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Abstract
We assessed the diagnostic accuracy and usability of the rapid semiquantitative point of
care VISITECT® CD4 Advanced Disease Assay, compared to routinely obtained CD4
counts among people living with HIV in Ethiopia and Indonesia. We consecutively
enrolled people living with HIV aged ≥10 years who were newly diagnosed, had inter-
rupted antiretroviral treatment for ≥3 months, or were feeling unwell. Venous blood was
drawn to obtain CD4 counts on routinely available test instruments and a VISITECT®

CD4 Advanced Disease Assay result. The sensitivity of VISITECT® CD4 Advanced Dis-
ease Assay was high (97.8%, 95% confidence interval [CI], 94.4–99.4%), but the specificity
was low (32.7%, 95%CI, 27.9–37.8%). It significantly increased to 42.5% (95%CI,
33.2–52.1%) after retraining of laboratory staff, but remained low. The low specificity of
VISITECT® CD4 Advanced Disease Assay was due to poor capacity in test reading by
routine staff. Reading the test strip is error-prone and requires intensive and regular
training. Reading aids may improve the usability of this essential point of care test.
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BACKGROUND

Next to viral load, an essential parameter to evaluate immu-
nosuppression and monitor antiretroviral treatment (ART)
response in people living with HIV (PLHIV) is the cluster of
differentiation 4 (CD4) cell count. Advanced HIV disease
(AHD, defined as a CD4 cell count of <200 cells/mL or
meeting the criteria for WHO Stage 3 or 4 [1]), may lead to
a range of opportunistic infections, including tuberculosis
(TB) [2]. Quick identification of AHD, follow-up testing for
opportunistic infections, and provision of prophylaxis
for some of these is important to reduce mortality in this
vulnerable group of patients [2]. To support rapid TB diag-
nosis among PLHIV, WHO recommends the use of a

simple instrument-free bedside urine-based lateral flow
(LF) mycobacterial lipoarabinomannan (LAM) antigen test
(Alere Determine TB LAM Ag, Abbott, Palatine, IL) [3].
However, this LF assay provides higher sensitivity and speci-
ficity at lower CD4 counts [4, 5], creating the need for a quick
estimate of the CD4count to ensure accurate diagnosis.

Flow cytometry is regarded as the “reference standard” for
enumeration of CD4 cells but is usually only available at referral
level. This means that blood samples need to be transported for
analysis, and the resulting blood counts are not readily available
to the clinician [6, 7]. Until recently, several near point of care
(POC) analysers for the estimation of CD4 counts were avail-
able, such as Alere Pima (Abbott, Illinois, USA) [8–10] and
FACSPresto (BD, NJ) [11]. Unfortunately, for commercial rea-
sons, Pima was discontinued in 2022 and FACSPresto in 2023,
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Disease assay (VISITECT-CD4-AD) as the only option cur-
rently for obtaining an estimate of a PLHIV’s CD4 count at
POC [12]. This semi-quantitative rapid LF assay, now called
AccuBio VISITECT® CD4 Advanced Disease (AccuBio Ltd.,
UK), uses capillary or whole blood to estimate whether the CD4
count is above, or below and equal to 200 cells/μL. It is regarded
as an instrument-free technology [13, 14] and can be used at the
primary health care level and even at the patient’s bedside. The
VISITECT-CD4-AD assay also is used to triage patients for
LAM testing in resource-limited settings as it has demonstrated
high sensitivity but a somewhat lower specificity [14, 15].

In this study, nested in a project assessing the utility of
FujiLAM lateral flow assays in the diagnosis of TB, we
assessed the diagnostic accuracy and usability of VISITECT-
CD4-AD when routinely implemented as a POC test to
detect CD4 counts below and equal to or above 200 cells/μL
in comparison with routinely used analysers for CD4 count
among PLHIV presenting at primary, secondary, and ter-
tiary health facilities in Ethiopia and Indonesia.

METHODS

Study design

Prospective diagnostic accuracy study following the Stan-
dards for Reporting Diagnostic accuracy studies (StaRD)
[16] (Table S2).

