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ABSTRACT Population-based HIV Impact Assessments (PHIAs) are national household
(HH) surveys that provide HIV diagnosis and CD4 testing with an immediate return of
results. Accurate CD4 results improve HIV-positive participants’ clinical care and inform
the effectiveness of HIV programs. Here, we present CD4 results from the PHIA surveys
that were conducted in 11 countries in sub-Saharan Africa between 2015 and 2018.
All of the HIV-positive participants and 2 to 5% of the HIV-negative participants were
offered Pima CD4 (Abbott, IL, USA) point-of-care (POC) tests. The quality of the CD4
test was ensured by conducting instrument verification, comprehensive training, qual-
ity control, a review of testing errors and an analysis of unweighted CD4 data by HIV
status, age, gender, and antiretroviral (ARV) treatment status. Overall, CD4 testing was
completed for 23,085 (99.5%) of the 23,209 HIV-positive and 7,329 (2.7%) of the
270,741 negative participants in 11 surveys. The instrument error rate was 11.3%
(range, 4.4% to 15.7%). The median CD4 values among HIV-positive and HIV-negative par-
ticipants (aged 15+) were 468 cellsymm3 (interquartile range [IQR], 307 to 654) and
811 cells/mm?3 (IQR, 647 to 1,013), respectively. Among the HIV-positive participants (aged
15+), those with detectable ARVs had higher CD4 values (508 cellsyfmm?3) than those with
undetectable ARVs (385.5 cellsymm?3). Among the HIV-positive participants (aged 15+),
11.4% (2,528/22,253) had a CD4 value of less than 200 cells/mm?3, and approximately half
of them (1,225/2,528 = 48.5%) had detectable ARVs, whereas 51.5% (1,303/2,528) had no
detectable ARVs (P < 0.0001). We successfully implemented high quality POC CD4 testing
using Pima instruments. Our data come from nationally representative surveys in 11 coun-
tries and provide unique insights regarding the CD4 distribution among HIV-positive indi-
viduals as well as the baseline CD4 values among HIV-negative individuals.

IMPORTANCE The manuscript describes CD4 levels among HIV-positive individuals and
baseline CD4 levels among HIV-negative individuals from 11 sub-Saharan countries,
thereby highlighting the importance of CD4 markers in the context of the HIV epidemic.
Despite increased ARV access in each country, advanced HIV disease (CD4 < 200 cells/
mm?3) persists among approximately 11% of HIV-positive individuals. Therefore, it is impor-
tant that our findings are shared with the scientific community to assist with similar imple-
mentations of point-of-care testing and to conduct a review of HIV programmatic gaps.

KEYWORDS point-of-care CD4, Pima, HIV surveys, PHIA, household testing

D4 T-cell lymphocytes are the most common indicators of immunologic health
and AIDS-related mortality among people living with HIV (PLHIV) (1, 2). CD4 cell
counts of <200 cells/mm?3 in PLHIV are associated with an increased risk of advanced
HIV disease (AHD), other opportunistic infections, and mortality (3—-6), and CD4 levels at
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the time of a new diagnosis can be used to assess HIV program success. Prior to widely
available antiretroviral (ARV) therapy and HIV viral load (VL) testing, CD4 cell counts had
routinely been used to determine eligibility for ARV treatment and to monitor clinical
improvement. Baseline CD4 testing is no longer the standard of care in most sub-
Saharan African (SSA) countries and has not been since 2016, when the World Health
Organization (WHO) recommended that all confirmed HIV-positive individuals start ARV
therapy, regardless of CD4 cell count, and continued to recommend HIV VL for the moni-
toring of patients who were undergoing an ARV treatment (1). While the utility of CD4 is
questioned in the test and treat era, it is still an important component of HIV care (1, 7),
particularly for identifying late diagnoses and those with AHD (8).

