49/65). The study from 

Botswana found short-term (2-week), medium-term (10-weeks), long-term (6-month), and one-

year mortality of 44% (105/238), 47% (112/238), 47% (113/238), and 49% (117/238), 

respectively.  

The two RCTs were both conducted at the same referral hospital in Malawi, provided 40-

day treatment outcomes, and provided treatment with ceftriaxone (with or without 

dexamethasone) [127,128]. We combined data for patients treated with or without adjunctive 

dexamethasone in one RCT as the trial found no difference in mortality between arms [128], and 

patients receiving adjunctive glycerol in one RCT were excluded from the analysis as glycerol 

did not improve outcomes and may have been associated with severe adverse events [127]. 

Reported short-term (here defined as 40-day) mortality ranged from 39% (20/51) to 51% 

(140/272); however, mortality from pneumococcal meningitis was certainly under-estimated in 

the smaller trial as 17% (63/380) of patients with suspected acute bacterial meningitis 

(pneumococcal or other) died before they could be recruited. In the RCT with a 51% (140/272) 

40-day mortality, long-term mortality was provided at 61% (150/245) in patients with known 

outcomes at six-months.   
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The study with the combined sequential observational routine care cohort and 

interventional Goal Directed Therapy cohort was conducted at the same center as the two RCTs, 

with ceftriaxone treatment provided as standard treatment [129]. At the primary endpoint of 40 

days, among patients with known outcomes 49% (28/57) had died in the lead-in observational 

cohort and 63% (38/60) in the subsequent clinical trial cohort.   

 

5.6 DISCUSSION 

This systematic review and meta-analysis provides comprehensive estimates of outcomes from 

common HIV-associated meningitides in sub-Saharan Africa and addresses important limitations 

of previous systematic reviews, including disaggregation of mortality from controlled-trial 

(prone to selection bias and non-representative management) and routine care settings, and also 

evaluating outcomes from different timepoints. The results highlight the poor current 

understanding of long-term outcomes of cryptococcal and TB meningitis under routine care 

conditions in sub-Saharan Africa. Furthermore, most studies included in the review reported 

outcomes for patients treated at referral hospitals, where staffing, pharmaceutical, and laboratory 

resources are likely to be better than in lower-level health facilities. Our findings also suggest 

significant heterogeneity between regions. Pooled acute mortality from routine care studies of 

HIV-associated cryptococcal meningitis in Central and West Africa was in excess of 50%, 

compared to 37% in Southern Africa. 

 Comparing mortality outcomes of patients treated under routine care conditions to 

clinical trial settings, there were significant differences for cryptococcal meningitis but similar 

mortality for pneumococcal meningitis. Of studies with observation periods after 2000, short-

term mortality for cryptococcal meningitis managed under routine care conditions was two-fold 
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higher compared to mortality under clinical trial conditions (44% vs. 21%); a finding consistent 

when stratified by antifungal regimen (e.g. 41% vs. 23% with amphotericin B with/without 

fluconazole). This difference, at least in part, reflects some degree of selection bias, (e.g. 

exclusion of more severely ill patients in randomized-controlled trials). However, this also likely 

reflects benefits from therapeutic lumbar punctures, standardized intravenous fluid and 

electrolyte supplementation, and better management of intravenous catheters to prevent 

thrombophlebitis and catheter-associated bacteremia, among other factors, in clinical trial 

settings [138]. In contrast, short-term mortality from pneumococcal meningitis differed little 

between RCTs and routine care settings (both around 50%), perhaps reflecting the less intensive 

management currently recommended for pneumococcal disease, combined with late presentation 

to care and diagnosis, result in poor outcomes regardless of initial management. In routine care 

settings, more than two-thirds of patients in two studies died during the course of treatment for 

TB meningitis. Data was not available to compare these findings with clinical trials. One 

prospective cohort from South Africa with study investigator management reported a 12% (3/34) 

nine-month mortality in patients treated for HIV-associated TB meningitis [38]. However, this 

study had non-representative sampling, e.g. excluding patients with severe TB and those who did 

not initiate ART or were judged to have poor medication adherence. 

 Our findings suggest that the 70% one-year mortality used for global burden estimates of 

HIV-associated cryptococcal meningitis in sub-Saharan Africa may be conservative in some 

regions [6], particularly in Central and West Africa where acute (in-hospital) mortality exceeded 

50% and long-term data was not available. Further, with a general paucity of data from primary 

hospitals that are relatively under-resourced compared to referral centers, survival may have 

been systematically over-estimated. Our findings also suggest that greater availability of more 
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fungicidal - but more toxic - amphotericin B therapy alone, to be used in place of fluconazole 

monotherapy, may not have a sizeable impact. Under routine care settings, although not 

compared using pairwise comparisons, reported short-term mortality for amphotericin B and 

fluconazole-based regimens were similar at around 40%, and long-term mortality reported at 

65% even with available amphotericin B with high-dose fluconazole [52]. Recent RCT evidence 

suggests that when combined with flucytosine (5FC) a shortened one-week course of 

amphotericin B may be the most effective antifungal regimen for reducing mortality from HIV-

associated cryptococcal meningitis [94], with similar rates of early fungal clearance compared to 

longer treatment durations and less drug toxicity [26]. Thus, alongside expanding access to 

amphotericin B formulations, there is an urgent need for flucytosine access in sub-Saharan 

Africa where it remains unregistered, and further research is needed to evaluate amphotericin B 

with flucytosine-based regimens in SSA under routine care settings.  

 Our study has a number of important limitations. First, we applied strict diagnostic 

criteria for included meningitis etiologies. This resulted in the exclusion of a number of studies 

in setting where microbiological tests (e.g. culture, or PCR) were not available, or in which a 

majority of cases were diagnosed based on clinical suspicion without clearly enumerated criteria. 

This may have over-sampled cases from clinical settings with better diagnostic capability (e.g. 

TB PCR) or cases of TB meningitis with a higher CSF bacillary burden. However, we found 

little variation in outcomes between studies with only microbiologically-confirmed cases and in 

which a majority of cases were diagnosed using combined laboratory, clinical, and/or imaging 

characteristics. Secondly, in comparing outcomes for cryptococcal meningitis between routine 

care and clinical trial settings, we were unable to determine the proportion of excess mortality in 

routine care settings attributable to various factors (e.g. lack of therapeutic lumbar punctures vs. 
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poor laboratory monitoring vs. poor completion of therapy). In reality, this high mortality in 

routine care settings is very likely multi-factorial and our findings highlight the need for better 

management strategies such as protocol-driven care, simplified short-course therapy with less 

toxicity, and better preventive strategies such as through CrAg screening for early infection in 

patients with advanced HIV disease [19]. Thirdly, the classification of some prospective cohort 

studies as clinical trials versus routine care studies required some judgment from the author 

team. Study enrolment in “routine care” prospective cohorts may have also led to better 

management of participants per local or international guidelines and some risk of selection bias. 

Fourthly, most studies had a majority or all HIV-positive patients, precluding our ability to 

compare outcomes in sub-Saharan Africa between HIV-positive versus HIV-uninfected patients. 

Our primary interest, however, was in describing meningitis outcomes in high HIV prevalence 

settings. Finally, duration of follow-up varied between studies evaluating short-term mortality, 

and observational studies of cryptococcal meningitis typically reporting in-hospital rather than 

two-week mortality. This may have biased result slightly toward a higher acute mortality in 

observational settings if length of stay was significantly longer on average than two weeks.  

