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Background. CD4 measurement is pivotal in the management of advanced human immunodeficiency virus (HIV) disease.
VISITECT CD4 Advanced Disease (VISITECT; AccuBio, Ltd) is an instrument-free, point-of-care, semiquantitative test
allowing visual identification of CD4 < 200 cells/pL or >200 cells/ pL from finger-prick or venous blood.

Methods. As part of a diagnostic accuracy study of FUJIFILM SILVAMP TB LAM, people with HIV >18 years old were
prospectively recruited in 7 countries from outpatient departments if a tuberculosis symptom was present, and from inpatient
departments. Participants provided venous blood for CD4 measurement using flow cytometry (reference standard) and finger-
prick blood for VISITECT (index text), performed at point-of-care. Sensitivity, specificity, and positive and negative predictive
values of VISITECT to determine CD4 < 200 cells/ uL were evaluated.

Results. Among 1604 participants, the median flow cytometry CD4 was 367 cells/uL (interquartile range, 128-626 cells/uL)
and 521 (32.5%) had CD4 <200 cells/pL. VISITECT sensitivity was 92.7% (483/521; 95% confidence interval [CI], 90.1%-94.7%)
and specificity was 61.4% (665/1083; 95% CI, 58.4%-64.3%). For participants with CD4 0-100, 101-200, 201-300, 301-500, and
>500 cells/yL, VISITECT misclassified 4.5% (95% CI, 2.5%-7.2%), 12.5 (95% CI, 8.0%-18.2%), 74.1% (95% CI, 67.0%-80.5%),
48.0% (95% CI, 42.5%-53.6%), and 22.6% (95% CI, 19.3%-26.3%), respectively.

Conclusions. VISITECT’s sensitivity, but not specificity, met the World Health Organization’s minimal sensitivity and
specificity threshold of 80% for point-of-care CD4 tests. VISITECT’s quality needs to be assessed and its accuracy optimized.
VISITECT’s utility as CD4 triage test should be investigated.

Clinical Trials Registration. NCT04089423.
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Determination of the CD4 cell count in people with human
immunodeficiency virus (PWH) is essential for identifying
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advanced HIV disease (AHD) and guiding patient management.
AHD is defined as CD4 < 200 cells/pL or a World Health
Organization (WHO) stage 3/4 conditions in those >5 years
old [1]. An estimated 630000 died of AIDS-related illnesses
in 2022 [2]. PWH with AHD are at high risk of death [3].
The proportion of people with AHD initiating antiretroviral
therapy (ART) or reentering care is estimated to be up to
42% in some settings [4]. CD4 testing is an entry point to the
WHO-recommended enhanced care package to reduce
AHD-related mortality [5, 6]. Current guidelines recommend
tuberculosis lipoarabinomannan (LAM) reflex testing in inpa-
tients who either have tuberculosis symptoms, who have
AHD or are seriously ill, or who have CD4 below 200 cells/pL.
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In outpatients, tuberculosis LAM screening is recommended in
those who have tuberculosis symptoms, are seriously ill or at
CD4 below 100 cells/uL [1, 7]. Cryptococcal antigen (CrAg)
screening is indicated at CD4 below 100 cells/pL, and encour-
aged at CD4 below 200 cells/uL [7]. Cotrimoxazole prophylaxis
is indicated at any CD4 in areas with high incidence of malaria
and severe bacterial infections, and at CD4 below 350 cells/pL
in other areas, but recommended at CD4 below 200 cells/pL in
several countries [5, 8]. Implementation of existing point-of-care
Determine TB LAM antigen assay (Determine TB LAM; Abbott)
and CrAg lateral flow assay (CrAg LFA; Immy, Inc), and cotri-
moxazole initiation, to reduce AHD-related mortality thus de-
pends to a large extent on CD4 testing [9, 10].

However, CD4 test availability decreased in the global south
following WHO guidance to initiate ART irrespective of CD4
count and to use viral load as the standard for treatment mon-
itoring [11, 12]. Flow cytometry devices for CD4 count are of-
ten only found in centralized laboratories (if at all), yet baseline
CD4 counts regularly become available after ART initiation,
due to laboratory turn-around times [13]. In primary care
settings, turn-around times are even longer [14]. This situation
is unlikely to improve, as the manufacturer of widely used CD4
devices BD FACScount and FACSpresto (Becton Dickinson
Biosciences) has withdrawn from the market [15]. Point-of-care
CD4 devices could address some of these challenges and provide
immediate results guiding patient management, but also Alere
PIMA CD4 assay (PIMA; Abbott) devices are no longer pro-
duced [15]. The absence of CD4 testing has been a key barrier
to scaling-up of the enhanced AHD care package [6, 16].

