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Abstract
Background  Cryptococcal infection is a major cause of morbidity and mortality among people with HIV (PWH), 
particularly those with advanced immunosuppression. Cryptococcal infection, detected by a laboratory-confirmed 
positive serum cryptococcal antigen (CrAg) test (cryptococcal antigenemia), typically precedes cryptococcal 
meningitis and provides a critical window for prevention. However, recent data on its risk factors in Uganda are 
limited. We assessed the risk factors for cryptococcal infection among PWH with non-suppressed viral load and severe 
immunosuppression receiving care at a referral hospital in midwestern Uganda.

Methods  We conducted a facility-based nested case-control study among PWH with non-suppressed viral load 
(viral load ≥ 1,000 copies/mL) and severe immunosuppression (CD4 < 200 cells/µL) at the Fort Portal Regional Referral 
Hospital in midwestern Uganda. Cases were PWH with a positive serum CrAg test, and controls were those with 
a negative serum CrAg test in a 1:2 case-to-control ratio, respectively. Socio-demographic and clinical data were 
retrospectively extracted from routine records. Multivariable binary logistic regression analysis was used to identify 
factors independently associated with cryptococcal infection. Adjusted odds ratios (aORs) with 95% confidence 
intervals (CIs) were reported.

Results  We included 89 cases and 178 controls, with comparable mean age between the groups: 40.3 ± 12.4 years vs. 
40.4 ± 11.7 years, respectively; p = 0.952. In the multivariable analysis, PWH with advanced World Health Organization 
(WHO) clinical stages III/IV compared to WHO clinical stages I/II (aOR 3.45, 95% CI 1.28–9.97), and those with missed 
clinic visits within three months before the serum CrAg testing compared to those without any missed clinic visits 
(aOR 2.39, 95% CI 1.14–5.02) had higher odds of cryptococcal infection.

Conclusion  This study showed that among PWH with non-suppressed viral load and severe immunosuppression, 
cryptococcal infection is strongly associated with markers of advanced HIV disease and gaps in care engagement. 
Strengthening retention in care, improving clinic appointment tracking, and ensuring timely serum CrAg screening 
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Background
Cryptococcal disease is a severe opportunistic fungal 
infection and a leading cause of AIDS-related mortal-
ity globally, accounting for approximately 19% of deaths 
among people with advanced HIV disease [1]. Each 
year, over 180,000 cryptococcal-related deaths occur 
worldwide, with nearly three-quarters concentrated in 
sub-Saharan Africa [2]. Infection typically begins with 
inhalation of Cryptococcus spores and may progress 
to disseminated disease, most commonly cryptococcal 
meningitis, which carries high mortality even in the era 
of antiretroviral therapy (ART) [3]. Accordingly, the early 
identification of cryptococcal antigenemia, an indicator 
of cryptococcal infection, represents a critical opportu-
nity to prevent severe disease and death among people 
with HIV (PWH).

The burden of cryptococcal infection is highest among 
PWH with advanced immunosuppression, particularly 
those with CD4 cell counts below 100–200 cells/µL, 
advanced World Health Organization (WHO) clinical 
stage, and poor engagement in HIV care [4]. In sub-Saha-
ran Africa, the prevalence of cryptococcal antigenemia 
ranges from 3% to over 10%, with mortality exceeding 
40% among untreated individuals [3, 5]. Studies have 
consistently identified advanced HIV disease, male sex, 
tuberculosis (TB), ART interruption, and poor adher-
ence as key risk factors for cryptococcal infection [6, 7]. 
However, most existing evidence has focused on broadly 
defined advanced HIV disease, with limited attention to 
PWH who have non-suppressed viral load despite ART 
and concurrent severe immunosuppression—a growing 
and programmatically important subgroup. This popula-
tion may have distinct risk profiles driven by treatment 
failure, adherence challenges, and prolonged immune 
compromise.

