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Background. The World Health Organization recommends screening for the cryptococcal antigen (CrAg), a predictor of crypto-
coccal meningitis, among antiretroviral therapy (ART)-naive people with HIV (PWH) with CD4 <100 cells/mm’. CrAg positivity among
ART-experienced PWH with viral load (VL) nonsuppression is not well established, yet high VLs are associated with cryptococcal menin-
gitis independent of CD4 count. We compared the frequency and positivity yield of CrAg screening among ART-experienced PWH with
VL nonsuppression and ART-naive PWH with CD4 <100 cells/mm” attending rural public health facilities in Uganda.

Methods. We reviewed routinely generated programmatic reports on cryptococcal disease screening from 104 health facilities in 8
rural districts of Uganda from January 2018 to July 2019. A lateral flow assay (IMMY CrAg) was used to screen for cryptococcal disease.
PWH were eligible for CrAg screening if they were ART-naive with CD4 <100 cell/mm’ or ART-experienced with an HIV VL >1000
copies/mL after at least 6 months of ART. We used Pearson’s chi-square test to compare the frequency and yield of CrAg screening.

Results. Of 71860 ART-experienced PWH, 7210 (10.0%) were eligible for CrAg screening. Among 15417 ART-naive PWH, 5719
(37.1%) had a CD4 count measurement, of whom 937 (16.4%) were eligible for CrAg screening. The frequency of CrAg screening was
11.5% (830/7210) among eligible ART-experienced PWH compared with 95.1% (891/937) of eligible ART- naive PWH (P < .001). The
CrAg positivity yield was 10.5% among eligible ART-experienced PWH compared with 13.8% among eligible ART-naive PWH (P = .035).

Conclusions. 'The low frequency and high positivity yield of CrAg screening among ART-experienced PWH with VL
nonsuppression suggest a need for VL- directed CrAg screening in this population. Studies are needed to evaluate the cost-effective-
ness and impact of CrAg screening and fluconazole prophylaxis on the outcomes of ART-experienced PWH with VL nonsuppression.
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Cryptococcal meningitis accounts for 15% of HIV-related
deaths globally [1]. In Sub-Saharan Africa, mortality from
HIV-associated cryptococcal meningitis is reported to be 44%,
although most of the data are among antiretroviral therapy
(ART)-naive individuals [2]. Among ART-naive people with
HIV (PWH), a positive serum cryptococcal antigen (CrAg) pre-
dicts development of cryptococcal meningitis and meningitis-
related death, which are preventable by preemptive treatment
with fluconazole [3, 4]. Modeling studies show that program-
matic CrAg screening is cost-effective and averts 40%-43% of
would-be deaths from cryptococcal meningitis in advanced
HIV disease among ART-naive PWH [5, 6]. PWH with a CD4
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count <100 cells/mm® have a higher yield of CrAg positivity
compared with those with higher CD4 counts owing to im-
paired cell-mediated immune responses against Cryptococcus
spp. [7, 8]. However, CrAg positivity appears to predict crypto-
coccal meningitis and death even at a cutoff of <200 cells/mm”
among ART-naive PWH [9]. The World Health Organization
(WHO) recommends CrAg screening among newly diagnosed
PWH with a CD4 count <100 cells/mm?, and conditionally
among those with a CD4 count of 100-200 cells/mm” [10].

While the prevalence of CrAg positivity among PWH, regard-
less of CD4 count and ART status, ranges from 1.7% to 33% in
low-resource settings [11], the prevalence of CrAg positivity in a
homogenous population of ART-experienced PWH is not well
established. The prevalence among ART-experienced PWH with
low CD4 counts has been reported to be 8.5%-10% in Nigeria [12,
13] and 4.1%-14% in Ethiopia [14, 15]. There is little evidence to
support CrAg screening among PWH with VL nonsuppression
regardless of the CD4 count. Using reflex laboratory-based testing,
Mpoza et al. report a CrAg positivity yield of 3% among leftover
plasma samples of PWH with VL nonsuppression (VL >1000
copies/mL) regardless of CD4 count [16]. The CrAg positivity
yield among ART-experienced PWH with VL nonsuppression in
programmatic settings is not well documented.
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Local guidelines in Uganda for CrAg screening among PWH
have previously recommended CrAg screening among ART-
experienced PWH with VL nonsuppression [17, 18]. However,
the frequency of CrAg screening is historically low even
among ART-naive PWH. Only 19% of ART-naive PWH with
CD4 <100 cells/mm” were screened for CrAg positivity in 2017
[5]. The frequency of CrAg screening among ART-experienced
PWH with VL nonsuppression has not been established in pro-
grammatic settings.