An instrument-free point-of-care CD4 lateral flow assay,
VISITECT CD4 Advanced Disease (VISITECT; AccuBio,
Ltd), allows for a visual interpretation of a CD4 count equal
to or below 200 cells/uL or above 200 cells/uL. The semiquan-
titative test provides a result in 40 minutes and can be per-
formed on venous or capillary blood. Within a diagnostic
accuracy trial for FUJIFILM SILVAMP TB LAM (FujiLAM;
Fujifilm; clinicaltrials.gov NCT04089423), all recruited partici-
pants were offered a VISITECT test on a finger-prick sample
and a CD4 measurement by flow cytometry on venous blood.
We compared the diagnostic accuracy of VISITECT to identify
a CD4 count above or below 200 cells/uL, when performed at
point-of-care, to flow cytometry as the reference standard.

METHOD

Study Design, Period, and Participants

This was a prospective diagnostic accuracy study, conducted
in 7 countries (Malawi, South Africa, Tanzania, Thailand,
Uganda, Vietnam, and Zambia) between December 2019 and
December 2021, as already described elsewhere [17]. Adult
(aged >18 years) PWH were recruited, irrespective of
CD4 count or ART status, from either (1) inpatient settings

irrespective of tuberculosis symptoms (inpatient group); or
(2) outpatient settings if a symptom suggestive of tuberculosis
(cough, night sweats, fever, or weight loss) was present (outpa-
tient group). PWH who had received 3 or more doses of
antituberculosis treatment in the last 60 days or isoniazid pre-
ventive therapy within 6 months prior to enrolment were ex-
cluded. Each country’s research ethics committee approved
the protocol (clinicaltrials.gov: NCT04089423). All participants
provided written informed consent in their preferred language
[17]. We followed the Standards for Reporting Diagnostic
accuracy studies (Supplementary Material, p. 3) [18].

Procedures

On the day of enrolment, participants underwent clinical eval-
uation and provided a venous blood sample for flow cytometry
and a finger-prick capillary sample for VISITECT. Flow cytom-
etry was conducted in a laboratory by a laboratory technician
with WHO prequalified or equivalent devices available in the
country: BD FACScount in Malawi, Tanzania, and Vietnam;
BD FACSCalibur in Uganda and Thailand; Beckam Cytomics
FC 500 (Beckman Coulter) in Zambia; and Beckam Aquios
CL (Beckman Coulter) in South-Africa (Supplementary
Table 1) [19].

Training on VISITECT procedures varied by country due to
the coronavirus disease 2019 (COVID-19) pandemic, between
online and onsite training, and between training by FIND mas-
ter trainers, who were trained by Omega Diagnostics or local
trainer-operators. Across countries, different operators per-
formed VISITECT. In all countries, at least 1 nurse performed
the test. VISITECT was also performed by medical officers in
South Africa and Uganda, laboratory investigators and nurse
assistants in Thaliand, field workers in Malawi; and medical of-
ficers and a research assistant in Zambia (Supplementary
Table 1). Details on the study sites have been previously report-
ed [17].

VISITECT procedures were conducted per manufacturer’s
instructions (Supplementary Figure 1) [20]. One operator per
VISITECT test performed and interpreted the results.
VISITECT operators were blinded to the results of flow cytom-
etry and vice versa. An operator collected a capillary blood sam-
ple via finger-prick, and 30 pL was collected with a sampling
device and used for the VISITECT test. The sample was added
to well A by that sampling device. After 3 minutes, 1 drop of
buffer was added to well A. After 17 minutes, 3 drops of buffer
were added to well B. After an additional 20 minutes, results
were interpreted by the operator by comparing the color inten-
sity of the test line to a 200-puL reference line on the test device.

