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A B S T R A C T

Purpose: Accurate HIV diagnosis is essential for appropriate patient care. This present study evaluated the per-
formance of two different new rapid HIV diagnostic tests; 1) TRUSTline HIV-1/2 Ab rapid test (Athenese-
DxPvt. Ltd, Chennai, India)and 2) OnSite HIV 1/2 Ab Plus Combo Rapid Test (CTK Biotech Inc., San Diego,
USA) and also validated ALTA Rapid Test Reader (RTR-1) (CTK Biotech Inc., San Diego, USA), the device is a
user-friendly and image-analysis based qualitative/semi-quantitative tabletop reader.
Materials and methods: A total of n = 500 characterized specimens were used for this evaluation and the results
of the new test kits (TRUSTline and OnSite) were also compared with 4th generation ELISA kit (Genescreen™Ul-
tra HIV Ag-Ab ELISA)and 3 other commercially available rapid tests that were in the market; 1)SD Bioline™ HIV
1/2 3.0, 2) Aspen® HIV 1/2 Rapid Ab Test; and 3) Diagnostic enterprises HIVTRI-DOT. The test band intensities
of the TRUSTline and OnSite tests were measured in an ALTA rapid test reader and compared with the naked
eye reading.
Results: The sensitivity, specificity, positive predictive value, negative predictive value and efficacy of TRUSTline
and OnSite were 100%, 99.6%, 99.5%, 100% and 99.8% and 100%, 100%, 100%, 100% and 100% respectively.
Conclusion: The ‘TRUSTline HIV-1/2’ and ‘OnSite HIV 1/2' kits are suitable to use in the HIV testing algorithm.
Use of the ALTA rapid test reader could be user's friendly in the field level testing in resource-limited settings”.

1. Introduction

India has the 2nd highest number of people living with HIV in the
world even with the low prevalence and has more than 2.3 million esti-
mated HIV infections as per the Government of India official report [1].
Obtaining correct reliable HIV diagnosis and giving test results to the
needed individuals in general is critical to fulfilling the UNAIDS 95-95-
95 targets [2,3]. Accurate HIV diagnosis is the foundation needed to
achieve these ambitious targets and requires a combination of different
methods and/or antigenic preparations for the HIV testing algorithm
[4–6].Currently, the government of India recommends a minimum of
three HIV test kits to be used with an HIV testing algorithm for the diag-
nosis of the disease in asymptomatic individuals [5]. There are number
of HIV diagnostic kits available in the country that have different prin-
ciples such as immunochromatography, membrane absorption, im-

mune comb, and agglutination. However, while the rapid test device
provides immediate test reports, it is very often challenging to read
low-intensity bands or dots. Automated reading of band intensity is
therefore a prime solution for determining results with very low-
intensity bands [4,7,8].

The visual ALTA rapid test reader (RTR-1) manufactured by
Athenese-Dx, Chennai, India has been introduced to ease the process of
reading and interpreting HIV test results. The ALTA RTR-1 is an image-
analysis-based; user-friendly, qualitative/semi-quantitative tabletop
rapid test reader intended for point-of-care diagnostic tests. It was de-
signed to measure and interpret lateral-flow immunoassay test results
and measure the band intensity of TRUSTline HIV 1/2 Rapid Ab Test
(Athenese Dx, Chennai, India) and OnSite HIV 1/2 Ab Combo Rapid
Test (CTK Biotech, San Diego, USA) assays. The ALTA RTR-1 can be
used with other lateral flow immunochromatographic cards by chang-

Abbreviations: RTR, Rapid Test Reader; VCT, Voluntary Counseling and Testing; IDU, Injecting Drug Users; MSM, Men who have sex with men; HAART, Highly
Active Antiretroviral Therapy
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ing the cassette adapter based on the manufacturer's design. In this pre-
sent study, we evaluated the performance characteristics of 2 new rapid
diagnostic assays, TRUSTline and OnSite for the diagnosis of HIV infec-
tion and ALTA-RTR 1 reader.