5.7 CONCLUSION 

In conclusion, we found very high mortality from common HIV-associated meningitides 

in sub-Saharan Africa, with pooled short-term mortality for pneumococcal meningitis around 

50% and long-term mortality for TB and cryptococcal meningitis well in excess of 50% but with 

an overall lack of robust long-term outcomes data. Importantly, we found a large degree of 

heterogeneity in outcomes between sub-regions, likely reflecting both relative resource-

availability but also suggesting a potential benefit of enhanced training and management 
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strategies in regions with higher mortality. Improved management strategies are needed and 

prevention efforts should be prioritized, including CrAg screening for prevention of cryptococcal 

meningitis and childhood pneumococcal vaccination to provides herd immunity in adults [139].   
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Figure 11. PubMed search strategy  

#1 

Search (Africa[MeSH] OR Africa*[tiab] OR sub-Saharan[tiab] OR Angola[tiab] OR Benin[tiab] 
OR Botswana[tiab] OR Burkina[tiab] OR Burundi[tiab] OR Cameroon[tiab] OR Cape 
Verde[tiab] OR Cabo Verde[tiab] OR Chad[tiab] OR Comoros[tiab] OR Congo[tiab] OR Cote 
d’Ivoire[tiab] OR Ivory Coast[tiab] OR Equatorial Guinea[tiab] OR Eritrea[tiab] OR 
Ethiopia[tiab] OR Gabon[tiab] OR Gambia[tiab] OR Ghana[tiab] OR Guinea[tiab] OR 
Bissau[tiab] OR Guinea-Bissau[tiab] OR Kenya[tiab] OR Lesotho[tiab] OR Madagascar[tiab] 
OR Malawi[tiab] OR Mali[tiab] OR Mauritania[tiab] OR Mauritius[tiab] OR Mozambique[tiab] 
OR Namibia[tiab] OR Niger[tiab] OR Rwanda[tiab] OR Sao Tome and Principe[tiab] OR 
Senegal[tiab] OR Seychelles[tiab] OR Sierra Leone[tiab] OR Somalia[tiab] OR Sudan[tiab] OR 
Swaziland[tiab] OR Tanzania[tiab] OR Togo[tiab] OR Tunisia[tiab] OR Uganda[tiab] OR 
Western Sahara[tiab] OR Zambia[tiab] OR Zimbabwe[tiab]) 

#2 

Search (Meningitis, Cryptococcal[Mesh] OR cryptococcus neoformans[mh] OR cryptococcus 
gattii[mh] OR cryptococcal meningitis[tiab] OR cryptococcal meningitides[tiab] OR cerebral 
cryptococcosis[tiab] OR cerebral cryptococcoses[tiab] OR toruloma[tiab] OR cryptococcus 
neoformans[tiab] OR (cryptococcal[tiab] OR cyptococcosis[tiab] OR cryptococcoses[tiab] OR 
Cryptococcus[tiab]) AND (meningitis[tiab]))) 

#3 

Search (Tuberculosis, Meningeal[MeSH] OR TBM[tiab] OR tubercul* meningitis[tiab] OR TB 
meningitis[tiab] OR tubercul* cerebrospinal fluid[tiab] OR tubercul* CSF[tiab] OR (TB[tiab] 
OR tubercul*[tiab] AND (meningitis[tiab]))) 

#4 

Search (Meningitis, Pneumococcal[MeSH] OR pneumococcal meningitis[tiab] OR streptococcus 
pneumon* meningitis[tiab] OR streptococcus meningitis[tiab] OR bacterial meningitis[tiab] OR 
(pneumococc*[tiab] OR streptococc*[tiab] AND (meningitis[tiab]))) 

 

 (Searching #1 and #2, #1 and #3, #1 and #4 limit search 1 Jan 1990 through 31 Dec 2018) 
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Figure 12. PRISMA diagram 
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Figure 13. Overall pooled short-term mortality of cryptococcal meningitis in routine care 

settings.  
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Figure 14. Pooled short-term mortality of cryptococcal meningitis in clinical trial settings 
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Figure 15. Pooled short-term mortality of TB meningitis in routine care settings 
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Figure 16. Pooled short-term mortality of pneumococcal meningitis in routine care settings  

 

 

 
  



 
 

 
 

158

Chapter 6. COST-EFFECTIVENESS OF REFLEX LABORATORY-

BASED CRYPTOCOCCAL ANTIGEN SCREENING FOR 

THE PREVENTION OF CRYPTOCOCCAL MENINGTIIS 

IN BOTSWANA 

 

6.1 MANUSCRIPT TITLE AND TITLE PAGE 

 

Cost-effectiveness of reflex laboratory-based cryptococcal antigen screening for the 

prevention of cryptococcal meningitis in Botswana 

 

Mark W. Tenforde,1,2 Charles Muthogo,3 Andrew Callaghan,3 Ponego Ponetshego,4, Bruce 

Larson,5* Joseph N. Jarvis4,6*  

 

* Authors contributed equally 

Affiliations 

1 Division of Allergy and Infectious Diseases, University of Washington School of Medicine, 

Seattle, WA USA 

2 Department of Epidemiology, University of Washington School of Public Health, Seattle, WA, 

USA 

3 Botswana-UPenn Partnership, Gaborone, Botswana 

4 Botswana Harvard AIDS Institute Partnership, Gaborone, Botswana 

5 Boston University School of Public Health, Boston, MA, USA 



 
 

 
 

159

6 Department of Clinical Research, Faculty of Infectious and Tropical Diseases, London School 

of Hygiene and Tropical Medicine, London, UK  

 

Corresponding Author  

Mark W Tenforde MD, MPH 

1959 Pacific Street NE 

Seattle, WA 98195 USA 

Phone: +1 2066508915 

Fax: +1 2069445109 

E-mail: mark.tenforde@gmail.com 

 
Key Words 

 
Cryptococcal antigen, CrAg, HIV, cost-effectiveness, modelling 
 

6.2 ABSTRACT 

ABSTRACT  

 

Background and Aims: Cryptococcal antigen (CrAg) screening of antiretroviral therapy (ART)-

naïve adults with advanced HIV/AIDS (CD4 <100 cells/µL) reduces the incidence of 

cryptococcal meningitis (CM) and all-cause mortality, but implementation of CrAg screening has 

not been evaluated in Botswana. We modeled the cost-effectiveness and impact of laboratory-

based CrAg screening, including screening at different CD4 count thresholds and treatment of 

both ART-naïve and ART-experienced CrAg-positive patients.  
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Methods: We used a decision analytic model was used to evaluate CrAg screening. Based on 

local CD4 count and CrAg prevalence data, we modeled the number of CrAg tests performed, 

the proportion of patients started on pre-emptive antifungal treatment, and the number of incident 

CM cases and CM-related deaths with CrAg screening compared versus no screening. We 

evaluated screening and treatment costs and estimated the cost per death or disability-adjusted 

life year (DALY) averted across various assumptions. Separate analyses were performed at CrAg 

screening thresholds of <100 cells/µL and 100-200 cells/µL. 

Results: At 650,000 CD4 tests performed annually, we estimate 16,364 CrAg tests at a CD4 

<100 cells/µL and 33,036 at a CD4 100-200 cells/µL, with half of patients ART-experienced. 

Under base model assumptions, CrAg screening in ART-naïve patients with a CD4 <100 

cells/µL prevented 20% (47/240) of CM-related deaths and was highly cost-effective (cost per 

DALY averted US$1). Treatment of ART-experienced patients with a CD4 <100 cells/µL 

resulted in further deaths averted (52/240) and was cost-saving. Screening at a CD4 <100 

cells/µL remained highly cost-effective across different model assumptions. Screening in a 

population with a CD4 100-200 cells/µL with treatment of CrAg-positive ART-naive saved an 

estimated 13 lives  at a cost of US$14,547 per death averted, with higher costs and few lives 

saved in sensitivity models.  