Operators were asked to report (1) the presence of the
control line, 200-pL reference line, and test line (each 1 pre-
sent/absent); (2) the comparison of color intensity (test line
color stronger, the same as, or weaker [lighter] than the
200-pL reference line); and (3) the result interpretation (below
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the 200-uL reference line in case of the same or weaker inten-
sity, and above the 200-pL reference line in case of darker inten-
sity). When the control line or 200-pL reference line was
absent, operators were instructed to consider the test as invalid
and repeat it. Procedures for tuberculosis testing have been re-
ported elsewhere (Supplementary Table 2) [17].

Outcomes

The primary objective of the study was to obtain point esti-
mates with uncertainty of the sensitivity and specificity of
VISITECT to identify CD4 <200 cells/uL when compared to
flow cytometry as the reference standard, overall and by patient
group (inpatients or outpatients). VISITECT results were con-
sidered the results interpretated by the operator, regardless of
the reported line presence or color intensity. Secondary pre-
specified outcomes included (1) the rate of invalid results
(defined as control line or reference line reported absent) for
VISITECT; and (2) the frequency and proportion of CD4 count
misclassification by VISITECT, stratified by CD4 categories
(0-100, 101-200, 201-300, 301-500, > 500 cells/pL) identified
by cytometry. Because the overall diagnostic accuracy results
showed a lower specificity for VISITECT than expected, we
added post hoc estimates of the sensitivity and specificity of
VISITECT to identify CD4 < 200 cells/uL by ART status, com-
posite tuberculosis reference standard result, VISITECT lot
number, and country. In case of a first invalid result reported,
and a repeated test, the result of the repeated test was used.

Statistical Analysis
We described participant characteristics using median and in-
terquartile ranges (IQR) for continuous variables and frequen-
cies and proportions for categorical variables. The proportion
of invalid VISITECT results with Clopper-Pearson 95% confi-
dence interval (CI) was reported among participants for whom
a VISITECT result was available. Point estimates with associat-
ed Clopper-Pearson 95% CI were estimated for the sensitivity,
specificity, and positive and negative predictive value in partic-
ipants with a VISITECT and a flow cytometry result, for all post
hoc point subgroup estimates of sensitivity and specificity, and
for the proportions of misclassified VISITECT test results by
CD4 category. We performed 3 sensitivity analyses for diagnos-
tic accuracy: (1) additionally excluding PWH for whom the re-
ported VISITECT line reading indicated invalid results
(control or 200-puL reference line absent), but the test result
was reported as valid; (2) based on reported color intensity, re-
gardless of result interpretation; (3) excluding 53 tests from
South Africa with alot number containing the same typograph-
ical error (these tests were assumed to be the same lot and
grouped as “unknown lot” for further analysis). We compared
diagnostic accuracy in subgroups by comparing 95% Cls.
Positivity of VISITECT (true positive when reference
CD4 <200 cells/uL and false positive when reference CD4 >

200 cells/uL) was graphically plotted as a function of CD4 count
in a generalized additive model (GAM), and stratified by sub-
groups. For visualization, we used the 5 most utilized lot num-
bers from which at least 100 tests were completed. We
constructed a multivariable generalized linear (mixed) model
(GLMM) with positivity of VISITECT as the outcome and
log(CD4) by flow cytometry (the back-transformed logarithm
of the flow cytometry CD4 results) as a predictor. Visual model
comparison between the GAM and this logistic model showed
that they largely overlapped (Supplementary Figure 2); howev-
er, the logistic model was preferred for modelling due to its
monotonicity. Age, sex, patient group, ART status, and com-
posite tuberculosis reference standard result were added as
fixed effects, while VISITECT lot number, country, and opera-
tor (ie, individual persons, not the professional operator pro-
file) performing VISITECT (nested within country), were
considered as random-effect covariates. Adjusted odds ratios
with Wald 95% CI are presented, and P values based on the
comparison between full and reduced models, using the x>
test. A P value of <.05 was considered statistically significant.
Analyses were done with Stata (Statacorp, version 16.1) and
R (version 4.3.0.) [21]. GAMs were fitted using the mgcv
package and GLMMs using the Ime4 package [22, 23]
(Supplementary Material, p. 4f).

RESULTS

Participant Inclusion
From 1731 potentially eligible participants, VISITECT results
were reported for 1622 participants (Figure 1).

Rate of Invalid Results

Among 1622 VISITECT tests, line readings were invalid in 24
cases (1.5%; 95% CI, 1.0%-2.2%). Among 1536 instances where
the color intensity of the test line was reported, 28 (1.8%; 95%
CI, 1.2%-2.6%) were in disagreement with the result interpre-
tation (Supplementary Table 3).