2. Materials and methods

This study was carried out in one of the largest HIV referral centers
in Chennai, India, the YRG Centre for AIDS Research and Education
(YRG CARE). The center provides care and management of more than
20,000 people living with HIV/AIDS. The study was approved by the
YRG CARE institutional review board and the study permitted to use of
stored plasma specimens that were collected from clients who visited
YRGCARE for HIV tests. Apart from patient specimens, 50 HIV-1 posi-
tive and 50 HIV negative proficiency testing (PT) panel survey speci-
mens from the College of American Pathologists, Northfield, IL, USA,
and One World Accuracy, Burnaby, Canada were used as characterized
specimens. Peer group evaluation results in the summary report of the
PT panel survey provider were considered as a gold standard.

The clinical specimens used for this study were characterized as HIV
positive or negative based on the National AIDS Control Organization
(NACO) HIV testing algorithm [5,6]. The HIV testing algorithm at YRG
CARE includes Determine HIV-1/2 test (Alere Medical Co. Ltd., Chiba,
Japan), immunochromatography assay as a first test, and the reactive
specimens are subjected to further tests and non-reactive specimens are
reported as negative. Initially, reactive specimens are tested with two
different kits in a parallel manner; immunochromatography assay, First
Response HIV 1-2.0 card test (Premier Medical Corp. Ltd., Nani Daman,
India), and Signal HIV (Arkray Healthcare Pvt, Ltd., Surat, India),
which uses antibody trapping by immobilization. Specimens that are
positive in all three assays are reported as HIV-1 positive. The HIV-2
band reactive with the First Response HIV 1-2.0 card test is further
tested using the HIV TRIDOT assay (Diagnostic Enterprises, Parwanoo,
India), which uses antibody trapping by immobilization. The specimens
which are reactive for HIV-2 in First Response and HIV TRIDOT are re-
ported as reactive for HIV-2 suggesting an additional Western blot for
confirmation.

A total of 200 HIV1/2 negatives, 150 HIV-1 positives, and 50 HIV-2
positive specimens were used for this study. This set of characterized
specimens was run on 5 different HIV diagnostic rapid test kits to evalu-
ate their performance characteristics as per the manufacturer's instruc-
tions. The 2 new HIV rapid test kits evaluated were; TRUSTline HIV 1/2
Rapid Ab Test (Athenese Dx, Chennai, India) and OnSite HIV 1/2 Ab
Combo Rapid Test (CTK Biotech, San Diego, USA), and 3 other HIV
rapid test kits that were available in the market also included in this
study to compare the performance characteristics; SD Bioline HIV 1/2
3.0 (Standard Diagnostics, Inc., Giheung-gu, Korea); Aspen® HIV 1/2
Rapid Ab Test (Aspen Laboratories, Delhi, India); and HIV TRIDOT (Di-
agnostic Enterprises, Parwanoo, India). All the assays were im-
munochromatographic tests except for HIV TRIDOT, which is a mem-
brane absorption method. All five rapid test kits were capable of differ-
entiating between HIV-1 and HIV-2. Each study specimen was also
tested with the 4thgeneration ELISA, Genscreen™ ULTRA HIV Ag-Ab as-
say (Bio-Rad laboratories, Marnes-La-Coquette, France) to compare
their optical density (OD) values to the reading of the ALTA-RTR-1.

The RTR-1 uses an image processing method. During measurement,
a lateral flow device test result is captured using a 5-mega pixel camera,
and the picture is then analyzed using image processing algorithms for
the identification of either the presence or absence of test and control
line bands and their intensity levels. The reader converts the image into
grayscale and then classifies the intensity levels of the image within the
0 to 100 grayscale range. The image processing algorithm undergoes
various levels of filtering and segmentation to yield the correct inten-
sity levels from the image. Based on the preconfigured intensity levels,
the reader then classifies the band intensity and reads out the results as

either positive or negative, approximately the RTR-1 costs Rs. 35,000
per unit.

