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Abstract
Background: Advanced HIV disease (AHD; CD4 counts <200 celly/pemains common in
many low- and middle-income settings. An instrurAie@é point-of-care test to rapidly identify

patients with AHD would facilitate implementatiof thhe World Health Organization (WHO)
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recommended package of care. We performed a laivgtlased validation study to evaluate the

performance of the VISITECTCD4 Advanced Disease assay in Botswana.

Setting: A laboratory validation study.

Methods: Venous blood samples from people living with HIsving baseline CD4 testing in
Gaborone, Botswana, underwent routine testing utavg cytometry, followed by testing with
the VISITECT® CD4 Advanced Disease assay by a kboy scientist blinded to the flow
cytometry result with a visual read to determinghi# CD4 count was below 200 cells/pL. A
second independent investigator conducted a visead blinded to the results of both flow
cytometry and the initial visual read: The sen#iinand specificity of the VISITECT® for
detection of AHD were determined using flow cytorjeds a reference standard, and inter-rater

agreement in VISITECT® visual reads assessed.

Results: 1053 samples were included in the analysis. TH8INECT test correctly identified
112/119 samples as having a CD4 count <200 cellsgiling a sensitivity of 94.1% (95%
confidence interval [Cl] 88.3-97.6%) and specifioitf 85.9% (95% CI 83.5-88.0%) compared
to flow cytometry. Inter-rater agreement betwees ttvo independent readers was 97.5%,

Kappa0.92 (p<0.001).

Conclusions: The VISITECT CD4 Advanced Disease reliably identified indiviuaith low
CD4 counts and could facilitate implementation bk tWHO recommended package of

interventions for AHD.
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Introduction

CD4 cell count testing continues to have an impartale in the care of people living with
human immunodeficiency virus (HIVJ. The removal of the CD4-based antiretroviral tpgra
(ART) initiation criteria® and the scaling up of viral load testing in linéhMWorld Health
Organization (WHO) recommendatiofi$ias led to a scaling back of CD4 testing at treatm
initiation and for monitoring®. However, €D4 count measurement remains essebtiahe
identification of patients living with advanced Hilisease (AHDY, defined as a CD4 cell count
<200 cells/uL, and is required to determine whetheividuals need screening and prophylaxis
for opportunistic infections (Ols) and enhanced itwimg ’. CD4 testing is the gateway to the
WHO package of evidence-based interventions for AHBhich includes cryptococcal antigen
(CrAg) screening, tuberculosis (TB) screening eotimoxazole prophylaxis.

Recent data show that baseline CD4 count testindeddining in many high HIV-
prevalence settings in Low- and Middle-Income Cdest(LMICs)™**as funding and support
for CD4 testing infrastructure is withdrawh This reduction in baseline CD4 testing makes
effective implementation of the WHO-recommendedkpge of AHD interventions challenging;
clinical staging has extremely low sensitivity fdentification of AHD", and failure to identify

vulnerable individuals with low CD4 counts is ligelo have negative implications for overall
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HIV care in many LMICs, particularly in sub-Saharafitica (SSA), where the burden of AHD
and incidence of opportunistic infections remainghtr™, and are associated with ongoing
HIV-related mortality*®. The proportions of individuals presenting wittvadced HIV disease is
still reported to be in the range of 20-35% in recgudies conducted in the southern and east
African regiort****® and the overall number of individuals with velywl CD4 counts has
remained stable for the past decada

A further challenge to effective implementationtbé WHO AHD package has been the
widespread uptake of rapid or same-day ART iniiaf’. With rapid ART initiation, even if
baseline CD4 tests are sent, the current turn-ardgimes with flow-cytometry?* testing in
centralized laboratories, which remains the maynefaCD4 testing in most LMICs, means that
ART initiation occurs in most cases prior to theaiéability of CD4 results. As there is a
relatively short window of opportunity in which tmplement key life-saving interventions such
as CrAg screenintf, TB screening?, and co-trimoxazole prophylaxf§ many opportunities to
reduce morbidity and mortality are missed

