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Background. Cryptococcal meningitis (CM) causes substantial mortality in African countries with a high prevalence of human 
immunodeficiency virus (HIV), despite advances in disease management and increasing antiretroviral therapy (ART) coverage. 
Reliable diagnosis of CM is cheap and more accessible than other indicators of advanced HIV disease burden such as CD4 
testing or investigation for disseminated tuberculosis; therefore, monitoring CM incidence has the potential to serve as a 
valuable metric of HIV programmatic success. 

Methods. Botswana national meningitis surveillance data from 2015 to 2022 were obtained from electronic health records. All 
electronic laboratory records from cerebrospinal fluid samples analyzed within government healthcare facilities in Botswana were 
extracted from a central online repository. Adjustments for missing data were made through triangulation with prospective cohort 
study datasets. CM case frequency was enumerated using a case definition and incidence calculated using national census data. 

Results. A total of 1744 episodes of CM were identified; incidence declined from 15.0 (95% confidence interval [CI], 13.4–16.7) 
cases/100 000 person-years in 2015 to 7.4 (95% CI, 6.4–8.6) cases/100 000 person-years in 2022. However, the rate of decline slowed 
following the introduction of universal treatment in 2016. The highest incidence was observed in men and individuals aged 40–44 
years. The proportion of cases diagnosed through cryptococcal antigen testing increased from 35.5% to 86.3%. 

Conclusions. CM incidence has decreased in Botswana following expansion of ART coverage but persists at a stubbornly high 
incidence. Most cases are now diagnosed through the cheap and easy-to-use cryptococcal antigen test, highlighting the potential of 
using CM as key metric of program success in the Treat All era. 
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Cryptococcal meningitis remains the most common cause of 
meningitis in sub-Saharan Africa, typically affecting patients 
with advanced human immunodeficiency virus (HIV) disease 
(AHD) [1]. Despite widespread expansion of antiretroviral thera-
py (ART) programs, modeled estimates suggest that although 
there has been some reduction in global incidence of cryptococcal 
meningitis, it remains a major cause of mortality among people 
with HIV (PWH), accounting for 19% of all HIV-related deaths 
globally [1]. However, very few countries collect reliable statistics 

on cryptococcal meningitis incidence. Therefore, the impact of 
World Health Organization (WHO) universal HIV treatment 
(Treat All) guidelines introduced in 2016 and subsequent expan-
sions in ART coverage on the incidence of opportunistic infec-
tions (OIs) such as cryptococcal meningitis is not known. 

Botswana has been at the forefront of ART programming in 
Africa; it was the first African country to offer free ART to cit-
izens in 2002 at a time when the national HIV prevalence was 
>25% [2], and a series of innovative HIV care models were im-
plemented including the adoption of universal treatment in 
2016 [3]. Under the Treat All strategy, any person who tested 
positive for HIV should be started on treatment, regardless of 
CD4 count or viral load, and in 2022 Botswana became one of 
the first countries globally to report reaching the Joint United 
Nations Programme on HIV/AIDS (UNAIDS) 95-95-95 tar-
gets. In the context of such extensive ART coverage, the inci-
dence of AHD and the rates of OIs such as cryptococcal 
meningitis would be expected to decline. However, adult HIV 
prevalence rates remain high at 18.6% in those aged 15–49 years 
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in 2021 [4], and presentations with AHD remain common 
through late diagnosis or disengagement with treatment [5– 
8]. Previous data from Botswana demonstrated that cryptococ-
cal meningitis incidence initially fell following widespread ART 
rollout in the mid-2000s but plateaued between 2010 and 2014 
[9], with the 2013–2014 cryptococcal meningitis incidence in 
Botswana comparable to pre-ART rates in neighboring South 
Africa. More recent data from South Africa demonstrated that 
the incidence of cryptococcal disease varies between regions, 
with some districts reporting an increase in incidence from 
2018 to 2019 [10], highlighting that even in countries with 
high levels of ART coverage there remains a significant popula-
tion of individuals developing AHD and associated OIs. 