The objective of this study was to compare the frequency and
positivity yield of CrAg screening among ART-experienced
PWH with VL nonsuppression and ART-naive PWH with
CD4 <100 cells/mm” receiving HIV care at rural public health
facilities in Uganda. The purpose was to provide preliminary
evidence for the need, if any, of VL-directed programmatic
CrAg screening among PWH with VL nonsuppression.

METHODS

Study Setting and Population

We reviewed routinely generated programmatic reports on cryp-
tococcal disease screening from 104 health facilities in 8 rural dis-
tricts of Uganda. The districts were Kassanda, Kiboga, Kyankwanzi,
Luwero, Mityana, Mubende, Nakaseke, and Nakasongola, located
in the central region of Uganda. The 104 public health facilities are
supported by Mildmay Uganda, a large HIV care nongovernmental
organization, with funding from the US President’s Emergency Plan
for AIDS Relief (PEPFAR), through the US Centers for Disease
Control and Prevention (CDC), to implement the country’s op-
erational plan for accelerating HIV epidemic control. The public
health facilities consisted of 1 regional referral hospital, 4 district
hospitals, 16 health center IVs, 79 health center IIIs, and 4 health
center IIs. Health facilities are graded according to infrastructural
size, size of population served, and human resources expertise, with
referral hospitals as tertiary care facilities, while health center IIs are
the lowest unit of care. As such, hospitals have consultant physicians
and offer specialized care, health center IVs provide inpatient, out-
patient, laboratory, and theater services, health center IIIs offer lim-
ited inpatient, outpatient, and laboratory services, and health center
IIs are outpatient units that manage mild cases and offer antenatal
care [20]. Programmatic reports on cryptococcal disease screening
are generated and submitted by health workers at the facilities on
a quarterly basis. A consolidated report on AHD is submitted by
Mildmay Uganda to the CDC. In this analysis, the inclusion criteria
were all registered ART-naive or ART-experienced PWH with VL
nonsuppression receiving routine HIV care from the supported
public health facilities that were reported on in the quarterly reports
spanning from January 2018 to July 2019.

Study Measurements
Data were extracted from AHD quarterly reports from the
health facilities. All newly diagnosed ART-naive PWH were

recommended to have a CD4 count measurement and sequen-
tial CrAg screening for those with CD4 <100 cells/mm’ at ART
initiation [10]. We defined eligibility for CrAg screening as
all PWH who were either ART-naive with a CD4 <100 cells/
mm?’ or ART-experienced PWH with VL nonsuppression. VL
nonsuppression was defined as having a VL of >1000 copies/mL
after at least 6 months of ART [18]. Across public health facil-
ities in Uganda, the CrAg test is performed on plasma, serum,
or finger prick blood using a lateral flow assay (IMMY CrAg) as
a point-of-care test at the health facility [18]. Health center IIs
(and other facilities without a CD4 machine) refer samples of
PWH to a higher-level facility with a CD4 machine. Thereafter,
CrAg testing is performed on leftover samples at CD4 testing
sites if CD4 <100 cells/mm?’, but the patient’s result is reported
under the referring facility. As of July 2019, there were 37 fa-
cilities in the region with a CD4 machine. Routine VL moni-
toring is centrally performed by the Uganda National Health
Laboratory Services on dry blood spot or plasma samples that
are delivered through a hub system across the country [21]. It
is these routine VL monitoring results that are used to deter-
mine VL nonsuppression at 6 months of ART. After receiving
VL results from the national central laboratory, clinicians at
the health facilities in this region performed CrAg testing on
ART-experienced PWH with VL nonsuppression on the next
client’s routine clinic visit or proactively followed up with them
via a phone call and scheduled a nonroutine clinic visit. In ART-
experienced PWH with VL nonsuppression, CrAg testing was
performed regardless of the CD4 count or symptoms of AHD
in the period under evaluation. However, the national guide-
lines recommended CrAg testing among ART-experienced
PWH with VL nonsuppression between 2016 and September
2018 [18]. In the September 2018 guidelines [19], VL-directed
CrAg screening was not explicitly recommended, although
this approach was practiced in the region. In May 2019, the
AHD management toolkit [17] recommended CrAg screening
among ART-experienced PWH with VL nonsuppression if they
had symptoms of AHD or CD4 <200 cells/mm” (if available).
Programmatic AHD reports routinely indicate the propor-
tions of ART-naive PWH for whom a baseline CD4 count was
performed, ART-experienced PWH with VL nonsuppression,
eligible PWH for whom a CrAg test was performed, and the
positivity yield of the CrAg screening. All patients reported
upon were, reportedly, being screened for CrAg for the first