Historically, CD4 testing required a laboratory setting, expensive and complex tech-
nologies, skilled laboratory professionals, and an adherence to a robust specimen trans-
portation protocol to ensure quality of testing. These requirements were not always
readily available in resource-limited settings. Moreover, delays in the availability of test
results for immediate patient care continued to be a major challenge (9). However, CD4
point-of-care (POC) platforms bring testing capacity to communities outside traditional
laboratory settings. Given the discontinuation of routine CD4 testing in SSA, we lost an
important data source with which to understand the progress of HIV programs in diag-
nosing HIV infections earlier or later during AHD, based on CD4 levels (10).

POC instruments facilitate the implementation of CD4 testing in household (HH) surveys
with appropriate staff training and quality assurance (QA) practices. The Pima CD4 POC
assay (Abbott, IL, USA) has shown a good correlation, compared to standard laboratory
methods, and it has indicated feasibility for use in multiple countries and HIV programs
(11-13). An added benefit of the Pima CD4 is its Internet connectivity solution, which ena-
bles data to be transferred and results to be reviewed in real-time.

Nationally representative Population-based HIV Impact Assessment (PHIA) surveys
provide behavioral and laboratory data that are used to evaluate the impact of HIV
programs and progress toward the Joint United Nations Programme on HIV and AIDS
(UNAIDS) 90-90-90 goals. In this study, we present the results of CD4 testing, including
quality indicators, from 11 PHIA surveys that were conducted in SSA, using Pima CD4
instruments in HH settings.

RESULTS

More than 98% of the Pima CD4 analyzers (528/538) met the initial verification crite-
ria, prior to the testing of survey participants. The low-level external quality control
(QQ) had a mean value of 204 (coefficient of variation [%CV], of 2.63%), and the normal
level QC had a mean of 1,020 (CV of 2.15%) across all surveys (data not shown), indicat-
ing high reproducibility.

Collectively, 30,221 CD4 tests were conducted (range, 897 to 4,988 tests per coun-
try) for survey participants (Table 1). Out of the total tests performed, 3,416 (11.3%)
errors were identified by the instrument (range, 4.4% to 15.7% per country). The error
rates for the first three surveys (Zimbabwe, Malawi, and Zambia), which were con-
ducted from 2015 to 2016, were higher (1,710/12,155; 14.1%) than those that were
subsequently conducted (1,706/18,066; 9.4%). The most common errors were a deter-
iorated reagent, an air bubble on the reagent control position, or misaligned instru-
ment optics, as defined by the manufacturer. 79 (0.26%) runs were manually aborted
by the operators at the time of testing and were excluded from the error analysis. After
resolving the errors, more than 99% of the targeted HIV-positive participants received
valid CD4 results across the 11 PHIA countries. This analysis excludes 193 HIV-positive
individuals who are missing ARV measurements.

Overall, among the HIV-negative and HIV-positive participants who were aged 15 years
and older, the median CD4 cell counts were 811 cells/mm? and 468 cells/mm?, respectively
(Table 2). Furthermore, Table 2 highlights the breakdown between the 7,329 HIV negative
participants and the 23,085 HIV-positive survey participants by age group. Among the HIV-
negative participants, the median CD4 value ranged from 1,470 cells/mm? for those aged 0
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TABLE 1 Total number of Pima instruments and CD4 tests performed in households as well
as error frequencies by country, listed in order of population-based HIV impact assessment
survey implementation start date?

Number of Number of CD4 tests

Survey start  Number of CD4 tests performed with an

Country (yr) PIMAs performed error® % error
Zimbabwe 2015 31 4,988 781 15.7
Zambia 2015 54 3,828 493 12.9
Malawi 2016 27 3,339 436 131
Eswatini 2016 52 3,377 150 4.4
Uganda 2016 58 1,761 258 14.7
Tanzania 2016 38 2,734 238 8.7
Lesotho 2016 64 3,538 381 10.8
Namibia 2017 83 3,005 293 9.8
Cameroon 2017 41 1,661 147 89
Cote D'lvoire 2017 30 897 95 10.6
Ethiopia 2017 50 1,093 144 13.2
All countries 528 30,221 3,416 11.3

aNote: A CD4 test with any error is considered invalid, and there is no CD4 result.
bExcludes manually aborted CD4 tests (n = 79).

