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Abstract

Objectives: Our study’s primary objective was to compare 1-year survival rates between serum 

cryptococcal antigen (sCrAg)-positive and sCrAg-negative HIV-positive individuals with CD4 

counts <100 cells/μl without symptoms of meningitis in Zimbabwe.

Design: This was a prospective cohort study.

Methods: Participants were enrolled as either sCrAg-positive or sCrAg-negative and followed 

up for ≤52 weeks, with death as the outcome. Lumbar punctures (LPs) were recommended 

to all sCrAg-positives and inpatient management with intravenous amphotericin B and high­

dose fluconazole was recommended to those with disseminated Cryptococcus. Antiretroviral 

therapy was initiated immediately in sCrAg-negatives and after ≥4 weeks following initiation 
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of antifungals in sCrAg-positives. Multivariable logistic regression models were used to determine 

risk factors for mortality.

Results: We enrolled 1320 participants and 130 (9.8%) were sCrAg positive, with a median 

sCrAg titre of 1:20. Sixty-six (50.8%) sCrAg-positives had LPs and 16.7% (11/66) had central 

nervous system (CNS) dissemination. Cryptococcal blood cultures were performed in 129 sCrAg­

positives, with 10 (7.8%) being positive. One-year (48–52 weeks) survival rates were 83.9% 

and 76.1 % in sCrAg-negatives and sCrAg-positives, respectively, p=0.011. Factors associated 

with increased mortality were a positive sCrAg, CD4 count <50 cells/μl and having presumptive 

tuberculosis (TB) symptoms.

Conclusion: Our study reports a high prevalence of subclinical cryptococcal antigenemia and 

reiterates the importance of TB and a positive sCrAg as risk factors for mortality in advanced 

HIV disease (AHD). Therefore, TB and sCrAg screening remains a crucial component of AHD 

package, hence it should always be part of the comprehensive clinical evaluation in AHD patients.
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Introduction

Cryptococcal meningitis (CM) is a leading cause of meningitis among human 

immunodeficiency virus (HIV)-infected individuals in Sub-Saharan Africa (SSA) (1–3). 

Prior to improved access to antiretroviral therapy (ART), CM was the leading cause of 

death in several HIV-infected cohorts in SSA (4–8). Introduction of ART led to a decline in 

incidence of CM in the developed world (9–11). However, despite improvements in access 

to antifungal therapy and ART, mortality from CM remains high in low-income settings (2, 

12).

Detection of cryptococcal antigen (CrAg) in serum may precede onset of symptoms(6). 

Early detection and pre-emptive antifungal treatment of subclinical disease may avert 

fulminant disease, particularly in the setting of ART initiation or optimization following 

treatment failure. Rapid CrAg kits with high sensitivity and specificity, like the lateral 

flow immunoassay (LFA), allow for simple low-cost diagnosis of cryptococcosis (13, 14), 

and have been strongly recommended by World Health Organisation (WHO) for patients 

with CD4 count <100 cells/μl (15). Widespread implementation of this screen and treat 

approach in SSA has been sub-optimal (16). Prospective data on the cost-effectiveness and 

impact on outcomes of a screen and treat approach for patients with subclinical disease 

are limited, with data based on modelling or cohorts including symptomatic individuals for 

whom management is well defined (14, 17–19). Data on detection of disseminated disease in 

patients with subclinical antigenemia is sparse and evidence-based management guidelines 

are lacking (20).

In Zimbabwe, data on prevalence of subclinical cryptococcal antigenemia in patients 

with advanced HIV disease and their survival experience were unknown. Therefore, this 

study’s aim was to compare 1-year (48 to 52 weeks) survival rates between sCrAg-positive 
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and sCrAg-negative HIV-positive individuals with CD4 counts <100 cells/μl and without 

symptoms of meningitis, receiving care at public HIV/ART treatment programs. We also 

determined the prevalence of subclinical cryptococcal antigenemia in this cohort.