Conclusions: Our findings support CrAg screening in Botswana at a CD4 threshold of <100 

cells/µL and benefit of pre-emptive treatment for both CrAg-positive ART-naïve and ART-

experienced patients. Screening at a higher CD4 count threshold of 100-200 cells/µL has a small 

public health impact and policies around screening in this population should be weighed against 

other health systems priorities.  
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6.3 INTRODUCTION 

Cryptococcal meningitis (CM) is a leading cause of mortality in people living with HIV/AIDS 

(PLWH) worldwide, resulting in an estimated 15% of HIV deaths [1]. HIV-associated CM 

predominantly occurs in the setting of advanced HIV disease (usually at a CD4 T-cell count <100 

cells/µL [2], although also seen at higher CD4 counts in a minority of cases [3]). In patients with 

advanced HIV initiating antiretroviral therapy (ART), detection of cryptococcal antigen (CrAg) in 

the blood is highly predictive of incident CM [4], with clinical symptoms usually developing after 

in weeks [4,5]. CrAg screening with pre-emptive fluconazole therapy in CrAg-positive ART-naïve 

adults has been shown to reduce all-cause mortality and is recommended by the World Health 

Organization (WHO) in adults starting ART with a CD4 <100 cells/µL [6,7]. Recently, the WHO 

conditionally recommended screening ART-naïve PLWH with a CD4 count of 100-200 cells/µL 

[7]. 

Botswana, a country of approximately 2.3 million with a 2017 adult HIV prevalence of 

23% [8], has a mature HIV program with free ART provision to citizens that started in 2002. 

Despite ART scale-up, advanced HIV/AIDS and CM remain common with almost 400 confirmed 

cases diagnosed per year in 2013 and 2014 [2,9,10]. In 2016, national HIV guidelines 

recommended CrAg screening in ART-naïve CrAg-positive patients with a CD4 <100 cells/µL 

[11]. For CrAg-positive ART-naïve patients, fluconazole 1200 mg/day for 2 weeks, then 800 

mg/day for 8 weeks with ART initiation, then 200 mg/day until CD4 recovers to >200 cells/µL for 

at least 6 months is recommended. Currently, “reflex” screening (screening of any sample sent for 

CD4 testing below the CD4 count threshold) is conducted at the Botswana-Harvard HIV Reference 

Laboratory (BHHRL), which performs most CD4 testing in the urban Gaborone region.  
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The cost-effectiveness and impact of CrAg screening has not been evaluated in Botswana. 

There is a need to both evaluate screening for ART-naïve patients with a CD4 count <100 cells/µL, 

as recommended in current national guidelines, and to evaluate screening in those with a CD4 

count of 100-200 cells/µL to inform future guidelines. Previous models have assumed that all or 

most CrAg-screened patients are ART-naïve [12-14]. However, about half of cases of CM now 

occur in ART-experienced patients [15-17], and - in the context of a mature ART program in 

Botswana - reflex laboratory-based CrAg screening is now identifying a large number of ART-

experienced CrAg-positive patients. This population represents a mix of individuals: 1) Those 

recently started on ART without baseline CD4 and CrAg screening results following adoption of 

the HIV “test-and-treat” strategy [18]; 2) those on ART but with treatment failure; and 3) those 

started ART with subsequent ART default. Current guidelines don’t address management of this 

growing population of patients unintentionally screened through reflex laboratory-based screening 

strategies, although there is a plausible benefit of treating CrAg-positive patients.   

 The primary aim of our study was to model the impact, cost, and cost-effectiveness of 

CrAg screening and targeted pre-emptive fluconazole treatment in Botswana using different 

screening strategies. First, we modeled screening and pre-emptive treatment of ART-naïve patients 

with a CD4 <100 cells/µL, according to current guidelines [11]. Secondly, we evaluated screening 

of ART-naïve patients with a CD4 count of 100-200 cells/µL to inform future guidelines. Finally, 

for the CD4 <100 cells/µL and 100-200 cells/µL model, we generated models in which ART-

experienced CrAg-positive patients are also given pre-emptive fluconazole. Given uncertainty of 

risk of CM progression in this population and the benefit of pre-emptive treatment, we evaluated 

these models under a range of assumptions. A decision analytic model was employed, as described 

before [14,19], with local CD4 distribution [9], CrAg prevalence [20], treatment outcomes [15], 
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and costing data used to estimate national costs for screening, cases and deaths averted through 

screening, and incremental cost effectiveness ratio (ICER) as determined by cost per death averted 

and cost per disability-adjusted life year (DALY) averted  comparing screening with no screening.  

 

6.4 MATERIALS AND METHODS 

Overview. 

Our models use CD4 count distribution and CrAg prevalence data from the Botswana-Harvard 

HIV Reference Laboratory (BHHRL) in Gaborone, including data from a completed CrAg 

screening prevalence study conducted 2015-2016 and a second cohort that started in 2018 [20]. 

CrAg testing is performed using the highly-accurate CrAg lateral flow assay (LFA) [IMMY, 

Norman, OK] [21], assumed here to be 100% sensitive / specific. Approximately 65,000 CD4 tests 

are performed annually at the BHHRL in 35,000 unique patients. With an estimated population of 

370,000 adults living with HIV and high level of engagement [22,23], this covers nearly 10% of 

the adult HIV-positive population in Botswana. We therefore chose to start with a model of 

650,000 CD4 tests performed annually on an population of 350,000 adults to provide an estimate 

of the annual cost and impact of CrAg screening implementation at a national level (not accounting 

for sub-national variability). Our models include two components: 1) A reflex CrAg screening 

module; and 2) a treatment module, both described below.  

 

Screening module.  

The screening model estimates the proportion of patients who receive CD4 testing who are CrAg-

positive and pre-emptive treatment-eligible and the proportion of these patients targeted for pre-

emptive therapy or diagnosed with CM on urgent clinic follow-up after a positive CrAg test, 
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factoring a proportion of eligible patients who may not receive CrAg screening or who receive 

screening but do not receive timely evaluation. Flowcharts for the screening module are shown in 

Figure 17, and sources for estimates in Table 8. 

From 2015-2017, 2.65% of CD4 samples from clinics had a CD4 count <100 cells/µL, 

with a CrAg prevalence cells/µL of 4.6% at CD4 <100 cells/µL in non-hospitalized patients [20]; 

5.37% of samples had a CD4 100-200 cells/µL, with an estimated CrAg prevalence of 2% from a 

published systematic review [24]. Of CrAg-positive samples, approximately 25% are from patients 

with prior treated cryptococcal meningitis or positive CrAg result in the blood, which result in a 

persistently positive test result. These patients are not targeted for pre-emptive therapy. The 

remaining 75% of CrAg-positive patients are eligible for pre-emptive fluconazole. 

We used local CrAg titer data to estimate the risk of ART-naïve CrAg-positive patients 

progressing to CM [20]. A high CrAg titer (>1:160) is associated with a high risk of CM without 

pre-emptive treatment in ART-naïve patients [25,26]. From local data, 59% of CrAg-positive 

patients with a CD4 <100 cells/µL have a high CrAg titer. At a CD4 of 100-200 cells/µL, we 

estimate that a lower proportion (10%) of CrAg-positive patients have high titers due to 

comparatively less immunodeficiency in this population. A lumbar puncture is offered to all CrAg-

positive patients evaluated for pre-emptive therapy to rule out prevalent CM, as up to one-third of 

even relatively asymptomatic CrAg-positive patients have prevalent meningitis diagnosed when 

evaluated by lumbar puncture (LP) and cerebrospinal fluid (CSF) testing [25]. As LP refusal is 

common [27], we estimate that only 25% of patients consent to an LP. Eighty-five percent of high-

titer and 15% of low-titer patients who undergo LP are diagnosed with prevalent CM and 

hospitalized [25,28]. The remaining CrAg-positive patients (i.e. those who did not undergo LP or 

had negative CSF testing) are targeted for pre-emptive fluconazole.    
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A proportion of CrAg-positive patients who should receive CrAg screening are not tested 

(5%), e.g. due to laboratory error or CrAg assay stockout. Without CrAg testing and pre-emptive 

fluconazole, these patients are at an high risk of incident CM, with risk influenced by a patient’s 

CrAg titer and how quickly ART is initiated [4,25,29]. Of screened CrAg-positive patients, an 

estimated 25% with CD4 <100 cells/µL (10% at CD4 100-200 cells/µL) do not return to clinic 

quickly for evaluation and initiation of pre-emptive fluconazole and/or LP evaluation; these 

patients are also at a high risk of progression to CM.  

