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Abstract
B ackground: HIV is one of the major public health issues of modern world. The elevation in numbers calls

for increased and efficient diagnostic testing protocols. A great number of HIV diagnostic tests have been

approved and in use in the developed world but developing countries are still lagging in terms of testing
HIV. These reasons are the motives behind this study which is aimed at testing the accuracy and use of Calypte
HIV-1 Urine EIA in the Pakistani population.

Methods: 516 subjects are included in the study from different HIV centers of Pakistan. The test results of
Calypte-HIV-1 Urine EIA were compared with the routinely used 3-kit method.

Results: The results exhibited 100% specificity but low sensitivity (74.67%). However, the positive predictive
value and negative predictive value were 100% and 52.94%, respectively. Overall accuracy result for this kit was
observed to be 81.40% for Calypte HIV-1 Urine EIA in the selected sample.

Conclusion: Pakistan has a low population prevalence of HIV and keeping in view of the WHO recommended
guidelines for HIV testing, the use of Calypte HIV-1 Urine EIA is not ideal in the current scenario. Even though
the test can be of great value in high prevalence populations and can be an excellent means of surveillance
procedures, it is not as fit to be used in diagnostic settings in the current situation in developing countries.
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Introduction

HIV is one of the major public health concerns
worldwide in the present day. According to global HIV
and AIDS statistics provided by UNAIDS, 37.7 million
people were living with HIV in 2020 out of which 1.5
million were newly diagnosed. Whereas the number of
people who died from HIV-associated illness was 680
000 with 6.1 million people unaware of their HIV-related
illness status [1]. In Pakistan, the prevalence of HIV
infection is less than 0.1% of the population but 200,000
individuals were living with HIV in 2020 of which 25,000
were newly infected and 12% individuals were receiving
Antiretroviral therapy (ART)ART[1]. As of June 2021,
there were 46 912 active cases of AIDS in Pakistan as
publicized by the National AIDS Control Program [2].
According to WHO, HIV has claimed the lives of 36.3
million people so far[3]In Pakistan, HIV is so far a
“concentrated epidemic” confined to some critical
population subgroups: People who inject drugs (PWID),
Sex workers [Male (MSW), Female (FSW) and
Transgender Sex workers (TGSW)], men involved in
homosexual activities, and transgenders. The HIV
prevalence observed in these groups is 21%, 3.8%, 3.7%,
and 5.5% respectively [4].

There is a plethora of laboratory tests available to
screen blood, diagnose infection, and track disease
progression in HIV patients. Tests to detect HIV
antibodies are divided into two types: screening assays,
intended to detect all infected people, are highly
sensitive, and confirmatory (supplemental) assays,
which identify people who are not infected but have
reactive screening test findings, are extremely specific.
HIV testing is currently possible by using body fluids like
oral fluid, blood, and urine [5]. Presently, diagnosis of
HIV is done by serological tests (rapid test, enzyme
immunoassays (EIA), agglutination tests, and detection
of antiviral antibodies in the specimens by Western
Blot), hematological viral load examinations,
therapeutic chemistry, genotyping, and PCR [6]. Rapid
testing methods are routinely employed for HIV
diagnosis however as per recommendations the test
results are evaluated by counter testing. Thus, EIA is
counter-examined by Western Blot [7].

Usually, the distinctive symptoms of AIDS appear after
a certain period; therefore, the patients with HIV remain
ignorant of their clinical status [8]. Timely detection of
HIV infection requires early awareness. This can help in
delaying AIDS progression and avoid risk-behaviors that
can lead to this state [5]. A window period exists before
sero-conversion which in 95% of cases is of six months
[9]. Standard HIV blood tests can detect antibodies 23-
39 days after infection, antigen/antibody tests require
18-45 days, while nucleic acid test (NAT) can tell if one
has HIV infection 10-33 days after exposure [10]. The
adoption of a third-generation immunoassay for HIV

detection has shortened the time between infection and
identification of antibodies. Most resource-limited
nations are using the two-test system however, three
test system is the actual WHO recommendation for
countries with low population prevalence. These tests
are to be run in chronological order. In addition to this,
a parallel testing approach can also be adopted for HIV
diagnostics but requires very high precision and skill [7].

