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Summary

Background: We present a 2020 estimate of the global burden of HIV-associated cryptococcal
infection (antigenemia), cryptococcal meningitis, and cryptococcal-associated deaths. The
estimates of national, regional, and global burden of cryptococcal meningitis are critical to guide
prevention strategies and determine needs for diagnostic tests and treatments.
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Methods: We used Joint UN Programme on HIV and AIDS (UNAIDS) estimates (2019 to 2020)
and population-based HIV impact assessment (PHIA) surveys from 2016 to 2018 to estimate

the number of adults with CD4 counts of <200 cells/pL at risk for cryptococcosis, by country

and region. Secondly, we summarized cryptococcal antigenemia (CrAg) prevalence in CD4<200
cells/uL by reviewing published literature. Thereafter, we calculated the number of CrAg-positive
people by country and region by multiplying the number with advanced HIV disease at risk for
cryptococcal infection by the CrAg-positive prevalence of the respective country or region. We
estimated progression from CrAg-positive to meningitis and/or death based on estimates from the
published literature.

Findings: We estimate 4.3 million adults with CD4 counts of <200 cells/uL globally. We
calculated a mean global cryptococcal antigenemia prevalence of 4-4% (95% Cl, 1-6% to 7-4%)
among HIV-infected people with CD4 counts of <200 cells/uL, corresponding to 179,000 (IQR
133,000 to 219,000) cases of cryptococcal antigenemia (infection) globally in 2020. Annually, we
estimate 152,000 (IQR 111,000 to 185,000) cases of cryptococcal meningitis, resulting in 112,000
cryptococcal-related deaths (IQR 79,000 to 134,000). Globally cryptococcal disease results in 19%
(IQR 13% to 24%) of AIDS-related mortality.

Interpretation: Despite a reduction in the estimated absolute global burden of HIV-associated
cryptococcal meningitis compared to 2014, likely due to ART expansion, cryptococcal disease
still accounts for 19% of AIDS-related deaths, similar to 2014 estimates. To end cryptococcal
meningitis deaths by 2030 cryptococcal diagnostics, meningitis treatments, and implementation of
preventive screening are critically needed.

Keywords

advanced HIV disease; disease burden; AIDS; AIDS-related opportunistic infections; cryptococcal
antigen screening; cryptococcal meningitis; tuberculosis

Introduction

Cryptococcal meningitis remains the most common etiology of meningitis in adults living
with HIV in sub-Saharan Africa.l In 2014, an estimated 223,100 persons developed
cryptococcal meningitis globally, resulting in 181,100 deaths, accounting for 15% of AIDS-
related deaths.2 Most recently in 2020, UNAIDS estimated 580,000 (range 400,000 to
850,000) AIDS-related deaths occurred among adults globally.3

Cryptococcosis is unique among AlDS-related opportunistic infections in that cryptococcal
antigen (CrAg) is detectable in the blood weeks to months before onset of meningitis
symptoms. This cryptococcal antigenemia represents early disseminated infection which is
initially subclinical or minimally symptomatic. CrAg screening and preemptive treatment
with fluconazole for those with cryptococcal antigenemia, coupled with antiretroviral
therapy (ART) reduces mortality in persons with advanced HIV disease.*® Despite clinical
trial data confirming the survival benefit of CrAg screening and preemptive treatment,® a
limited number of nations have adopted a national CrAg screening program, with variable
uptake. More countries are considering the cost-benefit of this screen and treat strategy.5/
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Estimates of the current incidence of cryptococcal disease are needed to quantify the
testing, treatment commodities needed, and the potential lives saved with implementation

of prevention and improved treatment strategies. Furthermore, new therapeutic strategies are
being evaluated in order to reduce the high mortality burden associated with cryptococcal
meningitis.8 Since the last estimate in 2014 of 223,100 cases of cryptococcal infection
globally,2 global AIDS-related deaths among adults have decreased by an estimated 28%
from 800,000 deaths in 2014 to 580,000 in 2020. By 2020, ART coverage had increased to
27.5 million adults, up from 15 million in 2014, and integrase inhibitors are now first-line
therapy in many large HIV programs.