We estimate that ART-experienced patients constitute approximately 50% of patients 

receiving CrAg screening (laboratory-based “reflex” CrAg screening is performed based on CD4 

count threshold regardless of a patient’s ART status which is typically unknown by the laboratory) 

[20]. For ART-experienced CrAg positive patients, given high uncertainty of the risk of 

progression to CM without pre-emptive fluconazole we performed several analyses with a range 

of assumptions. In our base model, we estimate a risk of progressing to CM in CrAg-positive 

patients with a CD4 <100 cell/µL of 59% without pre-emptive fluconazole (assuming 25% of 

patients are ART defaulters with a high CM risk [90%] and - among the other 75% of patients 

currently on ART - 40% have treatment failure with a high risk [90%] and 60% recently started 

on ART with a lower risk [21%] of incident CM [29]). In the ART-experienced population with a 

CD4 100-200 cells/µL, the risk of progression to CM is assumed to be lower (21%) than the CD4 

<100 cells/µL group (25% of patients are ART defaulters with a CM risk of 30% and - among the 

75% of patients on ART - 40% with treatment failure with a high risk 30% and 60% recently 

started on ART with a lower risk 10% of incident CM). 

 

Treatment module.  
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The treatment module estimates outcomes for patients who should receive CrAg screening but do 

not and progress to CM, those who receive screening but progress to CM without urgent follow-

up and pre-emptive therapy, and those who start but “fail” pre-emptive by developing CM.  

Flowcharts for the treatment module are shown in Figure 17, and sources for estimates detailed in 

Table 8.  

For ART-naïve CrAg-positive patients, success of pre-emptive treatment is derived from 

local estimates and a published systematic review [20,29]. For ART-naïve patients, we estimate 

that 20% of high-titer patients and 5% of low titer patients started on pre-emptive fluconazole will 

fail pre-emptive fluconazole. For ART-experienced patients, given lack of published outcomes 

data in this population we assume that there is a 75% reduction in the risk of progression to CM 

with pre-emptive therapy (i.e. from 59% to 14.8% in the base model for CD4 <100 cells/µL). 

For patients who progress to CM, case-fatality rates are derived from local data [15]. Ten-

week mortality for patients with a CD4 <100 cells/µL hospitalized for cryptococcal meningitis and 

treated with amphotericin B-based induction therapy is estimated to be 50%, with 17% of survivors 

experiencing relapse. We assumed lower mortality (40%) for patients with a CD4 of 100-200 

cells/µL, as low CD4 count is a predictor of higher mortality [30]. CrAg-positive patients who are 

diagnosed with early CM on urgent follow-up or hospitalized after failing pre-emptive fluconazole 

are assumed to have a lower 10-week mortality (25% instead of 50% for those missed and not 

started on pre-emptive treatment) based on regional data [25], with early recognition of infection 

and timely initiation of antifungal treatment associated with better survival. In our models, we 

assume that a minority of patients (20%) with incident CM die at home without being diagnosed, 

with a lower proportion who start on pre-emptive fluconazole (10%) or are diagnosed with CM at 

their initial follow-up (0%).  
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CrAg screening and treatment costs. 

The costs of CrAg screening implementation and CM treatment are estimated from a payer-

perspective using local supply costs from Botswana Central Medical Stores (CMS) for most 

parameter estimates (Table 9). For CrAg screening, the cost per CrAg test is estimated at 50 Pula 

(US$4.71); to the wholesale price (~US$2), we factor in additional mark-ups from local 

distributors, shipment, and laboratory personnel costs. Fluconazole is relatively expensive in 

Botswana (at ~US$0.50 / 200 mg tablet through CMS) compared to other countries in the region 

and we assumed procurement through CMS rather than a pharmaceutical company drug donation 

program. Average length of maintenance therapy is estimated at 6 months, assuming some 

incomplete adherence.  

We do not have reliable local hospital “hotel” costs in Botswana for the treatment of CM 

so used inflation-adjusted WHO-CHOICE estimates for cost per day of hospital admission [31]. 

Length of hospital stay was estimated at 17 days for survivors for local data (75% of this time in 

those who die within 10 weeks) [15]. We assume a standard 14-day course of amphotericin B with 

high-dose fluconazole, intravenous fluid and electrolyte supplementation, and routine laboratory 

monitoring. Patients who survive hospitalization receive 8 weeks of fluconazole consolidation and 

6 months of maintenance fluconazole on average. Patients who die within 10 weeks of treatment 

have lower utilization of treatment, laboratory, and post-discharge care and fluconazole. 

 

Outcomes. 

We estimate annual costs of CrAg screening implementation nationally in Botswana and the costs 

of treatment (both for pre-emptive fluconazole and cryptococcal meningitis) for ART-naïve 
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patients at CD4 <100 cells/µL and 100-200 cells/µL. Comparing these to a counterfactual scenario 

with no screening, we estimate the number of cryptococcal meningitis cases averted from 

screening, number of deaths prevented, and the cost per death averted as the incremental cost 

effectiveness ratio (ICER). We also evaluated cost per disability-adjusted life year (DALY) 

avoided, with average age of death from CM from local data [15], life expectancy determined from 

World Factbook estimates [32], and with future years discounted at a 3% rate to give a DALY 

estimate of 21.4 years. We then re-evaluated models with both ART-naïve (the target population 

for CrAg screening) and ART-experienced CrAg-positive patients being offered pre-emptive 

treatment. We do not factor in additional costs or deaths from CM relapse as these are small and 

unlikely to have a significant public health or health system cost impact.  

 

Sensitivity analyses. 

We performed a series of sub-analyses (SA) to account for areas of model uncertainty. In the ART-

naïve models we performed the following analyses: 1) 50% vs. 75% in the base model return 

quickly for follow-up to start treatment (CD4 <100 cells/µL group) and 85% vs. 90% in the CD4 

100-200 cells/µL group; 2) A higher proportion (75% vs. 50% in the base model) of patients are 

ART-experienced; and 3) 40% vs. 59% in the base model with positive CrAg have a high titer 

(CD4 <100 cells/µL group) and 5% vs. 10% in the CD4 100-200 cells/µL group.  

For ART-experienced CrAg-positive patients, we performed additional sub-analyses 

assuming lower risk of progression to CM without fluconazole as well as less benefit of pre-

emptive fluconazole: 1) 30% vs. 59% in the base model risk of CM progression without pre-

emptive fluconazole in the CD4 <100 cells/µL group and 10% vs. 20% in the CD4 100-200 

cells/µL group, assuming again a 75% reduction in risk of CM progression with pre-emptive 
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therapy and no patients diagnosed with CM at urgent follow-up; and 2) 20% vs. 59% in the base 

model risk of CM progression without pre-emptive fluconazole in the CD4 <100 cells/µL group 

and 10% vs. 20% in the CD4 100-200 cells/µL group, now assuming a 50% reduction in risk of 

CM progression with pre-emptive therapy and with no patients diagnosed with CM at urgent 

follow-up. 

 

6.5 RESULTS 

Cryptococcal meningitis cases and costs without screening.  