time.

Data Analysis

Aggregated data from narrative reports were entered in
Microsoft Excel and analyzed in Stata 14 (StataCorp, College
Station, TX, USA). All data were categorical and were summar-
ized as frequencies. We compared proportions across study vari-
ables using the Pearson chi-square test or Fisher exact test. The
study variables were district name, level of health facility, sex,
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and year of CrAg screening eligibility. A P value <.05 was con-
sidered statistically significant at the 95% confidence level. The
frequency of CrAg screening was calculated as the proportion
of eligible PWH who received a CrAg test to the total number
of PWH who were eligible for the test. The CrAg positivity yield
was calculated as the proportion of eligible PWH who were re-
ported to have a positive CrAg test to the total number of eli-
gible individuals who received a CrAg test.

Patient Consent Statement

The study protocol was approved by the Mildmay Uganda re-
search and ethics committee (REC REF 0804-2018). The project
was also reviewed in accordance with the CDC human research
protection procedures and was determined to be research, but
CDC investigators did not interact with human subjects or have
access to identifiable data or specimens for research purposes.
We used aggregated data from publicly available reports. We
thus did not seek informed consent because there was no in-
formation that could identify individual PWH.

RESULTS

Characteristics of PWH Eligible for CrAg Screening

Figure 1 shows the patient flowchart. From January 2018 to
July 2019, 15417 individuals were newly diagnosed with HIV.
However, of these, only 5719 (37.1%) had a CD4 test meas-
urement. Among those for whom a CD4 test was performed,
937 (16.4%) had a CD4 <100 cell/mm® and were thus eli-
gible for CrAg screening. During the same period, there were
71860 ART-experienced PWH, of whom 7210 (10.0%) had
VL nonsuppression and were eligible for CrAg screening. Data
regarding the sex of eligible PWH were available for 3077, of
whom 1747 (56.8%) were female. While the proportion of

ART-experienced with VL nonsuppression

Total

Had CD#4 test
ELIGIBLE for

CrAg screening

10.0%

(7210/71860)

Figure 1. Study flow diagram. Abbreviations: ART, antiretroviral therapy; CrAg,
cryptococcal antigen; PWH, peaple with HIV; VL, viral load.

eligible ART-experienced PWH was evenly distributed across
health center IIs, IIIs, IVs, and hospitals, eligible ART-naive
PWH were mostly at health center IVs (60.3%; P < .001).
Characteristics of PWH who were eligible for CrAg screening
are shown in Table 1.

Frequency of CrAg Screening Among Eligible PWH

Of 8147 eligible PWH (both ART-experienced and ART-
naive), only 1721 (21.1%) were screened for CrAg. A total of
830 (11.5%) of the 7210 eligible ART-experienced PWH were
screened for CrAg compared with 891 (95.1%) of the 937 eli-
gible ART-naive PWH (P < .001). The frequency of screening
significantly differed across health facility levels and districts.
The highest frequency of screening was reported at health
center IVs (52.2%) and in Luweero district (31.3%; P < .001).
There was no CrAg screening at health center IIs. Table 2 com-
pares the proportions of eligible PWH who were screened with
a CrAg test with those who were not screened.