In 1996, the first urine-based HIV test was approved in
which ELISA is used to identify IgG antibodies to HIV-1
in urine samples [5,11]. HIV IgG ELISA test for urine is a
non-intrusive, simple, and cost-efficient technique. The
test can be performed at room temperature for longer
periods without affecting its accuracy. Urine testing is
appropriate for use in clinical and laboratory setting
especially in underdeveloped countries. However, the
validity of these positive screening tests is dependent on
post confirmations with blood tests.

All these stated claims clarify the need to evaluate the
use of urine immune assays for HIV diagnosis in
Pakistan. The study is purposed at evaluating the
sensitivity and specificity of urine immunoassay by
making a comparison with the 03-kit method to validate
the use of urine immunoassay in the Pakistani
population. In addition to this, the research also aims at
calculating the accuracy of the technique with Calypte
HIV-1 urine EIA for use in this population.

Methods

The study was conducted in Punjab AIDS Control
Program-Advanced Diagnostic Laboratory, Primary and
Secondary Healthcare Department, Government of the
Punjab, Lahore, Pakistan. Study subjects were related to
all over Punjab. All subjects were HIV-1 status positive,
and some were on treatment. Informed consent was
obtained, and pretest counseling was communicated to
each patient. Whole blood was collected in sterile
vacutainer with K2EDTA (3ml BD vial) and urine sample
in sterile medical disposable 30 ml plastic urine
container using standard protocols and stored at 2-80C
for further testing.

3-kit HIV Testing

03 HIV Kits were used concurrently for detection of
serum IgG to HIV (Alere HIV Combo, Trinity Biotech
Uni-GoldTM HIV, BIOLINE SD HIV1/2 3.0). The basic
principle of the kits is based on the immune-
chromatographic technique in which recombinant
proteins represent the immune-dominant regions of the
envelope protein of HIV-1 and HIV-2, gp41, gp120, and
gp36 respectively are immobilized at the test region of
the nitrocellulose strip. These proteins are also linked to
colloidal gold and impregnated below the test region of
the device. A narrow band of nitrocellulose membrane is
also sensitized as a control region.
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Urine HIV EIA

According to the manufacturer guidelines, urine
samples were analysed for HIV antibodies using a
commercially available assay (Calypte Biomedical
Corporation, Alameda CA., USA, HIV-1 Urine EIA Cat.
No. 40000, 480 tests kit). The Calypte HIV-1 Urine EIA is
an enzyme immunoassay that employs a recombinant
HIV-1 envelope protein to detect HIV-1 antibodies in
human urine against the recombinant gp 160-envelope
protein adsorbed into the wells of a micro-well plate. For
each test run, appropriate positive and negative controls
were included. By comparing the absorbance value of
the specimen to a cut-off value- computed by adding the
mean absorbance value of the negative calibrators to
0.180, the specimen was found to be reactive or non-
reactive. Specificity, sensitivity, and predictive values
with 95% confidence intervals (CI) of the urine IgG HIV-
1 test kit were calculated using standard statistical
techniques.

Results

A total of 516 subjects, visiting HIV/AIDS treatment
centers located in different districts of Punjab, Pakistan,
participated in this study. Out of these 152(29.3%) were
females, 360 (69.7%) were males, and 4 (0.77%) were
transgender. The average age of subjects was 32.10 years
(range 4-67 years) with 296(57.36%) participants
belonging to the age group 30- 42 years(Figure 1). 276
(53.4%) were on ART while 240 (46.5%) subjects were
treatment-naive.
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Figure 1: Distribution of subjects according to age and gender