Methods

Study design

This study was a prospective cohort study. We implemented sCrAg screening in adult (age 

≥18 years) patients living with HIV who were both ART naïve (never taken ART) and ART 

experienced (either had been on ART but defaulted or currently on ART), with CD4 count 

<100 cells/μl, receiving care at 20 outpatient facilities in Harare, Zimbabwe between 2015 

and 2016. Those who were sCrAg positive were considered exposed and sCrAg-negatives 

were regarded as unexposed. They were then longitudinally followed up for a maximum of 

52 weeks from the day of enrolment.

Exclusion criteria

• CD4 count ≥100 cells/ μl

• Signs and symptoms suggestive of a meningitis namely headache, confusion, 

vision change, seizure, altered behaviour, focal weakness and neck stiffness.

• Diagnosis of CM in the preceding 2 weeks of enrolment,

• Previous drug reaction(s) to amphotericin B and /or fluconazole,

• An estimated glomerular filtration rate (eGFR) ≤30 ml/minute,

• Alanine transaminase (ALT) ≥ 5 times the upper limit of normal,

• Pregnant women (confirmed by point-of-care urine dipsticks). They were 

excluded from the study because of concerns about using high-dose fluconazole 

for pre-emptive treatment for those found to be sCrAg positive.

All ineligible patients were referred back into the public healthcare system for further 

management.

Study Procedures

i. Screening—Patients were enrolled for screening at the study sites based on the most 

recently documented CD4 count of ≤100 cells/μl. Samples for a repeat CD4 count and 

reflexive sCrAg testing were collected.

ii. Enrolment—At enrollment, sCrAg testing was done only on samples with CD4 

count of <100 cells/μl on repeat CD4 count testing using LFA (Immuno-Mycologics Inc., 

Norman, OK 73071, USA). Cryptococcal blood cultures and sCrAg titre measurements 

were performed on sCrAg-positive samples. An LP was offered to all participants who 

were sCrAg positive to exclude subclinical meningitis. Laboratory tests performed on CSF 

included CrAg (cCrAg) LFA and titres, India ink staining, and routine bacterial and fungal 

cultures.
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iii. Management of asymptomatic antigenemia—Participants with positive cCrAg 

LFA, India ink staining, CSF and/or blood cryptococcal culture were deemed to have 

disseminated cryptococcal disease and hence offered hospitalization for induction with a 

2-week course of intravenous amphotericin B deoxycholate (0.7mg – 1mg/kg daily) plus 

high dose (800mg daily) fluconazole and CSF pressure management in accordance with 

standard protocols(21–23). Participants who had no evidence of disseminated disease (i.e 

negative cCrAg LFA, India ink staining, CSF and/or blood cryptococcal culture), those 

who refused an LP and those with disseminated disease who refused hospitalization were 

put on a 2-week induction high-dose fluconazole (800mg daily) only as outpatients as per 

the existing guidelines at the time of the study(23–25) (Figure 1). Following the induction 

phase, all participants were put on fluconazole 400mg daily for 8 weeks as consolidation 

therapy. They were then maintained on fluconazole 200mg daily for at least a year.

iv. Antiretroviral therapy—If no contraindications, first-line ART was initiated or 

some were switched to second-line ART immediately among sCrAg-negatives and at least 

after 4 weeks in sCrAg-positives as per the Zimbabwean national ART standard treatment 

guidelines at time of the study(24).

Study participants follow-up

Participants were followed up at the health facilities where they had been receiving their 

primary HIV care for a maximum of 52 weeks. At every study visit, they would be reviewed 

by both their primary HIV care provider(s) and study member(s). HIV management that 

included ART initiation or switch, choice of the ART regimen and management of other 

opportunistic conditions like Kaposi Sarcoma were provided by the primary HIV care 

provider using guidance from the existing guidelines(23, 24). TB symptoms (defined as 

cough, fever, weight loss, night sweats and chronic fatigue) screening and/or diagnosis, 

using microscopy and/or GeneXpert, were conducted by both the primary HIV care provider 

and research nurse at every study visit as per the national guidelines(24).

