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Abstract

Objective: CD4þ T lymphocyte count remains the most common biomarker of immune status

and disease progression in human immunodeficiency virus (HIV)-positive individuals.

VISITECTVR CD4 is an instrument-free, low-cost point-of-care CD4 test with a cut-off of 350

CD4 cells/lL. This study aimed to evaluate VISITECTVR CD4 test’s diagnostic accuracy.

Methods: Two hundred HIV-positive patients attending a tertiary HIV centre in South India were

recruited. Patients provided venous blood for reference and VISITECTVR CD4 tests. An additional

finger-prick blood sample was obtained for VISITECTVR CD4. VISITECTVR CD4’s diagnostic perfor-

mance in identifying individuals with CD4 counts �350 cells/lL was assessed by calculating
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sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) taking

flow cytometry as the reference.

Results: The overall agreement between VISITECTVR CD4 and flow cytometry was 89.5% using

venous blood and 81.5% using finger-prick blood. VISITECTVR CD4 showed better performance

using venous blood [sensitivity: 96.6% (95% confidence interval: 92.1%–98.9%), specificity: 70.9%

(57.1%–82.4%), PPV: 89.7% (83.9%–94.0%) and NPV: 88.6% (75.4%–96.2%)] than using finger-

prick blood [sensitivity: 84.8% (77.9%–90.2%), specificity: 72.7% (59.0%–83.9%), PPV: 89.1%

(82.7%–93.8%) and NPV: 64.5% (51.3%–76.3%)].

Conclusion: VISITECTVR CD4 performed well using venous blood, demonstrating its potential

utility in decentralization of CD4 testing services in resource-constrained settings.
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Introduction

CD4þ T cell count is an indicator of

immune function and remains an important

tool to assess human immunodeficiency

virus (HIV) disease stage, progression, and

prognosis. HIV infection leads to depletion

of CD4þ T cells in gut-associated lymphoid

tissue with subsequent reductions of circu-

lating CD4þ lymphocytes in the peripheral

blood.1 Current WHO guidelines recom-

mend lifelong antiretroviral therapy

(ART) regardless of CD4þ cell count, with

analysis of viral load as the preferred mon-

itoring approach.2 However, assessment of

CD4þ count at diagnosis can improve early

ART initiation and retention.3 For patients

with higher CD4þ counts (>350 cells/lL),
longer term ART adherence may be

enhanced if the patient is prepared for a

few weeks through ART HIV education

and counselling until ART readiness is con-

firmed. Previous studies have shown that

access to CD4þ testing following diagnosis

could improve ART initiation and

retention4,5 and predict treatment

outcomes: low CD4þ counts (<350 cells/
mL) were associated with increased risk of
non-adherence.6 In resourced-constrained
setting where universal treatment is not fea-
sible, ART initiation should be prioritised
in HIV-positive individuals with advanced
disease or CD4þ counts of less than 350
cells/mL2. Standard laboratory based
CD4þ cell measurement techniques require
an initial investment in flow cytometric
technology, infrastructure requirements
and associated reagent; these can be unaf-
fordable or unavailable in resource-
constrained settings, limiting patient access
to CD4þ testing.7 Point-of-care (POC)
CD4þ testing has the potential to overcome
challenges of traditional laboratory based
approaches and can provide reliable results
under field conditions.8

The lateral flow-based VISITECTVR CD4
rapid test (Omega Diagnostics, UK) is a
promising tool to guide treatment decisions
at the POC without extensive training or
sophisticated equipment. This test provides
a semi-quantitative determination of CD4
counts with a cut-off of 350 cells/mL.
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The schematic and testing procedures for
VISITECTVR CD4 have been reported
elsewhere.9

This study aimed to evaluate the diag-
nostic accuracy of VISITECTVR CD4 in
detecting CD4þ counts less than 350 cells/
mL compared with the gold standard, flow
cytometry.

Materials and methods

This was a prospective diagnostic accuracy
study. HIV-positive patients attending the
HIV clinic at the YRG Centre for AIDS
Research Education (YRG CARE),
Chennai, India, were consecutively
recruited between May and September
2017. No inclusion or exclusion criteria
were applied beyond confirmation of HIV
infection. All study participants aged 15
years and older provided written informed
consent prior to enrolment. The study was
approved by the YRG CARE institutional
ethics committee. All procedures were con-
ducted in accordance with the principles
laid out in the 1964 Declaration of
Helsinki and its later amendments

An expected sensitivity of 60% was
reported in earlier studies.9,10 CD4þ cells
were enumerated from all specimens using
both VISITECTVR CD4 and flow cytometry.
Staff were trained to perform the
VISITECTVR CD4 test by experienced oper-
ators from Omega Diagnostics.