Cryptococcal meningitis is an important and potentially ac-
cessible metric to assess the performance of national HIV pro-
gram success, although to date it has not been widely utilized 
due to the lack of established data collection systems. The ma-
jority of individuals who develop cryptococcal meningitis will 
present to healthcare facilities, and the disease can be easily 
and reliably diagnosed using cheap, highly sensitive, and 
easy-to-use cryptococcal antigen (CrAg) lateral flow assays. 
The IMMY CrAg lateral flow assay (IMMY, Norman, 
Oklahoma) is widely used in Botswana and can be performed 
in <15 minutes without significant laboratory infrastructure 
or training [11]. This is in marked contrast to many other indi-
cators of AHD, such as CD4 count testing, which requires exten-
sive laboratory infrastructure [12], or other indicator diseases 
such as disseminated tuberculosis or pneumocystis pneumonia 
(PCP), where there is a lack of sensitive diagnostics, often 
considerable diagnostic uncertainty clinically, and a large pro-
portion of disease in the community rather than healthcare fa-
cilities, making accurate case ascertainment difficult [13, 14]. 

To explore the utility of cryptococcal meningitis surveillance 
in assessing the impact of national HIV programs, and to estab-
lish the impact of the Treat All strategy introduction in 2016 on 
cryptococcal meningitis incidence in the high-HIV-prevalence 
setting of Botswana, we analyzed 8 years of routine national 
laboratory data from the Botswana Ministry of Health and 
Wellness electronic medical record systems alongside data re-
garding ART coverage from the National ART Programme. 

METHODS 

Study Design 

The Botswana National Meningitis Survey is an ongoing men-
ingitis surveillance network utilizing routine national data to 
monitor trends in the etiology of central nervous system infec-
tions in Botswana [15]. Periodic review of national electronic 
laboratory records of cerebrospinal fluid samples (CSF) collect-
ed between 1 January 2015 and 31 December 2022 was under-
taken. Between 2015 and 2022, CSF analysis was performed at 
government laboratories linked to 25 healthcare facilities: 2 re-
ferral hospitals, 7 district hospitals, and 16 primary hospitals. 

Universal healthcare, including CSF analysis and CrAg testing, 
is provided for free to Botswana citizens. Routine analysis of 
CSF samples in Botswana should consist of macroscopic exam-
ination and cell count with differential if white cell count is 
≥10 cells/μL. The sample is centrifuged and Gram and India 
ink stained, and culture is performed on the sediment using 
Sabouraud dextrose, blood agar, and chocolate agar. CrAg test-
ing is performed on uncentrifuged CSF samples from all adult 
patients ≥18 years of age and upon request for pediatric cases. 
However, these tests are reliant on receipt of sufficient volume 
of CSF and adequate supply of consumables. Therefore not all 
tests are performed on all samples. Laboratory records from 
laboratories performing CSF analysis are uploaded on to a na-
tional electronic health record system, the Integrated Patient 
Management System (IPMS). All CSF samples with results 
stored on IPMS were extracted from a centralized online repos-
itory in collaboration with the Botswana Ministry of Health and 
Wellness. There are 3 private hospitals that do not report to 
IPMS and therefore data from these hospitals were not cap-
tured. In 2014, based on a comprehensive nationwide surveil-
lance study, the private sector accounted for 7.4% of all 
samples [16]. We have assumed that the proportional public/ 
private workload has remained constant and applied this figure 
as an adjustment to our estimates. One hospital linked to a min-
ing development did not report results to IPMS. This hospital 
had between 11 and 14 cases of cryptococcal meningitis annu-
ally from the same nationwide data; we applied an additional 
2.5% uplift to incidence estimates to account for this. 