to 5 years to 776.5 cells/fmm? for those aged 45+ years. A similar decline in the median
CD4 value was observed with an increase in age among HIV-positive participants. These val-
ues ranged from 995 cells/mm?3 to 451 cells/mm? from those aged 0 to 5 years to those
aged 45+ vyears, respectively. Among the HIV-positive participants, the CD4 cell counts
were higher in those with detectable ARVs, compared to those with undetectable ARVs, in
each age category (e.g., for all participants aged 15 years and older [508 cells/mm3 versus
385.5 cells/mm?; P < 0.0001]).

Fig. 1A and B illustrates a box plot comparison of the median CD4 cell counts
among males and females (aged 15+ years) and display the interquartile range by
country for the HIV-negative (n = 5,206/7,329; 71%) and HIV-positive (n = 22,253/
22,892; 97%) participants, respectively. The median CD4 cell count was generally
higher for females than for males in both groups. Fig. 1A shows that the median CD4
value among the HIV-negative individuals was 854 cells/ymm?3 in females versus
759 cells/mm?3 in males, whereas for the HIV-positive individuals (Fig. 1B), the median
CD4 value was 511 cells/mm? in females versus 385 cells/mm3 in males. These data
also demonstrated country-specific differences among participants. The median CD4
ranged from 755 cells/mm?3 in Ethiopia to 1,014 cells/mm?3 in Céte d’lvoire among HIV-
negative participants. In comparison, the median CD4 among HIV-positive participants
ranged from 394 cells/mm?3 in Zimbabwe to 552 cells/mm?3 in Cote d'Ivoire.

TABLE 2 Overall median CD4 among HIV-positive and HIV-negative individuals (excluding Uganda), reported by age group from aggregate
datain 11 population-based HIV impact assessment (PHIA) countries as well as by detectable antiretrovirals (ARV) and undetectable ARVs®

HIV negative® (n = 7,329) HIV positived

Total (n =22,892) Detectable ARVs (n = 15,439) Non-detectable ARVs (n = 7,453)

Ageb (yrs) n Median (Q1, Q3) n Median (Q1,Q3) n Median (Q1, Q3) n Median (Q1, Q3) P value®
Oto5 983 1,470 (1,104, 1,938) 163 995 (665, 1,418) 83 1,071 (689, 1,513) 80 857 (640, 1,271) 0.0229

6to 14 1,140 999 (797, 1,267) 476 772.5(527,1,108) 323 884 (587, 1,192) 153 596 (413, 824) <0.0001
15to0 29 2,659 830(662,1,025) 4919 508 (344, 706) 2,538 580 (406, 771) 2,381 441 (295, 618) <0.0001
30to 44 1,455 807 (656, 1,006) 10,737 461 (299, 642) 7,394 505 (347, 678) 3,343 359 (223, 529) <0.0001
45+ 1,092  776.5 (596, 988) 6,597 451 (295, 634) 5,101 478 (326, 654) 1,496  352(211,531.5) <0.0001
Oto 14 2,123 1,171 (885, 1,580) 639 823 (561, 1,171) 406 914 (615, 1,244) 233 675 (465, 951) <0.0001
15+ 5,206 811 (647,1,013) 22,253 468 (307,654) 15,033 508 (349, 686) 7,220 385.5 (242, 563.5) <0.0001

aAll of the CD4 data are unweighted. Abbreviations: Q1, first quartile; Q3, third quartile.

bThe eligible age-range to participate in the PHIA study was 0 to 64 years in Cameroon, Céte d'Ivoire, Ethiopia, Malawi, Namibia, Zimbabwe and Uganda; 0 to 59 years in
Zambia and Lesotho; and 15+ years in Eswatini and Tanzania.

