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KEYWORDS Summary In developing countries as many as 50% of patients for whom a transfusion is indi-
HIV; cated are at risk of dying immediately if transfusion is withheld. It is therefore important that

Blood; blood transfusion is made as safe as possible. This study was designed to assess the safety of
Antigens; blood transfusion in two large blood banks in Ibadan, Nigeria. Aliquots of 250 samples already
Antibodies; screened and passed as negative for HIV-1 and -2 were collected from each of the blood banks.

Samples were tested for the presence of HIV-1 antigen (ELAVIA Ag |) and the antigen-positive
samples tested for the presence of specific HIV-1 antibodies by Western blot (BioRad, France).
All antigen-positive samples were also subjected to PCR. HIV-1 antigen was detected in 6 (1.2%)
of the 500 samples, of which 4 (0.8%) and 3 (0.6%) were Western blot-indeterminate and PCR-
positive, respectively. Transfusion of HIV-contaminated blood may be contributing significantly
to the spread of the virus in Nigeria. There is therefore an urgent need for an organized blood-
banking system with facilities for more sensitive assays for the detection of HIV in blood to
prevent transmission through transfusion.

© 2007 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights
reserved.

Blood transfusion;
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90% of recipients of seropositive blood subsequently became
infected (Simonsen et al., 1999). In developed countries,
the rate of HIV transmission through transfusion has sub-

1. Introduction

The effectiveness of HIV intervention programmes, espe-
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cially prevention of transmission through blood transfusion,
depends largely on the accuracy of diagnosis of the infec-
tion. Blood transfusion is the most efficient mode of
transmission of the virus. Reports have shown that over
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stantially reduced since 1985, when HIV antibody testing
became available to screen blood and blood products for
transfusion (Donegan et al., 2003). However, this is not
the case in Africa, where blood transfusion is very com-
mon (Lee and Allain, 2004), even when it may not be
medically indicated. According to Simonsen et al. (1999),
injections are given when oral medicines would suffice
and transfusion when more benign therapy should be pre-
ferred.
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Although data on HIV transmission by blood transfusion in
Africa are very scarce, several factors, including variability
of the virus, facilities, cost and competence of laboratory
personnel (Lee and Allain, 2004; Olaleye, 2006), are some
of the problems of HIV diagnosis that may enhance this
mode of transfusion in the region. Multiple subtypes and
circulating recombinant forms are known to circulate in
Nigeria (McCutchan et al., 1999; Ojesina et al., 2006), and
the quality of HIV testing varies with the level of health
care facilities, whether private, secondary or tertiary. In
addition, recent reports have indicated that the use of con-
taminated syringes and needles as well as false-negative
HIV-testing results may be contributing to the large number
of infections in many developing countries (Odaibo et al.,
1998, 2004; Simonsen et al., 1999). We assessed the safety
of blood units for transfusion in two large blood banks in
Nigeria.

2. Materials and methods

This study was carried out using samples from two large
blood banks (blood bank | and blood bank Il) in Ibadan, the
capital of Oyo State, Nigeria, from March to October 2005.
The two blood banks used the same procedures: a single
ELISA for testing of blood units (GeneScreen Plus test kit;
BioRad, Paris, France).

Aliquots of 250 whole blood samples (10 ml) from every
fifth blood unit previously tested and recorded as HIV-1-
and HIV-2-negative with the GeneScreen Plus ELISA were
collected from each of the blood banks and transported
in an isolated specimen box containing ice packs to the
Department of Virology, University College Hospital, Ibadan,
for further analysis. The samples were centrifuged and
plasma separated in aliquots immediately in the laboratory
on arrival. Both plasma and packed cells were stored at
—20°C until analysed.

2.1. HIV-1 antigen capture assay

All the plasma samples were tested for the presence
of HIV-1 antigen using a commercial sandwich-type ELISA
for p24 antigen detection (ELAVIA Ag |; Sanofi Diagnos-
tics Pasteur, Marnes La Coquette, France). Briefly, each
plasma sample was treated with a mild acid solution-
ICS (ELAVIA Ag | immune complex dissociation reagent) to
dissociate any antigen/antibody complexes. The treated
samples were then transferred to reaction plates and the

test performed according to the manufacturer’s instruc-
tions.