Data capture in the electronic IPMS system is not 100% com-
plete due to intermittent power outages, as well as poor internet 
connectivity or maintenance (known as “downtime”). In periods 
of IPMS downtime, results are disseminated locally on paper re-
cords. To correct for this incomplete coverage, data from the na-
tional referral hospital, Princess Marina Hospital (PMH), 
Gaborone, were used to triangulate the underestimation of cryp-
tococcal meningitis cases due to periods of IPMS downtime. 
Comprehensive prospective data including all paper downtime 
records were collected from every patient with CSF submitted 
to PMH in 2022, which accounts for approximately 40% of all 
CSF samples analyzed in Botswana. In this prospective cohort, 
34 cases of cryptococcal meningitis were diagnosed, 31 of which 
were identified on IPMS, an underestimation of 8.8%. As PMH 
is the national referral hospital in Botswana and has more robust 
information technology infrastructure than smaller regional or 
district hospitals where there will be a larger amount of CSF results 
reported on paper not captured in this study, cryptococcal menin-
gitis case frequency and incidence rates were inflated by a conser-
vative 10% to account for this underestimation. 

Cryptococcal Meningitis Case Definition 

A case of cryptococcal meningitis was defined as a positive 
CSF India ink stain, positive CSF culture for Cryptococcus  
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neoformans, and/or positive CSF CrAg. As CSF analysis can be 
repeated on patients with cryptococcal meningitis for manage-
ment of raised intracranial pressure, when >1 CSF sample was 
analyzed for an individual patient, an episode was defined as a 
positive CSF sample >14 days apart from a previous positive 
sample. Positive samples ≤14 days from each other were con-
sidered part of the same episode. 

Data Analysis 

The number of cases were enumerated using the case defini-
tion. Patient age and sex were described using frequencies, per-
centages, or median and interquartile range (IQR) as 
appropriate. 2011 and 2021 census data were used to calculate 
cryptococcal meningitis incidence. A linear increase in popula-
tion across intervening years was assumed to determine yearly 
cryptococcal meningitis incidence. Breakdown of population 
by sex is currently not available for the 2022 census; therefore, 
the same proportion of males and females from the 2011 census 
was assumed across all years. UNAIDS Spectrum model data 
were used to determine HIV prevalence and number of individ-
uals receiving ART. The 95% confidence intervals (CIs) for in-
cidence of cryptococcal meningitis were derived using the exact 
binomial method. Linear regression analysis was performed to 
assess the relationship between ART coverage among PWH 
and cryptococcal meningitis incidence. 

The frequency of cryptococcal meningitis case diagnosis 
at the 2 national referral hospitals (PMH and Nyangabgwe 
Referral Hospital, Francistown) was compared before and 
after the introduction of Treat All in June 2016 using data 
shared from the previous national analysis [9]. This longitu-
dinal analysis was restricted to the 2 referral hospitals as these 
were the only sites with comprehensive longitudinal data pre- 
2015. 

Interrupted time series analysis was performed to assess the 
effect of Treat All as an intervention to decrease cryptococcal 
meningitis case frequency. Yearly cryptococcal meningitis 
case frequency data were smoothed using a moving average 
and Newey-West standard errors for coefficients were estimat-
ed by ordinary least squares regression. The intervention cut- 
point was set at 1 January 2017 to allow a lead-in time of 6 
months for patients to be established on ART following the 
change in the national ART program strategy. 

Ethical Approvals 

The study was performed with the support of the Botswana 
Ministry of Health and Wellness. Institutional review board ap-
proval was in place from the Health Research Development 
Committee (Botswana Ministry of Health and Wellness), 
London School of Hygiene and Tropical Medicine, and 
University of Botswana, and local approval was obtained 
from the study’s sentinel site (PMH). 

RESULTS 

A total of 1744 episodes of cryptococcal meningitis were iden-
tified occurring in 1440 individuals between 2015 and 2022 
(Table 1). In patients diagnosed with cryptococcal meningitis, 
84.5% (1217/1440) had a single episode of cryptococcal menin-
gitis and 15.4% (223/1440) had 2 or more episodes. The median 
time between first and second episode was 48 days (IQR, 19– 
130 days). The median age at diagnosis was 38.9 years (IQR, 
33.1–45.5 years) with more cases in males (938/1440 [65.1%]) 
than females; 44.2% (770/1744) of all cryptococcal meningitis 
cases were diagnosed in 1 of the 2 national referral hospitals 
and 33.2% (579/1744) were diagnosed in district hospitals. 
The remainder were diagnosed either in primary hospitals, 
clinics, or hospital linked to mining developments. 