Excludes Uganda. CD4 cell count measurements for participants who tested HIV-negative were not part of the protocol.

9The HIV-positive participants with missing ARV measurements (n = 193) were excluded from analysis.

€The Wilcoxon P values are among the HIV-positive groups, comparing detectable and undetectable ARVs.
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Zimbabwe | Malawi | Zambia | Eswatini | Tanzania | Lesotho | Namibia | Cameroon |Cote d'ivoire| Ethiopia Zimbabwe | Malawi | zambia | Uganda | Eswatini | Tanzania | Lesotho | Namibia | Cameroon [Cote divoire] Ethiopia
Male (n.%) | 426 (42%) | 325 (43%) | 420 (48%) | 88 (50%) | 200 (44%) | 98(51%) | 134 (46%) | 237 (47%) | 177 (50%) | 150 (41%) Male (n,%) [1209 (35%)| 698 (32%) | 758 (31%) | 559 (32%) | 972 (32%) | 556 (31%) [1012 (32%)| 753 (31%) | 288 (30%) | 136 (31%) | 153 (25%)
Female (n%) | 596 (58%) | 429 (57%) | 460 (52%) | 89 (50%) | 370 (56%) | 94 (49%) | 157 (54%) | 272 (53%) | 176 (50%) | 218 (59%) Female (n,%) | 2268 (65%)| 1485 (68%)| 1664 (69%)| 1185 (68%) 2025 (68%)| 1253 (69%) 2147 (68%)| 1689 (69%)| 683 (70%) | 299 (69%) | 461 (75%)
Total (n) 1022 754 880 177 660 192 291 509 353 368 Total (n) 3477 2183 2422 1744 2997 1809 3159 2442 o71 435 614

FIG 1 Summary of the unweighted median CD4 results from 11 population-based HIV impact assessment surveys, reported by gender (male, female, total)
among HIV-negative (A) and HIV-positive (B) individuals (ages 15+ years). Panel A shows the median CD4 for HIV-negative adults (n = 5,206), reported by
country and gender. The median CD4 among HIV-negative individuals was 854 cells/mm? in females versus 759 cells/mm? in males. 40 of the 5,206
individuals had CD4 values that were greater than 1,800/mm?, and these are not shown. Panel B shows the median CD4 for HIV-positive adults (n = 22,253),
reported by country and gender. The median CD4 among HIV-positive individuals was 511 cells/mm? in females versus 385 cells/mm? in males.16 of the 5,206
individuals had CD4 values that were greater than 1,800/mm?, and these are not shown. Note that the median measurements exclude Uganda and that the
CD4 cell count measurements for participants who tested HIV-negative were not part of the protocol. Also, the Ethiopia survey was conducted only in urban
and semiurban settings. Further, note that the horizontal black lines in the vertical center of each box represent the medians. The ends of the box are the Q1
(first quartile) and Q3 (third quartile) values. The vertical box length represents the interquartile range. The vertical lines above and below the boxes extend to
the most extreme values that are no further than 1.5 times the interquartile range from each of the upper and lower quartiles. The dots represent outlying

CD4 values beyond this range.

Of the 22,253 CD4 tests conducted among HIV-positive participants (aged 15+),
2,528 (11.4%) individuals had a CD4 value of <200 cells/mm?3. Of those individuals with
a CD4 value of <200 cells/mm?3, 1,225 of the 2,528 (48.5%) and 1,303 of the 2,528
(51.5%) were participants with detectable and undetectable ARVs, respectively. Overall,
among those with detectable ARVs, 13.9% of males and 5.7% of females had a CD4
value of <200 cells/mm?3, and this varied by country (Fig. 2A). Among those with unde-
tectable ARVs, 21.1% of males and 16.3% of females had a CD4 value of <200 cells/
mm?3 (Fig. 2B). Only 26/639 (4.1%) participants aged less than 15 years had a CD4 value
of <200 cells/mm3 (data not shown). Among the HIV-negative participants, only 20
(0.38%) cases had CD4 counts below 200 cells/mm?3 (data not shown).