In Uganda, cryptococcal antigenemia prevalence rates 
among ART-naïve or immunosuppressed PWH have 
been reported at approximately 8–9%, and this under-
scores the continued public health relevance of this 
opportunistic infection despite widespread ART avail-
ability [8]. However, there is limited evidence on the risk 
factors for cryptococcal infection among PWH with non-
suppressed viral load and severe immunosuppression, a 
growing and programmatically important group.

At the Fort Portal Regional Referral Hospital in mid-
western Uganda, published data examining patient-level 
predictors of cryptococcal infection among PWH with 

non-suppressed viral load and severe immunosuppres-
sion are scarce, despite data suggesting its increasing 
magnitude among the subpopulation. This gap limits the 
ability of HIV programs to refine targeted screening and 
prevention strategies. This study investigated the risk fac-
tors for cryptococcal infection among PWH with non-
suppressed viral load and severe immunosuppression at 
the Fort Portal Regional Referral Hospital. We hypoth-
esized that severe immunosuppression (for example, 
CD4 cell counts below 200 cells/µL or advanced base-
line WHO clinical stages III and IV) is associated with a 
higher likelihood of cryptococcal infection.

Methods and materials
Study design
We designed and conducted a facility-based nested case–
control study (Fig. 1). A nested case-control design is an 
extension of a cohort study, with both cases and controls 
drawn from the parent cohort, with the latter category as 
a random sample of individuals without an event of inter-
est. The design is appropriate for rare events and ensures 
that both cases and controls are from the same source 
as recommended in the literature [9–11] and utilized in 
prior studies [12–14].

Study setting
The study was implemented at the at Fort Portal Regional 
Referral Hospital, a public hospital located in Fort Portal 
city in Kabarole district, mid-western Uganda. The hospi-
tal serves both urban and rural populations from several 
districts, including Kabarole, Ntoroko, Bundibugyo, Bun-
yangabu, Kyenjojo, Kyegegwa, Kasese, and Kamwenge. 
The hospital provides comprehensive HIV services 
through a dedicated ART clinic that offers psychosocial 
counseling and support, laboratory monitoring, and ART 
based on the universal test and treat HIV policy. At the 
time of the study, the ART clinic had 7,691 PWH enrolled 
in care (4,828 females vs. 2,863 males). The clinic rou-
tinely conducts viral load monitoring and serum cryp-
tococcal antigen (CrAg) testing as part of advanced HIV 
disease management.

In clinical practice, the national HIV treatment guide-
lines recommend that eligible individuals for serum 
CrAg testing include ART-experienced PWH returning 
to care after ≥ 90 days of treatment (ART) interruption 
with CD4 < 200 cells/µL; PWH with non-suppressed viral 
load (viral load ≥ 1,000 copies/mL) and CD4 < 200 cells/

among PWH with non-suppressed viral load may reduce cryptococcal disease burden through early diagnosis and 
treatment.

Clinical trial number  Not applicable.
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µL; PWH with WHO stage III or IV clinical events; and 
PWH with a positive symptom screen on the advanced 
HIV disease pathway.

Between August 15, 2025, and November 30, 2025, 
data were retrospectively extracted from the Health 
Management Information System (HMIS), ART clinic 
registers, and laboratory databases using a standard-
ized data abstraction checklist that was developed and 
pre-tested at a nearby ART clinic to ensure clarity and 
completeness. Extracted variables included socio-demo-
graphic characteristics, clinical history, ART-related fac-
tors, laboratory measurements, and serum CrAg test 
results. Data abstraction was conducted without direct 
participant contact. Extracted data were entered into Epi-
Data version 3.1 using an electronic database designed 
for the study. Data cleaning included consistency checks, 
correction of entry errors, and verification against source 
documents.

Study population
The study population comprised PWH on ART aged 
≥ 5 years, and the eligible individuals were those with 
viral load ≥ 1,000 copies/mL and CD4 < 200 cells/µL. 
We excluded individuals without documented serum 
CrAg testing and those with missing or undocumented 
serum CrAg test results. Serum CrAg testing followed 
the national advanced HIV disease screening recom-
mendations implemented at the study site [15]. The indi-
viduals were initiated on ART between January 2018 
and December 2023 and had received viral load testing 
between July 2018 and June 2024, corresponding with ≥ 
6 months of ART. The data retrieval period (August 15, 
2025, and November 30, 2025) was selected to allow suf-
ficient assessment of trends and accumulation of cases. 