Limited sociodemographic information
was collected using previously developed
data collection forms to capture partici-
pants’ age and gender. A unique study ID
was assigned to each participant to link
sociodemographic information with diag-
nostic test results. A trained phlebotomist
collected a finger-prick blood sample with
a lancet and the venous whole blood speci-
mens were collected using a 2-mL vacu-
tainer tube (Becton Dickinson, Franklin
Lakes, NJ, USA) containing ethylenedi-
aminetetraacetic acid.

For each participant, four CD4þ tests

were performed in parallel at the YRG

CARE laboratory by trained lab techni-

cians: (i) VISITECTVR CD4 from finger-

prick blood (performed and documented

by one lab technician); (ii)

VISITECTVR CD4 from venous blood (two

tests by two lab technicians); and (iii) a ref-

erence flow cytometric CD4þ count using

FlowCARE PLG CD4þ reagent and a

NAVIOS flow cytometer (Beckman

Coulter, Brea, CA, USA) performed using

the same venous sample used for

VISITECTVR CD4. The output in the

VISITECTVR CD4 test was either above ref-

erence (AR; CD4þ> 350 cells/mL) or below
reference (BR; CD4þ cells< 350 cells/mL).
Finger-prick testing was performed at the

POC and the results were recorded immedi-

ately. Venous specimens were transported

to the laboratory in gel-packed

containers and maintained at 20–25�C
before testing. The testing laboratory was

in the second level of the same block

as the specimen collection centre.

All CD4þ assessments were performed

within 6 hours of sample collection.

VISITECTVR CD4 tests were performed and

results were recorded independently and

blinded from the results of other testing

procedures. The flow cytometry results

were used for patient management and the

VISITECTVR CD4 test results did not influ-

ence clinical management of the patients

participating in this study.
The diagnostic performance of

VISITECTVR CD4 in identifying samples

with CD4þ counts less than 350 cells/mL
was assessed by calculating sensitivity, spe-

cificity, positive predictive value (PPV) and

negative predictive value (NPV). Analyses

were performed using STATA statistical

software version 15.0 (Stata Corp, College

Station, TX, USA). Findings were reported

according to the STARD reporting

guidelines.11
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Ethical approval and informed consent

All procedures were in accordance with the

ethical standards of the YRG CAREs insti-

tutional review board, as well as the 1964

Declaration of Helsinki and its later amend-

ments. Informed consent was obtained

from all participants included in the study.

Results

Demographic characteristics of study

participants

Among the 200 HIV-positive patients

recruited to the study, 123 were men

(61.5%) and 77 were women (38.5%). The

median age was 40 years (interquartile

range [IQR]: 36–47.5 years; range: 15–68

years). CD4 counts ranged from 3 to 1264

cells/lL with a median of 222 cells/lL
(IQR: 86.5–375 cells/lL). One hundred

and forty-five patients (72.5%) had CD4

counts of �350 cells/lL and 55 (27.5%)

had CD4 counts of >350 cells/lL according

to the reference test (flow cytometry).

Twenty-four (12%) participants had

CD4þ counts between 300 and 400 cells/

lL, of whom 14 and 10 had CD4 counts

of 300–350 and 351–400 cells/lL, respec-

tively. One participant had a CD4 count

of exactly 350 cells/lL. There were no

inconclusive reference or VISITECTVR CD4

test results.

VISITECTVR CD4 from finger-prick blood

The disposable VISITECTVR CD4 test uses

30 mL of whole blood and provides semi-

quantitative results at a 350 cells/mL cut-

off within 40 minutes (Figure 1). The

visual interpretation of AR and BR for

finger-prick blood samples using the

VISITECTVR CD4 test was compared for

agreement with the quantitative results of

flow cytometry. The overall agreement

was 81.5% (163/200; Figure 2). The

sensitivity, specificity, PPV and NPV of
VISITECTVR CD4 from finger-prick blood
were 84.8% [95% confidence interval (CI):
77.9% to 90.2%], 72.7% (59.0% to 83.9%),
89.1% (82.7% to 93.8%) and 64.5%
(51.3% to 76.3%), respectively (Table 1A).
The performance characteristics of
VISITECTVR CD4 excluding the 24 speci-
mens with CD4þ counts between 300 and
400 cells/lL are given in Table 1B for both
finger-prick and venous blood samples.

VISITECTVR CD4 from venous blood

The overall agreement between
VISITECTVR CD4 from venous blood and
flow cytometry was 89.5% (179/200;
Figure 3). The sensitivity, specificity, PPV
and NPV of VISITECTVR CD4 were 96.6%
(95% CI: 92.1% to 98.9%), 70.9% (95%
CI: 57.1% to 82.4%), 89.7% (95% CI:
83.9% to 94.0%) and 88.6% (95% CI:
75.4% to 96.2%), respectively (Table 1A).
A second (duplicate) VISITECTVR CD4 test
from venous blood gave similar results
(Figure 3 & Table 1A). One specimen
result was invalid because of a missed con-
trol line and this was not included in the
analysis.