Here we present an updated estimate of the global burden of HIV-associated cryptococcal
infection (antigenemia), cryptococcal meningitis, and cryptococcal-associated deaths using
data through 2020.

Definition of Advanced HIV Disease

We defined advanced HIV disease as adults with CD4 cell count of <200 cells/pL, as this
group is at highest risk for cryptococcosis. While the WHO defines advanced disease as
CD4 <200 cells/pL or those with WHO clinical stage 3 or 4.° We used only CD4 estimates,
as WHO clinical staging is frequently inaccurate when assessed by non-medical healthcare
workers, and therefore may not appropriately identify those severely immunosuppressed.10
While children under 5 years with HIV are considered to have advanced disease,® we did not
consider children in this analysis, as risk of opportunistic infections such as cryptococcosis,
along with screening and treatment recommendations differ substantially from adults.1!

Data Sources

For estimates of proportion with CD4<200 cells/uL, we used UNAIDS 2020 estimates? and
population-based HIV impact assessment (PHIA) surveys from 2016 to 2018, conducted by
the International Center for AIDS Care and Treatment Program (ICAP)12 and Centers for
Diseases Control and Prevention (CDC) in partnership with national HIV programs.

The Joint United Nations Programme on HIV/AIDS (UNAIDS) publishes annual reports of
the HIV epidemic by country and region. The most recent 2021 report uses data gathered
from 2020. Specifically, we used UNAIDS published estimates of the number of adults
living with HIV, percent of people living with HIV (PLWH) who know their status, in order
to estimate the number of PLWH who do not know their status. We used UNAIDS estimate
of adults on antiretroviral therapy (ART), to calculate the number of adults not on ART.
Finally, we used the UNAIDS point estimates and range of uncertainty of percent with
suppressed viral loads to calculate the proportion on ART with virologic non-suppression
(suppression defined as viral load <1000 copies/mL). If no country-level estimate was
reported in the last three years for the percentage achieving viral suppression, we utilized the
regional estimate. If no UNAIDS estimates were provided for the number of adults living
with HIV in a country, this country was not included in our country-level analysis; however,
such countries were included in regional estimates.

Lancet Infect Dis. Author manuscript; available in PMC 2023 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rajasingham et al.

Page 4

UNAIDS also publishes estimates of percentages of PLWH with a “Late HIV diagnosis” by
country, defined as having an initial CD4 cell count <200 cells/uL (Appendix pages 4-5).
Detailed methodology on how UNAIDS estimates were obtained have been published.13
Where country-specific data were available, we used the 2020 estimate for proportion with
CD4<200 cells/uL at HIV diagnosis. If unavailable for 2020, we used estimates from 2019
or 2018. For countries not reporting proportion with CD4<200 cells/uL at time of HIV
diagnosis between 2018 and 2020, we combined all available country-level estimates within
the region (e.g. Southern & Eastern Africa, or Western & Central Africa) and used the
median and interquartile range (IQR) for regional estimates. In summary, we used PHIA
estimates to estimate the percentage of persons a) not previously diagnosed with HIV with
CD4<200 cells/uL, b) on ART with CD4<200 cells/uL, and UNAIDS data to estimate the
proportion ¢) newly entering HIV care (ART naive) with CD4<200 cells/uL.

A. Estimate number with Advanced HIV disease—As cryptococcal infection
occurs in persons with advanced immunosuppression, we first sought to generate estimates
of the number of individuals with advanced HIV disease. For the purposes of this analysis,
we assumed that the vast majority of PLWH with CD4<200 cells/uL fall into one of three
categories: i) those who do not know their HIV status, ii) those newly diagnosed with HIV
infection, entering HIV care but not yet on ART, and iii) those on ART without virologic
suppression (Figure 1). See appendix (page 1) for additional methods.