Without CrAg screening, our base model estimates 52,002 CD4 counts ≤200 cells/µL (17,225 with 

CD4 <100 cells/µL and 34,773 with CD4 100-200 cells/µL). In the base model without CrAg 

screening, 401 patients with CD4 <100 cells/µL and 121 patients with a CD4 100-200 cells/µL 

develop CM without screening, 44% (228/522) of cases in ART-naïve. Assuming about 20-25% 

of patients die without being diagnosed, this is consistent with national incidence estimates [2], as 

well as local estimates of 45% of cases occurring in ART-experienced individuals [15]. The 

proportion of screened CD4 100-200 cells/µL patients who develop CM (23%) is higher than the 

~15% diagnosed with cryptococcal meningitis in Botswana with a CD4 >100 cells/µL [2], 

although some proportion of these are likely to experience a drop in CD4 count before diagnosis 

of CM. The overall cost for treatment is estimated at $985,129, including costs of hospital and 

post-discharge care.  

 

CrAg screening at CD4 <100 cells/µL, ART-naïve and ART-experienced. 

In our CD4 <100 cells/µL base model, 16,364 CrAg tests are performed at a cost of US$77,073 

(Table 10a). Without screening, we estimate 240 CM-related deaths annually in this population. 
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For ART-naïve only, with CrAg screening and treatment, we estimate 47 lives saved, at a cost 

savings of US$26 per death averted or US$1 per DALY averted (Table 10a). In sensitivity 

analyses, including evaluation of a lower proportion of CrAg-positive patients who return quickly 

for evaluation for pre-emptive treatment, a lower proportion of CrAg-positive ART-naïve patients, 

and a lower proportion of patients with high CrAg titers, screening saved 31-47 lives and remained 

highly cost effective at a cost per DALY averted <US$125 under all assumptions.  

 We next considered treating both ART-naïve as well as ART-experienced patients 

recognized as CrAg-positive through reflex screening. No additional costs are accrued for 

screening ART-experienced patients. Under base model assumptions, the number of lives saved 

was 98 with a cost-savings of US$904 per death averted or US$42 per DALY averted (Table 10b). 

In sensitivity analyses, treatment for both ART-naïve and ART-experienced saved lives and 

remained highly cost-effective with an estimated cost per DALY averted <US$125 under all 

assumptions (Table 10c).  

 

CrAg screening at CD4 100-200 cells/µL, ART-naïve and ART-experienced. 

In our CD4 100-200 cells/µL model population, 33,036 CrAg tests are performed at a cost of 

US$155,601 (Figure 11a). Without screening, we estimate 63 CM-related deaths in this 

population. For ART-naïve, with CrAg screening and treatment, we estimate 13 lives save, at a 

cost of US$14,547 per death averted or US$680 per DALY averted. In sensitivity analyses, 

screening saved an estimated 6-8 lives saved at a cost ranging from US$26,063 to US$29,213 per 

death averted.  

 No additional screening cost is included for screening ART-experienced patients with a 

CD4 100-200 cells/µL. Under base model assumptions, extending treatment to ART-experienced 
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as well as ART-naïve CrAg-positive patients resulted in an estimated 20 lives saved at a cost of 

US$11,572 per death averted, or US$541 per DALY averted (Table 11b). In sensitivity analyses 

comparing various assumptions, the impact of CrAg screening and treatment diminished with a 

range of 1-18 lives saved and a cost per life saved  ranging from US$12,734 to US$265,506 (Table 

11c).  

6.6 DISCUSSION 

Using local costing and clinical estimates, we provide the first estimates of the cost-effectiveness 

and national impact of CrAg screening implementation in Botswana. This analysis was intended 

to be pragmatic, reflecting current CD4 testing practice is real world settings in Botswana, a 

country where national guidelines currently recommend CD4 testing at baseline, after 3 months 

on ART, at 12 months and yearly thereafter in stable clients [11]. This strategy, coupled with 

adoption of HIV “test-and-treat” [33], contributes to a growing proportion of ART-experienced 

CrAg-positive patients recognized through laboratory-based reflex screening. Existing screening 

guidelines and modeling studies have not generally considered the impact of this emerging 

population or benefits of pre-emptive treatment. As in other studies from  sub-Saharan Africa 

[12,14,19], we found CrAg screening in ART-naïve patients with a CD4 <100 cells/µL to be highly 

cost-effective or cost-saving. Targeting only CrAg-positive ART-naïve patients for pre-emptive 

therapy had a modest public health impact, preventing approximately 20% of CM-related deaths 

under base model assumptions. Also treating CrAg-positive ART-experienced patients resulted in 

additional deaths averted (41% reduction in CM-related deaths overall), and was highly cost-

effective or cost-saving across assumptions.  

  In contrast to CrAg screening of patients with a CD4 <100 cells/µL, we found high costs 

and a marginal public health impact of CrAg screening in patients with a CD4 count of 100-200 
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cells/µL. Under base model assumptions, pre-emptive treatment for CrAg-positive ART-naïve 

patients was estimated to prevent 13 deaths at a cost per death averted of nearly US$15,000. 

Considering treatment of both ART-naïve and ART-experienced CrAg-positive patients, an 

estimated 20 deaths were averted at a cost in excess of US$11,000 per death averted. In sensitivity 

analyses assuming lower risk of CM progression without treatment, worse follow-up, and less 

benefit from pre-emptive therapy, cost-effectiveness was further diminished with few lives saved. 

Future policy decisions will need to consider the cost and impact of screening against competing 

health system priorities for the population with CD4 count of 100-200 cells/µL. The high cost per 

death averted was attributable to a number of factors. First, at an estimated cost of US$4.71 per 

CrAg test and a large population with a CD4 count 100-200 cells/µL based on local CD4 data, 

screening costs was high. However, the cost used in our model is comparable to US$4.28 reported 

at a high volume central laboratory in South Africa [34]. Our finding of high ICER was also 

impacted by high costs for fluconazole in Botswana,  or US$0.51 per 200 mg tablet versus US$0.06 

in South Africa [14]. However, even with lower costs of CrAg screening and pre-emptive 

fluconazole therapy, the estimated impact of implementing screening for patients with a CD4 of 

100-200 cells/µL is small (<10% of CM-related deaths averted).  

 Our study has a number of limitations. First, we assume most patients access HIV care 

before being diagnosed of CM. This results in an estimated total number of CM cases in our base 

model that is congruent with published incidence data [2]. However, it’s likely that a proportion 

of patients are diagnosed with CM without previously accessing services and receiving CrAg 

screening. However, we found that CrAg screening in patients with a CD4 <100 cells/µL remained 

highly cost effective across a variety of assumptions, even if the public health impact is diminished 

with fewer patients accessing care and receiving CrAg screening. Secondly, as a pragmatic study 
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using real world data, we did not evaluate other screening strategies such as point-of-care CD4 

and/or CrAg testing, and we focused on CrAg screening in clinic settings without considering 

hospitalized patients [35,36]. Thirdly, we had a high level of uncertainty for certain parameters, 

particularly outcomes of CrAg-positive ART-experienced patients and those with a CD4 of 100-

200 cells/µL. We addressed this uncertainty by testing benefits of screening across a range of 

assumptions. We also had highly robust local data for many cost and clinical parameters, 

particularly CD4 distribution, CrAg prevalence, and CM treatment outcomes data [15,20]. 

Fourthly, our analysis may fail to account for future changes in CD4 testing practices, including a 

possible shift away from CD4 testing with greater emphasis on HIV viral load testing [18]. Finally, 

pre-emptive antifungal therapy for CrAg-positive ART-experienced clients may benefit certain 

sub-populations more than others (e.g. those with ART treatment failure who may have prolonged 

immune suppression while awaiting a switch to second-line or salvage therapy). Given uncertainty, 

we used an averaged risk of progression to CM without pre-emptive therapy and benefit of pre-

emptive therapy in CrAg-positive ART-experienced patients for simplicity.  