Results were visually read and documented by two different person-
nel. In addition, the band intensity of the TRUSTline and OnSite tests
were measured using the reader, ALTA RTR-1 (Fig. 1). This instrument
provides scores for HIV-1 and HIV-2 based on the intensity of the bands.
The OD obtained from Genscreen™ ULTRA HIV Ag-Ab ELISA was cor-
related with the ALTA RTR-1 results obtained from the TRUST line and
OnSite assays. A minimum RTR cut-off score of 15 was considered in-
dicative of a reactive reaction as per the manufacturer's instructions.

Kit performance characteristics were derived using standard formu-
las that have been provided elsewhere [6]. A Pearson's correlation coef-
ficient was derived for the Bio-Rad ELISA sample OD/cut-off values and
the rapid assay results. Statistical analyses were performed using an on-
line statistics calculator provided by Social Science Statistics (2021 Je-
remy Stangroom) [9].

3. Results

A total of 500 specimens (including 100 proficiency testing panel
specimens) were evaluated. All 500 characterized specimen results pos-
itive, or negative were in agreement with the 4th generation Genscreen
ELISA. None of the positive results were indicative of recent infection
among the voluntary counseling and testing (VCT) clients by Genscreen
ELISA. Diagnostic performance characteristics achieved 100% in de-
tecting both HIV-1 and HIV-2 antibodies for the following kits: OnSite
HIV 1/2 Ab Combo Rapid Test and SD Bioline HIV 1/2 3.0. Detailed
performance characteristics are provided in Table 1. One hundred per-
cent sensitivity in detecting HIV-1 and HIV-2 was obtained with all 5
test kits except the HIV TRIDOT assay, which did not detect 3HIV-1 pos-
itive specimens (thus reducing the sensitivity to 98.5%).

The TRUSTline and Aspen HIV kits had a specificity of 99.6% due to
the misidentification of one HIV negative specimen as reactive and
found to be the same specimen in both test kits. The performance char-
acteristics used to detect HIV-2 antibodies were more precise when
compared to HIV-1, as there were no discrepant results with all the test
kits (100% concordance).

There was a strong correlation between the ELISA OD and the ALTA
RTR-1 results for the TRUSTline and OnSite test kits, with correlation
coefficients of 0.965 and 0.912, respectively (Fig. 2).

Fig. 1. ALTA rapid test reader (RTR-1).
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Table 1
Performance characteristics of six diagnostic kits that screen for HIV-1 infection.

Gold
Standard

Sensitiv-ity 95% CI Specific-ity 95% CI PPVa NPVb Efficiency

POS NEG

TRUSTline HIV 1/2 Ab (Lot No: F2802181E02) POS 200 1 100.0 100.0 100.0 99.6 98.7 100.5 99.5 100.0 99.8
NEG 0 249

OnSite HIV 1/2 Ab Combo (Lot No: F0315P10F00V) POS 200 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
NEG 0 250

SD Bioline HIV 1/2 Ab (Lot No: 03ADB059A) POS 200 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
NEG 0 250

ASPEN HIV 1/2 Ab (Lot No: BT010181) POS 200 1 100.0 100.0 100.0 99.6 98.7 100.5 99.5 100 99.8
NEG 0 249

HIV TRIDOT (Lot No: HTD121745) POS 197 0 98.5 97.0 100.0 100.0 100.0 100.0 100.0 98.8 99.3
NEG 3 250

a PPV, positive predictive value.
b NPV, negative predictive value.

Fig. 2. The correlation between the Bio-Rad ELISA sample/cut-off values and the ALTA rapid test reader measures. a) Readings from the TRUSTline HIV 1/2 assay
and b) The Onsite Rapid test assay measurements.

4. Discussion

India has several imported and indigenous HIV test kits. However,
there is a need to identify better diagnostic assays given the discrepant
results between different assays [4,8,10–12]. This was a large, multi-kit
evaluation study that measured the performance characteristics of HIV
rapid diagnostics kits that are available in India. To the best of our
knowledge, this type of study has not been conducted in India over the
past ten years and presents current information that allows for the com-
parison and selection of the best HIV rapid diagnostic kit available in
the country. The performance characteristics of 3rdgeneration assays
must equal that of 4thgeneration ones in terms of identifying HIV infec-
tion at the earliest possible time point. Therefore, in this study, the per-
formance characteristics of five rapid test assays were measured in
comparison to a 4thgeneration ELISA kit and a standard HIV testing al-
gorithm.

