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ABSTRACT: Human immunodeficiency viruys typeHIY) subtypes circulating in Nigeria was determirigdusing
the Peptide based Enzyme Immuno-Assay (PELISAhadyae sera or plasma samples collected from 9@iduals
with ELISA and Western blot confirmed HIV-I infeoti in the three broad geographical regions (sousteme,
southeastern and northern) of Nigeria. The syithmtptides used as the capture antigens in thd32Ewere
designed from the consensus sequence of the tyyrehvariable region.

(V3 loop) of HIV-1 subtypes A, B, C, D, E and OldfV-1. The assay was initially validated usinggptaa samples
from individuals infected with various geneticallyentified HIV-1 subtypes in Europe and Africa. yYAserum or
plasma sample that reacted with more than onedqeeptas re-tested using the same antigen pandirtiteng ELISA
technique.

The result co-circulation of multiple HIV-1 subtypmcluding A, B, C, D, E, and O in Nigeria. Vargiprevalence of
specific antibodies to the six HIV-1 subtypes imgd in the PELISA panel were detected among inflectdividuals
in Nigeria. Subtype C was the most prevalent, %8(347) followed by A = 19.8% (183), D = 9.5% (88)= 8.4%
(74), B = 2.5% (23) and group O, 2.4% (20). Thsiy (3.9%) of the samples tested were dually reaathile 52
(5.6%) did not react with any of the six HIV-1 sybé peptides included in the assay. A heterogendistribution of
at least 5 HIV-1 subtypes was observed in all gggans with subtype C being the most prevalentlitha locations,
states and regions, followed by subtypes A, D and\Bne of the samples from the northern and sasteen regions
reacted with HIV-1 subtype O and B peptides respelgt

As far as it can be ascertained, this is the fiegiort of detection of HIV-1 subtypes B, D and E Nigeria.
Furthermore, the result of this work indicates wjolead circulation of multiple HIV-1 subtypes ingdiia. Therefore
a polyvalent vaccine will be the best option fdieefive prophylactic immunization against HIV-1éction in Nigeria.
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Introduction

The incidence of AIDS continues to increaspeerlly in sub-saharan Africa (1-4). Globally,ist
estimated that 36.1 million people were infectethwlV at the end of December 2000 (4). About 996
the people infected are in the developing countf#@s Some research groups, in particular the atarv
AIDS Institute, described the WHO figures as undtineated and that as many as 100 million infections
may have occurred by the end of th& 2entury.

HIV-1 shows heterogeneity among its isolates)( Different isolates of the virus have beeavsh to
differ in their biological properties (7) as wels dmmunological and molecular properties. The
heterogeneity of HIV-1 strains has been studiednimyecular characterization of the genomic sequences
either by sequencing fragments amplified by polyaserchain reaction or by heteroduplex mobility yssa
(8,9). Although, these methods allow for diredbtype classification, they are time consuming, espe
and require specialized equipment and highly tdhipersonnel (10). In addition, the method canret b
easily used for large number of samples and ingglachere facilities for such work are not availaden
most developing countries.

A simple serological subtyping assay to ftali# determination of the distribution of HIV-1 ggypes
circulating in a given population was developedergly (10, 11, 12). The assay compared well with
genotypic analysis such as heteroduplex mobilisapg10). It was shown that the serological apgroa
accurately detected the dominant subtype reactivitynore than 90-97% of the cases (10, 11). This
technique has been used to determine the circgl&ti-1 subtypes in The Gambia (13), Israel (12)l an
Tanzania (14). These are countries with multiple-# subtypes as the situation in Nigeria (10, 14).

HIV has spread extensively into both the rarad urban areas of Nigeria (15, 16, 17). The Fil¥/-1
strain partially characterized from the country ws®wn to belong to subtype A (18). Since then
identification of isolates belonging to subtypes@ O from Nigeria have been reported (19, 20)this
paper, we report circulation of additional HIV-1bsypes in Nigeria as determined by the PELISA
technique.

Materials and M ethods

Study Sites and Blood Samples Collection

The samples used for this study included 3#% sr plasma samples collected from individualth wi
confirmed HIV-1 infections in eight states in bdtie northern and southern regions of Nigeria (Ei)g.
The samples were collected from Teaching Hospifblsiversity College Hospital, Ibadan — UCH,
University of Nigeria Teaching Hospital, Enugu — O, Lagos University Teachning Hospital, Lagos —
LUTH, University of Port-Harcourt Teaching HospjtelPTH, University of Maiduguri Teaching Hospital,
Maiduguri — UMTH, Federal Medical Centre, Owermd State and Oyo and Osun State HIV screening
centers/blood banks. The samples from the Teadhogpitals included HIV positive sera in their stge
during the period covered by this study (1993-198f)le those from other screening centers weredase
on available samples during monthly visit to sftascollection of samples.