Low-cost rapid CD4 tests that can be performedratear the point-of-care (POC) by
any healthcare worker, and accurately identifyvreilials with AHD, would help overcome the
barriers currently posed to implementation of WH@emmended package of AHD care by the
scaling back of centralized CD4 testing and adoptd rapid ART initiation guidelines. The
VISITECT® CD4 Advanced Disease test is an instrument-freri-geantitative diagnostic
lateral flow assay (LFA) detecting the CD4 protein the surface of CD4+ T lymphocytes
designed to be used at point of care or primarytihege level using capillary blood or venous
blood, providing a dichotomous “high” or “low” reléuf CD4 count is higher or lower than 200

cells/pL within 40 minutes (Figure 18) We performed a laboratory-based validation stiady
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evaluate the performance of the VISITECTD4 Advanced Disease against the FACSCalibur
and AQUIOS flow cytometry platforms in Botswanangsivenous blood collected from HIV-
positive individuals, assessing diagnostic accuewy inter-rater agreement in interpretation of

the LFA.

Methods

Participants

Between November 2020 and April 2021, we screepgdential venous EDTA blood samples
sent for CD4 testing at the Botswana-Harvard HIMfeRence Laboratory (BHHRL) for study
inclusion. The BHHRL performs nearly all CD4 measuents for patients attending clinics
offering HIV care in greater Gaborone, with a totatchment population of approximately
300,000. We restricted our study to samples frodividuals who were having “baseline” CD4
tests and had no record of previous CD4 count measnt in the electronic national HIV
database dating back to 2004 using a unique lafrgratentification number in order to avoid
testing large numbers of CD4 samples with high @dnts from individuals established on
ART undergoing annual CD4 monitoring. Samples fiadividuals under 5 years of age were
excluded, as were samples that had been colleobee tinan 24 hours prior to screening by the
study team. Anonymized age and sex data were reddod each sample.

Testing

Following routine CD4 testing at BHHRL using the E8Calibur and AQUIOS flow cytometry
instruments, patient samples were tested with VEEBIT® CD4 Advanced Disease kit by a

laboratory scientist (KL) blinded to the flow cyteiny result. The EDTA blood samples were



PISTGHIBA+2ZH8RAAAAVYO/FOAEDVIASALLIAIPOOAEIEAHIOI/ADAUM

VIXOMADUOINX YOHISABZIYTCA+erNIOITWNOTZTABY HAISHAQUE AQ SPIeljwod mm|'sfeunoly/:dny woly papeojumoq

2¢0¢/2T/60 uo

inverted until homogenization took place prior ¢sting, and 30ul of sample was used for each
test. Testing was batched, with a maximum of Gtpstformed at a time according to Method 1
of the manufacturer’'s instructions (Figure 1b). Aual read was conducted by the testing
laboratory scientist (KL) to determine if the samphd a CD4 count above or below 200 cells/ul
and results were recorded. A test line that appedegker than the reference line indicated a
CD4 count above range (AR), while test line thgiegped the same intensity or lighter than the
reference line or no test line visible indicate@€@4 count below range (BR) (Figure 1c). The
absence of a control line and/or reference linécatéd an invalid run and the test was repeated.
For the last 4 months of the study a second indig@ninvestigator (TBL) conducted an
additional visual read blinded to the results athbidow cytometry results and the initial visual
read.

Data management and statistical analysis

Data from the VISITECY CD4 Advanced Disease test were recorded by imyagstis in a
laboratory testing log. Routine CD4 count resuitsrf the flow cytometry platforms, along with
age and sex data, were subsequently extractedtfrerelectronic medical records system and
transcribed into the laboratory log. Data were teuable entered into a CVS file and imported
into STATA 14 (StataCorp, College Station, TX) fdeaning and analysis. In all analyses the
VISITECT® visual reads of the first reader (KL) were usedtesdefinitive VISITECT CD4
result for consistency across all samples. The linaseharacteristics of the cohort were
summarised using descriptive statistics. Routinet @8sults from the flow cytometry testing
were summarised according to VISITEETD4 result (AR or BR) and visualised using a sratt
plot. We calculated sensitivity, specificity, negat and positive predictive values of the

VISITECT® CD4 Advanced Disease assay against a referenueasthof flow cytometry for a
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CD4 count at or below or above 200 cells/pL. Tcedetne interrater reliability, we calculated

percent agreement between the two readers and Sdagpa statistic.