Participants were identified retrospectively using rou-
tinely collected clinical and laboratory records.

Case and control definitions and eligibility criteria
Cases were defined as individuals who had a positive 
serum CrAg test during the study period and no docu-
mented symptoms of cryptococcal meningitis at the time.

Controls were a random sample of individuals with a 
negative serum CrAg test during the same period. Both 
the cases and controls were drawn from the same parent 
cohort of PWH eligible for serum CrAg testing.

Study variables
The primary outcome was cryptococcal infection, mea-
sured as a binary variable (yes/no) based on laboratory-
confirmed serum CrAg positivity. The independent 
variables included: (1) Socio-demographic factors: age, 
sex, residence (urban/rural), body mass index (BMI), 
mid-upper arm circumference (MUAC), and history of 
exposure to bird droppings in the past 6 months using 
clinical records; (2) Clinical factors: duration on ART, 
baseline WHO clinical stage, baseline CD4 count, most 
recent viral load preceding serum CrAg testing, TB sta-
tus, and history of other opportunistic infections such as 
pneumonia, candidiasis, and toxoplasmosis, among oth-
ers; and (3) Care-related factors: ART adherence over 
the preceding 5 months, missed clinic visits within the 3 
months before serum CrAg testing. ART adherence, cal-
culated as the number of pills taken divided by the num-
ber of pills expected to have been taken, was assessed 
using routine clinic documentation of self-reported 3-day 
recall and pill counts. ART adherence was graded as 
good (≥ 95%), fair (80–94%), or poor (< 80%). TB disease 
status and opportunistic infections were extracted from 
clinical records. Cryptococcal infection was assessed 

Fig. 1  Nested case-control study design. Conceptual illustration of the nested case–control study design. Cases were individuals with a positive serum 
cryptococcal antigen (serum CrAg) test, while controls were individuals with a negative serum CrAg test
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using the serum CrAg test, a rapid diagnostic assay that 
detects cryptococcal capsular antigen in blood samples. 
Serum CrAg testing was performed according to national 
guidelines by experienced and certified laboratory per-
sonnel and documented in laboratory registers and 
HMIS records. Viral load suppression was defined as a 
viral load < 1,000 copies/mL, while non-suppression was 
defined as a viral load ≥ 1,000 copies/mL.

Statistical methods
This study used secondary data from all available records 
between January 2018 and December 2023, which were 
retrieved. The sample size was determined a priori to 
ensure adequate statistical power to detect an associa-
tion between WHO clinical stage and cryptococcal infec-
tion in accordance with the study hypothesis. A previous 
study conducted at a referral hospital in eastern Uganda 
reported a prevalence of cryptococcal infection of 7.9% 
among individuals with a CD4 cell count of < 200 cells/
µL [16].

Based on prior evidence demonstrating a substantially 
higher burden of cryptococcal infection among individu-
als with CD4 counts < 200 cells/µL, and consistent with 
biological plausibility, we conservatively estimated that 
individuals with CD4 ≥ 200 cells/µL would have approxi-
mately 50% lower prevalence of cryptococcal infection 
compared with those with CD4 < 200 cells/µL, corre-
sponding to an expected prevalence of 2.9% in the higher 
CD4 group. This effect size corresponds to an odds ratio 
of approximately 2.17. With a two-sided level of signifi-
cance (α) of 0.05, a case-control ratio of 1:2, and a total 
of 89 cases and 178 controls (overall, N = 267), the study 
achieved 85.2% statistical power to detect the specified 
association.