Blood samples of all study participants were evaluated
for HIV-1 antibodies using three ELISA Kkits (based on
different principles and antigens) as a gold standard.
Overall, 408 subjects tested positive and 108 tested
negatives for HIV on these kits. On 03 kit HIV testing
method, 276 patient which were on ART treatment
showed reactivity against serum IgG antibodies for HIV
(100%) and none of them was HIV negative. In case of
naive patients and high risk groups suspected
participants, 144 (60%) were determined to be HIV

positive, and 96(40%) of participants were non-reactors.
On Calypte HIV-1 Urine EIA test, 176 (63.76%)
individuals that were on ART tested positive and 100
(36.23%) tested negative. However, among 240
antiretroviral-naive/ high risk suspected participants
HIV patients,132 (55%) and108 (45%) tested positive
and negative, respectively.

However, when compared to the gold standard
protocol, different results were observed. 312 (60.46%)
of the patients tested positive on the Urine Elisa kit
whereas 204 (39.53%) showed negative results. As 108
(52.9%) of the 204 individuals tested negative on both
the urine Elisa kit and three serum ELISA test kits, they
were termed true negatives. 96(47.5%) subjects were
classified as false negatives since they only tested
negative with the urine Elisa kit (Figure 2).

3 Kit Method Vs Calypte HIV-1 Urine
EIA
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Figure 2: Comparison of 03 Kit Method Vs Calypte HIV-1 Urine
EIA

Calypte HIV-1 Urine EIA test was assessed for
sensitivity and specificity. The sensitivity value turned
out to be 76.47%, while 100% specificity was observed.
Likewise, the positive predictive value was also 100%.
However, the negative predictive value was 52.94% (95%
CI48.57% - 57.27%) and overall accuracy result for this
kit was observed to be 81.40% (Table 1).

- Percentage 95% confidence
interval
Sensitivity 74.67 72.05% to 80.50%
Specificity 100 96.64% to 100.00%
Positive predictive value 100
Negative predictive value 52.94 48.57% to 57.27%

Table 1: Predictive value & the confidence interval (CI) of the test
kit used for Urine EIA

Discussion
The elevated need for HIV-specific antibodies has
highlighted the importance of diagnostic assays that can
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be utilized in a variety of settings [12]. The ideal
alternative in resource-limited countries is the
development of cost-efficient assays with accurate
results. The most preferable option is the use of tests
that require easily collectible samples while yielding
accurate results at the same time [13]. The presence of
HIV-specific antibodies in serum or plasma governed
the use of these samples for HIV testing for a long time.
Alternative non-invasive samples, such as urine or
saliva have also been considered. US Food and Drug
Administration has approved the use of oral testing
devices because the assays have demonstrated excellent
accuracy in many studies [14-16]. HIV testing employs
specific antigens that are usually obtained from lysates
in purified form, synthetic peptides, or recombinant
technology. Sensitivity and specificity result due to
these antigens. Because of their relatively easy
technique, inherent high sensitivity, and suitability for
testing large quantities of samples, ELISA tests are the
most routinely used assays to screen for HIV infection
[12]. Antibody titer or antibody avidity-based
methodologies have been developed to identify newly
infected people from those who have been infected for a
long time [5,17].

In 1998, HIV testing from urine was first proposed. It
was proposed due to the considerable benefits over
other testing methods since urine is easy to collect,
poses less risk of HIV transmission, better compliance,
and reduced costs as compared to serum [18]. In many
recent studies, Urine immunoassays have proved many
benefits. The success of the method lies in its ease of use
and safe disposal of the materials involved. The sample
collection of urine analysis does not require specialized
personnel and adds to the existing benefits of using the
method. A study has elucidated the ability of this
technique for the detection of HIV-1 despite the non-
appearance of HIV-1 p24 antigen. Sensitivity and
specificity testing of urine immunoassays have also
exhibited promising results. However, this is not always
the case as some studies have also reported weak results.
Thus, the need is to use the urine immunoassays in a
specific population after close evaluation of its validity
testing in that particular population [7]. In 1996, the US
Food and Drug Administration approved the Calypte
Urine HIV-1 enzyme immunoassay (EIA) (Calypte
Biomedical Corporation, Berkeley, CA, USA) for the
detection of HIV-1 antibodies in urine, as well as the
one-band gpl160 WB confirmation test in 1998. Even
though these tests are routinely used for screening in
the United States [19], none of the currently available
urine-based assays have been employed for
epidemiological reasons in resource-limited countries.
IgG antibody concentration in urine is about 1mg/L that
is why fairly sensitive techniques are required to detect
antibodies against HIV-1 in urine. To date, urine sample

testing has relied on ELISA and Western blot techniques,
although attempts are being undertaken to create
simple/quick procedures for the detection of HIV
antibodies in urine specimens [20].