Participant Characteristics

Among 1622 participants with a VISITECT result, 1605
(99.0%) also had a flow cytometry result. One participant
with a typographic error in the flow cytometry value was
excluded. In the primary analysis, 1604 participants were
included (Table 1).

Overall Diagnostic Accuracy
The percentage of participants with CD4 <200 cells/uL by
flow cytometry was 32.5% (95% CI, 30.2%-34.8%). The overall
sensitivity of VISITECT to identify CD4 <200 cells/uL com-
pared to flow cytometry was 92.7% (95% CI, 90.1%-94.7%),
and specificity was 61.4% (95% CI, 58.4%-64.3%) (Table 2).
Among 1604 included participants, 456 (28.4%; 95% CI,
26.2%-30.7%) were misclassified by VISITECT, 418 (26.1%;
95% CI, 23.9%-28.3%) as having CD4 < 200 cells/pL (median
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Potentially eligible
n=1731

Eligible
n=1705

Excluded n = 26
1 <18 years old
1 HIV negative
11 withdrawn
6 day 2 tuberculosis samples collected outside of window
7 relocated

} VISITECT not performed n = 83 I

VISITECT performed
n=1622

‘{ Invalid result reported, VISITECT repeated n = 12 ‘

VISITECT CD4<200 cells/pL
n=912

‘ Cytometry not performed n = 11

Flow cytometry performed
n =901

Final CD4 result
CD4 <200 cells/puL n = 483
CD4 >200 cells/uL n =418

VISITECT CD4>200 cells/puL
n=710

Cytometry not performed n =6

—|

Flow cytometry performed
n=704

4{ Cytometry result incorrectly recorded n=1

Final CD4 result
CD4 <200 cells/pL n = 38
CD4 >200 cells/uL n = 665

Figure 1. Study flow chart. In case of invalid results, the result of the repeated VISITECT was used. Abbreviation: VISITECT, Omega VISITECT CD4 Advanced Disease.

CD4 on flow cytometry 392 (IQR, 281-561), and 38 (2.4%; 95%
CIL, 1.7%-3.2%) as having CD4 > 200 cells/uL (median CD4 on
flow cytometry 126; IQR, 63-174).

VISITECT CD4 Results per Reference CD4 Category

Figure 2 shows the variation in positivity of VISITECT by CD4
test result, and the proportion of PWH correctly and wrongly
classified by VISITECT in different CD4 categories. In the
CD4 categories 0-100 and 101-200 cells/uL, VISITECT mis-
classified, respectively, 4.5% (95% CI, 2.5%-7.2%) and 12.5%
(95% CI, 8.0%-18.2%) as CD4 > 200 cells/pL. In the categories
201-300, 301-500, and >501 cells/puL VISITECT misclassified,
respectively, 74.1% (95% CI, 67.0%-80.5%), 48.0% (95%
CIL, 42.5%-53.6%), and 22.7% (95% CI, 19.3%-26.3%) as
CD4 <200 cells/uL (Supplementary Table 4).

Sensitivity Analysis

When only including 1581 participants with valid line readings,
sensitivity was 93.0% (95% CI, 90.4%-95.0%) and specificity
61.3% (95% CI, 58.3%-64.2%). When including only 1536 par-
ticipants with color intensity reported, sensitivity was 91.8%
(95% CI, 89.0%-94.1%) and specificity 62.5% (95% CI,
59.5%-65.4%) based on that reported color intensity. When in-
cluding only 1551 participants with known lot numbers, the

sensitivity was 92.4% (95% CI, 89.7%-94.6%) and the specific-
ity 60.9% (95% CI, 57.9%-63.8%) (Supplementary Table 5).