HIV-1 Serotyping Procedure

The specific subtype of HIV-1 that infecte@ tthonors of positive serum or plasma sample andliare
this study were determined using the serotypinchrtiepie developed at the Chemotherapeutische
Forschung Institut, Frankfurt, Germany (14) as rfiedifor samples from areas with multiple HIV-1
subtype (Olaleye, 1997, Personal Communicatiorfje dssay is based on relative binding of antiboies
different HIV-1 subtypes to corresponding peptidssd as antigens which were designed from amirb-aci
sequences of the specific HIV-1 subtypes (10, 4], 1

The serotyping ELISA was initially developexddifferentiate antibodies to HIV-1 subtypes B avuh-

B at the Chemotherapeutishes Forschung Institwetnkfart, Germany. For this study, the assay was
modified for detection and differentiation of widgpectrum of HIV-1 subtypes based on relative Inigdi
of antibodies to specific antigens. A reactivigttern of HIV-1 antibodies in sera of infected pers from
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Fig 1. Map of Nigeria Showing source of samples by States
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Uganda, Rwanda, Tanzania, Nigeria and Brazil whise¢ates have been subtyped by nucleotide
sequencing analysis was used to develop an algofith subtyping of isolates from areas with muipl
subtypes (tables 1 and 2).

A panel of seven peptides corresponding taeece in the V3 region of HIV-1 (A to E and O) were
synthesized and used as the capture antigen imnthieect ELISA. Two peptides were derived from
subtype E (short and linear, Bnd long and full-length cycle, E-cycle). Theldlehgth cycle of the
subtype B was used while all the others were shradtlinear. The specific amino acid sequenceseoi/3
synthetic peptides used are shown in Table 1. fémides were synthesized and purified by high
performance liquid chromatography in U.K. (10. ahyl obtained ready for use (through Urusula Dile}ric
The selection of the HIV-1 subtypes that were ideldiwas based on the prevalent subtypes in Afsaa a
the time of the study (20) and known HIV-1 genstibtypes based on previous sequencing of some HIV-1
isolates from Nigeria (18).

The test is based on the method of indiredSBLfor detection of HIV-1 antibodies. The critenised
to determine the reactivity of each sample (spesifrotypes) are shown in Table 2. Samples tlaated
with antigens of more than one HIV-1 subtype weanghfer analyzed by the limiting ELISA (11) to
determine the exact status of such samples.

Table 1: Amino Acid Sequence of V3 Peptides

Subtypes Amino Acid Sequence
A KSVRIGPAFYAT
B CTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHC
C KSIRIGPQTFYAT
D CTRPYNNTRQRTHIGPGQFYRTGDI
E E.. DTSITIGPGQVFYRRT

Ecycl: CTRPSNNTRTSITIGPGQVFYRTGDIIGDIRKAYC
Group O: CERPGIQTVEIRIGPMAWYSMGLGRSSGDSRAAYC

Table 2: Reaction Patterns of Different HIV-1 Sgles in the V3 PEIA

Subtypes V3 - Peptides

P1(IB) P2(A) IN© D k Fov °
HIV-B +Ht - - ) ) _ _
HIV-1A ++ +t * ) ) N _
HIV-1C +++ + T ) ) * _
HIV-1D et + - LA ) _ )
HIV-1E - + * ) i o )
HIV-10 - - - - ) ] B
+++ Strongly reactive
+ Weakly reactive

- Non-reactive
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Results

Antibodies to the six HIV-1¥ypeptides included as antigen for this study westeated among HIV-1
positive sera from Nigeria HIV-1 subtype C infectizvas the most prevalent. It was detected in 447
(48.3%) of the 925 samples tested. This was falbuwy subtype A which occurred at a prevalence of
19.8% (n=183) then subtype E 8.0% (n=74). Prewaeari HIV-1 subtype B and O was low, occurring in
only 23 (2.5%) and 22 2.4%) respectively of the gl@mtested (Table 3).

Thirty-six (3.9%) of the samples tested wetmlly reactive with peptides of more than one HIV-1
subtype (Table 3) while 52 (5.6%) did not reacthwéiny of the six peptides of HIV-1 subtypes used.
Samples that had dual reactivity with peptidesutftgpes A and C (A/C) were the most prevalent (L1 o
36, 30.6%) among those with multiple reactivityhid was followed by those with the E and O (E/.O)
combination (19.4%) [7/36]. Subtype A/D, and Cyiere the least prevalent, being only one of the 36
(2.8%) for each combination. Other HIV-1 subtypenbination found among the samples tested included
A/E (8.3%), B/D (5.6%), C/O (13.9%), D/O (8.3%) aitD (5.6%).