Yield of CrAg Positivity Among Eligible PWH

Of the 1721 eligible PWH who were tested, 210 (12.2%) had a
positive CrAg. The CrAg positivity yield was 10.5% (87/830)
among eligible ART-experienced compared with 13.8%
(123/891) among eligible ART-naive PWH (P =.035). CrAg
positivity among eligible ART-naive and ART-experienced
PWH significantly varied across health facility levels and
districts. While most CrAg-positive ART-naive PWH were
reported from health center IVs (67.5%), CrAg-positive ART-
experienced individuals were mostly from hospitals (65.5%;
P <.001). Most CrAg-positive ART-experienced PWH were
from Mityana (32.2%), while ART-naive individuals were
mostly from Luweero district (42.3%; P < .001). Table 3 com-
pares CrAg-positive ART-naive with ART-experienced PWH.
There was no difference by sex, level of facility, district, or year
in the CrAg positivity yield among all PWH who were screened
(Table 4).

DISCUSSION

In this study, we compared the frequency and yield of
CrAg screening among ART-experienced PWH with VL
nonsuppression—defined as having a VL of >1000 copies/
mL after at least 6 months of ART—and ART-naive PWH
with CD4 <100 cells/mm’ attending rural public health fa-
cilities in central Uganda. The overall frequency of screening
was low (21%) but was disproportionately lower among ART-
experienced (12%) than ART-naive PWH (95%). The CrAg
positivity yield was lower among ART-experienced (11%)
than ART-naive PWH (14%), although we were unable to
account for intersite clustering. Moreover, only 37% of ART-
naive PWH had a CD4 count test measurement, indicating that
a large proportion of ART-naive PWH were not assessed for
CrAg screening eligibility. The proportions of eligible PWH,

CrAg Screening Among ART-Naive and -Experienced PWH « OFID « 3

220z Re|N 2o uo 1senb Ag £859909/0 L 09BJ0/Z/8/3101E/Plio/WOod dno-ojwapede//:sdiy wolj papeojumoq



Table 1. Characteristics of PWH Eligible for Cryptococcal Antigen Screening

Characteristic

No. (%)

ART-Naive (N = 937)

ART-Experienced (n = 7210)

No. (%)

Total (n =8147)

No. (%)

PValue®

Sex (n=3077)
Female
Male

Level of health facility

Health center I
Health center IlI
Health center IV
Hospital
District
Kassanda
Kiboga
Kyankwanzi
Luwero
Mityana
Mubende
Nakaseke
Nakasongola
Year
2018
2019

209 (59.9)
140 (40.1)

0(0.0)
245 (26.1)
565 (60.3)
127 (13.6)

91(9.7)
107 (11.4)
32(3.4)
351 (37.5)
129 (13.8)
59 (6.3)
92 (9.8)
76 (8.1)

532 (56.8)
405 (43.2)

1538 (56.4)
1190 (43.6)

33 (0.5)
2336 (32.4)
2505 (34.7)
2336 (32.4)

658 (9.1)
617 (8.6)
342 (4.7)
1467 (20.3)
1401 (19.4)
1749 (24.3)
598 (8.3)
378 (5.2)

3976 (65.1)
3234 (44.9)

1747 (56.8)
1330 (43.2)

33 (0.4)
2581 (31.7)
3070 (37.7)
2463 (30.2)

749 (9.2)
724 (8.9)
374 (4.6)
1,818 (22.3)
1530 (18.8)
1808 (22.2)
690 (8.5)
454 (5.6)

4508 (65.3)
3639 (44.7)

213

<.001?

<.001°

.893

Abbreviations: ART, antiretroviral therapy; PWH, people with HIV.

“Statistically significant result.
°P value from chi-square test.

Table 2. Comparison of Eligible PWH Screened With Crag With Those Not Screened

Characteristic

Screened (n = 1721)

No. (%)

Not Screened (n = 6426)

No. (%)

PValue®

Sex (n=3077)
Female
Male

Level of health facility

Health center Il
Health center |lI
Health center IV
Hospital

District
Kassanda
Kiboga
Kyankwanzi
Luwero
Mityana
Mubende
Nakaseke
Nakasongola

Year
2018
2019

Eligibility criteria
ART-naive

ART-experienced

380 (56.8)
289 (43.2)

0(0.0)
327 (19.0)
899 (562.2)
495 (28.8)