Subgroup Analysis

Results of subgroup analyses are presented in Figure 3 and
Supplementary Figure 3. In a multivariable generalized linear
model including log (CD4) on flow cytometry, participants who
were male (vs female), who never used ART or had been on
ART in the past (vs on ART), and who had a positive composite
tuberculosis reference standard (vs negative) had a higher chance
of having a positive VISITECT result at the same CD4 count on
flow cytometry (Supplementary Table 6). VISITECT positivity
at a given CD4 also varied with lot number (P =.003), country
(P <.001, model without operator), and operator (P < .001, nest-
ed in country) (Supplementary Material, p. 4)

DISCUSSION

In this accuracy study of VISITECT to identify advanced HIV
disease, using capillary blood sampling, we found a sensitivity
of 92.7% (95% CI, 90.1%-94.7%), and a specificity 61.4%
(95% CI, 58.4%-64.3%) for VISITECT. Compared to the
WHO minimal threshold of 80% for sensitivity and specificity
for point-of-care CD4 tests to identify advanced HIV disease,
VISITECT exceeded the target for sensitivity, but had lower
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Table 1. Participant Characteristics and Test Results
Characteristics Value
Age, y, median (IQR) 40 (33-48)
Sex
Female 839 (52.3)
Male 765 (47.7)
Patient group
Inpatient 693 (43.2)
Outpatient 911 (56.8)
ART status
On ART 1241 (77.4)
Past ART® 3 (5.8)
Never used ART 252 (15.7)
Unknown 8(1.1)
Tuberculosis symptoms
Cough 1064 (66.3)
Fever 713 (44.5)
Weight loss 1007 (62.8)
Night sweats 605 (37.7)
Seriously ill® 626 (39.0)
Composite tuberculosis reference standard®
Positive 455 (28.4)
Negative 886 (55.2)
Unclassifiable 263 (16.4)
VISITECT result
Above 200-uL reference line 703 (43.8)
Below 200-pL reference line 901 (56.2)
VISITECT intensity test line vs 200-uL reference line
Stronger 700 (43.6)
The same 216 (13.5)
Weaker 620 (38.7)
Result not reported 8 (4.2)
Cytometry CD4, cells/uL, median (IQR) 367 (128-626)
Cytometry CD4 category, cells/uL
0-100 337 (21.0)
101-200 184 (11.5)
201-300 174 (10.8)
301-500 327 (20.4)
>500 582 (36.3)

Data are No. (%) except where indicated.

Abbreviations: ART, antiretroviral therapy; IQR, interquartile range; WHO, World Health
Organization; Xpert, Xpert MTB/RIF Ultra, Cepheid.

Participant reported not being on ART at enrolment but having taken ART in the past.

5Seriously ill if any of the following present: respiratory rate > 30 breaths/min, heart rate > 120
beats/min, body mass index < 18.5 kg/m?, systolic blood pressure <90 mmHg, or being
unable to walk unaided. Among the seriously ill, 208 (33.2%) had WHO stage 3 or 4
disease, 57.0 had stage 1 or 2 disease, and for 61 (9.7%) WHO staging data were missing.
°Day 1-2 sputum Mycobacteria Growth Indicator Tube or Léwenstein-Jensen culture, blood
culture, Xpert urine, Xpert sputum, 2 to 3-month follow-up testing, or additional (nonstudy)
testing on other samples, plus antituberculosis therapy with response.

specificity [24]. Ninety-three percent of participants with
CD4 <200 cells/uL were correctly identified by VISITECT.
However, the positive predictive value was low and there was
important false-positive misclassification across CD4 strata,
also in patients with high CD4 counts. This may lead to over
testing with CrAg LFA and Determine TB LAM, and unneces-
sary administration of cotrimoxazole in those with CD4 counts
above 350 cells/pL. Variation in VISITECT positivity at a given

reference CD4 was associated with sex, ART status, composite
tuberculosis reference standard result, country, VISITECT lot
number, and operator. Specificity was better in subgroups
with higher median CD4 counts. Due to VISITECT’s accept-
able sensitivity but suboptimal specificity, VISITECT may be
well placed as a CD4 triage test, to rule out those with CD4
above 200 cells/pL before conducting a more specific CD4 test.

We found a similar sensitivity, but a significantly lower spe-
cificity for VISITECT compared to published studies [25, 26].
In Ndlovu et al, VISITECT sensitivity and specificity on venous
blood were 95.0% (95% CI, 91.3%-97.5%) and 81.9% (95%
CI, 78.2%-85.2%), and in Lechiile et al 94.1% (95% CI,
88.3%-97.6%) and 85.9% (95% CI, 83.5%-88.0%), respectively
[25, 26]. On capillary blood, a 98.3% (95% CI, 95.0%-99.6%)
sensitivity and a 77.2% (95% CI, 71.6%-82.2%) specificity was
reported [25].