DISCUSSION

To our knowledge, our assessment is the first to comprehensively present the largest
CD4 data set from testing conducted across multiple countries in SSA, using Pima POC
instruments in household settings from national population-based surveys. The data set
includes a CD4 analysis of 30,221 individuals that includes not only 22,892 HIV-positive
individuals but also 7,328 HIV-negative individuals, providing baseline CD4 values for sev-
eral countries. Since the implementation of test and treat, routine CD4 measurements in
HIV programs have decreased substantially (1, 2). However, CD4 testing continues to be an
important immunological marker by which to identify patients with AHD, indicating late
diagnosis, poor ARV adherence, or patients who are failing treatment so that AHD care is
adequately provided (14). Quality CD4 data enables decision makers and program imple-
menters to identify gaps, focus on early diagnosis, and improve prevention interventions.

Prior to 2016, the requirements of CD4 testing before ARV initiation had major limita-
tions regarding the availability of testing. Some of the limitations included requirements for
complex laboratory equipment (e.g., FACSCalibur) that required maintenance, trained labo-
ratory personnel, robust specimen transport networks, data management, QA/QC plans,
and other resources (15). In 2012, the Kenya AIDS Indicator Survey (KAIS) was the first to
use Pima POC instruments in HH settings and, therefore, include a comparison to laboratory
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FIG 2 Proportion of HIV-positive individuals (aged 15+ years) with CD4 values of less than 200 cells/mm?,
reported by gender in 11 population-based HIV impact assessment surveys. The data are unweighted.
(A) Detectable antiretrovirals (ARV; n = 1,225). (B) No detectable ARVs (n = 1,303). The overall proportions
for males and females are shown by horizontal lines. HIV-positive participants with missing ARV
measurements (n = 193) were excluded from the analysis. Header for panel A: Proportion of individuals
with CD4 < 200 cells/mm3, among HIV-positive adults (male and female) with detectable ARVs, reported
by country. Header for panel B: Proportion of individuals with CD4 < 200 cells/mm?, among HIV-positive
adults (male and female) with no detectable ARVs, reported by country.

based CD4 (16). However, about 54% of the HIV-positive blood specimens were heavily
hemolyzed during transport to the central laboratory, limiting the ability to assess the qual-
ity of the POC CD4 (17). These challenges and associated poor outcomes further high-
lighted the importance of ensuring both specimen quality and a robust specimen transport
system. Our study demonstrated that CD4 POC testing can be conducted at a HH level
with various QA measures and appropriate training. The ongoing monitoring of CD4
among newly diagnosed HIV-positive individuals can provide critical information about the
status of HIV diagnoses and about the effectiveness of HIV care and treatment programs.

A thorough review of each equipment verification process, proper hands-on-train-
ing for all survey staff regarding specimen collection, the real-time monitoring of QC
data, and appropriate troubleshooting have provided valuable data (18). For our sur-
veys, testing was completed for 99.5% of targeted HIV-positive individuals with high
quality results. The utilization of Pima CD4 POC instruments has provided added bene-
fits for participants: results are received within 20 min, and data are transmitted to a
secure cloud server via an Internet modem. This allowed for the real-time monitoring
of all survey data. On average, the CD4 test error rate was 11%, and lessons learned
from the first three surveys were implemented in subsequent countries, which likely
reduced error rates (Table 1). Additional strategies, such as limiting the number of CD4
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testers, increasing practical training time, providing refresher trainings, and reinforcing
the use of job aides and standard operating procedures, greatly reduced error rates.

This study has two main limitations. The first limitation is that our data analysis was
unweighted to describe both process and outcome results and is therefore not gener-
alizable to national populations. The second limitation is that the Kenya and Rwanda
surveys did not include CD4 as part of the survey protocol. These are more recent sur-
veys (2018), so we missed an opportunity to see whether the QA improved as time
went on (as well as the data for these countries).