125 (7.3)
184 (10.7)
46 (2.7
538 (31.3)
394 (22.9)
208 (12.1)
153 (8.9)
73 (4.2)

967 (56.2)
754 (43.8)

891 (51.8)
830 (48.2)

1367 (56.8)
1041 (43.2)

33 (0.5)
2254 (35.1)
2171 (33.8)
1968 (30.6)

624 (9.7
540 (8.4
328 (5.1)
1280 (19.9)
1136 (17.7)
1600 (24.9)
537 (8.4)
381 (5.9)

)
)

3541 (55.1)
2885 (44.9)

46 (0.7)
6380 (99.3)

.988

<.001°

<.001?

422

<.001?

Abbreviations: ART, antiretroviral therapy; PWH, people with HIV.

“Statistically significant result.
°P value from chi-square test.
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Table 3. Comparison of CrAg-Positive ART-Naive and ART-Experienced PWH

CrAg-Positive ART-Naive (N = 123) CrAg-Positive ART-Experienced (n = 87) Total (n =210)
No. (%) No. (%) No. (%) PValue®
Sex (n =85)
Female 26 (65.3) 25 (65.8) 51 (60.0) .327
Male 21 (44.7) 13 (34.2) 34 (40.0)
Level of health facility
Health center Il 24 (19.5) 10 (11.5) 34 (16.2) <.001%
Health center IV 83 (67.5) 20 (23.0) 103 (49.0)
Hospital 16 (13.0) 57 (65.5) 73 (34.8)
District
Kassanda 8 (6.5) 4 (4.6) 12 (5.7) <.001%P
Kiboga 16 (13.0) 12 (13.8) 28 (13.3)
Kyankwanzi 1(0.8) 3(3.4) 4 (1.9)
Luwero 52 (42.3) 10 (11.5) 62 (29.5)
Mityana 16 (13.0) 28 (32.2) 44 (21.0)
Mubende 8 (6.5) 15 (17.2) 23 (11.0)
Nakaseke 11 (8.9) 14 (16.1) 25 (11.9)
Nakasongola 11 (8.9) 1(1.1) 12 (5.7)
Year
2018 71 (57.7) 54 (62.1) 125 (59.5) 627
2019 52 (42.3) 33 (37.9) 85 (40.5)

Abbreviations: ART, antiretroviral therapy; CrAg, cryptococcal antigen; PVWH, people with HIV.
“Statistically significant result.

°P value from the Pearson chi-square test.

P value from the Fisher exact test.

frequency of CrAg screening, and CrAg positivity yield (com-
paring ART-naive and ART-experienced) significantly varied
across districts and levels of health facility. To our knowledge,

our study is the first to report CrAg positivity yield among
ART-experienced PWH with VL nonsuppression in program-
matic settings.

Table 4. Comparison Between CrAg-Positive and CrAg-Negative PWH

Total Screened (n = 1721)

CrAg-Negative (n = 1511)

CrAg-Positive (n = 210)

No. (%) No. (%) No. (%) PValue®
Sex (n = 669) .523
Female 380 (56.8) 329 (86.6) 51 (13.4)
Male 289 (43.2) 255 (88.2) 34 (11.8)
Level of health facility
Health center Il 327 (19.0) 293 (89.6) 34 (10.4) .108
Health center IV 899 (52.2) 796 (88.5) 103 (11.5)
Hospital 495 (28.8) 422 (85.3) 73 (14.7)
District
Kassanda 125 (7.3) 113 (90.4) 12 (9.6) .386
Kiboga 184 (10.7) 156 (84.8) 28 (15.2)
Kyankwanzi 46 (2.7 42 (91.3) 4(8.7)
Luwero 538 (31.3) 476 (88.5) 62 (11.5)
Mityana 394 (22.9) 350 (88.8) 44 (11.2)
Mubende 208 (12.1) 185 (88.9) 23 (11.1)
Nakaseke 153 (8.9) 128 (83.7) 25 (16.3)
Nakasongola 73 (4.2) 61 (83.6) 12 (16.4)
Year
2018 967 (56.2) 842 (87.1) 125 (12.9) .298
2019 754 (43.8) 669 (88.7) 85 (11.3)