In our study, VISITECT sensitivity was in line with previous
studies and above the WHO threshold [24-26]. Only 38 (2.4%)
were false negatives, and 92.7% of patients would have rightly
received the AHD care package [5]. Specificity of VISITECT
was low; among 1084 participants with a reference CD4 >
200 cells/pL, 418 (38.6%) were misclassified as having CD4 <
200 cells/pL. In published studies, false-positive misclassifica-
tion after testing with venous blood was around 12%, occurring
primarily in the CD4 ranges just above 200 cells/uL [25, 26]. In
Ndlovu et al, the median CD4 among false positives was 252
cells/uL (IQR, 222-306 cells/pL) compared to 392 cells/uL
(IQR, 281-561 cells/pL) in our study, and Lechiile et al reported
that 67% (89/132) of false positives had CD4 counts below
350 cells/pL, versus 40% (165/418) in our study [25, 26].
Even those with CD4 above 500 cells/uL still had an almost 1
in 4 chance of being misclassified by VISITECT in our study.
All false positives would have been unnecessarily tested with
CrAg LFA, after a finger-prick or blood draw. Other partici-
pants could have received unnecessary Determine TB LAM
screening, or cotrimoxazole in case of a true CD4 above 350
cells/pL (if no other indication existed). Using VISITECT re-
sults instead of cytometry thus has a potential harmful impact
on patients, and the cost-effectiveness of over diagnosing
CD4 <200 cells/uL should be established. However, noting
its high sensitivity, VISITECT could be a considered as
CD4 triage test for decentralized screening, to select candidates
for a second confirmatory CD4 test. Feasibility and cost-
effectiveness of this approach should be evaluated.

Variation in VISITECT diagnostic accuracy by ART and
composite tuberculosis reference standard result could poten-
tially be linked to changes in blood composition in those
with tuberculosis or a high HIV load, although this assumption
requires further investigation. The large CIs for VISITECT pos-
itivity in the graph of Thailand (Supplementary Figure S3) can
be explained by the lower sample size (n = 123). Tanzania was
the only outpatient-only site, with the highest median CD4, and
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Table 2. Diagnostic Accuracy of VISITECT CD4 Advanced Disease

Flow Cytometry Result, Reference Standard

VISITECT CD4 Advanced Disease Result, Index Test CD4 <200 cells/uL CD4 > 200 cells/uL Total
CD4 <200 cells/uL 483 418 901 PPV, 63.6% (50.3%-56.9%)
CD4 > 200 cells/uL 38 665 703 NPV, 94.6% (92.7%-96.2%)
Total 521 1083 1604

Sensitivity, 92.7%
(90.1%-94.7%)

Specificity, 61.4%
(58.4%—-64.3%)

Sensitivity, specificity, PPV, and NPV are presented as percentages with 95% confidence inte

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.

rvals.

100% T AT R T T . :
— 52%
5 96% ; 0 | correct VISITECT test
£ 0% ; 7% | wrong VISITECT test
= i — model fit (GAM)
g 8% --=- 95% Cl limit
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>
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Figure 2. Variation in positivity of VISITECT CD4 Advanced Disease by CD4 test result by flow cytometry. The black line represents a generalized additive model of positive
VISITECT results (classification as CD4 < 200 cells/pL) as a function of the CD4 on flow cytometry (reference standard), with a 95% CI. This line represents true positivity

when reference CD4 < 200 cells/plL and false positivity when reference CD4 > 200 cell

s/puL. Red and green ticks represent observed results. Under 200 cells/pL, an observed

result is either a true positive (100%, above, green) or false negative (0%, below, red) while under 200 cells/pL, an observed result is either a true negative (0%, below, green)

or false positive (100%, above, red). Proportions present the observed proportion of co

rrect (in green) and wrong (in red) classification by VISITECT as CD4 < 200 cells/uL or

>200 cells/pL, in the following CD4 categories by flow cytometry: 0-100, 101-200, 201-300, 301-500, and >500 cells/pL (empirical data). Abbreviations: Cl, confidence
interval; GAM, generalized additive model; VISITECT, VISITECT CD4 Advanced Disease.