2.2. Western blot analysis

All HIV-1 antigen-positive plasma samples were further
tested for the presence of specific HIV-1 antibodies using
a commercially available Western blot kit, LAV BLOT 1 (Bio-
Rad, Paris, France). Samples and reagents were brought to
room temperature and the test performed according to the
manufacturer’s instructions. Briefly, samples were added
onto Western blot strips, and after washing, incubation with
conjugate and colour development solution, the reaction
was stopped by washing three times with distilled water.
The presence of antibody to at least one envelope protein
of HIV-1 was considered to be positive; the presence of any
band that did not meet the criteria for positivity was taken
as indeterminate; and no band at all was interpreted as
negative.

2.3. DNA extraction and PCR analysis

DNA was extracted from the stored packed cells of the
HIV-1 antigen-positive samples using the Qiagen Miniprep
genomic DNA extraction kit (Qiagen Inc., Valencia, CA, USA)
and then subjected to PCR. A set of primers [H1P4327
(TAAGACAGCAGTACAAATGGCAG) and H1P5155as (CTCTGTG-
GCCCCTGGTCTTCT); supplied by the Institute of Tropical
Medicine, Antwerp, Belgium was used to amplify a region
of the HIV-1 pol gene. The PCR cycling protocol was 2 min
at 94°C for denaturation, followed by 35 cycles of 94°C for
30s, 50°C for 30s and 72°C for 60s and then 72 °C for 7 min
for final extension. The PCR product was subjected to gel
electrophoresis in 2% agarose gel and viewed under UV light.

3. Results

In total, 500 HIV antibody-negative samples from the
two blood banks (250 samples from each) were analysed
(Table 1), and 6 (1.2%) were found to be positive for HIV-1
antigen by the antigen-capture ELISA. Further testing of the
antigen-positive samples by Western blot showed that none
was positive and 4 (0.8%) were indeterminate. However, 3
(0.6%) of the samples were found to be positive for HIV-
1 antigen by PCR. The two Western blot-negative samples
were also negative by PCR, whereas three of the Western
blot-indeterminate samples were positive by PCR (Table 2).

Table 1 Detection of HIV-1 antigen and cDNA (by PCR) in seronegative blood samples for transfusion in Ibadan, Nigeria

Site No. samples HIV-1 Ag Analysis of HIV-1 Ag +ve samples
(antibody-negative)
Western blot PCR
No. (%) +ve No. (%) +ve No. (%) indeterminate No. (%) —ve No. (%) +ve
Blood bank | 250 4(1.6) 0 3(1.2) 1(0.4) 2(0.8)
Blood bank Il 250 2(0.8) 0 1(0.4) 1(0.4) 1(0.4)
Total 500 6(1.2) 0 4(0.8) 2 (0.4) 3(0.6)
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Table 2 Western blot and PCR reactivity pattern of HIV-1
antigen-positive samples

Sample ID no. HIV-1 Ag Western blot PCR
001 +ve Indeterminate +ve
002 +ve Indeterminate —ve
003 +ve —ve —ve
004 +ve Indeterminate +ve
005 +ve —ve —ve
006 +ve Indeterminate +ve

4. Discussion

HIV infection resulting from blood transfusion of infected
blood has been documented since the first case report in
1981 (Curran et al., 1985). The results of this study show that
HIV-1 antigens were detected in 6 (1.2%) of 500 antibody-
negative blood units, which was further confirmed by PCR
in 3 (0.6%) of the samples. Similar observations have been
reported in other parts of the world (Stramer et al., 2004).
Failure to detect HIV antibodies in blood units donated
by HIV-infected people who have not seroconverted has
been documented (Nelson et al., 1999; Sitas et al., 1994).
Significant changes in the antigenic structure of HIV may
affect the sensitivity of serological tests, a likely scenario
when circulation of multiple subtypes of the virus takes
place, as is the case in Nigeria (McCutchan et al., 1999;
Odaibo et al., 2006; Ojesina et al., 2006; Peeters et al.,
2003).

The rate of unidentified HIV-1-positive blood units found
in this study is considered to be high compared with reported
cases in developed countries. For instance, only 6 of 8710
(0.07%) Western blot-indeterminate samples and 0 of 7562
Western blot-negative samples were confirmed positive for
HIV RNA in the United States (Stramer, 2004). The findings
in this study indicate that transfusion of HIV-contaminated
blood may be contributing to the spread of the virus in Nige-
ria and that there is a need for urgent and necessary action
by the relevant health authorities to prevent transfusion-
associated transmission. The inclusion of P24 antigen testing
and the nucleic acid amplification test, which detects HIV-1
RNA in minipools, has been shown to further reduce the risk
of transfusing HIV-contaminated blood in the United States
(Stramer, 2004).