B. Summarize CrAg prevalence by country and region—Thereafter, we
summarized the prevalence of cryptococcal antigenemia among those with advanced HIV
disease, whereby detectable cryptococcal antigen in peripheral blood reflects disseminated
systemic infection.1* To summarize cryptococcal antigenemia prevalence, we identified all
published studies and conference abstracts from 1989 to 2021. We included studies from
both outpatient and inpatient settings. Further details of the search strategy are included in
the Appendix (page 1).

CrAg prevalence among people with CD4<200 cells/uL was used by country, along with
the associated 95% confidence interval (95% CI), calculated by Fisher’s exact test. We
identified 53 CrAg prevalence studies from sub-Saharan Africa, 10 from Asia, 10 from
Latin America, 2 from Europe, 2 from the Middle East, and 1 from North America (Figure
1). Outpatient and inpatient CrAg prevalence studies were standardized (see Supplemental
Methods for details). For countries without cryptococcal antigenemia prevalence data, we
used the pooled, weighted regional mean estimate.

C. Estimate number of CrAg-positive—Next, we calculated the number of people
with cryptococcal antigenemia by country and region (Figure 1). Specifically, we calculated
number of CrAg-positive among people with: i) advanced HIV disease with unknown HIV
status, ii) advanced HIV disease not receiving ART, and, iii) advanced HIV disease without
virologic suppression (>1000 copies/mL). We multiplied the number of persons within

each of these groups by the CrAg prevalence for the respective country. The sum of these
three groups was the total estimate for CrAg-positive persons by country. We also present
country-specific absolute numbers and number per 100,000 HIV infections (Appendix, page
15).
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D. Estimate progression from antigenemia to meningitis—Progression to
cryptococcal meningitis was calculated considering the likelihood of a CrAg-positive person
engaging in HIV care, receiving preemptive fluconazole through a CrAg screening program,
and receiving effective ART. We identified 35 studies from the published literature to
calculate the weighted mean of progression from asymptomatic CrAg-positive infection

to cryptococcal meningitis with fluconazole preemptive therapy. We identified 17 studies
that summarized prevalence of meningitis (subclinical or mildly symptomatic) at the time
of CrAg screening. The weighted percentage of those with meningitis at time of CrAg
screening was 35%, and once these people were excluded, we estimated that an additional
11% would progress to develop meningitis over a 6-month period, despite preemptive
fluconazole, and ART (Appendix page 8).

Progression from asymptomatic CrAg-positive to cryptococcal meningitis without
preemptive fluconazole is no longer ethical to study, though there is evidence that nearly
67% (95% CI 46% to 84%) of persons with CD4<100 cells/uL progress to meningitis or
death without fluconazole (despite ART).415:16 Despite the recommendation for lumbar
puncture and cerebrospinal fluid (CSF) testing among those with asymptomatic CrAg-
positive by some national guidelines, frequently this is difficult to implement in resource-
limited settings, due to lack of lumbar puncture capability, and patient refusal especially if
asymptomatic. Without access to either preemptive fluconazole or ART, we presumed 95%
of CrAg-positive persons would progress to meningitis or death.*16

E. Estimate progression of cryptococcal meningitis to death—Mortality
estimates include death from HIV-associated cryptococcal meningitis and other causes
of death among CrAg-positive persons. One-year mortality after cryptococcal meningitis
is summarized in the Appendix (page 11). Mortality among persons who have been
hospitalized has been estimated from the published literature.1” However, these estimates
do not include persons who do not present to the hospital, or present late to hospital.

We stratified those who present to hospital for meningitis care based on underlying HIV
status (Appendix pages 10-11). We assumed that those who do not know their HIV status
and have meningitis may be less likely to access medical care compared to a person on ART
with virologic failure who has previously attended outpatient HIV clinics.