less participants in the CD4 range of CD4 201-300 cells/pL. As
most false-positive misclassification happened close to the
200-reference line (Figure 2), this translated into a higher sub-
group specificity. A similar trend can be seen in outpatients ver-
sus inpatients, where subgroup specificity is higher in
outpatients, who are generally healthier and who had a higher
median CD4. We included a large variety of operator profiles,
exposed to different training methods, which may explain indi-
vidual operator-specific variation in VISITECT performance,
reflecting the real-world rollout of this tool. In previous studies,
only laboratory technicians performed VISITECT on venous
blood, and nurses, doctors, and laboratory technicians per-
formed VISITECT on capillary blood [25, 26]. VISITECT

accuracy was not the primary endpoint of this trial, and
VISITECT was one of many procedures. The VISITECT proce-
dure takes 40 minutes, includes multiple different steps and
difficult reading, requiring dedicated staff with repeat training
[25, 27]. VISITECT result interpretation caused errors in our
study; some invalid results were labelled as valid, and we ob-
served discrepancies between reported color intensity and re-
1.8% Difficulties with
VISITECT results reading has been previously reported to

sult interpretation in of tests.
pose challenges when implementing an enhanced AHD care
package, and repeat training and monitoring of operators
may be necessary [27]. However, taking into account the dis-

crepancies in results reported by operators in sensitivity
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Median CD4

Category Subgroup n  TPFPFNTN Sensitivity, % (95% Cl) Specificity, % (95% ClI) cells/pL (IQR)
Overall 1604 483 418 38 665 e 92:7 (901947} i 614 (58-4-64-3) 367 (128-626)
Patient group

Outpatients 911 143 234 22 512 e 86-7 |80-5-91-5) = 686 (65:2-72:0) 499(270-701)
Inpatients 693 340 184 16 153 F—e—i 955 (92.8.97.4) —— 454 (40-0-50-9) 182 (55-422)
ART status
On ART 1241 255 346 26 614 —— 907 (86:7-93-9) i 640 (60-8.67:0) 452 (224-679)
Past ART 83 688 13 2 10 F——s—  97-1(90-1-99-7) 435 (23-2-65-5) 60 (24-184)
Meverused ART252 14853 1041 —e—  937(887969) —— 436 (33-4-54.2) 127 (45-293)
Unknown 1B 126 00 — + 1000 (75:5-100-0) 00 (0-045:9)* 110 (46-353)
Composite tuberculosis reference standard
Positive 55 19312113 128 e 93.7 (89.5.96:6) e 514 (450-57-8) 245 (80-091)
Negative BBE 172 23122 461 —— 887 (83-3-92:8) —e—i 666 (63-0-70-1) 473 (228-696)
Unclassifiable 263 11866 3 76 ——e4 975 (93-0-99-5) e 535 (450-61:9) 239 (62-490)
Country ————— =
Malawi 47 97 1185 127 ——e—f  95.188-9.98.4) i 518 (45-4582) 395 (172-640)
Zambia 325 88 113% 109 b 90-7 (83-1-95-7) —_— 478 (41:2-54'5) 353 (153-543)
Uganda 232 74 56 5 97 1 93.7(858979) i 634 (55.2-710)  370(92-703)
Tanzania 227 19 46 8 154 F - ! 70-4 (49-8-86-2) 770 (10-5-82-6) 604 (403-803)
South Africa 182 10825 4 45 —— 964 (91-1-990) F . 643 (51:9-75-4) 118 (31-298)
Vietnam 168 35 22 4 107 — . 1 897 (758-97-1) -~ 829 (75-3-89-0) 464 (216-688)
Thailand 123 62 32 3 26 ——+— 954 (87-1-99-0) . — 44-8 (31-7-58-5) 186 (73-358)
VISITECT lot number
7066442 470 1111289 222 ——— 92:5 (86-2-96-5) i 63-4 (58-1-68:5) 469 (193.705)
7066108 371 11979 15158 — 88-8 {82-2-93-6) - 667 (60-3-72:6) 317 (104-606)
7065820 214 64 70 2 78 e 97:0(89-5.99-6) ! - ] 527 (44-3610) 391 (154-621)
7066873 215 77 61 5 72 — 939 (86-3-98-0) e 54-1(45-3-62-8) 294 (98-527)
7066360 124 22 14 3 85 - 4 880(688975) —_— 859 (77-4-92-1) 499 (249-709)
y
60 80 100 0 0 40 60 80 10