Our results are consistent with those reported by Malaza et al., in which the median
CD4 values in both populations (HIV-positive and HIV-negative) were consistently
higher in females versus males (19). In addition to the CD4 levels among HIV-positive
individuals, we report the median baseline CD4 cell counts among HIV-negative individu-
als from several countries. Although they are in the expected range, the CD4 levels in
Eswatini and Céte d'lvoire consistently trended higher in both HIV-positive and HIV-nega-
tive populations. Our results also demonstrate overall higher median CD4 cell counts in
individuals with detectable ARVs, compared to those with undetectable ARVs, which indi-
cates better outcomes for those undergoing treatment. Some of those with undetectable
ARVs may be newly diagnosed, and additional analysis is needed for this group to better
understand the impact of treatment. Additionally, a decrease in median CD4 cell values
was observed with age among HIV-positive and HIV-negative individuals, as expected. The
median CD4 cell values in different groups (female versus male, detectable ARVs versus
undetectable ARVs) are in the expected range (Table 2; Fig. 1 and 2), further affirming the
plausibility of these measurements and the high quality of testing. Successful testing of
this magnitude in a HH-based survey has been conducted effectively due to access to POC
instrumentation and a strict adherence to quality assurance measures, including training.

Our findings highlight the importance of comprehensive, population based CD4 cell
data for national HIV program planning. Despite increased ARV access, based on PHIA CD4
results, AHD persists, on average, in 11% (range, 6% in Cote d'lvoire to 15% in Zimbabwe)
of HIV-positive individuals. More than half in this category were attributed to individuals
with undetectable ARVs, perhaps indicating PLHIV who were undiagnosed, untreated, or
experienced ART interruption. Balachandra et al. noted AHD persistence in Zimbabwe
among those who were virally suppressed (VL < 1000 copies/mL), highlighting a need for
further studies on the implementation of AHD care packages to guide the programmatic
implementation of CD4 cell testing (8). In addition, population-based CD4 data, including
PHIA data, have been used to revise global HIV mortality estimation models (20).

In conclusion, implementing HH POC CD4 testing was complex, in terms of field lo-
gistics that included rough terrain, harsh environmental conditions, the recharging of
equipment, and unreliable network connectivity. Further, these challenges increased
the overall cost of the survey. Despite these challenges, we successfully implemented
POC CD4 testing with multilevel QA processes in PHIA surveys, thereby highlighting its
importance in the surveys and in future assessments. Our data confirm the feasibility
of using POC CD4 instruments in HH settings and provide unique insights regarding
CD4 levels and their distribution among HIV-positive and negative individuals from
nationally representative HH surveys in 11 countries.

MATERIALS AND METHODS

Survey design and related testing. We conducted cross-sectional, household-based surveys
between 2015 and 2018, across 11 countries: Zimbabwe, Malawi, Zambia, Uganda, Eswatini, Tanzania,
Lesotho, Namibia, Cameroon, Céte d'Ivoire, and Ethiopia. The Ethiopia survey was limited to urban and
semiurban settings. The methods that were used to conduct these surveys have been described else-
where (18, 21). Eligible and consenting (both assent and parental permission for the younger age group)
participants, generally aged 0 to 64 years, were offered home-based HIV testing and counseling, using
the respective national HIV rapid testing algorithm. Regardless of age, all HIV-positive participants, as
well as a random sample (2 to 5%) of HIV-negative participants (excluding Uganda), were offered imme-
diate CD4 testing via the Pima CD4 POC assay in a HH setting. We collected data across 11 countries,
using a total of 528 Pima CD4 analyzers (range, 27 to 83 per country) with 1,009 certified survey testers
(Fig. 3). Testing was conducted according to the manufacturer’s instructions, using whole blood (venous
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FIG 3 The standard quality assurance approach for implementing point of care CD4 tests in multiple household, population-based HIV impact assessment

(PHIA) surveys. Abbreviations: QC, quality control.

or capillary) specimens that were collected in an ethylenediaminetetraacetic acid (EDTA) tube. Rapid HIV
test and CD4 results were returned to the participants immediately in the HH.

