Evaluation of HIV ELISA Diagnostic Kit developed at the Institute of
Primate Research, Nairobi, Kenya

Elephas Munene'*, Elijah Songok?, John A. Nyamongo®, Daudi K. Langat* , Moses Otsyula'

1. Division of Virology, Institute of Primate Research, P . O . Box 24482, Karen, Nairobi, Kenya,
Tel: 254-2-882571/4; Fax: 254-2-882546, E-mail: elephasm@yahoo.com . 2. Kenya Medical
Research Institute, P . O . Box 54840, Nairobi, Kenya; 3. National Public Health Laboratory
services, P . O-. Box 20750, Nairobi, Kenya ; 4. Division of Reproductive Biology, Institute of
Primate Research, P . O . Box 24481, Karen, Nairobi, Kenya.

* To whom correspondence should be addressed

SUMMARY

The first diagnostic kits atilizing the enzyme-linked immunosorbent assay (ELISA)
technique were developed in mid-eighties, and since then, this technique has become"
an increasingly important tool for screening multiple samples of blood or serum for
presence of antibodies to various infectious pathogens, especially human
immunodeficiency virus (HIV) in blood banks. However, most of the commercial
diagnostic kits currently available in the market are too expensive, hence not easily
affordable in most Diagnostic Laboratories. We designed an ELISA kit for diagnosis
of HIV and compared it with some of the commercial kits. We used blood samples
from the blood bank at the National Public Health Laboratory Services (NPHLS) in
Nairobi and from patients referred to the Kenya Medical Research Institute
(KEMRI) for HIV screening. Two commercial kits were used, Wellcozyme HIV
Recombinant kit and Recombigen (env & gag) HIV-1 EIA kit. Out of 1350 samples
tested by Recombigen (env & gag) HIV-1 EIA kit, 419 (31.0%) were positive while
421 (31.2%) samples were positive by Wellcozyme HIV Recombinant kit. Our
ELISA kit detected a total of 431 positive samples out of 1350 (31.9%), which was
almost identical to the results from the other kits. Our kit was nearly identical in
terms of sensitivity-and specificity to the other two commercial kits used in this
study. Thus our ELISA system, which is much cheaper than the commercial Kkits
currently available in the market, offers a more affordable system for routine HIV

tests.
[Afr. J. Health Sci. 2002: 9:117-122]
Introduction lack of an effective chemotherapeutic agent
Almost 20 years after its first appearance, HIV prevention remains a priority. Som_e
the HIV /AIDS epidemic continues to pose success in controlling the spread of this
as a public health threat worldwide [1]. disease has been achieved in some countries
Research efforts have increased the level of such as Uganda and Thallapd, wher.e HIV
knowledge about the mode of HIV prevalence had been very high, but is now
transmission and the determinants of AIDS, on decline or ‘has Stablhl?d [?]- Iﬂ
morbidity and mortality among HIV/AIDS Sub-Saharan Africa, HIV infection is

infected individuals. However, given the predominantly  spread by heterosexual
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transmission [3]. Reports from hospitals in
African cities severely affected by the
HIV/AIDS epidemic have shown that AIDS
is a leading cause of death among young
adults between 20 and 40 years of age [4].

In Kenya, the first AIDS case was
reported in 1984, and by the end of that year,
seven more cases were confirmed by the
National AIDS Control Program [5]. Since
then, infection rates have steadily increased.
For example, in 1990 prevalence of 3.3%
was reported and this rose to 5.6% by 1992.
By June 1996 about 66,000 cases of AIDS
had been reported to the Kenyan Ministry of
Health. However, it is suspected that only
about one-third of cases are reported to the
Ministry of Health or the National
AIDS/STDs Control Program. This may be
attributed to a number of factors including:
(a) Individuals not seeking or able to afford
adequate health/hospital care; (b) the stigma
attached to a diagnosis of the disease (c)
infected individuals may have refused HIV
testing, (d) individuals with HIV infection
who may have died as a result of other
complications or illnesses prior to a
diagnosis of HIV; (e) Inaccurate HIV
diagnosis; and (f) HIV diagnosis hampered
due to cultural beliefs like witchcraft [6,7].
Serological
immunodeficiency virus (HIV) is based on
detection of HIV specific antibodies. Anti-
HIV screening assays were primarily
developed in an effort to protect the blood
supply. Increasing testing has since been
required in some situations for obtaining life
insurance, marriage certificates, immigration
documents, and- for seroprevalence survey.
The first HIV test became available in 1985
[1]. Since then, diagnostic methods that rely
on detection of HIV-specific antibodies in
serum and using enzyme-linked secondary
antibodies to detect immobilized primary
antibodies on a solid support (called
enzyme-linked immunosorbent assay,
ELISA) have been developed. These
techniques are very sensitive and specific [8-
10}, and the implication of this is that most
infections can be detected at an early stage
of infection [11]. This method is also

diagnosis of human’

relatively simple and can be easily
automated with high reproducibility. Thus
ELISA have become one of the most widely
spread method used to detect HIV antibodies
[12].