It is interesting that none of the six antigen-positive sam-
ples was confirmed by Western blot, although four were
indeterminate. This may indicate that the donors were
recently infected with low levels of antibody or that they
were infected with virus variants of the epitopes used for
the antigen base of the assay kit. The reduced sensitivity
of commercial diagnostic assays is particularly problematic
in regions where multiple HIV-1 non-B subtypes and recom-
binants are predominant, as in Nigeria (Horal et al., 1991;
Peeters et al., 2003). Thus there is a need for continuous
monitoring of the performance of diagnostic assays, espe-
cially with a view to incorporating the structures of new
subtypes/variants in the antigenic base. Although the inde-
terminate results may be due to the presence of other
related, but different, retroviruses in the area, amplifica-
tion of the pol gene fragment of HIV from three of the four

indeterminate samples confirmed the presence of the virus
in some of the blood units.

The inability to amplify HIV cDNA from three (50%) of the
antigen-positive samples may be due to primer mismatch
caused by variation in the sequence of the virus. Apart from
the cost and lack of facilities, sequence diversity of HIV
has been a constant challenge for the application of PCR
in African countries, where multiple genetic types and sub-
types co-circulate (Fonjungo et al., 2000; Peeters et al.,
2003). Nevertheless, PCR is a potentially valuable tool to
diagnose HIV in donated blood and thus reduce the risk of
transmission through blood transfusion.

It is also worthy of note that the blood banks where sam-
ples were collected for this study are in an urban setting
where facilities and manpower can be considered close to
adequate. The role of blood transfusion in semi-urban and
rural communities, where there are little or no facilities
available for pre-transfusion HIV screening, is likely to be
much more significant. Thus it is necessary to put in place
centralized blood-banking systems by state or region, where
facilities for more sensitive assays for detection of HIV anti-
body/antigen in blood units for transfusion can be provided
and to ensure proper monitoring through links or networking
with HIV reference laboratories in Nigeria as well as other
African countries.

Authors contributions

GNO and DOO designed the study protocol, carried out anti-
gen detection and molecular analysis and interpreted the
data; AT and YAA carried out sample collection and screen-
ing of blood units at the respective blood banks; GNO drafted
the manuscript and DOO revised it. All authors read and
approved the final manuscript. DOO is guarantor of the

paper.

Acknowledgements: We appreciate the support of the
other staff of the Virology Department, University College
Hospital, Ibadan, Nigeria, and the two blood banks for their
assistance during the course of the study. The primers used
for the study were kindly provided by Dr W. Jassens’ team
at the Department of Microbiology, Institute of Tropical
Medicine, Antwerp, Belgium.

Funding: Funding for this study was provided by the
HIV/Viral Hepatitis Project of the Department of Virology,
College of Medicine, University of Ibadan, Ibadan, Nigeria.

Conflicts of interest: None declared.

Ethical approval: University of Ibadan/University College
Hospital Ethical Review Committee, Ibadan, Nigeria.

References

Curran, J.W., Lawrence, D.N., Jaffe, H., 1985. AIDS associated with
transfusion. N. Engl. J. Med. 310, 6—75.

Donegan, E., Moncada, J., Chernesky, M., Schachter, J., 2003. Sex-
ually transmitted infection/HIV laboratory testing in resource-
limited countries: steps to improve use effective testing and to
ensure diagnostic capacity. Sex. Transm. Dis. 30, 905—908.

102 ‘T |UdY uo AisieAlun preneH e /H10'seulnopiojxoyuwisly//:dny woiy papeojumod


http://trstmh.oxfordjournals.org/
http://trstmh.oxfordjournals.org/

Detection of HIV antigen and cDNA among antibody-negative blood samples in Nigeria 287

Fonjungo, P.N., Mondi, E.N., Torimiro, J.N., Eno, L.T., Nkengkong,
J.N., Gao, F., Rayfield, M., Folks, T.M., Pieniazek, D., Lal, R.B.,
2000. Presence of diverse human immunodeficiency virus type
1 viral variants in Cameroon. AIDS Res. Hum. Retroviruses 16,
1319—-1324.

Horal, P., Svennerholm, B., Jeansson, S., Rymo, L., Hall, W.W.,
Vahlne, A., 1991. Continuous epitopes of human immunode-
ficiency virus type 1 (HIV-1) transmembrane glycoprotein and
reactivity of human sera to synthetic peptides representing var-
ious HIV-1 isolates. J. Virol. 65, 2718—2723.