Select first-line and second-line ARV drugs were detected in dried blood spot (DBS) specimens at the
University of Cape Town, South Africa, using qualitative high-performance liquid chromatography and a
tandem mass spectrometry assay (22).

Instrument verification. Prior to their deployment in the survey, all of the Pima CD4 analyzers were
assessed for mechanical function, accuracy, and precision (Fig. 3). Similarly, all ancillary items, such as print-
ers, barcode scanners, and power adapters were identified by team numbers and were made available to
the HH testers. Analyzer precision was determined by calculating the %CV from low and normal level QC
values and whole blood specimens’ values to assess analyzer function both for verification and throughout
the survey. Both QC materials and whole blood were tested for CD4 over a period of 5 days. Instruments
passed verification if they met the preestablished limits for both QC and whole blood specimen testing.
Instruments that failed verification were sent to the manufacturer for service.

User training and competency. Testers were trained to use the Pima CD4 assay, including software,
QC testing, specimen collection and handling, testing, documentation, and data transfer. The trainings
included instructor-led lectures, demonstrations, small group discussions, practical hands-on training,
and instructor feedback from direct observation. The final competency of each trainee was assessed via
direct observation, a valid QC run, and a comparison of tester results to specimens of known CD4 values.

QA and data analysis. QC materials, both low and normal, that were provided by the manufacturer
were tested daily for each analyzer. A valid QC run was mandatory, prior to the testing of participant
specimens. QC results outside acceptable ranges were repeated once. Repeated failures were reported
to the laboratory manager-in-charge for additional follow-up. Instruments with repeated QC failures
were not used for the survey. The data were transferred daily via modem into a Sympheos System (for-
merly Data Point) cloud database and were reviewed by the laboratory and data teams.

The Pima CD4 analyzer has internal checks to validate the mechanics, sample movement, optics, and
reagent. The analyzer automatically flags any testing errors if a system check fails, resulting in an error
code associated with the failure. The test is considered invalid with any error, and there is no CD4 test
result. Any testing event that resulted in an error was repeated to get a valid CD4 result. If errors were
not resolved by the HH tester, participants were referred to the nearest health care facility, and the
instrument was removed from the field for maintenance. The frequency of error rates was tracked for
each analyzer and operator. Results of low and normal QC and coefficient of variation (CV) values were
monitored for the precision of each Pima instrument.

All of the CD4 data analyses are limited only to the descriptive techniques that were conducted on
the PHIA data without using weights. The median CD4 (interquartile range [IQR]) measurements were
analyzed for HIV-positive and HIV negative participants by country and were further disaggregated by
age, sex, and the presence or absence of ARVs. The Wilcoxon test was conducted to compare the me-
dian CD4 values among the HIV-positive individuals, both with and without detectable ARVs. Additional
analyses were conducted among the HIV-positive cases to assess the proportion of individuals with
CD4 values of <200 cells/mm?, both overall and in each country. The CD4 data among HIV-positive
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individuals focuses on those who had ARV measurements. The analyses were performed using SAS soft-
ware version 9.4 (TSTM6) (SAS Institute Inc., Cary, NC, USA) and R version 4.1.3 (The R Foundation for
Statistical Computing, Vienna, Austria).
Ethical considerations. The PHIA surveys were approved by Institutional Review Boards at the U.S
Centers for Disease Control and Prevention, Columbia University, Westat, as well as by the local ethics
boards in the respective countries. Written consent was obtained from eligible survey participants. HIV-
positive participants were referred to HIV care and treatment services. Further, HIV-positive participants
were asked to consent to be contacted by qualified health care professionals, regardless of their CD4
counts, to facilitate active linkage to HIV care and treatment services.
Data Availability. Data described are publicly available at the following URL: PHIA Project - Guiding
the Global HIV Response (columbia.edu).
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