Finally, we estimated that approximately 10% of CrAg-positive persons without
cryptococcal meningitis die of other concomitant conditions, not necessarily of
cryptococcosis (Appendix page 8). Potential alternative causes of death include tuberculosis,
histoplasmosis, malnutrition/wasting, sepsis, other opportunistic infections, or cancer.

See Supplemental Methods (Appendix pages 1-3) for estimates of cryptococcal deaths as
a percentage of AIDS deaths, calculations related to benefit of CrAg screening program,
estimates of uncertainty to generate interquartile range (IQR), ethics statement, and role
of the funding source. We adhered to the STROBE guidelines for reporting observational
studies.18 All modeling and calculations were performed using Microsoft Excel 2016.
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F. Role of the funding body—The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the report.

In 2020, UNAIDS estimated that 36 million (range 28-9 to 43.2 million) adults were living
with HIV globally, of which 23-8 million (range 19-5 million to 28-5 million) reside in
sub-Saharan Africa. Globally, 27-5 million (range 16-2 million to 38:0 million) adults were
receiving ART. We estimated 4-3 million (IQR 3:0 million to 4-8 million) adults globally
had advanced HIV disease (12% of PLWH; range 10% to 15%), of whom 56% live in
sub-Saharan Africa (2.5 million/4.3 million).

We calculated the mean global cryptococcal antigenemia prevalence of 4:4% (95% CI 1.6%
to 7.4%) among people with CD4 counts of <200 cells/uL, corresponding to 179,000 (IQR
133,000 to 219,000) cases of cryptococcal antigenemia globally per year (Figure 2). Of
these 179,000 cases, we estimated 56% (IQR 40% to 66%) were among people who are
newly diagnosed with HIV infection and are not yet on ART, 21% (IQR 20% to 23%)

were among persons with virologic failure, and 22% (IQR 21% to 23%) were unaware

of their HIV infection. Annually, we estimated that there are 152,000 (IQR 111,000 to
185,000) cases of cryptococcal meningitis, resulting in 112,000 cryptococcal-related deaths
(IQR CI 79,000 to 134,000) (Figure 3, Table 1). In sub-Saharan Africa where historically
the burden of cryptococcal infection has been the greatest, an estimated 97,000 (IQR 73,000
to 120,000) adults had cryptococcal antigenemia, 82,000 (IQR 61,000 to 101,000) adults
had cryptococcal meningitis, and 71,000 (IQR 52,000 to 88,000) cryptococcal-related deaths
occurred. Sixty-three percent of deaths occur in sub-Saharan Africa (71,000/112,000). The
region with the second highest incidence of cryptococcal meningitis is Asia & Pacific
region with 44,000 (IQR 35,000 to 51,000) meningitis cases and 26,000 (IQR 21,000 to
30,000) cryptococcal deaths annually. Figure 4 and Supplemental Table 7 (Appendix page
11) highlight the countries with the highest annual incidence of cryptococcal antigenemia.
Supplemental Figure 1 summarizes cryptococcal infection per 100,000 HIV infections,
(Appendix page 13). Globally cryptococcal disease results in 19% (IQR 13% to 24%) of
AIDS-related mortality.

If all regions implemented national CrAg screening programs, where at least 80% of
persons entering/re-entering HIV care were screened and received fluconazole preemptive
therapy, we estimate that 34,000 cases of cryptococcal meningitis could be avoided, that
is 22% of the current meningitis cases annually. With implementation of CrAg screening
programs globally to identify CrAg-positive people before onset of meningitis, 21,000
lives could be saved annually, which is 19% of current cryptococcal-related deaths. With
wider implementation of lumbar punctures to identify early meningitis among CrAg-positive
people, especially those who are symptomatic or with high CrAg titers, more deaths could
be averted. Sub-Saharan African and the Asia-Pacific region have the highest proportion
of cases of cryptococcal infection, and thus would experience the greatest reduction in
mortality with implementation of CrAg screening programs.