Abbreviations: CrAg, cryptococcal antigen; PWH, people with HIV.
2P value from the Pearson chi-square test.
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Our findings indicate a low rate of screening among ART-
experienced PWH with VL nonsuppression, yet the yield of
CrAg positivity was high. Although local guidelines from 2016
to September 2018 [18] and the advanced HIV disease man-
agement toolkit of May 2019 recommended CrAg screening
in this population [19], CrAg screening in this population ap-
pears to be nonuniform across districts and health facilities,
yet eligible patients were evenly distributed across the health
centers. This reflects a gap in implementation of guideline re-
commendations for CrAg screening. There are several reasons
that there was a low frequency of screening among ART-
experienced PWH with VL nonsuppression. First, there were
several changes in the recommendations for CrAg screening
in this population over a span of 3 years and VL-directed
screening was not recommended (although practiced in this
region) for a period of 8 months. It is likely that these changes
could not be easily rolled out and/or adopted consistently.
From our results, CrAg screening occurred even during the
period in which VL-directed testing was not recommended
among ART-experienced PWH. Second, VL monitoring is
performed at a central national laboratory [21]. When re-
sults showing VL nonsuppression are relayed to the facility,
clinicians must trace the patient in order to screen them for
CrAg. This creates a delay and dropout in the screening cas-
cade. Reflexive CrAg screening at the central laboratory on
samples showing incident VL nonsuppression could be an al-
ternative approach to mitigate this problem. Lastly, facilities
in Uganda experience stock outs of test kits and medicines
for opportunistic infections (such as fluconazole preemptive
therapy), and this can affect the frequency of screening even
among ART-naive individuals [22].

From our results, it was evident that even among ART-
naive PWH, CD4 count measurement, a prerequisite for CrAg
screening, was performed in only 37%. This is possibly because
only 37 facilities (out of 104) had a CD4 machine during the
period under evaluation. This low coverage of CD4 testing im-
pacts CrAg screening among PWH. All levels of health facilities
across districts should be supported to consistently implement
guidelines in order to identify PWH at risk of cryptococcal dis-
ease. A gap between recommendations and implementation has
also been observed in other health care services in Uganda [23].
The WHO recommends CrAg screening for ART-naive PWH
with low CD4 counts, but there is no such international recom-
mendation for ART-experienced PWH with VL nonsuppression
due to lack of data to support this reccommendation [10]. More
studies are needed to evaluate the impact of CrAg screening and
subsequent fluconazole preemptive therapy on the outcomes of
ART-experienced PWH with VL nonsuppression to inform
such guidelines.

There are few studies reporting CrAg screening positivity
yield among ART-experienced PWH with VL nonsuppression
(VL >1000 copies/mL). Our yield is higher than the prevalence

of cryptococcal antigenemia of 3% reported by Mpoza et al. in
this population [16]. However, their study population included
leftover plasma from PWH with VL nonsuppression drawn
from across the entire country. Therefore, a dissimilar estimate
should be expected from our programmatic data generated
from a single region of the country. Moreover, under program-
matic settings, it is likely that symptomatic ART-experienced
PWH with VL nonsuppression were preferentially screened
over asymptomatic individuals. This would increase the yield of
CrAg screening. Additionally, preferential screening of symp-
tomatic individuals in some centers/districts may explain why
there were differences in CrAg positivity yield across districts
and health facilities when we compared the yield by eligibility
criteria. Nevertheless, as our estimate is derived from pro-
grammatic data, our finding of CrAg positivity among ART-
experienced PWH with VL nonsuppression reflects a “real-life”
estimate that could guide allocation of resources for fluconazole
preemptive therapy.