Initially assays were made of virus
lysate antigens from infected cell lines and
were used to coat the solid phase, but
unfortunately antibodies directed against
lymphocyte antigens were found to cause
unspecific reactions [11]. Subsequently, the
use of recombinant HIV proteins and
synthetic HIV  peptides provided a
considerable improvement in the specificity
of ELISA [1]. The use of recombinant
antigens enabled specific HIV epitopes to be
more densely 'packed 'on the solid phase and
thus yielded not only improved specificity
but also enhanced sensitivity [1].

A variety of different ELISA kits are
commercially available, and they mainly
consist of HIV recombinant antigens
immobilized on a solid support, and utilize a
secondary antibody conjugated to an
enzyme, and substrate detection system. The
solid supports can be either “wells” of
microtitre plate, plastic beads, or a type of
paper, usually nitrocellulose. In the most
common type of ELISA, addition of sample
to the antigen-coated bead or wells enables
binding of specific antibody (anti-HIV) if
present, to the antigen. A secondary antibody
conjugated to an enzyme or fluorochrome is
added and incubated to allow binding to the
immobilized primary antibody (if present).
The presence of bound antibody is then
visualized by addition of enzyme substrate
with a chromogen, resulting in a coloured
solution whose optical density can be
measured. The commercial kits currently
available are very expensive since they are
imported, and are not affordable in most
hospitals in developing countries. Thus we
designed a kit at the Institute of Primate
Research, Karen, Nairobi, which is cheap to
produce and has a similar sensitivity and
specificity as the currently available
commercial kits. In this report, we evaluated
the usefulness of this kit In romtine
screening of serum for HIV infection.
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Materials and Methods

Human serum samples were obtained from
the NPHL, Nairobi, and the KEMRI,
Nairobi, Kenya. Two commercial ELISA
kits were used to test the serum for HIV
infection; the Wellcozyme HIV
Recombinant kit (Wellcome Diagnostics,
Dartford, England) and Recombigen (env &
gag) HIV-1 EIA kit (Cambridge Biotech
Corporation, USA). Both kits consist of 96-
well ELISA plates coated with recombinant
HIV envelope (gpl120, gp41) and matrix
(p24) proteins, and utilize peroxidase-
conjugated secondary antibodies, 0.05%
hydrogen peroxide and tetramethylbenzidine
for detection of primary antibody.

The IPR ELISA kit was developed as
follows. Briefly, we used a 20 amino acid
synthetic peptide derived from a conserved,
immunodominant  region of  HIV-1
transmembrane glycoprotein, gp41
(GWGGCSGKICTTAVPWNAS; Research
Genetics, Huntsville, AL). The peptide was
used to coat the wells of an ELISA plate
(Falcon, Becton Dickinson, Oxnard, CA) at
a concentration of 40ug/ml in bicarbonate
buffer, pH 9.6 (100ul per well) and
incubated overnight at 4°C. The plates were
washed 3 times with Tris-buffered saline,
containing 1% Tween-20 (TBS-T). Non-
specific binding sites were blocked using
5% fat-free milk in TBS for one hour at
room temperature. The samples were diluted
1:100 in TBS-T and 100ul dispensed into
each well and incubated for 3 hours at 37°C.
The plates were washed 3 times, then 100ul
of peroxidase-conjugated goat anti-human
IgG (Nordic Labs, Capistrano Beach, CA)
added to each well and incubated for 2 hours
at 37°C. Following a further wash, positive
reactivity was detected by incubating the
plates for 20 minutes with 1 mg/ml
o-phenylenediamine tetrahydrochloride
(Sigma Immunochemical Co., St. Louis,
MO) in urea hydrogen chloride buffer, pH
5.0. The reaction was then stopped by
addition of 50ul of 4M sulphuric acid, and

the optical density of each well read
spectrophotometrically at 50nm using a
DYNEX MR ELISA plate reader (Dynex
Technologies, Germany). The samples were
assayed in duplicate and considered positive
if the mean optical density (OD) for the
sample wells were greater than the mean OD
of the negative control serum plus 3
standard deviations of the mean OD
negative control sample.

Results

The Wellcozyme HIV Recombinant kit was
used as the gold standard to analyse the
sensitivity of the IPR kit because it's
sensitivity and specificity, calculated by the
manufacturer were both given as 100%. Of
the 1,350 serum samples tested with this kit,
421 samples tested positive (31.2%), and
this was taken to reflect the true positive
samples since the sensitivity and the
specificity of the kit was given to be 100%.
The same samples were tested using the
Recombigen kit, and 419 samples turned out
positive with this kit. The sensitivity of this
kit was given as 100% and the specificity
was 99.97%, thus the results obtained were
as expected.