Descriptive analysis included summarizing categorical 
variables using frequencies and percentages, and con-
tinuous variables using means and standard deviations if 
normally distributed or medians and interquartile ranges 
if skewed. Bivariate analysis included cross-tabulation of 
the factors with the outcome (cases vs. controls) and the 
assessment of statistically significant differences with cat-
egorical data using the Chi-square test or Fisher’s exact 
test if the cell count was ≥ 5 or < 5, respectively. For con-
tinuous variables, mean differences were assessed using 
the Student’s t-test if the data were normally distributed, 
or else the Wilcoxon rank-sum test was used if skewed. 
To determine the factors associated with the outcome, a 
univariable and multivariable binary logistic regression 
analyses were performed. Variables with a p-value < 0.15 
in the univariable analysis and those identified a priori 
from the literature based on biological plausibility and 
clinical relevance were included in the multivariable 
model. Results were reported as odds ratios (ORs) with 
95% confidence intervals (CIs). The statistical significance 

was set at p < 0.05. Multicollinearity was assessed using 
the variance inflation factor (VIF). Variables with evi-
dence of collinearity (VIF ≥ 5) were not included simulta-
neously in the multivariable model.

Stratified analysis
To assess whether missed clinic visits modified the asso-
ciation between baseline WHO clinical stage and cryp-
tococcal infection, a stratified analysis was performed. 
Here, crude stratum-specific odds ratios and a Mantel–
Haenszel pooled odds ratio were calculated. Effect modi-
fication was evaluated using the test of homogeneity, with 
p < 0.05 indicating statistically significant interaction. All 
analyses were performed in R version 4.2.1 (2022-06-23 
ucrt).

Model diagnostics
Model performance and assumptions were evaluated 
using standard logistic regression diagnostics. Model 
specification was assessed with the link test, with a non-
significant squared predicted term indicating no mis-
specification. Discrimination was evaluated using the 
area under the receiver operating characteristic curve 
(AUC), where < 0.5 indicates worse than random, 0.5–
0.59 very poor, 0.6–0.69 modest, and ≥ 0.7 acceptable 
performance. Calibration was assessed using the Hos-
mer-Lemeshow goodness-of-fit test, and overall fit was 
compared across models using the Akaike and Bayesian 
Information Criteria (AIC and BIC).

Ethical considerations
Ethical approval was obtained from the Clarke Interna-
tional University Research Ethics Committee (reference 
number: CLARKE-2024-1191). As this was a retrospec-
tive records review, the need for consent to partici-
pate was waived by the Clarke International University 
Research Ethics Committee that approved the study. 
Administrative clearance was granted by the Fort Portal 
Regional Referral Hospital. All data were anonymized 
before the analysis. The study adhered to the ethical prin-
ciples outlined in the Declaration of Helsinki, namely 
autonomy, beneficence, nonmaleficence, and justice.

Results
Study profile
A total of 667 clinical records were reviewed, and 89 indi-
viduals with a positive serum CrAg test were identified as 
cases. Of the 578 individuals with a negative serum CrAg 
test, 178 were randomly selected as controls, yielding a 
total of 267 participants (89 cases, 178 controls) for the 
nested case-control analysis (Fig. 2).
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Participant characteristics
Table  1 shows the characteristics of the study partici-
pants. We did not find any differences in the mean age 
between cases and controls: 40.3 ± 12.4 vs. 40.4 ± 11.7 
years, respectively (p = 0.952). Females comprised 52.8% 
of cases and 53.4% of controls (p = > 0.990). Most par-
ticipants were aged ≥ 35 years (62.9% cases vs. 66.9% con-
trols). Most controls resided in rural settings compared 
to cases (83.7% vs. 74.2%, respectively), though the differ-
ence was not statistically significant (p = 0.090).

Other characteristics, including baseline CD4 
count < 200 cells/µl (cases: 89.2%; controls: 88.5%; 
p > 0.990), viral load suppression (94.4% in both groups), 
sex, age, and ART duration, were comparable between 
the groups.