Study population

Between 14 August 2020 to 31 July 2021, we consecutively
enrolled outpatient and inpatient PLHIV aged 10 years and
above from in- and outpatient wards of health facilities serv-
ing large cohorts of PLHIV: three hospitals and four health
centres in Addis Ababa, Ethiopia, and four hospitals in
Jakarta, Indonesia. Eligible participants were either newly
diagnosed with HIV or had interrupted ART for at least
3 months at the time of enrollment, or presented with any
symptoms or signs suggestive of TB per local guidelines, or
were seeking care because they reported feeling unwell. After
confirming eligibility and providing information about the
study, written informed consent was obtained from all partic-
ipants. For participants younger than 18 years, written paren-
tal consent was required; for children aged 12–17 years, in
addition, we obtained their written assent. Demographic
information (e.g., date of HIV diagnosis, and information on
ART, HIV clinical staging [1], clinical complaints and hospi-
tal admission) was collected on standardised forms.

Training

Prior to study start, an in-person one-day training on
VISITECT-CD4-AD was provided to laboratory technicians
from all sites by trainers who had received training from the

manufacturer. The training included theory, test result inter-
pretation using a panel of 40 dummy strips from blood sam-
ples with different CD4 reference counts that had been
provided by the manufacturer for training purposes and a
practical assignment overseen by the expert trainer. Shortly
before the start of the study, a refresher training, including
practice, was given by local study staff who had been trained
as a trainer.

In May 2021, after noticing discrepancies between
VISITECT-CD4-AD results and reference CD4 counts, the
investigators contacted the manufacturer who then offered
an online self-assessment to assess their competency in strip
reading. Next, the manufacturer’s experts, by sharing a
checklist to tackle the possible causes of observed discrepan-
cies and discussions, remotely checked if blood samples had
been correctly drawn and stored, if the VISITECT-CD4-AD
test was conducted according to the instructions, and if
there were any quality issues with the instruments for the
CD4 reference counts. After all potential causes for the dis-
crepancies were excluded, the manufacturer’s staff provided
comprehensive retraining including online theory and prac-
tical video-taped exercises on VISITECT-CD4-AD result
interpretation to all laboratory technicians in both countries.
At the end of the training, all trainees were certified by the
manufacturer.

VISITECT-CD4-AD and reference CD4 count
testing

From each participant, venous blood was drawn into 4 mL
EDTA-containing tubes. In Indonesia, two tubes of blood
were collected per participant: one for VISITECT-CD4-AD
and one for the reference CD4 count, and the blood was
tested within 2 h of collection. In Ethiopia, one tube was col-
lected for both tests; blood was kept at room temperature
during transport and storage and was tested within 24 h of
collection. VISITECT-CD4-AD was conducted according to
the manufacturer’s instructions [17]. In short, 30 μL of
whole blood was transferred to well A of the test device and
after 3 min, a drop of running buffer was added to the same
well. After 17 min, three drops of sample buffer were added
to well B. After 20 min, the test result was read as >200
cells/μL if the intensity of the test (T) line was higher than
that of the reference (200 line), and as ≤200 cells/μL if the
test line’s intensity was equal to or lower than that of the ref-
erence line, following the manufacturer’s instructions. Tests
missing a control (C) or 200-line were considered invalid
and were repeated once using the remaining whole blood.
The final test result was used for data analysis.

Reference CD4 counts were obtained using the available
platform on-site: FACSPresto (Becton Dickinson and Com-
pany, BD Biosciences, San Jose, California, USA; in most
Ethiopian sites), FACSCalibur (BD Biosciences, San Jose,
California, USA; one Ethiopian site), Pima™ (Abbott Rapid
Diagnostics, Jena, Germany; two Indonesian sites) or FACS-
Via (BD Biosciences, San Jose, CA; two Indonesian sites).
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Laboratory staff conducting VISITECT-CD4-AD were
blinded to the results of flow cytometry and vice versa.
VISITECT-CD4-AD is commercially available and was pur-
chased for the purposes of the study. The manufacturer, nor
the funder of this study, were involved in data analysis and
interpretation of the study results.

Quality control

In total, four lot numbers of VISITECT-CD4-AD were pur-
chased and validated for quality by the company prior to
shipment, as verified by Certificates of Analysis. Upon
arrival, the local laboratory staff checked the kits for any
irregularities as well as the expiry date and performed an
entry validation. The manufacturer does not provide vali-
dated internal control samples. However, it is recommended
that a sample greater than 200 CD4+ T cells/μL (deter-
mined by flow cytometry) with all three lines visible is run
on a regular basis. Each cassette contains a control and a
200-reference line to report whether the result was valid or

not. If any of these lines do not appear, the test is invalid
and should be repeated according to the instructions of the
manufacturer.