Lancet Infect Dis. Author manuscript; available in PMC 2023 December 01.
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Discussion

While there has been a reduction in the estimated absolute global burden of HIV-associated
cryptococcal meningitis since 2014, likely due to ART expansion, and, to some degree,
CrAg screening programs, cryptococcosis still results in 19% of AIDS-related deaths;

the latter is largely unchanged from prior estimates in 2014. The persistent burden of
infection suggests that death from cryptococcal infection remains a marker for failure in
the HIV cascade of care. Persons at risk for cryptococcal infection have advanced HIV
disease, either because they do not know their HIV status, have not engaged in outpatient
HIV care and initiated ART, are on a failing ART regimen, or have had interruptions in
treatment. Indeed, the majority of persons presenting with cryptococcal meningitis are now
ART-experienced.1?

UNAIDS estimates that globally 73% of PLWH are receiving ART, but only 61% of PLWH
have suppressed viral loads. Contributing to the high continued prevalence of cryptococcosis
are 3 key gaps in the HIV care cascade: 1) 27% of PLWH are not receiving ART, 2)

39% of PLWH do not have suppressed viral loads, and 3) 30% (IQR 24 to 41%) of

PLWH present for the first time with an initial CD4<200 cells/uL. Earlier identification and
engagement in HIV care of PLWH would reduce the proportion presenting late to care,

and would therefore reduce the number at risk for opportunistic infections. In conjunction
with rapid ART initiation, identification of advanced HIV disease, and appropriate screening
for opportunistic infections, including cryptococcal infection, are essential. Enhanced active
monitoring for virologic failure, and evidence-based interventions to improve adherence to
care would increase the proportion with virologic suppression and reduce the population at
risk for opportunistic infections. Novel strategies to reduce ART interruption and improve
treatment adherence, such as long-acting injectable ART, would likely reduce the burden

of opportunistic infections. Furthermore, more implementation science programs to address
non-adherence to ART and optimize ART adherence are warranted.

Cryptococcal antigen detection using FDA approved lateral flow devices is perhaps the
ultimate test in microbiology — highly accurate, quick, easy to read, and inexpensive.20
Diagnosis of antigenemia prior to the onset of meningitis is optimal. Initiation of ART
without diagnosing cryptococcal infection carries a considerable risk of death.#21 Greater
access to CD4 testing to identify advanced HIV disease, followed by CrAg testing

if advanced HIV disease is identified is required to assist with expeditious diagnosis,

and access to effective pre-emptive therapy, together with health system strengthening
interventions centered on improving ART adherence and early identification of ART failure.
There are currently many limitations to early diagnosis of cryptococcal meningitis, primarily
related to access to CD4 testing, timely receipt of results, and availability of CrAg lateral
flow assays and fluconazole.

How can cryptococcal deaths be reduced? Global scale up and investment into CrAg
screening programs along with adequate supply of preemptive treatment can ultimately
prevent meningitis and thereby deaths, while potentially reducing costs. Thus, testing is a
start but rapid linkage to preemptive therapy following laboratory testing is necessary.2 In
South Africa, where reflexive laboratory CrAg screening of all CD4 samples <100 cells/uL

Lancet Infect Dis. Author manuscript; available in PMC 2023 December 01.
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is implemented on a national scale, only approximately 50% of CrAg-positive persons
receive fluconazole treatment (unpublished data). Unfortunately, national-level interventions
and implementation strategies to retain persons with advanced HIV disease in care, screen
for opportunistic infections, and rapidly initiate ART are lacking in many countries and
districts. Increased coverage of CrAg screening programs would reduce cryptococcal deaths.