We observed statistically significant differences 
between cases and controls concerning the baseline 
WHO clinical stages (III/IV: cases 15.7% vs. controls 
3.9%; p = 0.002), hospitalization before serum CrAg test-
ing (cases 95.5% vs. controls 2.2%; p < 0.001, baseline 
moderate/severe malnutrition based on MUAC assess-
ment (cases 29.2% vs. controls 17.4%; p = 0.039), missed 
clinic visits in the prior three months to serum CrAg 

testing (cases 21.3% vs. controls 9.6%; p = 0.013), and TB 
status (p < 0.001).

Factors associated with cryptococcal infection
In the unadjusted analyses (Table  2), advanced WHO 
clinical stages III/IV (unadjusted odds ratio [uOR] 4.56, 
95% CI 1.82–12.46), missing a clinic visit in the prior 3 
months to serum CrAg testing (uOR 2.57, 95% CI 1.26–
5.29), moderate/severe malnutrition (uOR 1.96, 95% CI 
1.07–3.56), recent opportunistic infections (uOR 2.69, 
95% CI 1.02–7.30), and presumptive TB (uOR 5.40, 95% 
CI 1.39–24.21) were associated with cryptococcal infec-
tion. Nevertheless, age, sex, and baseline CD4 count ≥ 200 
cells/µl were not significantly associated with cryptococ-
cal infection. In the adjusted analyses, only two factors 
remained independently associated with cryptococcal 
infection: advanced WHO clinical stages III/IV (adjusted 
odds ratio [aOR] 3.45, 95% CI 1.28–9.97) and missed 
clinic visits in the prior three months to serum CrAg 
testing (aOR 2.39, 95% CI 1.14–5.02). Associations with 
malnutrition, age, sex, baseline CD4 count, opportunis-
tic infection history, and TB status were not statistically 
significant after adjustment. Model diagnostics indicated 
adequate fit, no evidence of misspecification (link test 

Fig. 2  Study profile. Study profile showing participant selection based on eligibility criteria. Cases included all individuals with a positive serum CrAg test, 
while controls were randomly selected from individuals with a negative serum CrAg test
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p = 0.80), good calibration (Hosmer-Lemeshow p = 0.87), 
and modest discrimination (AUC = 0.63).

Stratified analysis
In Table  3, stratified analysis by missed clinic visits 
showed that baseline WHO clinical stage remained asso-
ciated with cryptococcal infection among those who did 
not miss visits (OR 4.27, 95% CI 1.34-15.0). Among par-
ticipants who missed visits, the association was similar 
but not statistically significant (OR 4.11, 95% CI 0.35–
222.7). The imprecise findings are likely due to sparse 
data. The Mantel–Haenszel pooled estimate confirmed 
a strong overall association (OR 4.30, 95% CI 1.64–11.3), 
with no evidence of effect modification (p = 0.969).

Discussion
This study on the risk factors for cryptococcal infection 
among PWH with non-suppressed viral load and severe 
immunosuppression showed that baseline WHO clinical 
stages III/IV and missed clinic visits in the 3 months pre-
ceding serum CrAg testing are independently associated 
with cryptococcal infection. These findings highlight the 
continued vulnerability of individuals with advanced HIV 
disease and suboptimal engagement in care to opportu-
nistic infections.

The study finding that advanced WHO clinical stages 
III and IV are associated with cryptococcal infection is 
consistent with evidence from Uganda and other high 
HIV burden settings [17, 18]. Advanced WHO clini-
cal stages III and IV reflect severe immunosuppres-
sion and are commonly associated with low CD4 cell 
counts and high or non-suppressed viral load, which is a 

Table 1  Distribution of participant characteristics by case-control status
Variables Levels Cases (n = 89) Controls (n = 178) p-value
Age group (years) ≤ 24 8 (9.0) 7 (3.9) 0.239

25–34 25 (28.1) 52 (29.2)

≥ 35 56 (62.9) 119 (66.9)

mean (SD) 40.3 (12.4) 40.4 (11.7) 0.952

Sex Female 47 (52.8) 95 (53.4) > 0.990

Male 42 (47.2) 83 (46.6)