Outcome measures

The study’s outcome of interest was 1-year (48 to 52 weeks) all-cause mortality in sCrAg­

positive and sCrAg-negative participants. To determine the survival, participants were 

considered to be alive if they had completed 48 to 52 weeks of study follow-up or were 

known to be alive through use of their primary HIV clinic records at the end of the study. 

The causes of death for participants were obtained by review of medical records or death 

certificates or through verbal reports from relatives. No post-mortems were conducted. Loss 

to follow-up (LTFU) was defined as failure to return to the clinic for care or prescription 

pick up within 3 months of the last documented visit and/or failure by the study team, 

during the entire course of the study, to establish contact with the participant either through 

telephone or home visits. Participants were considered as having transferred care if they had 

moved out of the initial clinic but were accessing care at other centers outside Harare.

Statistical analysis

Data were analyzed using Stata version 15.1 (StataCorp, College Station, Texas, USA). 

Baseline demographic and clinical characteristics were summarized in a table using 
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means and standard deviations for normally distributed data or median and interquartile 

ranges (IQRs) for non-parametric continuous variables and frequencies and proportions for 

categorical variables. We used Student’s t-test or Wilcoxon rank sum tests to compare sCrAg 

group means or medians for continuous variables respectively. We compared frequency 

distribution of categorical characteristics between sCrAg groups using chi-squared tests. We 

summarized sCrAg titers among sCrAg-positive participants using medians and IQRs.

Participant outcomes were summarized using frequencies and proportions, stratified by 

sCrAg status. For each participant, we estimated the time (in weeks) from enrolment to 

either death, LTFU, or to end of study (52 weeks). Participants who did not die were 

censored at the last date of follow-up which was anytime between 48 and 52 weeks. We 

estimated survival rates and associated 95% confidence intervals (CIs) for the study period 

using Kaplan Meier estimation stratified by sCrAg status.

Using univariate binomial regression models, we explored potential factors associated with 

mortality. Factors associated with mortality at p<0.1 were included in a multivariable 

binomial regression model to identify independent factors associated with death. Relative 

risk (RR) and associated 95% CIs were used to quantify the effect size of risk factors on the 

outcome.

Ethics Approvals

The study was approved by Joint Research Ethics Committee for University of Zimbabwe 

College of Health Sciences and Parirenyatwa Group of Hospitals, the Medical Research 

Council of Zimbabwe, the Research Council of Zimbabwe and the Partners Human 

Research Committee at Massachusetts General Hospital. It was reviewed by the Centers 

for Disease Control and Prevention (CDC) human research protection procedures and was 

determined to be research but CDC was not engaged. The study was also registered with the 

Clinical trials (NCT 02434172). All participants provided written informed consent.

Results

Socio-demographic and clinical characteristics

Between April 2015 and June 2016, 1597 individuals were screened for study eligibility 

and 1320 participants with CD4 count <100 cells/μl were enrolled into the study (Figure 

2). The median age was 37.4 years (IQR: 31.8–43.4) and 745 (56.4%) were males. Median 

CD4 count was 31 cells/μl (IQR: 14–55) and 923 participants (69.9%) had a CD4 count 

<50 cells/μl. About a tenth of those enrolled (10.2%, n=135) were ART experienced with 

median duration on ART of 48 months (IQR: 24–63). At enrollment, a previous diagnosis of 

TB was documented in 211 (16.0%) participants and 458 (34.7%) had ≥2 presumptive TB 

symptoms, (Table 1).

Cryptococcal antigenemia

Subclinical antigenemia was detected in 130 (9.8%) participants with CD4 count 

<100cells/μl and in 101 (10.9%) among those with a CD4 count <50 cells/μl. The median 

(IQR) CD4 count was 26.5 (11–44) cells/μl in sCrAg-positive participants, and 32 (14–
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56) cells/μl in sCrAg-negative participants, p=0.034 (Table 1). Among the sCrAg-positive 

participants, the median serum CrAg titre was 1:20 (IQR: 1:5–1:160) (See Supplementary 

Figure 2).