Data analysis

Data analysis was conducted in Stata/SE 15.1 for Windows
(www.stata.com). A p-value of <0.05 was considered statisti-
cally significant. We estimated the diagnostic accuracy (sen-
sitivity and specificity) of VISITECT-CD4-AD to detect
CD4 counts of ≤200 cells/μL against conventional CD4
counts obtained by FACS or Pima. We divided the CD4 ref-
erence counts into counts of ≤200 cells/μL and of >200 μL.
Counts of ≤200 cells/μL were seen as ’abnormal’/test-posi-
tive, counts of >200 μL as ’normal’/test-negative, and invalid
test results were treated as missing values. Binomial confi-
dence intervals were calculated around the diagnostic accu-
racy estimates. Diagnostic accuracy was calculated by
country. Post-hoc, because of the issues observed with the
low specificity of the test, we added additional sub-group

PLHIV invited to participate: N=622

Newly diagnosed as HIV+

PLHIV not (yet) started on ART

Interrupted ART for ≥ 3months 

None of the above, but TB symptoms or otherwise unwell

Eligible participants

N=601 (96.6%)

Excluded: n=21

• Not newly diagnosed with HIV : 18

• Interrupted ART<3M :   1

• On TB treatment at enrolment :   2

EDTA blood sample submitted, 

N=600 (99.8%)

Reference CD4 count 

done, N=582 (97.0%)

CD4 count by VISITECT 

done, N=561 (93.5%)

Valid results available, 

N=561 (100%)

Valid results available, 

N=580 (99.7%)

Included in analysis with complete results, N=546

No blood sample obtained: n=1

No CD4 reference count done: n=18 No VISITECT-CD4-AD test done: n=39

CD4 reference count not recorded: n=2

F I G U R E 1 Study flow chart.
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analyses, including training received, VISITECT-CD4-AD
lot number, health facility and participant characteristics.

Ethical clearance

The study protocol was approved by the Ethiopian Public
Health Institute (reference number EPHI 6.13/679), the
University of Indonesia (reference number KET-52/UN2.

F1/ETIK/PPM.00.02/2020) and the National Institute for
Health Research and Development in Indonesia (reference
number LB.02.01/2/KE.113/2020). Amendments were
approved to prolong study enrollment beyond the original
study end dates due to the COVID-19 pandemic. Written
(parental) informed consent and, when applicable, assent
were obtained prior to participation from all participants.
Electronic data forms did not contain personal identifying
information.

RESULTS

Of 601 eligible PLHIV, 600 had EDTA blood drawn, of
whom 546 (91.0%) had both a reference CD4 count and a
VISITECT-CD4-AD result (Figure 1). These were included
in the analysis. Ethiopian sites contributed 485 (88.8%) par-
ticipants. Compared to Indonesian participants, Ethiopian
participants were slightly older, more often female, and
more often reported a history of ART, which they less often
had interrupted prior to enrolment (Table 1). Indonesian
participants generally had more advanced HIV disease
(55.7% vs. 22.1% being in HIV-stage 3 or 4, p < 0.001) and
were more often admitted to hospital than Ethiopian partici-
pants (34.4% vs. 6.4%, p < 0.001) (Table 1).

Reference CD4-counts were obtained on FACSPresto
(83.9%), Pima (7.1%), FACSCalibur (4.9%) and FACSVia
(4.0%). Indonesian participants had statistically significantly
lower CD4 reference counts compared to Ethiopian partici-
pants (median counts: 69 vs. 395 cells/μL, p < 0.001). Low
CD4 counts were associated with HIV staging, presence of
TB symptoms, and VISITECT-CD4-AD result (p < 0.001);
see Figure 2

Most VISITECT-CD4-AD test results were read as ≤200
cells/μL (74.3% in Ethiopia, 100% in Indonesia). Only three
(0.6%) of the initial VISITECT-CD4-AD test results were
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Factor associated with CD4 count

F I G U R E 2 Box- and whisker plots showing variations in reference CD4 counts with WHO clinical HIV stage, presence or absence of TB suggestive
symptoms, and VISITECT® CD4 Advanced Disease (VISITECT-CD4-AD).