Residence Rural 66 (74.2) 149 (83.7) 0.090

Urban 23 (25.8) 29 (16.3)

Substance/drug use No 77 (86.5) 161 (90.4) 0.444

Yes 12 (13.5) 17 (9.6)

Exposure to bird droppings in the past 6 months No 22 (24.7) 0 (0.0) < 0.001

Yes 67 (75.3) 178 (100.0)

Baseline CD4 (cells/µL) < 200 74 (89.2) 154 (88.5) > 0.990

≥ 200 9 (10.8) 20 (11.5)

Baseline WHO clinical stage I/II 75 (84.3) 171 (96.1) 0.002

III/IV 14 (15.7) 7 (3.9)

Hospitalized before the serum CrAg test No 4 (4.5) 174 (97.8) < 0.001

Yes 85 (95.5) 4 (2.2)

Baseline nutritional status based on MUAC Well nourished 63 (70.8) 147 (82.6) 0.039

Moderate/ severe malnutrition 26 (29.2) 31 (17.4)

BMI (kg/m2) Mean (SD) 194.2 (96.3) 189.0 (102.3) 0.696

ART duration (years) < 5 54 (66.7) 114 (64.8) 0.877

≥ 5 27 (33.3) 62 (35.2)

Missed clinic visit/s in the past 3 months before the serum CrAg test No 70 (78.7) 161 (90.4) 0.013

Yes 19 (21.3) 17 (9.6)

Suppressed viral load (viral load < 1,000 copies/mL) No 5 (5.6) 10 (5.6) > 0.990

Yes 84 (94.4) 168 (94.4)

TB disease status On treatment 10 (11.2) 8 (4.5) < 0.001

No TB disease 49 (55.1) 158 (88.8)

Presumptive TB 27 (30.3) 4 (2.2)

Completed TB treatment 3 (3.4) 8 (4.5)

Opportunistic infection in the 3 months before the serum CrAg test No 79 (88.8) 170 (95.5) 0.07

Yes 10 (11.2) 8 (4.5)

ART adherence in the past 5 months before serum CrAg testing Fair/poor 0 (0.0) 3 (1.7) 0.538

Good 89 (100.0) 175 (98.3)
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well-established risk factor for cryptococcal disease. The 
finding underscores the importance of early identifica-
tion and management of advanced HIV disease, as pro-
found impairment of cell-mediated immunity facilitates 
susceptibility to Cryptococcus neoformans.

The study showed that individuals with missed clinic 
visits are more likely to have cryptococcal infection. 
This suggests that interruptions in HIV care potentially 
contribute to ongoing viral replication, poor immune 
recovery, and increased risk of opportunistic infections 
due to interruptions in ART. Similar findings have been 
reported elsewhere, where missed appointments and 
disengagement from care were linked to cryptococcal 
disease [19]. These results reinforce the importance of 
sustained retention in care and adherence to ART as crit-
ical components of cryptococcal disease prevention.

The finding that missed clinic visits do not modify the 
association between baseline WHO clinical stage and 
cryptococcal infection suggests that advanced HIV dis-
ease remains a dominant risk factor for cryptococcal 
infection regardless of recent clinic attendance. This find-
ing aligns with previous studies in sub-Saharan Africa 
that show individuals with WHO clinical stages III/IV or 
low CD4 counts have a higher risk of cryptococcal infec-
tion [16].

The implications of these findings are several. First, our 
study is unique in evaluating all serum CrAg-positive 
infections among PWH in routine care settings, rather 
than focusing solely on cryptococcal meningitis or hospi-
talized patients. Second, by linking serum CrAg positivity 
to advanced HIV disease and recent care interruptions, 
we provide actionable insights into high-risk groups in 
real-world clinical practice. These results support the 
prioritization of targeted serum cryptococcal screening 
and enhanced clinical monitoring among such individu-
als. Lastly, strengthening retention in care, improving 
appointment tracking, and timely serum CrAg screening 
and testing among PWH with non-suppressed viral load 
may enhance early diagnosis and treatment, hence con-
tribute to reducing the cryptococcal disease burden.