CNS disease

To rule out subclinical cryptococcal CNS disease, all sCrAg-positive participants were 

offered a diagnostic LP. Sixty-six (50.8%) participants agreed to have the LP. Of these 

66 participants who had LPs, 11 (16.7%) had CNS disease as defined by a positive CSF 

cryptococcal culture. Of these 11 participants, 10 were cCrAg positive, 9 were India ink 

positive and 1, who had a sCrAg titre of 1:20, was cCrAg negative but India ink positive. 

The median (IQR) serum CrAg titre was 1:480 (1:80–1:2560) in the cCrAg-positive 

compared with 1:10 (1:5–1:40) in cCrAg-negative participants, p<0.001. The median (IQR) 

CD4 count was 10 (IQR; 6–13) cells/μl in the cCrAg-positives and 32 (IQR; 17–52) cells/μl 

in the cCrAg-negative participants, p=0.001. In the binomial regression model, every 10 

cells/μl increase in CD4 count was associated with a decrease (relative risk [RR] = 0.67, 

95% CI: 0.49 – 0.92) in risk of CNS cryptococcal dissemination. Among the 11 CSF 

culture-positive participants, 10 were hospitalized and received amphotericin B and high 

dose fluconazole as per national guidelines (24) and one refused to be hospitalized (see 

Supplementary Table 1).

Fungal cultures

Cryptococcal blood cultures were performed in 129 (99.2%) sCrAg-positive participants and 

10 (7.8%) were positive. All the participants with a positive blood culture had sCrAg titres 

of 1:2560 with an exception of one with a titre of 1:5. In contrast, the median (IQR) sCrAg 

titre in those with negative blood cultures was 1:20 (IQR: 1:5–1:80) (p <0.001). Among the 

11 participants who were CSF culture positive, 7 (63.6%) also had positive cryptococcal 

blood cultures.

Study follow-up

By the end of the study (which was between 48 and 52 weeks), 756 (57.3%) participants 

had completed all the study procedures as per the protocol; 84 (6.4%) were LTFU, 73 (5.5%) 

transferred to facilities outside greater Harare, 175 (13.3%) were determined to be alive 

either through telephone contact or home visit but could not return to the clinic to complete 

their study visits, 23 (1.7%) had withdrawn consent, and 209 (15.8%) were deceased (see 

Supplementary Figure 3). Among the 209 participants who died, 143 (68.4%) died in a 

healthcare facility. The causes of deaths were known for 85 (40.7%) participants and of 

these, TB was the leading cause of the death (43.5%, n=37/85). The remaining 124 (59.3%) 

patients were reported to have died of “unknown” causes of death (see Supplementary 

Figure 1). A total of 49 participants were hospitalized during the course of the study and TB 

was the leading cause of the hospitalizations (28.6%, n=14).

Cryptococcal disease was a known cause of death for six (7%, n=6/85) participants. All 

these six participants were sCrAg-positive; 3 participants had a sCrAg titre ≥1:2560, one had 

a titre of 1:5 and two had titres of 1:20. All were CSF culture positive. The median (IQR) 
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time from enrolment to death for these participants who died of cryptococcal disease was 

11.6 (3.57–16.1) weeks.

Survival

The estimated survival rate at 24 weeks in the sCrAg-negative and sCrAg-positive 

participants was 89.1% (95% CI: 87.1–90.8) and 78.9 % (95% CI: 70.2– 85.3) respectively. 

The estimated 48–52 weeks survival rate among sCrAg-negative participants was 83.9% 

(95% CI: 81.5–86.0) compared to 76.1% (95% CI: 67.1–83.0) among sCrAg-positive 

participants (p=0.015) (Figure 3). After adjusting for age and sex, mortality was 

independently associated with low CD4 count of <50 cells/μl (adjusted relative risk (aRR) 

= 1.71 (95% CI: 1.22–2.40, p=0.002), a positive sCrAg (aRR = 1.48, 95% CI: 1.02–2.16, 

p=0.041) and presence of ≥2 presumptive TB symptoms (aRR = 1.69 (95% CI: 1.31–2.20, 

p<0.001) (Table 2). Among sCrAg-positive participants, sCrAg titres ≥1:160 were crudely 

associated with an increased risk of death (RR=2.03, 95% CI: 1.14–3.62, p=0.017). Counter­

intuitively, the mortality rates between sCrAg-positive individuals who had LPs and those 

who did not, were similar (24.2% vs 26.6%).