6.7 CONCLUSION 

In summary, using robust local estimates and accounting for uncertainty through sensitivity 

analyses, we found strong support for CrAg screening in Botswana for patients with advanced HIV 

at a threshold of <100 cells/µL, with high costs and small impact of screening at a higher CD4 

count strata of 100-200 cells/µL. Our findings provide support for pre-emptive treatment of CrAg-

positive ART-experienced patients at a CD4 <100 cells/µL recognized in laboratory-based reflex 

CrAg screening programs. Future outcomes data is needed for this growing population and 

guidelines should consider the evidence for pre-emptive treatment in this group.   
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Table 8. Key parameters, estimates, and sources of data for base model. 

Screening Module 

Parameter CD4 <100 cells/µl CD4 100-200 cells/µL Source(s) 

% within CD4 strata 2.65% 5.37% BHHRL 

CrAg prevalence within CD4 strata 

(outpatient), % 

4.6% 2.0% [20,24] 

Prior CM or Crag+ result among 

screened CrAg+, % 

25% 25% [20] 

High CrAg titer (≥1:180), % 59% 10% [20]; assumption for CD4 

100-200 

Pre-ART of CrAg+, % 50% 50% Local cohort [9] 

Return quickly enough of CrAg+, % 75% 90% Assumption 

Treatment Module 

Parameter CD4 <100 cells/µl CD4 100-200 cells/µL Source(s) 

Hospitalized if missed CrAg+ and 

develops CM, % 

80% 80% Assumption 

10-week CM mortality  50% 40% [15]; higher mortality 

with lower CD4 [30] 

CM relapse 17% 17% [15] 

High CrAg titer and fail pre-emptive 

therapy (if receive fluconazole) 

20% 20% [25,28] 

Low CrAg titer and fail pre-emptive 

therapy (if receive fluconazole) 

5% 5% [25,28] 

Hospitalized if fail pre-emptive therapy 

and develop CM 

90% 90% Assumption 

10-week mortality  25% 25% [25] 

CM relapse 17% 17% [15] 

Hospitalized if diagnosed with CM at 

urgent follow-up visit  

100% 100% Assumption 

10-week mortality  25% 25% [25] 

CM relapse 17% 17% [15] 

 

BHHRL = Botswana-Harvard HIV Reference Laboratory; CM = cryptococcal meningitis 
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Table 9. Included cost estimates for CrAg screening and pre-emptive treatment and for 

cryptococcal meningitis treatment 

CrAg screening and pre-emptive therapy * 

Parameter Estimate (USD) Source(s) 

CrAg LFA $4.71 IMMY wholesale plus 

additional costs 

Pre-emptive fluconazole 

1200 mg/day x2 weeks 

800 mg/day x8 weeks 

200 mg/day x26 weeks 

$0.51 / 200 mg tablet 

x 490 tablets = $247.54 

 

 

CMS; 

proportion with 

treatment failure or 

partial adherence 

Urgent return evaluation $18.85 Assumption 

Treatment Module * 

Parameter Estimate (%) Source(s) 

Hotel costs 

17-day hospital stay 

$126.77 / hospital day [15,31] 

Hospital drug costs 

14 days AmBd and FLU, 

2 lumbar punctures 

$201.87 (survives), 

$141.31 (dies) 

CMS; [15] 

Post-admission costs  

FLU consolidation/maintenance 

Extra clinic visit  

$226.37 CMS 

Laboratory costs 

2 FBC, 4 U/E, 1 ALT 

$71.00 BHHRL; WHO guidelines 

[7] 
 
* See Supplementary Excel File for detailed costing estimates 
ALT = alanine aminotransferase; AmBd = amphotericin B deoxycholate; BHHRL = Botswana Harvard HIV Reference Laboratory; CM = 
cryptococcal meningitis; CMS = Central Medical Stores; FBC = full blood count; FLU = fluconazole; KCl = potassium choloride; Mg = 
magnesium supplementation; NS = normal saline; U/E = urea and electrolyte testing; WHO = World Health Organization 
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Table 10a. Screening CD4 <100 cells/µL, ART-naïve for base (white) and sensitivity (gray) models.  

 

Summary Results 

(screening < 100) 

ART-naive 

No 

screening; 

base model 

Screening < 

100; base 

model 

 

No 

screening; 

50% return 

Screening < 

100; 50% 

return 

No 

screening; 

25% ART-

naive 

Screening < 

100; 25% 

ART-naive 

No 

screening; 

40% high 

CrAg titer 

Screening; 

40% high 

CrAg titer 

Number Screened 0 16,364 0 16,364 0 16,364 0 16,364 

Cost of screening 0 77,073 0 77,073 0 77,073 0 77,073 

Cost of treatment 750,271 671,504 750,271 732,971 703,087 663,704 688,171 641,407 

Total Cost 750,271 748,577 750,271 810,044 703,087 740,777 688,171 718,480 

CM deaths 240 193 240 209 225 193 226 179 

ICER (US$ per 

death avoided)   -26   1,928   1,178 

 

 

 

645 

ICER (US$ per 

DAILY avoided)  -1  90  55 

 

 

 

30 

CM relapse 27 24 27 25 26 25 25 23 

 

Table 10b. Combined ART-naïve and ART-experienced base models for CD4 <100 cells/µL. 
 

Summary Results (screening < 100) -- base model 

assumptions No screening 

Screening < 100; 

preempt txt naïve 

only 

Screening < 100; preempt 

txt for ART-naïve and ART-

experienced 

Number Screened 0 16,364 16,364 

Cost of screening 0 77,073 77,073 

Cost of treatment 750,271 671,504 584,602 

Total Cost 750,271 748,577 661,675 

CM deaths 240 193 142 

ICER (cost per death averted)   -26 -904 

ICER (cost per DALY averted)  -1 -42 

CM relapse 27 24 20 
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Table 10c. Combined ART-naïve and ART-experienced base models for CD4 <100 cells/µL under different combinations of 
assumptions. Estimated deaths averted, cost per death averted, and cost per disability-adjusted life year averted presented. 
 

  ART-experienced assumptions 

  Base model assumptions 30% risk w/o preempt txt 20% risk w/o preempt tx, 50% 

risk reduction w/txt 

A
R

T
-n

a
ïv

e
  a

ss
u

m
p

ti
o

n
s 

Base model assumptions Deaths averted: 98 

US$ / death averted: -904 

US$ /  DALY averted: -42 

Deaths averted: 73 

US$ / death averted: -1,170 

US$ /  DALY averted: -55 

Deaths averted: 60 

US$ / death averted: -583 

US$ /  DALY averted: -27 

50% CrAg+ return quickly Deaths averted: 54 

US$ / death averted: 34 

US$ /  DALY averted: 2 

Deaths averted: 48 

ICER death averted: 83 

ICER DALY averted: 4 

Deaths averted:  29 

US$ / death averted: 1,297 

US$ /  DALY averted: 61 

25% ART-naive Deaths averted: 82 

US$ / death averted: -1,131 

US$ /  DALY averted: -53 

Deaths averted: 40 

ICER death averted: -679 

ICER DALY averted: -32 

Deaths averted: 21 

US$ / death averted: 2,311 

US$ /  DALY averted: 108 

40% CrAg+ high titer Deaths averted: 89 

US$ / death averted: -568 

US$ /  DALY averted: -27 

Deaths averted: 63 

ICER death averted: -572 

ICER DALY averted: -27 

Deaths averted: 50 

US$ / death averted: 297 

US$ /  DALY averted: 14 
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Table 11a. Screening CD4 100-200 cells/µL, ART-naïve for base (white) and sensitivity (gray) models..  