We then tested the same samples using
the IPR ELISA kit as described in materials
and methods. Four hundred and seven
samples out of 1,350 samples (29.8%) were
positive (Table 1). The sensitivity of the kit,
calculated as a percentage of the true
positives (using the results from the
Wellcozyme HIV Recombinant kit as the
standard reference) from total number of
positive samples detected by the kit was
99.3% while the specificity was 90% (Table
1). The positive predictive value for this kit
was 75%. Statistical evaluations were
performed using normal approximation [13]
to test the hypothesis, and there was no
statistical difference in the population
testing positive irrespective of the kit used
(X2=0.759,p>0.05).
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Table 1.

Comparison of the reactivity of the IPR kit

with the commercial kits used in the study

Status IPR kit  Recombigen  Wellcozyme
Percentage positive 29.7% 31.0% 31.2%
True positive 410 419 421
False positive 5 0 0
True negative 9 10 10
False negative 7 2 0
Sensitivity 99.3% 99.5% 100%
Specificity 90.0% 100% 100%
Negative predictive value 98.3% 100% 100%
Positive predictive value 75.0% 83.3% 100%
Discussion except for two samples that were just below

The analytical laboratory goals for the
development of a new anti HIV kit are
aimed at obtaining a high sensitivity and
specificity, detection of antibodies as early
as possible during seroconversion, easy
processing and high robustness, suitability
for automatic apparatus, high precision and
unspecific reactions by known potential
interfering factors. In addition, the kit should
be affordable. The latter requirement is
especially  applicable in  developing
countries, where AIDS is spreading very
fast, and one of the problems is diagnosis in
early stages because the test kits available
are beyond reach of many people. Thus the
affordability should be one of the
considerations when  designing new
diagnostic kits, in addition tc performing at
least as well as existing test kits but
preferably exceeding in all essential aspects
[14].

In this study, we used a commercially
available kit {(Wellcozyme HIV
Recombinant kit) to determine the HIV
positive serum samples because its
sensitivity and specificity was determined to
be 100% (manufacturer's quality control
analysis). As a further control, we tested the
same samples using another commercial kit
(Recombigen). The results obtained with
these two kits were almost identical, the
Wellcozyme kit showed 421 positive
samples while the Recombigen kit
recognized the same samples as positive

the cut-off point.

The results from assaying the same
samples using our IPR kit showed almost
identical results. The kit detected 407 of the
421 positive samples (determined by the
Wellcozyme kit), showing that this kit was
able to diagnose HIV infected serum. The
sensitivity and specificity of this kit was
comparable to those of the commercial kits.
The small differences observed in the results
with these three kits may have emanated
from the fact that different domains were
used as the HIV capture antigen. The
Wellcozyme kit utilizes HIV-1 recombinant
core and env antigens purified from
Escherichia coli transfected with the
relevant genes from HIV-1, the Recombigen
kit utilizes recombinant HIV-1 env and gag
antigen also from E. coli, while in the IPR
kit, we used a 20 amino acid peptide from a
conserved portion of the env gene. Thus
each of these kits has different specificities
for different antibodies because they present
different epitopes. It is possible that our kit
detected less samples than the other kits
because of the limitations inherent in the use
of short peptides as capture antigens in
ELISAs. The short peptides will only bind to
a small population of the antibodies in
serum,; they would not bind to antibodies to
conformational epitopes, while ‘the use of
the whole protein would have the advantage
of binding most of the available antibodies
in serum, thus increasing the sensitivity.

African Journal of Health Sciences Volume 9 Number 3-4, July-December 2002 120



However, the sensitivity of our kit was
reasonably high, suggesting it can be used
for mass screening of serum samples.

The other advantage of our kit is that it
is relatively cheap. Although the use of
already-assembled kits has its advantages in
that all the conditions have already been
predetermined and the reagents prepacked
and ready-to-use, the high cost generally
means that the use of these Kkits is
unavailable to the majority of people in the
developing countries. Since our kit was
designed and locally made and tested, we
are able to keep down the costs of
manufacturer and thus the cost of using the
kit. The peptide can be synthesized locally,
and the ELISA plates and other reagents
purchased in bulk. The cost of testing one
sample using our kit is Kshs. 350 compared
to Kshs. 550 using the Wellcozyme kit and
Kshs. 600 using the Recombigen kit. Thus
our kit is cheap to use and affordable to
many patients who would otherwise have
not undergone an HIV test.

In summary, we have developed a kit
that is easy to use and affordable in
developing countries, especially in Kenya.
The kit is comparable to the expensive
ELISA kits currently in use, in sensitivity,
specificity and in the predictive value (Table
1). We are currently working on
improvements of this kit by addition of
peptides from conserved portions of the pol
and env region of HIV to increase the
sensitivity,
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