Discussion

This large cohort study assessed the prevalence of subclinical cryptococcal antigenemia and 

survival in advanced HIV disease (CD4 count <100 cells/μl) following its management. 

The burden of cryptococcal disease substantially decreased following introduction of ART 

in resource-rich settings (9, 10), however in this cohort in a low-resource setting, we still 

observed a high rate of subclinical cryptococcal antigenemia (9.8%), despite improved 

access to ART and antifungal therapy (i.e amphotericin B deoxycholate and high dose 

fluconazole). Given that significant numbers of HIV-infected people in SSA continue to 

present for care with severe immunosuppression, our data emphasizes the ongoing threat 

posed by cryptococcal disease (18, 26–30).

Serum cryptococcal antigenemia

The sCrAg titres observed in this cohort were low (median 1:20 (IQR: 1:5–1:160). 

Despite having excluded patients with symptoms consistent with meningitis, we observed 

disseminated cryptococcal disease in nearly a fifth (16.7%) of participants. Our participants 

had subclinical CNS disease that needed testing for serum CrAg and thus would not 

have been detected by screening for symptoms alone. Participants with subclinical CNS 

dissemination had higher sCrAg titres (median 1:480 [IQR 1:80–1:2560]) and lower CD4 

count (median 10 [IQR: 6–13]) compared to those who did not. Moreover, sCrAg titres 

≥1:160 were crudely associated with an increased risk of death. These findings should 

help in risk stratifying patients according to their serum CrAg titres regarding the need 

and urgency of an LP. They also suggest that it may be reasonable for clinicians to offer 

intravenous amphotericin B, based on a high sCrAg titres, to those asymptomatic patients 

who may have refused an LP following serum CrAg positivity.
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Systemic dissemination

Systemic dissemination, defined by a positive cryptococcal blood culture, was identified in 

a minority (7.8%) of sCrAg-positive participants. In our cohort, nearly two thirds (63.6%) 

of participants who had evidence of subclinical CNS disease i.e. positive CSF CrAg or 

India ink staining or positive CSF cultures, also had positive cryptococcal blood cultures. 

Cryptococcal blood cultures have been noted to be positive in 47–70% of individuals with 

symptomatic HIV-associated CM (31). All patients, except one, with a positive blood culture 

had very high sCrAg titres (1:2560) suggesting possible utility of quantitative LFA testing 

prior to giving intravenous amphotericin B where blood cultures or LP are not available.

CNS dissemination

Although we found 16.7% of CNS disease in the sCrAg-positive participants, this was in 

only half of the participants who agreed to have a lumbar puncture. This challenge was 

similar to what has been experienced in other settings (32). Thus, we had challenges getting 

LPs performed in those that needed them. In much of SSA, LPs and blood cultures are not 

routinely available, making it challenging for most healthcare facilities to identify those with 

CNS disease, especially in asymptomatic patients like those in our cohort. Therefore, use 

of high serum CrAg titres obtained using semi-quantitative LFA may contribute to timeous 

management of cryptococcal CNS disease despite failure to perform a lumbar puncture.

The management of cryptococcal disease in settings of HIV co-infection is well defined 

(33), however, evidence-based guidelines for the management of subclinical cryptococcal 

disease are lacking. Invasive procedures, such as LP, CSF pressure management and 

induction therapy with amphotericin B with flucytosine or fluconazole are recommended 

for induction therapy for CM in addition to other regimens (15, 22). However, there is 

limited evidence to support invasive procedures to exclude disseminated disease and the use 

of amphotericin B and flucytosine or alternative regimens used for induction of CM in those 

with subclinical disease i.e. asymptomatic patients but sCrAg-positive.