High VLs are associated with incident opportunistic infec-
tions, including cryptococcal meningitis, independent of CD4
counts [24-26]. The yield of CrAg positivity has been reported
to be higher, at a VL cutoff of >5000 copies/mL vs >1000 copies/
mL [16]. However, of ART-experienced (>6 months of therapy)
PWH presenting with a first episode of cryptococcal meningitis
in Uganda, 87% were reported to have a VL of >1000 copies/mL
[27]. If VL-directed CrAg screening among ART-experienced
PWH is to be adopted, more studies are needed to guide the
optimal VL cutoff for CrAg screening. Although the yield of
CrAg positivity is high (reportedly 4.8% and 21.9% among out-
patients and inpatients in Botswana, respectively [28]), among
ART-experienced PWH with CD4 <100 cells/mm’, requiring
CD#4 testing before screening ART-experienced PWH with VL
nonsuppression is not cost-effective and is likely to affect the
frequency of screening [16, 29]. Requiring CD4 before CrAg
screening would create 2 “delays” for lower health facilities:
first, the delay in tracing nonsuppressed PWH once VL results
are relayed from a central national laboratory and, second, the
delay in relaying results from a higher facility with CD4 testing
services. Moreover, the long turnaround time for CD4 results
experienced in the lower health facilities [30], where >60% of
eligible PWH were reported in our study, could be another
reason for the low CD4 testing rates among ART-naive PWH
observed in our study. The use of a semiquantitative cheap
point-of-care CD4 test (Visitect CD4 lateral flow assay) has
been shown to have high diagnostic accuracy and usability in
low-resource settings and has the potential to be decentralized
across lower health facilities [31]. Its impact on the frequency of
CD4-directed CrAg screening is currently unknown.

The yield of CrAg positivity among eligible ART-naive
PWH reported in our study is well within the range of the re-
ported prevalence of cryptococcal antigenemia among ART-
naive patients with CD4 <100 cells/mm’ in Uganda. Oyella
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et al. reported a prevalence of 19% [32], while Meya et al. re-
ported prevalence rates of 8.2% and 9.3% [4, 33]. An exception
is Andama et al., who reported a prevalence rate of 5.7% [34].
However, their study was conducted among patients with pre-
sumptive tuberculosis (TB), of whom 60% were determined to
have TB. Similar to our findings, ART-experienced HIV pa-
tients had lower CrAg positivity yields than newly diagnosed
HIV patients even at the same CD4 count in Ethiopia [14]. In
Namibia, a cross-sectional study found the prevalence of cryp-
tococcal antigenemia to be 3.3% among ART-experienced and
ART-naive PWH with severe immune suppression (CD4 <200
cells/mm’), although they did not provide a subanalysis to com-
pare the prevalence in both populations [35].

Our study had some limitations. The lack of individual
patient data limited our ability to evaluate CD4 counts and
absolute HIV VLs. This would otherwise better charac-
terize the relationship between VL and CD4 among CrAg-
positive ART-experienced PWH with VL nonsuppression.
Additionally, site information was not available, and as such,
we were unable to account for facility-level clustering in our
analyses. Although programmatic reports specifically cap-
ture PWH tested for the first time, we could not ascertain
whether there were individuals who had repeat CrAg testing,
in which case the yield of CrAg positivity may be overesti-
mated. Additionally, there were no data on patient symptoms
and signs. Accordingly, the yield of CrAg screening may be
high if patients with symptoms (and therefore established
disease) were preferentially screened. Further, there are pa-
tient, health worker, and systemic factors that we could not
control for that could be influencing the frequency and yield
of CrAg screening. The change in the local guidelines be-
tween September 2019 and May 2019 (which did not recom-
mend VL-directed testing among ART-experienced PWH)
may have affected the frequency (and not yield) of screening.
Also, the use of secondary data sources could be affected by
low reliability in performing, reading, and reporting of the
CrAg test across the many sites and districts. Lastly, we evalu-
ated reports from central Uganda. This could affect the gen-
eralizability of our findings. A countrywide evaluation of the
CrAg screening yield among ART-experienced PWH with VL
nonsuppression is therefore desirable.

CONCLUSIONS

The overall frequency of CrAg screening was only 21%. The
CrAg positivity yield among ART-experienced PWH with VL
nonsuppression was high (11%), yet the frequency of screening
was low (12%). Even among ART-naive PWH, the CrAg pos-
itivity yield was high (14%), but CD4 testing, a prerequisite
for CrAg screening, was low (37%). More prospective studies
are needed to evaluate the cost-effectiveness and impact of
VL-directed CrAg screening on outcomes of ART-experienced

PWH. Barriers to CrAg screening need to be identified and
addressed to ensure fidelity to recommendations even among
ART-naive PWH.
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