The estimated national incidence of cryptococcal meningitis 
in Botswana approximately halved between 2015 and 2022 
(15.0 [95% CI, 13.4–16.7] cases/100 000 person-years and 7.4 
[95% CI, 6.4–8.6] cases/100 000 person-years, respectively) 
(Figure 1A). In PWH, the incidence of cryptococcal meningitis 
decreased from 92.0 (95% CI, 82.2–102.6) cases/100 000 
person-years in 2015 to 49.1 (95% CI, 42.2–57.0) cases/100 000 
person-years in 2022 (Figure 1B). The incidence of cryptococcal 
meningitis decreased in both males and females between 2015 
and 2022 (Figure 1C). Incidence remained nearly 3-fold higher 

Table 1. Description of Basic Demographics and CD4 Count of Patients 
With Cryptococcal Meningitis and Cryptococcal Meningitis Diagnoses 
in Botswana by Month 

Variable 
No. (%) or  

Median (IQR)  

Age at diagnosisa (n = 1439/1440)    

Median (IQR)  38.9 (33.1–45.5) 

Sexa (n = 1440/1440)    

Male  938 (65.1)  

Female  502 (34.9) 

CD4 count at diagnosis, cells/μL (closest result within  
6 mo of LP)b (n = 944/1744)    

Median (IQR)  48 (23–107) 

Month of diagnosisb (n = 1744/1744)    

January  143 (8.2)  

February  126 (7.2)  

March  164 (9.4)  

April  157 (9.0)  

May  149 (8.5)  

June  125 (7.2)  

July  152 (8.7)  

August  156 (8.9)  

September  136 (7.8)  

October  169 (9.7)  

November  149 (8.5)  

December  118 (6.8) 

For CD4 testing the closest result to the date of cryptococcal meningitis diagnosis was 
reported if it was within a 6-month window of the diagnosis of cryptococcal meningitis.  

Abbreviations: IQR, interquartile range; LP, lumbar puncture.  
aDe-duplicated to represent individual patients rather than episodes.  
bData from all episodes including relapses.   
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in males in 2022, with 11.2 cases/100 000 person-years in males 
and 4.0 cases/100 000 person-years in females. Peak incidence by 
age was between 40 and 44 years (Figure 1D). Linear regression 
analysis of the association between cryptococcal meningitis inci-
dence and proportion of PWH on ART showed that for every 5% 
increase in ART coverage, we observed a decrease in cryptococ-
cal meningitis incidence of 2.5 cases/100 000 person-years. 

The frequency of cryptococcal meningitis cases at the 2 na-
tional referral hospitals decreased between 2004 and 2022 
(Figure 2). There was no significant decline in the case frequen-
cy of cryptococcal meningitis at the point of Treat All introduc-
tion, with a change in case frequency of 9.5 (95% CI, −1.4 to 
20.3; P = .082) observed. The rate of decline in cryptococcal 
meningitis cases/year before the intervention date of 1 
January 2017 was −13.0 cases/year (95% CI, −13.9 to −12.1; 
P < .001). The rate of decline after the intervention date was 
−6.2 cases/year (95% CI, −8.5 to −3.9; P < .001). The test for 
interaction between intervention period and time provided 
strong evidence that the rate of decline after the intervention 
date was lower than before (P < .001). 

The proportions of cryptococcal meningitis diagnoses made 
through the 3 most common diagnostic modalities (India ink, 
culture, and CrAg testing) available in Botswana are displayed 

in Figure 3. CrAg testing became the most used modality, with 
the proportion of diagnoses made through CrAg testing in-
creasing from 35.5% in 2015 to 86.3% in 2022. 