Only a half of our participants agreed to have an LP and the acceptance or refusal of these 

LPs by participants was most likely non-random. Therefore, our study was most likely not 

powered to compare the all-cause mortality between serum CrAg-positive patients receiving 

IV Amphotericin B following a LP and those receiving just oral fluconazole after refusing 

an LP. However, it was noteworthy, in this cohort study, that there was no difference in 

all-cause mortality between the sCrAg-positive individuals who agreed to have LPs and/or 

IV amphotericin plus oral fluconazole and those who did not agree to have a lumbar 

puncture and hence did not get amphotericin B as part of their treatment.

Survival

We also observed an increased risk of mortality associated with the presence of ≥2 

symptoms suggestive of TB (cough, fever, weight loss, night sweats, and fatigue) at 

enrolment and TB was also the leading known cause of death (43.5%, [37/85]) among 

those with a well documented cause of death. These data strongly emphasize the importance 

of coupling interventions to address TB and CM in the management of individuals with 

advanced HIV infection as recommended by other guidelines(34).
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The deaths observed at around one year (48–52 weeks) in this study were many, which 

may reflect the high mortality associated with advanced immunosuppression (35). However, 

due to limitations in available pathology and post-mortem services, deaths at home and 

incomplete public death records, our ability to determine causes of deaths for most 

participants was limited with only 85 out of 209 having documented causes of deaths. 

None of these participants underwent post-mortem and hence even in these “known’ causes 

of deaths may have been inaccurate.

Generalizability

Although additional resources were available for additional diagnostic and monitoring tests, 

and patient hospitalization and follow-up, these study findings are generalizable for most 

resource-limited settings. Our study was conducted within the context of routine care, 

making the data applicable to practitioners in similar settings in SSA. The data also highlight 

the complexities of addressing issues such as offering lumbar punctures and patient follow­

up in a resource-limited setting.

Limitations of this study

The study, though large and meeting its primary objectives, had some limitations. The 

number of individuals who were sCrAg positive and agreed to an LP was low, but consistent 

with this clinical setting (36). Although the data suggests that an LP may not impact overall 

mortality among asymptomatic individuals who were sCrAg positive, there is a need to 

conduct a randomized controlled trial to further investigate this finding which is counter­

intuitive. This study has shown that performing lumbar punctures remains a challenge in our 

setting and there will be need to address barriers to LPs if we are to be offering LPs to all 

those with asymptomatic cryptococcal disease.

In this study, the dose of fluconazole (800mg) used for participants with disseminated 

disease was lower than the currently approved dose in the new WHO CM treatment 

guidelines (15) for induction and consolidation phase. Higher fluconazole dosing (1200mg) 

may have attenuated the mortality difference between the sCrAg-positive and sCrAg­

negative individuals.

Conclusions

We found quite a high prevalence (9.8%) of subclinical cryptococcal disease in this cohort 

of patients with CD4 count <100 cells/μl and our study results confirm the importance of TB 

and a positive sCrAg as risk factors for mortality in this patient population. Thus, CD4 count 

testing should still be performed even with the ‘test and treat’ approach at ART initiation 

or optimization, followed by screening for sCrAg in those with advanced HIV disease 

despite absence of signs and symptoms suggestive of meningitis. In addition, symptomatic 

screening for TB also needs to be strengthened given the finding of at least a third dying 

with TB in this study cohort.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Flowchart of study procedures

CrAg-cryptococcal antigen, LP-lumbar puncture, CSF-cerebrospinal fluid, AMB­

Amphotericin B, ART-antiretroviral therapy
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Figure 2. 
Study participants’ disposition

eGFR- estimated glomerular filtration rate, ALT- alanine aminotransferase, CSF­

cerebrospinal fluid, LP – lumbar puncture, sCrAg –serum cryptococcal antigen
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Figure 3: 
Kaplan Meier estimation curve showing survival probability for serum cryptococcal antigen 

positive and negative participants.