Therapeutics for cryptococcal meningitis remain inaccessible in many resource-limited
settings, where the burden is greatest, because therapeutics are not locally manufactured.
The preferred induction regimen for adults with HIV-associated cryptococcal meningitis is
amphotericin B and flucytosine for 7 days, followed by 7 days of high dose fluconazole.23
Most recently, a randomized controlled trial demonstrated that single dose liposomal
amphotericin B with flucytosine and fluconazole is non-inferior to the above WHO-
recommended regimen, with significantly reduced side effects.8 Unfortunately, flucytosine
is generally unavailable in sub-Saharan Africa, Asia, and Latin America, though efforts

are underway to improve access.2425 Without flucytosine regimens there is increased
morality with the typical course for cryptococcal meningitis treatment being 14 days

of amphotericin B with fluconazole, and where amphotericin is unavailable or cannot

be safely administered suboptimal fluconazole monotherapy prevails.22 Amphotericin B
deoxycholate is notorious for medication-related side effects including rigors, fevers, chills,
life threatening hypokalemia, and kidney injury. Manometers, which are considered standard
of care to measure and control intracranial pressure in cryptococcal meningitis to improve
outcomes, 8 are likewise unavailable in most resource-limited settings. Finally, training of
healthcare workers in meningitis care, and point-of-care diagnostic algorithms is needed to
improve meningitis diagnosis in routine settings.2’ Clinical trials are underway to investigate
new treatments and new implementation strategies to improve meningitis care in resource-
poor settings. An initiative entitled “Ending HIV-associated CM deaths by 2030 has been
announced recently which lays out a comprehensive framework to address cryptococcal
meningitis deaths, including targets and interventions for countries to minimize meningitis
deaths.28

The primary limitation of our estimate is the quality of data inputs. We used UNAIDS
published estimates on the current state of HIV care globally.13 These estimates sometimes
had no confidence intervals, and may not reflect the variation within a country or region.
Countries without UNAIDS estimates for the number of PLWH were excluded from
country-level analyses but included in regional estimates. The COVID-19 pandemic likely
affected 2020 HIV estimates, though there is likely a high degree of variability on the impact
of COVID-19 on HIV infection. Our unpublished data suggest that lockdowns resulted

in fewer visits to HIV clinics and increased late presentation to care with advanced HIV
disease. As a result, the numbers derived from UNAIDS may have underreported the true
number with HIV infection, not on ART and/or with virologic failure. Our assessment of the
burden of cryptococcal infection, meningitis, and associated deaths may be underestimated
given fewer PLWH presenting to care due to the COVID-19 pandemic, and a greater
proportion at risk for cryptococcal infection.

Our estimates may underestimate the burden of cryptococcal infection, as UNAIDS
estimates of HIV infection are considerably lower than estimates from 2019 Global Burden
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of Disease data.2? Specifically, UNAIDS estimates 680,000 AIDS-related deaths whereas
the Global Burden of Diseases data estimates 864,000 HIV-related deaths. If the latter

is more accurate, then the burden of cryptococcal infection may be 20% higher than we
estimate here.

There are many unknowns regarding persons with advanced HIV disease. Specifically, it
is unknown what proportion of PLWH with virological non-suppression have advanced
HIV disease or asymptomatic cryptococcal antigenemia,3C especially outside of sub-Saharan
Africa. It is unknown (and challenging to study) what proportion of PLWH who do not
know their HIV status have advanced HIV disease. CrAg prevalence studies in high and
middle-income regions, including North America, Europe, and the Middle East are needed
to further understand the burden of meningitis, and value of CrAg screening. It is unknown
among people with cryptococcal antigenemia, what proportion develop meningitis and/or
die at home, without presenting to a hospital.31:32 Among those few countries with CrAg
screening programs in place, detailed outcome data related to the proportion screened,
proportion treated, and incidence of cryptococcal meningitis and death would be valuable
metrics for stakeholders in other countries considering their own programs. Timely results
are crucial for identifying meningitis as early as possible, or even before it occurs in those
who are positive.