There were no discrepant results between the 4thgeneration ELISA
and the NACO HIV testing algorithm. However, discrepancies were re-
ported between these gold-standard results and the diagnostic test kits
we evaluated. In addition to studying the performance characteristics
of the five testing kits, we also compared the results of HIV-negative
specimens from the set of characterized specimens with the 4thgenera-
tion ELISA, so as to rule out hidden incident specimens among VCT
clients. This screening was necessary as the NACO HIV testing algo-
rithm does not require the confirmation of HIV negative results ob-
tained from the first screening test [5]. Hence, it is always recom-

mended to use a highly sensitive test when screening a specimen for
HIV infection.

This study also evaluated the usefulness of the ALTA rapid test
reader measurements to estimate the results, and the 15 RTR cut-off
score was helpful in determining the results for low-intensity test
bands. Our results indicate that HIV ELISA OD was directly propor-
tional to the measurements from the ALTA RTR-1, which helps in deter-
mining the line intensity and correctly identifying weak positive reac-
tivity which will also reduce discrepancies in the inter-personnel read-
ing of bands. This in term provides the user with a glimpse of specific
antibody quantities available in the patient specimen. As the antibody
concentration increases in the circulation from the day of infection, it
helps to assess the recency of infection and correlate it with the clinical
condition of the patient and information that should be raised during
the counseling process [14]. Another aspect of this rapid assay mea-
surement concerned the determination of false-positive results with the
HIV testing algorithm (i.e., the correlation of results with other assays
used with the algorithm). This user-friendly feature is beneficial for
point-of-testing facilities and for staff who lack sufficient laboratory ex-
posure such as nurses, operating room assistants, staff performing HIV
testing in the field, and pharmacy assistants. Additionally, these assays
can withstand ambient temperatures making field testing feasible. Field
testing can also be used in rural areas where people are unable to travel
to urban centers due to financial constraints or lack of transportation.

In the diagnostic industry, test kits are expected to perform at high
levels of sensitivity and specificity, and some of the kits such as OnSite
HIV 1/2 Ab Combo Rapid Test and the SD Bioline HIV 1/2 test are used
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in this study demonstrated high-performance characteristics. Our re-
sults were in agreement with the characterized specimens and the Bio-
Rad 4thgeneration assay, which highlights their accuracy. The other kits
also demonstrated acceptable performance characteristics, with the ex-
ception of one discrepant specimen for the TRUSTline HIV 1/2 Rapid
Ab Test and the Aspen® HIV 1/2 Rapid Ab Test kits.

HIV prevalence is increasing in India, especially among high-risk
groups such as IDUs [13] and MSM [12]. Therefore, a rapid diagnostic
kit with 100% sensitivity has become a necessity and it will be benefi-
cial in situations where individuals might get the test report on the
same day of the visit. Furthermore, false positives may lead to adverse
outcomes such as unnecessary HAART initiation and emotional stress.
However, false negatives may pose a threat to the community via the
spread of the virus, a worsening health condition of the individual, and
an underestimation of the HIV burden in the population.

In this study, we have established the performance characteristics
(as per the NACO HIV diagnostic algorithm) of 3rdgeneration kits used
to capture HIV-specific antibodies. However, there is the possibility
that there were no antibodies or a minimal to residual quantity of anti-
bodies during the window period after infection. To overcome this limi-
tation, we tested each specimen with the 4thgeneration Genscreen UL-
TRA HIV Ag-Ab ELISA assay. Apart from this, even though the ALTA
RTR-1 can be used in the field for HIV diagnosis it cannot be used for
different spectrum of kits that are available in the market, which can
pose challenge for the users to use other kits.

5. Conclusions

Rapid diagnostic tests used in this evaluation study were highly sen-
sitive and specific when determining the appearance of faint or weak
bands in HIV rapid immunochromatographic tests. Thus, these kits are
suitable for the HIV testing algorithm recommended by NACO.
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