Lee, H.H., Allain, J.P., 2004. Improving blood safety in resource-
poor settings. Vox Sang. 87, 176—179.

McCutchan, F.E., Carr, J.K., Bajani, M., Sanders-Buell, E., Harry,
T.0., Stoeckli, T.C., Robbins, K.E., Gashau, W., Nasidi, A.,
Janssens, W., Kalish, M.L., 1999. Subtype G and multiple forms
of A/G intersubtype recombinant human Immunodeficiency virus
type 1 in Nigeria. Virology 254, 226—234.

Nelson, K.E., Rungruengthanaki, K., Margolick, J., Suriyanon, V.,
Niyomthai, S., Boer, M.A., Kawichai, S., Robison, V., Celentano,
D.D., Nagachinta, T., Duerr, A., 1999. High rates of transmission
of subtype E human immunodeficiency virus type | among hetero-
sexual couples in northern Thailand: role of sexually transmitted
disease and immune compromise. J. Infect. Dis. 180, 337—343.

Odaibo, G.N., Olaleye, O0.D., Tomori, O., 1998. Human immunod-
eficiency virus types 1 and 2 infection in some rural areas of
Nigeria. Rom. J. Virol. 49, 89—95.

Odaibo, G.N., Bamgbose, G., Jegede, A.S., Sankale, J.-L., Omo-
tade, 0.0., Olaleye, D.O., Kanki, P., 2004. Demographic and
Laboratory Evidence of Non Sexual Transmission of HIV in Nige-
ria, in: Published Proceedings of the XV International AIDS

Conference E710L7663, Medimond S.r.l., Bologna, Italy, pp.
25-30.

Odaibo, G.N., Olaleye, D.O., Heyndrickx, L., Vereechen, K.,
Houwer, K., Jassens, W., 2006. Mother-to-child transmission of
different HIV-1 subtypes among ARV naive infected pregnant
women in Nigeria. Rev. Inst. Med. Trop. Sao Paulo 8, 77—80.

Ojesina, A.L., Sankale, J.L., Odaibo, G., Langevin, S., Meloni,
S.T., Sarr, A.D., Olaleye, D., Kanki, P.J., 2006. Subtype-specific
paterns in HIV type 1 reverse transcriptase and protease in
Oyo State, Nigeria: implications for drug resistance and host
response. AIDS Res. Hum. Retroviruses 22, 770—779.

Olaleye, D.0., 2006. National HIV Testing Algorithm. Federal Gov-
ernment of Nigeria, Nigeria.

Peeters, M., Toure-Kane, C., Nkengasong, J.N., 2003. Genetic diver-
sity of HIV in Africa: impact on diagnosis, treatment, vaccine
development and trials. AIDS 17, 2547—2560.

Simonsen, L., Kane, A., Lloyd, J., Zaffran, M., Kane, M., 1999.
Unsafe injections in developing world and transmission of blood-
borne pathogens. Bull. World Health Organ. 77, 789—800.

Sitas, F., Fleming, A.F., Morris, J., 1994. Residual risk of transmission
of HIV through blood transfusion in South Africa. South Afr. Med.
J. 84, 142—144.

Stramer, S.L., 2004. Viral diagnostics in the arena of blood donor
screening. Vox Sang. 87 (Suppl. 2), 180—183.

Stramer, S.L., Glynn, S.A., Kleinman, S.H., Strong, D.M., Caglioti,
S., Wright, D.J., Dodd, R.Y., Busch, M.P., 2004. National Heart,
Lung, and Blood Institute Nucleic Acid Test Study Group Detec-
tion of HIV-1 and HCV infections among antibody-negative blood
donors by nucleic acid-amplification testing. N. Engl. J. Med.
351, 760—768.

102 ‘T |UdY uo AisieAlun preneH e /H10'seulnopiojxoyuwisly//:dny woiy papeojumod


http://trstmh.oxfordjournals.org/
http://trstmh.oxfordjournals.org/

	Detection of HIV antigen and cDNA among antibody-negative blood samples in Nigeria
	Introduction
	Materials and methods
	HIV-1 antigen capture assay
	Western blot analysis
	DNA extraction and PCR analysis

	Results
	Discussion
	Authors contributions
	acknowledgements
	Funding
	Conflicts of interest
	Ethical approval
	References