Figure 3.  Subgroup analysis for point estimates of sensitivity and specificity of VISITECT CD4 Advanced Disease by CD4 test compared to flow cytometry. The dotted line
represents the minimum/acceptable standard for sensitivity and specificity for a point-of-care CD4 test to be used as part of the enhanced care package for advanced HIV
disease specified by the World Health Organization [24]. Tanzania was an outpatient-only site, South Africa an inpatient-only site. *Indicates 1-sided Cl. Abbreviations: ART,
antiretroviral treatment; Cl, confidence interval; FN, false negative (CD4 > 200 cells/uL); FP, false positive (CD4 < 200 cells/pL); IQR, interquartile range; TN, true negative
(CD4 > 200 cells/pL); TP, true positive (CD4 < 200 cells/uL); VISITECT, VISITECT CD4 Advanced Disease.

analyses did not change our conclusions. Excluding 53 incor-
rectly reported lot numbers from the analysis also did not affect
outcomes significantly. The lowest previously reported specific-
ity of VISITECT (77.2%), by Ndlovu et al, was measured using
finger-prick samples. In that study, operators also found finger-
prick more challenging compared to venous blood sampling
[25]. Bias might be introduced by sample dilution following ex-
cessive finger pressure during finger-prick sampling [25, 28].
Variation in performance of PIMA on finger-prick, and lower di-
agnostic accuracy after finger-prick versus venous blood with
FACSpresto have been reported [29, 30]. Specific sampling tech-
nique trainings were performed, but repeat trainings and addi-
tional site visits, limited due to COVID-19, might have
benefitted some operators. A situation in which CD4 testing is
performed by different cadres as part of a comprehensive health
assessment, and after varying levels of training intensity, reflects
a situation closer to the field reality compared to previous studies.

We found multiple variables associated with VISITECT pos-
itivity in a multivariable model. Besides the hypotheses above,
interaction, confounding, and multicollinearity may also influ-
ence these relationships. The effect of the true CD4 may not be
completely represented by the model, and there may be un-
known factors not accounted for. For instance, we did not cor-
rect for operator profiles or reference flow cytometry devices
used. Therefore, it is difficult to establish a causal relationship
between studied variables and VISITECT performance. What
is clear from stratified analysis is that only for 2 of 7 countries
(Tanzania and Vietnam) and 1 of 5 VISITECT lot numbers
(with minimum 100 tests) the 95% CI for specificity included

80% [24]. This lot number (7066360) was used in 73.8% of par-
ticipants from Vietnam. These 2 countries also had the highest
median CD4 counts. Noting the overall large variation in sub-
group performance, random variation may also contribute to
this “good” performance. Graphically, we showed that despite
subgroup variation, the VISITECT positivity rate remained
high at high reference CD4 counts, and the curve slopes were
not steep around the cutoff of 200 cells/uL, which would be nec-
essary for an ideal test to identify this cutoff.

Strengths of our study include the large sample, with multi-
ple settings and operators, representing the most pragmatic
evaluation of VISITECT so far reported, mirroring real-life ap-
plication. Yet, we performed rigorous data collection in a trial
setting. We did not compare different sampling methods,
which is a limitation. However, if VISITECT sampling were re-
stricted to venous blood, requiring specific materials and train-
ing, and exposing operators to additional biohazard, this would
limit VISITECT’s usability in decentralized settings. We used
different flow cytometry devices and did not conduct a harmo-
nization process or external quality assessment. No interim
analysis was conducted, which could have highlighted the per-
formance challenges of VISITECT during the study.

In conclusion, in our study, VISITECT, when conducted on
capillary blood, did not reach WHO threshold for specificity for
a point-of-care CD4 test to be used as part of the enhanced
AHD care package, by over a 10% points margin [5]. Due
to the overall suboptimal performance, and considering
VISITECT lot number-, operator- and country-specific varia-
tion in its diagnostic accuracy, VISITECT quality should be
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optimized before further use and its WHO prequalification sta-
tus reevaluated. The potential for VISITECT as CD4 triage test
should be further explored. Accubio should consider these re-
sults in postmarketing surveillance, as global scale-up is ongo-
ing in less controlled conditions compared to our study [14].
New and existing manufacturers of point-of-care CD4 tests
should optimize devices to meet the world’s need.
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