Ethics statement

This research project was approved by InstitutiG?eiew Boards at the Botswana Ministry of
Health and Wellness (the Health Research and Denedot Committee) and University of

Botswana. A waiver of individual consent was grdngs the study used only anonymized

residual laboratory samples and anonymized patietat

Results

We screened 12,096 sequential patient samplesgdthian study period to determine whether
they were received baseline CD4 testing at the BHHB these, 1072 (8.9%) were baseline
CD4 tests with no record of prior CD4 testing p2864 in the national database. We excluded
19 samples from the analysis, nine as VISITEG&sting could not be conducted within 24
hours from the time of sample collection, five asage was recorded, three as no CD4 result
was available due to technical errors or the testdeing performed, and two as they were from
individuals under 5 years old (Figure 2). Of th&3@amples included in the final analysis, 654
(62.2%) were from females, and the median age etthort was 38 years (interquartile range
[IQR] 31-46 years). One hundred and nineteen (11.@Pthe patients receiving baseline CD4
testing had advanced HIV disease (CD4 <200 celjshased on the reference flow cytometry
testing. Individuals presenting with AHD were mdikely to be male than those without AHD
(57% compared to 35%, p<0.001), and were older withedian age of 40 years (IQR 34-46)

compared to 38 years (IQR 31-46) in those withadDA(p=0.04).
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Diagnostic performance of the VISITEETD4 Advanced Disease assay

The VISITECT® CD4 Advanced Disease assay was above range it\@®(76.8%) and below
range in 244/1053 (23.2%) samples tested. The \HSIT test correctly identified 112/119
samples as having a CD4 count below 200 cells/pting a sensitivity of 94.1% (95%
confidence interval [CI] 88.3-97.6%) compared mxflcytometry, with an 85.9% (95% CI 83.5-
88.0%) specificity (Table 1). The median CD4 cowas 584 (IQR 442-765) in the above range
category and 223 (IQR 147-319) in the below ranggegory (Figure 3). In our cohort with a
relatively low overall prevalence of AHD (11.3%)het positive predictive value of the
VISITECT® test for a CD4 cell count <200 cells/uL was 45@%% Cl 39.5 -52.4%) with 112
of 244 samples classified as below range havind>d €200 cells/uL. The negative predictive
value was 99.1% (95% CI 98.2-99.7%) with 802 of 88fples classified as above range having
a CD4 >200 cells/uL. Of the 132 samples with CDdénte >200 cells/pL misclassified by the
VISITECT® test as being below range, the majority (89/1326Bhad CD4 counts below 350
cells/pL. Inter-rater agreement was assessed thrpaged readings of 472 samples (Table 2).
Overall agreement was excellent, with 97.5% agre¢rbetween the two independent readers

giving aKappastatistic of 0.92 (p<0.001) (Table 3).

Discussion

The VISITECT® CD4 Advanced Disease had excellent sensitivity gndd specificity for
detection of advanced HIV disease when compareket@old standard of flow cytometry CD4
count testing on venous blood. Inter-rater agreénmethe reading of results between the two

independent investigators was excellent.
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Comparable performance characteristics were obdemethe only other reported
validation study of the VISITECT CD4 Advanced Disease assay, using a smaller saafpl
708 venous blood samples in Malawi, Zimbabwe andh@satic Republic of Congo, which
found a sensitivity of 95% and a specificity of. % 2°. This prior study also examined the
performance of the VISITECTassay on 433 finger-prick blood, reporting simiansitivity
and specificity results to those obtained usingpusrblood?.