 

Summary Results 

(screening 100-

200) ART-naive 

No 

screening; 

base model 

Screening 100-

200; base 

model 

 

No 

screening; 

85% return 

Screening 100-

200; 85% 

return 

No 

screening; 

25% ART-

naive 

Screening 

100-200; 

25% ART-

naive 

No 

screening; 

5% high CrAg 

titer 

Screening 

100-200; 5% 

high CrAg 

titer 

Number Screened 0 33,036 0 33,036 0 33,036 0 33,036 

Cost of screening 0 155,601 0 155,601 0 155,601 0 155,601 

Cost of treatment 234,859 268,374 234,859 283,749 220,244 237,001 214,196 267,102 

Total Cost 234,859 423,975 234,859 439,350 220,244 392,602 214,196 422,703 

CM deaths 63 50 63 56 59 53 58 50 

ICER (US$ per 

death avoided)   14,547   29,213   28,726 

 

 

 

26,063 

ICER (US$ per 

DAILY avoided)  680  1,365  1,342 

 

 

 

1,218 

CM relapse 10 10 10 10 9 9 9 10 

 

Table 11b. Combined ART-naïve and ART-experienced base models for CD4 100-200 cells/µL. 
 

Summary Results (screening 100-200) -- base 

model assumptions No screening 

Screening 100-200; 

preempt txt naïve 

only 

Screening 100-200; 

preempt txt all 

Number Screened 0 33,036 33,036 

Cost of screening 0 155,601 155,601 

Cost of treatment 234,859 268,374 345,473 

Total Cost 234,859 423,975 466,303 

CM deaths 63 50 43 

ICER (cost per death averted)   14,547 11,572 

ICER (cost per DALY averted)  680 541 

CM relapse 10 10 8 
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Table 11c. Combined ART-naïve and ART-experienced base models for CD4 100-200 cells/µL 
under different combinations of assumptions. Estimated deaths averted, cost per death averted, 
and cost per disability-adjusted life year averted presented. 
 

  ART-experienced assumptions 

  Base model assumptions 10% risk w/o preempt txt 10% risk w/o preempt tx, 

50% risk reduction w/txt 

A
R

T
-n

a
ïv

e
  a

ss
u

m
p

ti
o

n
s 

Base model 

assumptions 

Deaths averted: 20 

US$ / death averted: 

11,572 

US$ /  DALY averted: 541 

Deaths averted: 14 

US$ / death averted: 

15,926 

US$ /  DALY averted: 744 

Deaths averted: 12 

US$ / death averted: 

20,038 

US$ /  DALY averted: 936 

80% CrAg+ return 

quickly 

Deaths averted: 9 

US$ / death averted: 

32,043 

US$ /  DALY averted: 1,497 

Deaths averted: 3 

US$ / death averted: 

83,322 

US$ /  DALY averted: 

3,894 

Deaths averted: 1 

US$ / death averted: 

265,506 

US$ /  DALY averted: 

12,407 

25% ART-naive Deaths averted: 17 

US$ / death averted: 

12,734 

US$ /  DALY averted: 595 

Deaths averted: 5 

US$ / death averted: 

48,547 

US$ /  DALY averted: 

2,269 

Deaths averted: 2 

US$ / death averted: 

130,600 

US$ /  DALY averted: 

6,103 

5% CrAg+ high titer Deaths averted: 18 

US$ / death averted: 

13,391 

US$ /  DALY averted: 626 

Deaths averted: 11 

US$ / death averted: 

21,600 

US$ /  DALY averted: 

1,009 

Deaths averted: 9 

US$ / death averted: 

28,353 

US$ /  DALY averted: 

1,325 
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Figure 17. Flowcharts for decision analytic model including screening and treatment modules.  

 

 

 



 
 

 
 
 

187

 



 
 

 
 
 

188

 

 



 
 

 
 
 

189

 

 



 
 

 
 
 

190

 

 

 



 
 

 
 
 

191

 

 



 
 

 
 
 

192

 

 

 



 
 

 
 
 

193

 

 



 
 

 
 
 

194

 

 



 
 

 
 
 

195

 

 



 
 

 
 
 

196

 

 



 
 

 
 
 

197

 

 



 
 

 
 
 

198

 

 

 

  



 
 

 
 
 

199

Chapter 7. CONCLUSIONS AND WAY FORWARD 

The studies in this dissertation describe the first nationally representative estimates of the burden 

and outcomes of HIV-associated central nervous system infections in a high HIV prevalence 

country, with national incidence estimates over a decade after initial ART rollout in Botswana. 

An in-depth examination of central nervous system infections in southern Africa has important 

implications with respect to understanding the HIV care cascade and informing HIV 

differentiated care models as well as future interventions to improve prevention, diagnostics, and 

treatment strategies to reduce deaths from central nervous system infections in populations living 

with HIV.  

7.1 ADDRESSING GAPS IN THE HIV CARE CASCADE 

Using cryptococcal meningitis as an “indicator disease,” I highlight gaps in the HIV care cascade 

and key at-risk populations that need to be effectively targeted to reduce deaths from advanced 

HIV and to reduce ongoing HIV transmission. In Chapters 2 and 3, I show an initial decline in 

cases of cryptococcal meningitis cases but with the number of cases at referral centers flatlining 

in more recent years of observation. This reflects both the early gains achieved with greater 

availability of ART and subsequent challenges in reaching key high-risk populations through 

traditional care models which have not changed substantially over the past two decades. The 

meningitis incidence estimates were derived during a period shortly before the HIV “Treat All” 

strategy in Botswana (ART recommended for all persons living with HIV, regardless of CD4 

count or WHO clinical stage) [1]. However, Botswana was the first country in Africa to offer 

ART starting in 2002. Further, pre-Treat-All guidelines until 2016 recommending treatment in 

HIV-positive individuals with a CD4 count <350 cells/µL [2] and over 70% of persons living 
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with HIV were estimated to have been diagnosed, on therapy, and with sustained viral 

suppression in parts of the country [3]. By itself, adoption of a HIV Treat All strategy is unlikely 

to eliminate advanced HIV disease, and this is further corroborated by our ongoing prospective 

cohort and clinical trials work we are conducting in Botswana. Young, working-age men are a 

key at-risk population, with HIV-infected men having a 2-fold higher incidence of cryptococcal 

meningitis then women peaking in the 4th and 5th decades of life. Innovative strategies tailored to 

the population, such as targeted education and engagement (e.g. through adherence clubs or short 

message services), decentralized care and simplified care in stable patients (differentiated care), 

as well as preventive efforts including voluntary male medical circumcision (VMMC) and pre-

exposure prophylaxis (PrEP) and improved community-based diagnostics, could be utilized in 

order to make further gains needed toward reducing HIV mortality [4,5].  

7.2 IMPLEMENTATION OF DIFFERENTIATED CARE MODELS FOR ADVANCED HIV 

DISEASE 

Despite high ART availability and overall coverage, these findings highlight the ongoing need 

for differentiated care models targeting individuals with advanced HIV disease in an effort to 

reduce HIV-related mortality. These models should include screening for early cryptococcal 

infection for the prevention of cryptococcal meningitis, which I estimate to be highly cost-

effective in Botswana across a wide range of assumptions for those with advanced HIV/AIDS 

(CD4 <100 cells/µL). These efforts should also target prevention and early diagnosis of other 

major infectious causes of mortality, such as TB and Pneumocystis disease, and intensified case 

management for individuals with advanced HIV to provide needed support and education for the 

promotion of life-long engagement in HIV care. Informed by his dissertation research, I am the 

Clinical Lead for an ongoing CrAg screening cohort study in Botswana and, with development 
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partners, have been designing the content for a package for the management of patients with 

advanced HIV that will be used for training health care workers at a national level.  