DISCUSSION 

Robust national cryptococcal meningitis incidence estimates 
from Botswana, an African country with high HIV prevalence, 
demonstrate that cryptococcal meningitis incidence has de-
clined since 2015 with the narrowing ART treatment gap, but 
this rate of decline in cryptococcal meningitis incidence has 
slowed despite increasing ART coverage following the rollout 
of universal treatment in 2016. While individual patient–level 
data are lacking to make direct causal observations, our data 
demonstrated that the incidence of cryptococcal meningitis 
was significantly associated with the proportion of patients 
on ART. Patients presenting with cryptococcal meningitis in 
Botswana typically had a CD4 count <50 cells/μL, highlighting 
that a hard-to-reach population, with an overrepresentation of 
working age males, remains at risk of cryptococcal meningitis 
usually due to late diagnosis or cycling out of treatment services 
due to the failure of services to effectively engage and retain this 
group. Providing effective care for this group will require novel 

Figure 1. A, Incidence of cryptococcal meningitis in Botswana/100 000 person-years (PY) of observation from 2013 to 2022 (bar chart) with 95% confidence intervals (CIs). 
Joint United Nations Programme on HIV/AIDS (UNAIDS) estimate of total numbers of people with human immunodeficiency virus (PWH) (unbroken line) and number of people 
receiving antiretroviral therapy (dotted line). B, Incidence of cryptococcal meningitis/100 000 PY of observation in PWH between 2013 and 2022 with 95% CIs. UNAIDS 
estimate of total numbers of PWH (unbroken black line) and number of people receiving antiretroviral therapy (dotted line). C, Incidence of cryptococcal meningitis/100  
000 PY of observation by sex between 2015 and 2022 with 95% CIs. D, Incidence of cryptococcal meningitis/100 000 PY of observation by age category in 2022.   
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treatment strategies and enhanced OI screening and prevention 
to reduce presentations with AHD and associated OIs. 

While the incidence of cryptococcal meningitis continued to 
decline after 2017, the rate of decline slowed compared to the 
period before 2017. In contrast, we might have expected to 
see the ongoing impact of universal HIV treatment to increase 
the rate of decline in cryptococcal meningitis incidence during 
this period. It is likely that during that period the coronavirus 
disease 2019 (COVID-19) pandemic adversely affected HIV 
care, as demonstrated in other countries where service utiliza-
tion was decreased in a number of diseases [17, 18]. Botswana 
had one of the highest reported mortality rates from 
COVID-19 in Africa, and access to healthcare including HIV 
services was challenging due to COVID-19–related restrictions 
[19]. As such, it is possible that interruptions to HIV care dur-
ing the peak of the COVID-19 pandemic prevented further de-
cline in cryptococcal meningitis incidence, and continued 
monitoring is necessary to establish the true impact of universal 
treatment. 

We have demonstrated the potential for cryptococcal menin-
gitis to be a key metric for monitoring HIV program success in 
the Treat All era using national laboratory data from a 
high-HIV-prevalence country. Botswana is uniquely placed in 
the region to conduct nationwide surveillance of AHD presen-
tations with cryptococcal meningitis due to a robust electronic 
health record system where patients are linked through a na-
tional identification number. These data show that continued 
presentations with AHD in Botswana are common even with 
widespread ART coverage. Patients presenting with AHD 
have increased mortality compared to those who do not present 
with AHD, and monitoring and addressing excess mortality 
from AHD is crucial to inform program success [20, 21]. 
However, capturing these data is often challenging. Accurate 
mortality data are lacking as very few high-HIV-prevalence 

countries have reliable systems in place to track mortality or 
cause of death. Furthermore, AHD is often not identified, as 
a reliance on WHO clinical staging alone misses a high propor-
tion of patients with AHD [22], and since the advent of Treat 
All, routine preinitiation CD4 count testing has not been prior-
itized. CD4 testing requires significant laboratory infrastruc-
ture and regular supply of consumables, which, since donor 
funding for CD4 testing has been cut, are often not available. 
Therefore, other indicators of AHD are necessary. Screening 
for OIs such as disseminated tuberculosis or PCP is difficult 
as diagnoses cannot be made confidently on clinical findings 
alone and available diagnostics are often costly or insensitive. 
Cryptococcal meningitis can be diagnosed using the affordable, 
highly sensitive CrAg test and in contrast to other OIs, most 
cases of cryptococcal meningitis will be seen in healthcare facil-
ities, making case number ascertainment easier. Our data con-
firm that the majority of cryptococcal meningitis cases are now 
diagnosed through CrAg testing, making cryptococcal menin-
gitis a cheap and accessible metric for AHD surveillance and 
valuable indicator HIV program success. 