In many regions of sub-Saharan Africa, where AHBtiIk common despite wide roll out
of ART "**%026273nd data show that the lack of support for CD#astfucture is resulting in the
scaling back of centralized flow-cytometry CD4 tegf, the VISITECT Advanced Disease test
could provide an affordable and rapidly implemetgaimeans of effectively identifying
individuals with AHD, enabling stratification of g risk individuals into appropriate
differentiated service delivery streams. Our studyplemented the VISITECT Advanced
Disease test in a central laboratory. Althoughrument-free CD4 tests that do not require any
specialized external reagents or electricity paddgt have an important role in very low-
resource and/or rural laboratories where flow cytgnis not easily accessible, a key benefit of
the low-cost, instrument-free, VISITEEPOC assay is that can potentially be performediyy a
healthcare worker in the primary health care sgttirLimited data suggest that VISITEET
semi-quantitative CD4 testing can be reliably perfed by clinicians or lay staff at the point of
care?® 'with users generally rating the testing process/¢o perform and results easy to réad
However, the testing process requires a seriesnefdt steps and accurate application of sample
and buffers, requiring user focus and precisipand in the prior validation study some non-
laboratory-based health-care workers reported coeceabout their ability to conduct

VISITECT® CD4 Advanced Disease testing whilst multi-taskingtheir other work roles.
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Further research is needed to determine how théM&ST® CD4 assay can be best incorporated
into CD4 testing algorithms; it is likely that déffing approaches will be required depending on
testing context, with POC testing by clinical oy Istaff in low through put rural settings, and
batched testing by dedicated lay or laboratory gtafigher volume clinics.

A further important consideration in implementatiafithe VISITECT CD4 assay is the
prevalence of AHD in the targeted population. A éoswhan anticipated proportion of our study
sample had AHD, with 11.3% of samples tested hadn@D4 cell count <200 cells/uL.
Although the VISITECT test had an excellent negative predictive valueAidD, the positive
predictive value (PPV) in our study population wesow 50%. The PPV would be higher in
populations with higher AHD prevalence (for examp@pplying our observed test specificity to
an equivalent population with a 25% AHD prevalemcrild yield a PPV of 69%), but even in
this context a substantial proportion of identifies having AHD on the VISITECTassay
would have CD4 counts above 200 cells/uL. Our dmamonstrate that the majority of these
misclassified individuals have CD4 counts betwe®® 2and 350 cells/pL; screening such
individuals for opportunistic infections or straiiig them into more intensive clinical follow-up
would be very unlikely to cause adverse patiencaues but would have implications for
resource use that need to be considered by prog@amagers.

In conclusion, our study demonstrates that thd MEET® CD4 Advanced Disease assay
can rapidly and effectively identify individuals thiAHD. This low-cost, instrument-free, POC
test provides a valuable tool to facilitate theeefive identification and management of

individuals presenting with AHD in resource-limitsdttings.
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Table 1. Diagnostic performance of the VISITECT® versuswWiBytometry Results for

sensitivity and specificity.

VISITECT® Value [% (95% ClI)
Flow Cytometry | <200 >200 Total Sensitivity Specificity
Result cells/pL cells/uL
<200 112 7 119 94.1 (88.3-97.6) 85.9 (83.5-88.0
>200 132 802 934
Total 244 809 1053

CTI(Confidence Interval)

Table 2. Diagnostic performance of VISITECT® for interratggreement

Scorer A

Scorer B Below Average Above Average Total

Below Average 83 5 86

Above Average 9 377 386

Total 92 380 472

Table 3. Interrater agreement
% Agreement

Interrater reliability Expected | Observed | Cohen’s kappa | SE P value
69.4% 97.5% 0.9169 0.0460 <0.0001

SE: Standard Error
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Figure 1. (a) Omega Diagnostics VISITECT® CD4 Advanced Dssegest kit— supplied with

foil pouches containing cassettes and desiccantfferbsolution, sterile retractable lancets,
sampling devices, and alcohol swabs. (b) VISITECT®4 Technical Guidance 16 Batch
Testing guide- Batch Testing Method 1 (maximum 6hsl@s). (c) Results interpretation of

VISITECT®CDA4 test

(a) (b)
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Figure 2. Participants schema
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Figure 3. Distribution of CD4 cell counts obtained by flowtometry classified by the

VISITECT® CD4 Advanced Disease test. The grey lraigcate the median CD4 count in each

group.
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