T A B L E 1 Characteristics of the study population, by country.

Characteristic
Ethiopia
N = 485

Indonesia
N = 61 p

Age, mean (SD) 40.4 (12.3) 32.8 (9.3) <0.0001

Female, N (%) 285 (58.8) 14 (23.0) <0.0001

Ever received ART, N (%) 334 (68.9) 22 (36.1) <0.0001

Among those, ART
interrupted, N (%)

53 (15.9) 17 (77.3) <0.0001

WHO clinical staging
for HIV, N (%)

<0.0001

1 329 (67.8) 18 (29.5)

2 49 (10.1) 9 (14.8)

3 85 (17.5) 22 (36.1)

4 22 (4.5) 12 (19.7)

Advanced HIV
disease, N (%)

107 (22.1) 34 (55.7) <0.0001

Admitted to hospital,
N (%)

31 (6.4) 21 (34.4) <0.0001

Body mass indexa,
mean (SD)

22.0 (4.4) 21.2 (4.3) 0.19

CD4 reference count,
median (IQR)

395 (184–595) 69 (28–239) <0.0001

aBody mass index was available for 480 participants from Ethiopia and for 57 from
Indonesia.
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invalid (no 200 line); all three tests were repeated using the
same blood sample and provided a valid test result on retest-
ing. Test (T) and reference lines (200) were often faint, espe-
cially when compared to the control (C) line.

Participants with a score of >200 cells/μL on VISITECT-
CD4-AD had significantly higher reference CD4 counts than
those whose score was ≤200 cells/μL (Table 2). On the other
hand, even at CD4 reference counts >400 cells/μL, 59% of
the paired VISITECT-CD4-AD test results indicated counts
of ≤200 cells/μL (Table 2).

The corresponding sensitivity of the VISITECT-
CD4-AD test was very high (97.8%, 95% CI, 94.4–99.4%),
but the corresponding specificity was low (32.7%, 95% CI,
27.9–37.8%). This means that VISITECT-CD4-AD correctly
identified almost all CD4 cell counts of ≤200 cells/μl but
only 33% of cell counts of >200 cells/μL. There was no dif-
ference in diagnostic performance of VISITECT-CD4-AD
with regards to age (children vs. adults), hospital admission
(yes/no), and having ever received ART (yes/no). Although
some lot variability was observed, there were no significant
differences in sensitivity or specificity (Table S1). However,
among Ethiopian health facilities, three scored markedly
higher in terms of specificity (55% and above) than the
other three (28% and below) (Figure 3a). The online retrain-
ing did help to significantly improve the VISITECT-
CD4-AD’s specificity, while not importantly decreasing its
sensitivity. However, the specificity of VISITECT-CD4-AD
for ruling out CD4 counts of 200 cells/μL or lower remained
low at 43% (Table 2). When analysed by site, among the
Ethiopian health facilities, two experienced a marked
increase in specificity of VISITECT-CD4-AD after retrain-
ing, while in three facilities, the specificity remained similar
(two of these already scored higher than 50% before retrain-
ing), and one site experienced a slight decrease in specificity
(Figure 3b).

DISCUSSION

Routine laboratory-based implementation of VISITECT-
CD4-AD after a basic training resulted in a very high
sensitivity (98%) of VISITECT-CD4-AD to detect CD4
counts ≤200 cells/μL, but a low specificity (33%). The major-
ity of participants with a VISITECT-CD4-AD result of ≤200
cells/μL had reference counts of >200 cells/μL; even at refer-
ence counts of >400 cells/μL, 144/243 (59%) participants
had a score of ≤200 cells/μL using VISITECT-CD4-AD
(Table 2). While the sensitivity of the VISITECT-CD4-AD
was 100% in all sites but one, the specificity differed mark-
edly across study sites.

This study reports a significantly lower specificity than
other studies [14, 15, 18–20]. Although the laboratory tech-
nicians were trained to follow the manufacturer’s instruc-
tions to compare the 200-reference line to the test line, not
to the control line, in reality, the higher intensity of the con-
trol line compared to the 200-reference and test lines may
have biased the readers towards scoring strips as ≤200 cells/T
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μL [21]. An online competency self-assessment showed that
all laboratory technicians had difficulties with result inter-
pretation, with some technicians (especially in Indonesian
sites) obtaining very low scores. After retraining by Omega
staff, the specificity increased significantly (from 28% to
43%, Table 1), but remained too low for use of VISITECT-
CD4-AD as an efficient rule-in test for further diagnostic
workup and treatment interventions in these routine set-
tings [17], as it means that the majority of PLHIV tested
would erroneously be identified as patients with critically
low CD4 counts. While follow-up testing of these patients
would likely do no harm, it does involve costs for the health
care system and may include additional burden in terms of
time and costs spent, and samples collected and treatments
received, to the patient.