The goal of this study was to see if this commercial
urine-based test might be used as a screening tool for
HIV infection in Pakistani populations at risk. It was
observed that the concentration of antibodies is
substantially low as compared to serum. Other factors
may alter antibody concentrations in urine samples,
causing a sample to be nonreactive to the screening and
confirmation techniques utilized in the study, even
though the sample was obtained from an HIV-positive
individual. Urine collection after a very short period of
the last urination can lead to false-negative results since
it takes time for antibody levels to return to normal set
point. Also, the intake of anti-diuretic, liquids in large
amounts, and immuno-compromised status of an
individual consequence into varied quantity of
antibodies; hence, false-negative test results [13,19,21].

Although collecting urine samples is simple, sample
processing necessitates the use of qualified personnel
because urine ELISA is a sophisticated technique.
Furthermore, in developing countries, urine collection
facilities may not be accessible easily. Urine analysis
also cannot be used for testing of subjects from remote
sites due to the shorter shelf life of the sample. In
Pakistan, HIV testing is still a centralized system and
individuals from remote sites have no access to HIV
testing facilities. This necessitates the use of specialized
personnel for sample collection from those areas. Thus,
the use of urine for testing those subjects will not serve
any purpose with a centralized testing facility.

There have been a large number of studies that have
elucidated good sensitivity and specificity of Calypte-
HIV-1 testing. However, all these studies were set in
high prevalence populations. Pakistan has an HIV
population prevalence of less than 0.1% and does not fall
under the recommended criteria of using urine-based
assays [22]. In addition to these, all these studies have
recommended the use of urine-based assays in
epidemiological settings instead of diagnostic ones [20].
The comparison of Calypte HIV-1 urine enzyme immune
assay with the 3-kit method yielded uneven results in
our study. On one hand, high specificity was observed
whereas sensitivity was considerably low. Same was the
case with positive predictive value and negative
predictive value where the latter was much lower than
the former.

In our results, the urine ELISA kit correctly identified
all the subjects without the disease i.e., excellent
specificity was observed. It was 100% with 95% CI. These
results were on par with the results of a similar kind of
past study [23]. Positive predictive value (PPV) obtained
in this research i.e., 100% with a confidence interval of
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95% was also per previous investigations. WHO
guidelines for diagnostic assays to be used in the
developing world suggest a high sensitivity and
specificity. Even though our test results yielded a high
specificity, the outcome of low sensitivity makes these
assays rather doubtful in our population settings [24].
Additionally, other studies have also discouraged the
use of HIV-1 EIAs to be used as single confirmatory
assays where low specificities were observed [25]. Thus,
the results in our study, WHO recommendations, and
previous studies are all suggestive of not using only this
kit in these particular settings for diagnostic purposes.

The dire need for quick, efficient, and reliable testing
protocols for HIV diagnosis demands increased research
on the subject. Developing countries face many issues of
limited resources and compromised health
infrastructure; therefore, the use of any testing means
should be in accordance with the set standards. Even
though Calypte-HIV-1 Urine EIA is an ideal alternative
of invasive techniques in high prevalence regions, its
use in developing countries should be carefully
analyzed. The research aimed at examining the test
results of Calypte HIV-1 Urine EIA by comparison with a
routinely used 03-kit method. The low sensitivity of the
technique in our results, centralized system of testing,
and low prevalence of HIV in the country suggest against
the use of technique in daily diagnostic procedures.
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