Table 2  Unadjusted and adjusted analyses of factors associated with cryptococcal infection
Variables Level Logistic regression analysis

Univariable Multivariable
uOR (95% CI) aOR (95% CI)

Age group (years) ≤ 24 1 1

25–34 0.42 (0.13–1.30) 0.50 (0.15–1.62)

≥ 35 0.41 (0.14–1.20) 0.47 (0.15–1.47)

Sex Female 1 1

Male 1.02 (0.61–1.70) 0.97 (0.57–1.67)

Residence Rural 1

Urban 1.79 (0.96–3.32)

Baseline WHO clinical stage I/II 1 1

III/IV 4.56** (1.82–12.46) 3.45** (1.28–9.97)

Baseline nutritional status based on MUAC Well nourished 1 1

Moderate/severe malnutrition 1.96* (1.07–3.56) 1.40 (0.72–2.69)

Missed clinic visit/s in the past 3 months before the serum CrAg test No 1 1

Yes 2.57** (1.26–5.29) 2.39* (1.14–5.02)

Opportunistic infection in the 3 months before the serum CrAg test No 1

Yes 2.69* (1.02–7.30)

TB disease status On treatment 1

No TB disease 0.25 (0.09–0.66)

Presumptive TB 5.40* (1.39–24.21)

Completed TB treatment 0.30 (0.05–1.42)

Baseline CD4 (cells/µl) < 200 1

≥ 200 0.94 (0.39–2.10)
Note: MUAC: Mid-upper arm circumference; WHO: World Health Organization; uOR denotes crude/unadjusted odds ratio; aOR denotes adjusted odds ratio; 
Statistical significance codes at 5% level: *p < 0.05, **p < 0.01, ***p < 0.001. Baseline CD4, TB disease status, and history of opportunistic infection are collinear with 
baseline WHO clinical stage

Table 3  Stratified analysis of the association between WHO 
clinical staging and cryptococcal infection by missed clinic status
Missed TB clinic visit/s Mantel–

Haenszel OR
95% CI P-

value
No 4.27 1.34-15.0 0.008

Yes 4.11 0.35–222.7 0.342

Mantel–Haenszel pooled 
estimate

4.3 1.64–11.3 0.0016

Homogeneity test 0.969
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Study strengths and limitations
This study analyzed routinely collected HIV program 
data, and this enhances its relevance to real-world HIV 
care settings. However, the findings should be inter-
preted in light of several limitations. The study was con-
ducted at a single site, although serving as a referral point 
for the surrounding seven districts, which may limit gen-
eralizability to other settings. Residual confounding from 
unmeasured factors such as alcohol use or other comor-
bidities is possible. Data inaccuracies resulting from 
recording and transcription errors are a possibility.

We studied individuals with non-suppressed viral load 
and severe immunosuppression; therefore, the findings 
may not fully generalize to other subgroups eligible for 
serum CrAg testing, including ART-experienced PWH 
returning to care after ≥ 90 days of ART interruption 
with CD4 < 200 cells/µL, PWH with WHO stage III or IV 
clinical events, and PWH with a positive symptom screen 
along the advanced HIV disease pathway.

Conclusions and recommendations
This study showed that people with advanced HIV dis-
ease and recent interruptions in HIV care have a higher 
risk of cryptococcal infection. In particular, baseline 
WHO clinical stages III/IV and missed clinic visits were 
the key risk factors. This finding underscores the impor-
tance of early identification of advanced HIV disease and 
sustained engagement in HIV care to prevent opportu-
nistic infections. HIV programs should prioritize tar-
geted cryptococcal screening among individuals with 
advanced HIV disease and non-suppressed viral load 
after ≥ 6 months on ART. Therefore, strengthening reten-
tion in care, improving clinic appointment tracking, and 
ensuring timely serum CrAg screening among PWH with 
non-suppressed viral load may reduce cryptococcal dis-
ease burden through early diagnosis and treatment.
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