In our study, technicians from high-throughput labora-
tories conducted the test after receiving a one-day training
from persons trained by the manufacturer’s staff, which
was followed by short refresher trainings given by local
staff shortly before starting enrolment. The online refresher
training was provided by experts from Omega, but this did
not include supervised testing and reading of test results,
nor one-on-one sessions. Others provided comprehensive
in-person training directly delivered by Omega staff [13,
18, 19]. Some included multiple repeat training [15, 18]; in
one of these, testers with low performance were retrained
and on average received five trainings over a one-year
period [18]. Another study had only two readers (who both
scored all strips), one of whom was part of the study
team [14]. The lowest overall specificity (61.4% (95%CI,
58.4–64.3%)) was reported for a multi-country diagnostic
accuracy study which offered various types of trainings
(online and on-site) by different trainers (local or expert
trainer), depending on the country [20]. There was consid-
erable variation in country-specific specificity, ranging
from 44.8% (95%CI,31.7–58.5%) in Thailand to 82.9%
(75.3–89.0%) in Vietnam [20]. It is unknown if this

variation was partly due to the type of training that the tes-
ters had received.

Gils and colleagues found that the specificity was
lower for lower CD4 counts [20]. This may also explain
the lower specificity reported for Indonesia than Ethiopia
in our study, with median CD4 counts of 69 (interquartile
range (IQR), 28–239) and 301 (IQR, 134–522), respec-
tively. Like Gils et al. [20], we observed some variation in
specificity by lot number, but this did not reach statistical
significance.

Comprehensive practical training and regular supervi-
sion help to improve the test’s specificity [18], but offering
such a comprehensive training and re-training package may
not be feasible in routine low-resource settings, where staff
turnover tends to be high, handover is suboptimal, and reg-
ular retraining does not occur [22, 23]. Nonetheless, all stud-
ies but one [19] investigating the feasibility and acceptability
of the VISITECT-CD4-AD test reported issues with test
interpretation [13, 14, 18, 24], leading to a lack of confi-
dence in test interpretation [14].

Apart from the issues with interpretation, the
performance of the test is challenging, as it requires multiple
incubation steps with critical timing [13, 14, 21, 19, 24], and
incorrect timing can influence the test’s diagnostic perfor-
mance. For example, taking <3 minutes for the first incuba-
tion step may lead to fainter test lines [14].

The limitations of our study were that due to COVID-
19, no on-site monitoring by the international study team
was possible. In Indonesia, only inpatients could be included
as outpatient services were temporarily stopped, which led
to the inclusion of fewer and generally sicker patients than
intended. Therefore, the results for Indonesia may not be
generalisable to the key population that requires VISITECT-
CD4-AD testing. Also, the test was conducted and inter-
preted by laboratory staff, who may be less experienced in
reading LF POC test strips than clinical workers, although
the only study reporting about this did not find evidence for
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10 health facilities. Size of marker indicates number of participants enrolled. (b) Specificity in Ethiopian health facilities before and after retraining.

TROPICAL MEDICINE & INTERNATIONAL HEALTH 691

 13653156, 2025, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tm

i.14124 by N
at Prov Indonesia, W

iley O
nline L

ibrary on [30/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



a lower specificity among laboratory staff compared to non-
laboratory staff [19].

In conclusion, while VISITECT-CD4-AD is a true POC
test in the sense that it requires no electricity, equipment
(apart from a timer) or consumables other than those avail-
able in the test package, our study, as well as other studies
[20, 24], indicates that misinterpretation of the test result
may occur. This may depend on the amount of training
received and the experience of the reader with reading test
strips [20, 24]. Reading aids which automatically score
colour intensity may be of help to enable unbiased strip
reading. As on-site CD4 testing is much needed, and
VISITECT-CD4-AD is currently the only LF POC test avail-
able, investments to further improve the usability for routine
use of this assay should be prioritised.
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