Finally, our estimates exclude children, where the burden of cryptococcal infection is
lower, and persons with non-HIV-associated cryptococcal infection. In South Africa, 2%
of cryptococcal meningitis occurs in those <18 years of age.1! Pregnant and breastfeeding
women are frequently excluded from cryptococcal studies, and research in general, thus
our estimates may slightly underestimate the total burden of HIV-associated cryptococcal
infection. A recent study on minimally invasive autopsies identified cryptococcosis as a
leading cause of maternal death.33

With the expansion of HIV therapy, the absolute number of cryptococcal infections,
cryptococcal meningitis, and cryptococcal-related deaths has declined, yet we estimate
that cryptococcosis still accounts for 19% of AIDS-related deaths. This is unchanged
from the estimate made in 2014.2 Yet in the past decade since CrAg screening was

first recommended by the WHO,34 there has been some progress in implementation of
cryptococcal prevention, which is generally cost-effective across low, middle, and high
income settings.®:35 Implementation of the new framework to end cryptococcal meningitis
deaths by 2030 is critically needed.2* Specifically, to end cryptococcal meningitis deaths
by 2030, the following steps are needed: 1) increased availability of diagnostics, 2)
implementation of CrAg screening in persons with advanced HIV, and 3) access and
implementation of WHO-recommended optimized treatment regimens for cryptococcal
meningitis, along with strengthening the HIV cascade of care and retention in ART
programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context
Evidence before this study

Cryptococcus is the most common cause of meningitis among adults in sub-Saharan
Africa, due to the burden of human immunodeficiency virus (HIV) infection. We
searched PubMed using the terms “cryptococcal meningitis” and “burden” on May 31,
2022, with no restrictions on language or date. Two prior studies have estimated the
global burden of cryptococcal infection. The first was published in 2008. The global
annual incidence of cryptococcosis was estimated as 957,900 cases per year (range,
371,700-1,544,000 cases). This estimate was based on published cohorts primarily from
the pre-ART era, and the wide ranges indicate the high level of uncertainty of these
estimates. This 2008 study used just three incidence publications to derive sub-Saharan
African estimates. A publication from 2017 estimated the global burden of cryptococcal
meningitis at 223,100 cases. This estimate used data from 2014 Joint UN Programme
on HIV and AIDS, and emerging country-specific data on cryptococcal antigen (CrAg)
prevalence.

Since the last estimate, acquired immunodeficiency syndrome (AIDS)-related deaths
have declined by 28%. Antiretroviral therapy coverage has increased to 27.5 million
adults, up from 15 million in 2014, and integrase inhibitors are now first-line therapy in
many large HIV programs.

Added value of this study

This is an updated global estimate of cryptococcal infection, using data from 2020.

The landscape of HIV infection has changed dramatically since the last estimate of
global burden in 2014. We provide an updated estimate of the global incidence of
HIV-associated cryptococcal disease using published Joint United National Programme
on HIV and AIDS (UNAIDS) data on HIV incidence, ART access, retention-in-care, and
published CRAG prevalence data.

Implications of all the available evidence

The estimates of national, regional, and global burden of cryptococcal meningitis are
critical to guide prevention strategies and determine needs for diagnostic tests, antifungal
medicines, and medical supplies, such as diagnostics, lumbar puncture needles, and
manometers.
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Model structure. Inputs summarized in supplemental tables.
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Figure 3.
Global and regional estimates of the burden of cryptococcal antigenemia, cryptococcal

meningitis, and deaths.
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Figure 4.
Annual incidence of cryptococcal antigenemia in sub-Saharan Africa. Top 10 countries

include: South Africa, Mozambique, Kenya, Democratic Republic of Congo, Tanzania,
Zambia, Nigeria, Malawi, Zimbabwe, and Ethiopia. Supplemental Table 7 provides country-
level estimates.
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