7.3 THE SHIFTING EPIDEMIOLOGY OF CENTRAL NERVOUS SYSTEM INFECTIONS 

PRESENT NEW CHALLENGES AND A NEED FOR INNOVATIVE SOLUTIONS  

This work highlights a shifting epidemiology of HIV-associated meningitis in the ART era. For 

example, almost half of cases of HIV-associated cryptococcal meningitis now occur in ART-

experienced individuals. These findings challenge current guidelines for cryptococcal meningitis 

prevention, with WHO and national guidelines recommending CrAg screening for ART-naïve 

individuals with advanced HIV disease but providing no guidance on the management of the 

emerging population of ART-experienced patients recognized with cryptococcal infection by 

laboratory-based reflex CrAg screening [6,7]. The costing models (Chapter 5) suggest that CrAg 

screening and pre-emptive antifungal therapy for ART-naïve individuals with a CD4 <100 

cells/µL is cost-effective but has a modest impact alone in reducing cryptococcal meningitis-

related deaths (~20% reduction in deaths in our base models). Also treating ART-experienced 

patients recognized with cryptococcal infection (i.e. CrAg-positive) was estimated to save 

additional lives and was highly cost-effective or cost-saving across a range of assumptions. The 

impact of cryptococcal antigen screening programs is likely to be further challenged with shifts 

in CD4 testing practices with rollout of HIV test-and-treat strategies [1], often started on ART 

immediately without laboratory testing, as well as a shift in resource allocation from CD4 testing 

to HIV viral load testing in HIV-positive patients already established in care, and suggests the 

continued importance of CD4 testing services [8]. Innovative implementation strategies, such as 

point-of-care CD4 and CrAg screening strategies [8] at the time of HIV diagnosis or in patients 

with treatment default or failure,  may be needed to maximize the impact of life-saving 
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preventive interventions, and future guideline will need to reflect epidemiolocal changes 

observed in mature ART programs like Botswana. 

7.4 CENTRAL NERVOUS SYSTEM INFECTIONS ARE A MAJOR CAUSE OF HIV-

RELATED MORTALITY: BETTER STRATEGIES ARE NEEDED TO COMBAT 

CRYPTOCOCCAL DISEASE 

My work supports previous estimates and show that central nervous system infections remain a 

major cause of HIV-related mortality in southern Africa [9]. Approximately 4,500 HIV-related 

deaths occur in Botswana annually. Of approximately 2,000 annual lumbar punctures evaluations 

for meningitis (most in persons living with HIV), one-year mortality exceeded 50%. Although 

we lacked detailed clinical information of patients evaluated for meningitis including presenting 

clinical history and cause of death, our findings strongly suggest that central nervous system 

infections are a major cause of deaths in persons living with HIV in Botswana.  

Cryptococcal meningitis was implicated in almost 90% of microbiologically-confirmed 

cases of meningitis and diagnosed in ~20% of all patients evaluated for meningitis by lumbar 

puncture. Despite use of more potent amphotericin B and high-dose fluconazole induction 

therapy - rather than fluconazole monotherapy used in much of sub-Saharan Africa - one-year 

mortality was high with about two-thirds of patients dying within one year. Further, the 

systematic review (Chapter 5) found similar pooled short-term (primarily in-hospital) mortality 

with amphotericin B-based induction therapy and fluconazole induction therapy (both 41%), as 

well as similar long-term outcomes in a limited number of studies. These findings indicate that, 

in real world settings, improving access to amphotericin B therapy alone is unlikely to lead to 

significant progress in reducing cryptococcal meningitis-related deaths in high HIV burden 

settings in Africa. 



 
 

 
 
 

203

Interventions are urgently needed to improve outcomes from HIV-associated 

cryptococcal meningitis. First, effective implementation of cryptococcal antigen screening for 

individuals with advanced HIV disease has the potential to save lives by reducing the number of 

incident cases. Secondly, improved local training, as well as access to lumbar puncture kits with 

manometers, laboratory testing and other services, could reduce mortality. In a retrospective 

cohort, we recently found that performance of therapeutic lumbar punctures to reduce 

intracranial pressure and laboratory monitoring of common amphotericin B-related drug 

toxicities were uncommonly performed, and over half of patients treated for HIV-associated 

cryptococcal meningitis missed one or more doses of intravenous amphotericin B therapy at a 

Botswana referral hospital despite resource availability[10]. Although prone to temporal 

confounding, an implementation study found that adoption of a protocol-driven therapeutic 

lumbar puncture schedule significantly reduced the case-fatality rate from HIV-associated 

cryptococcal meningitis at a center in Tanzania when compared to a historic cohort [11]. Thirdly, 

access to short-course and less toxic therapies for incident cryptococcal meningitis may help to 

improve survival. The landmark ACTA trial recently showed that 1-week amphotericin induction 

therapy combined with flucytosine was associated with lower mortality at 10 weeks than 2-week 

amphotericin B regimens, with less severe toxicity and similar rate of fungal clearance [12,13]. 

However, flucytosine remains unregistered and unavailable throughout sub-Saharan Africa, with 

ongoing efforts to register the drug and for affordable pricing. Our group recently showed in a 

phase 2 RCT that  a single high dose of liposomal amphotericin combined with fluconazole 

resulted in the same rate of early fungal clearance as two weeks of amphotericin B with 

fluconazole and was safe, with an ongoing phase 3 clinical trial evaluating single-dose liposomal 

amphotericin [14,15].  
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7.5 IMPROVING MENINGITIS DIAGNOSTICS AND TREATMENT STRATEGIES 

Similar to other studies in southern and eastern Africa [16,17], I showed that a majority of cases 

of suspected meningitis did not have a confirmed microbiological diagnosis to guide therapeutic 

management using routinely available diagnostic tests. This included a sizeable minority of cases 

with evidence of inflammation by CSF testing suggesting true pathology. In the context of 

common advanced HIV disease, CSF white cell count surprisingly did not predict short-term or 

one-year mortality with approximately one-half of HIV-positive patients evaluated for meningitis 

dying with one year regardless of CSF white cell strata. The study has important limitations, 

including lack of clinical data on clinical presentation. For example, although most adults were 

likely evaluated for suspected meningitis, a small proportion may have been evaluated with altered 

mental status from severe sepsis of unknown etiology with a poor short-term prognosis. 

Nevertheless, these findings suggest a need to better characterize CSF pathology and tailor 

diagnostic and therapeutic management strategies.  

Our research group is currently completing a prospective cohort evaluating use of enhanced 

diagnostics for meningitis evaluation at the major referral hospital in Botswana, evaluating central 

nervous system pathogens using a 14-pathogen multiplex polymerase chain reaction assay to better 

characterize infectious pathogens and evaluating changes in management following molecular 

diagnostic testing. Future studies using next-generation metagenomic sequencing and other 

methods could better characterize pathogens to guide therapy for suspected meningitis [18]. 

Further, the dissertation research suggests a need for better implementation of currently available 

meningitis diagnostics. In particular, I showed few cases of culture-confirmed TB meningitis 

compared to other high HIV prevalence, high TB endemicity settings [19]. A recent validation 

study suggested improved sensitivity of next-generation Xpert MTB/RIF (Xpert Ultra) over 
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traditional culture in the diagnosis of HIV-associated TB meningitis, with results available within 

a couple of hours. With Xpert testing already available in Botswana, future research is planned to 

characterize the prevalence of TB meningitis and modeling studies will be needed to evaluate the 

cost-effectiveness and impact of universal Xpert Ultra testing with current routine studies in the 

evaluation of meningitis in high HIV prevalence settings.  
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