Discussion

In this study, we assessed the diagnostic
performance of VISITECTVR CD4, an
affordable, equipment-free test for semi-
quantitative measurement of CD4 counts
at the POC. We compared the results of
the VISITECTVR CD4 test using both
finger-prick and venous blood samples
with those of the gold standard (flow
cytometry) using a cut-off of 350 cells/mL.
We found that the results of the
VISITECTVR CD4 test agreed well with
those of the reference test, with an overall
agreement of 81.5% for finger-prick blood
samples and 89.5% for venous blood
samples.
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We observed better performance of the

VISITECTVR CD4 test using venous blood

compared with finger-prick blood samples.

This was reflected in a higher sensitivity in

detecting samples with �350 cells/mL

[96.6% (95% CI: 92.1% to 98.9%) vs

84.8% (95% CI: 77.9% to 90.2%)]. This

result corroborates those of a study con-

ducted in South Africa showing superior

performance of VISITECTVR CD4 using

Index test; n=200

VISITECT® CD4 ≤350 cells/μL;
n=138

VISITECT® CD4 >350 cells/μL;
n=62

Reference standard; n=138

Eligible par�cipants; n=200
(with 200 tests)

Inconclusive VISITECT® CD4
results; n=0

Reference standard; n=62 Reference standard; n=0

Excluded; n=0

No reference test
n=0

No reference test
n=0

No reference test
n=0

Reference CD4
≤350 cells/μL;

n=123

Reference CD4
>350 cells/μL;

n=15

Reference CD4
≤350 cells/μL;

n=22

Reference CD4
>350 cells/μL;

n=40

Reference CD4
≤350 cells/μL;

n=0

Reference CD4
>350 cells/μL;

n=0

Inconclusive; n=0Inconclusive*;
n=0

Inconclusive*;
n=0

Figure 2. Flow diagram of 200 VISITECTVR CD4 tests performed using 200 finger-prick blood samples
reported as per the STARD statement.11 *Results of the second (duplicate) VISITECTVR CD4 test using
venous blood.

Figure 1. Interpretation of VISITECTVR CD4 test results.
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venous blood (sensitivity 81.7%, 95% CI:

72.3% to 91.1%) compared with finger-

prick blood (sensitivity 60.7%, 95% CI:

45.0% to 76.3%).9 It is notable, however,

that the sensitivity of VISITECTVR CD4

reported here was significantly higher than

that reported in the South African study

using both sample types (96.6% vs 81.7%

for venous blood and 84.8% vs 60.7% for

finger-prick blood). This improved perfor-

mance could result in part from the

laboratory-based design and minor

improvements to the test kit used in the pre-

sent study. Another potential explanation

for this difference was the distribution of

CD4þ counts in our study population.

A moderate proportion (24.5%) of patients

had CD4þ counts between 250 and 450

cells/mL and the majority of samples

(75.5%) fell outside this range. There may

also be differences in the frequency of low

CD4þ counts (<350 cells/mL) between

Indian and African populations. Our

findings further confirm that the

VISITECTVR CD4 test using venous blood

could serve as a reliable alternative for mea-

surement of CD4 counts, enabling accurate,

timely clinical decision making at the POC.
The option to use finger-prick blood

samples makes the VISITECTVR CD4 test

particularly suitable for health care workers

in settings where venipuncture may not be

Table 1A. Performance characteristics of the VISITECTVR CD4 Test.

Flow cytometry

VISITECTVR CD4 test (visual reading)

Venous blood Finger-prick blood

�350 cells/mL >350 cells/mL �350 cells/mL >350 cells/mL

�350 cells/mL (145) 140 5 123 22

>350 cells/mL (55) 16* 39* 15 40

Sensitivity, % (95%CI) 96.6% (92.1% to 98.9%) 84.8% (77.9% to 90.2%)

Specificity, % (95%CI) 70.9% (57.1% to 82.4%) 72.7% (59.0% to 83.9%)

PPV, % (95%CI) 89.7% (83.9% to 94.0%) 89.1% (82.7% to 93.8%)

NPV, % (95%CI) 88.6% (75.4% to 96.2%) 64.5% (51.3% to 76.3%)

*The results of the second (duplicate) VISITECTVR CD4 test using venous blood were 17 and 38 participants with�350 and

>350 cells/lL, respectively, giving a sensitivity of 96.6% (92.1% to 98.9%), a specificity of 69.1% (55.2% to 80.9%), a PPV of

89.2% (83.2% to 93.6%) and a NPV of 88.4% (74.9% to 96.1%).