There were 20 patients whose last study follow-up dates were unknown and these were 

excluded from the Kaplan Meier survival curves. Hence, the total number of patients at week 

0 is 1300 instead of 1320.

CrAg- serum cryptococcal antigen, HIV- Human Immunodeficiency Virus, −ve – negative, 

+ve – positive.
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Table 1.

Baseline characteristics of 1320 participants by serum cryptococcal antigen status.

Characteristic Total
N=1320 (100%)

sCrAg-positive
N=130 (100%)

sCrAg-negative
N=1190 (100%) p-value

+

Median age [years] (IQR) 37.4 (31.8–43.4) 38.6 (33.5–42.9) 37.2 (31.5–43.4) 0.168

Gender (Male, %) ** 745 (56.5) 77 (59.2) 668 (56.2) 0.506

CD4 count at enrolment

Median (IQR) 31 (14–55) 26.5 (11–44) 32 (14–56) 0.034

<100 cells/μl (%)
∞ 1320 (100) 130 (100) 1190 (100)

50–100 cells/μl (%)
∞ 397 (30.1) 29 (22.3) 368 (30.9)

CD4 <50 cells/μl (%)
∞ 923 (69.9) 101 (77.7) 822 (69.1) 0.042

ART naive (%) 1185 (89.8) 117 (90) 1068 (89.8) 0.928

Previous History of TB (%) 211 (16) 20 (15.4) 191 (16.1) 0.841

≥2 symptoms * associated with TB (%) 458 (34.7) 35 (26.9) 423 (35.6) 0.05

+
Comparison of distribution of categorical and continuous characteristics between the sCrAg groups was done using chi-squared tests and 

non-parametric Wilcoxon rank sum tests respectively.

*
Symptoms were defined as chronic cough, fever, weight loss, drenching night sweats, and chronic fatigue,

**
Missing gender status for one sCrAg-negative participant, IQR-interquartile range, TB-tuberculosis, sCrAg- serum cryptococcal antigen, ART­

antiretroviral therapy,

∞
column percentages.
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Table 2.

Multivariable binomial regression showing factors associated with mortality among study participants.

Characteristics Died
N=209 (%)

Unadjusted Risk Ratio (95% CI) Adjusted Risk Ratio (95 % CI) p-value

Age

<35 years 85 (16.4) reference reference

>=35 years 123 (15.4) 0.94 (0.73 – 1.21) 0.88 (0.68 – 1.14) 0.339

Missing 1

Gender

Male 125 (16.8) reference reference

Female 83 (14.5) 0.86 (0.67 – 1.11) 0.92 (0.71 – 1.19) 0.524

Missing 1

CD4 count (cells/μl)

>=50 40 (10.1) reference reference

<50 169 (18.3) 1.82 (1.31 – 2.51) 1.71 (1.22 – 2.40) 0.002

CD4 count* 0.985 (0.98 – 0.99) 0.988 (0.98 – 0.99 <0.001

sCrAg Status

Negative 176 (14.8) reference reference

Positive 33 (24.4) 1.72 (1.24 – 2.38) 1.48 (1.02 – 2.16) 0.041

Education

Primary or less 34 (17.2) reference

Secondary 155 (16.2) 0.94 (0.67 – 1.32)

Higher education or

job training 20 (12.0) 0.70 (0.42 – 1.16)

Income (United States dollars)

<$100 122 (17.1) reference

$100 – $500 77 (14.1) 0.83 (0.64 – 1.08)

>$500 10 (16.4) 0.96 (0.53 – 1.73)

ART status

Naïve 188 (15.9) reference

Experienced 21 (15.6) 0.98 (0.65 – 1.48)

Number of presumptive TB symptoms

<2 105 (12.2) reference reference

≥2 104 (22.7) 1.86 (1.46 – 2.38) 1.69 (1.31 – 2.20) <0.001

sCrAg- serum cryptococcal antigen, TB- tuberculosis, ART- antiretroviral therapy *(as a continuous variable)
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