There are some important limitations to the study. We de-
rived incidence estimates solely from data stored on electronic 
health records, and not all results will be uploaded to this 
system due to interruptions in connection to the database 
or the testing facility reporting results to clinicians through 
a different modality. Although we used existing, reliable da-
tasets to triangulate for this underestimation and account for 
this using conservative percentage uplifts in our estimates, 
this undercounting may not have been fully corrected for, 
and our corrections add an additional degree of uncertainty 
to our estimates. Some individuals will not seek medical care 
or die before being diagnosed with cryptococcal meningitis. 
Further underestimation may occur as some facilities are un-
able to reliably diagnosis cryptococcal meningitis due to a 

Figure 2. Frequency of cryptococcal meningitis cases at the 2 national referral hospitals between 2004 and 2023. Interrupted time series analysis was used to generate 
predicted trends in cryptococcal meningitis cases pre- and postintervention.   
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lack of clinical equipment such as lumbar puncture needles 
or laboratory reagents, including CrAg kits, to test for cryp-
tococcal meningitis. As such, the estimates presented here are 
likely at the lowest range of cryptococcal meningitis incidence. 
ART coverage estimates were derived from UNAIDS Spectrum 
model data and we were unable to confirm the accuracy of these 
data as we did not capture ART status data. Cryptococcal men-
ingitis case numbers were enumerated using a 2-week interval 
between lumbar punctures. While this cutoff has been used 
previously, CSF CrAg positivity can persist for >2 weeks, so 
in a small number of cases there may be some ambiguity as 
to whether a positive CSF CrAg represents a new infection. 
CSF CrAg testing is more sensitive than culture and India 
ink; the increased utilization of CSF CrAg to diagnose crypto-
coccal meningitis during the study period may have resulted in 
the detection of cases that would have otherwise been missed 
through India ink and culture alone. Therefore, lower estimates 
of cryptococcal meningitis incidence may have been observed 

in those years when the majority of cryptococcal meningitis 
cases were diagnosed through India ink or culture. While there 
was an association between ART coverage and cryptococcal 
meningitis incidence, the impact of other interventions such 
as CrAg screening programs have not been accounted for. 
CrAg screening was introduced in Botswana in 2016, but ini-
tially limited to small pilot programs in the capital city, with 
wider rollout not occurring until 2019; given that our data 
are restricted to CSF testing results, we were unable to account 
for the impact of blood CrAg screening programs, which may 
have also contributed to a decline in cryptococcal meningitis 
incidence, particularly in the last 2–3 years of observation. 
Analyses to determine the reach and impact of CrAg screening 
programs in Botswana are in progress. 

Monitoring and understanding of mortality from AHD 
forms an important part of HIV programming, but mortality 
data are often lacking and many indicators of AHD are either 
inaccessible due to cost or infrastructure, insensitive, or used 

Figure 3. Yearly variation in cryptococcal meningitis diagnoses made through different diagnostic modalities. Group definitions are as follows: Diagnosed by cryptococcal 
antigen (CrAg): positive cerebrospinal fluid (CSF) CrAg; India ink testing and culture positivity not accounted for. Diagnosed by culture: positive CSF culture for Cryptococcus 
neoformans. CSF CrAg testing either negative or not performed; India ink testing not accounted for. Diagnosed by India ink: positive CSF India ink stain. CSF CrAg and culture 
both negative or not performed.   
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on predominantly outpatient populations, making data collec-
tion more difficult. Cryptococcal meningitis incidence persists, 
disproportionately affecting key populations despite excellent 
ART coverage. Cryptococcal meningitis surveillance is there-
fore a potentially reliable and accessible metric that could be ex-
panded to be a key monitoring marker to evaluate HIV 
program success. 
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