Table 1B. Performance characteristics of the VISITECTVR CD4 test excluding borderline specimens
(n¼ 24).

Flow cytometry

VISITECTVR CD4 test (visual reading)

Venous blood Finger-prick blood

�350 cells/mL >350 cells/mL �350 cells/mL >350 cells/mL

<300 cells/mL (131) 128 3 115 16

>400 cells/mL (45) 8 37 11 34

Sensitivity, % (95%CI) 97.7% (93.5% to 99.5%) 87% (80.9% to 92.9%)

Specificity, % (95%CI) 82.2% (67.9% to 92.0%) 75.6% (60.5% to 87.1%)

PPV, % (95%CI) 94.1% (89.5% to 96.8%) 91.3% (86.2% to 94.6%)

NPV, % (95%CI) 92.5% (80.0% to 97.4%) 68.0% (56.6% to 77.6%).
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feasible. Whilst the high sensitivity (and

PPV) of VISITECTVR CD4 using a 350-

cells/mL cut-off and venous blood is encour-

aging, the lower specificity (and NPV) using

finger-prick samples could be considered a

limitation. Up to 35% (22/62) of patients

had false negative results (CD4 count

>350 cells/mL by VISITECTVR CD4 using

finger-prick blood but were demonstrated

to have �350 CD4 cells/mL by flow cytom-

etry). These patients (22/145 or 15% of

patients with CD4 counts �350 cells/lL
by flow cytometry) would not be given

appropriate care if clinical decision relating

to their immunological status and disease

progression stage was based on

VISITECTVR CD4 test results from finger-

prick blood.
Differences in the diagnostic perfor-

mance of POC CD4 tests using finger-

prick compared with venous blood have

been previously reported.12,13 In spite of

the laboratory challenges in resource-poor

settings14 studies have shown that absolute

CD4 counts and CD4 percentages obtained

from capillary and venous blood are gener-

ally in agreement.15,16 Thus, researchers

have speculated that test operator errors17

or variation in sample volume collection18

may be the causes of sub-optimal diagnostic

performance of POC CD4 tests using

finger-prick or capillary blood.
In this study, the VISITECTVR CD4 test

was performed by trained lab technicians

using provided capillary tubes for sample

collection in a clinical laboratory setting.

This design minimises the likelihood of

test operator errors and/or sample collec-

tion errors as contributing factors to sub-

optimal performance of the test using

finger-prick blood. The results of duplicate

testing of venous blood samples by different

Index test; n=200

VISITECT® CD4 d350

cells/µL; n=156 (157)*

VISITECT® CD4 >350

cells/µL; n=44 (43)*

Reference standard; n=156

(157)*

Eligible participants; n=200

(with 200 tests)

Inconclusive VISITECT® CD4

results; n=0

Reference standard; n=44

(43)*

Reference standard; n=0

Excluded; n=0

No reference test

n=0
No reference test

n=0

No reference test

n=0

Reference CD4

≤350 cells/µL;

n=140

Reference CD4

>350 cells/µL;

n=16 (17)*

Reference CD4

≤350 cells/µL;

n=5

Reference CD4

>350 cells/µL;

n=39 (38*)

Reference CD4

≤350 cells/µL;

n=0

Reference CD4

>350 cells/µL;

n=0

Inconclusive; n=0Inconclusive*;

n=0

Inconclusive*;

n=0

Figure 3. Flow diagram of 200 VISITECTVR CD4 tests performed using 200 venous blood samples reported
as per the STARD statement.11 *Results of the second (duplicate) VISITECTVR CD4 test using venous blood.
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test operators confirmed that the

VISITECTVR CD4 test performed reliably

using venous blood. However, the single

finger-prick test by a third test operator

did not allow head-to-head comparison

between the venous and finger-prick tests

results. Thus, test operator variation could

not be ruled out as a source of differences

in the diagnostic performance of

VISITECTVR CD4 test for different sample

types. Research into the potential causes

of the differential accuracy of the

VISITECTVR CD4 test using finger-prick

blood samples is needed to guide implemen-

tation strategies, especially because finger-

prick blood sampling would be the

preferred method for POC CD4 testing.19

Conclusions

CD4 testing remains an important part of

HIV treatment and care. The strong perfor-

mance of VISITECTVR CD4 using venous

blood confirms its potential for decentrali-

sation of CD4 testing services in resource-

constrained settings. Further improvements

in the diagnostic performance of

VISITECTVR CD4 using finger-prick blood

are needed to maximise the potential

impact of this test when deployed in

the field.
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