All the multiple reactive and the none-reagtisamples were not included in the analysis of the
serotyping results presented in this report. Tkecestatus of these samples will be resolved grot
methods. Fig. 2 shows the proportion of clearlifedéntiated HIV-1 subtypes among HIV-1 infected
persons in Nigeria.

Subtype C was found to be the most prevaleming samples collected from all the locations. It
occurred with a prevalence of 42.3% to 83.2% indifierent locations followed by Subtype A which sva
found in 11 of the 13 locations. Subtype B wasdetd in only 6 locations with about half of thengdes
(43.5%) from Maiduguri. On the other hand, outle 87 samples that were positive for subtype D, 52
(59.8%) were from Ibadan in the southwest. Howenene of the samples collected from Kaduna, Ejigho
and Samaru respectively were positive for subtype/iille subtype E was detected in samples fromf10 o
the locations. All sera collected from Owerri, Kiad and Samaru were negative for subtype E. Qveral
twenty-two (2.6%) of the samples was reactive witivtype O peptide. Twelve (54.5%) of the positive
subtype O samples were collected from Ibadan aedeach (4.5%) from Enugu and Owerri. On the other
hand, none of the samples from llesha, Ejigbo, Plarcourt, Maiduguri, Ashaka, Kaduna, Shekina and
Samaru reacted with subtype O peptide.

When the results were analysed by state aderse of donors. Subtype C was found to be thstmo
prevalent (37.7%lI in Borno-83.2% in Enugu stateglirnthe states followed by subtype A with prevaken
ranging from 5.3% for Enugu State to 35.7% in Riv8tate. On the other hand, subtype E was more
prevalent than subtype A in Enugu State but théedifhce was not significant. Subtype B was most
prevalent in Borno State (47.8%) followed by Oyat8t(26.1%). None of the samples from Enugu, River
and Imo States was positive for subtype B. Antibedo HIV-I subtype D was detected in all the esat
with prevalence ranging from 1.1% in Kaduna and Btate to 59.8% in Oyo State. Although antibodies
to HIV-I subtype E was detected in the 8 statesreslsamples were collected, it was prevalent in Oyo
(37.8%) followed by Osun (33.8%). Twelve out oéth2 (54.5%) subtype O positive samples found in
this study were from Oyo State followed by 5(27.3%m Osun state and the least was (4.5%) found
among samples from Enugu and Imo States. Nonkeo§amples from Borno, Kaduna and Rivers States
reacted with subtype O peptide. For the purposturtiier analysis, the country was divided intoethr
geographical regions including South Western (S®8uth Eastern (SE) and Northern (N) as shown in
Table 4.

Discussion

HIV-1 isolates have been compared and subtypedPCR amplification, sequencing, heteroduplex
mobility assay (HMA) or serologically detection ahtibody to the V3 region specific of the various
subtypes (10, 12, 22, 23, 24). Although nucleo8dgquencing and HMA are more direct and accurate
methods for subtyping, serological subtyping isapid, simple and inexpensive method for studyirg th
geographical distribution of HIV-1 subtypes usiagge number of samples (10, 11, 24).

Using the consensus V3 peptide for each subtypeB(AC, D, E and O) as antigen, an indirect ELISA
technique (11, 12) was employed to identify soméhef subtypes of HIV-1 strains in Nigeria usingaser
collected from 925 HIV-1 seropositive persons froiffierent parts of Nigeria. Although, identificati of
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some HIV-1 subtypes had been previously reportech fiigeria ((19, 25, 26), we have employed the V3
serotyping method to analyze large number of HISetopositive samples from different parts of Nigeri
in this study. The technique we used has beeniquely used to correctly subtype HIV seropositive
samples from France, Thailand, West Indies (10) sorde African countries including Central African
Republic (10), the Gambia (13) and Tanzania (14).

Table 3: Distribution of six HIV-I Subtypes amoimjected individuals in Nigeria.

Subtype Number tested Percentage (%) Cumulativguerecy
(%)
A 183 19.8 19.9
B 23 2.5 22.3
C 447 48.3 70.6
D 88 9.5 80.1
E 74 8.0 88.1
o] 22 2.4 90.5
DR 36 3.9 94.4
NR 52 5/6 100
TOTAL 925 100%

DR - Dually reactive (reacting with Peptideswmare than one subtypes)
NR - Non-reactive (Did not react with any oéthix peptides used).

Table 4: Distribution of HIV-1 Subtypes amondeicted persons in the three geographical regions of
Nigeria (1993-1997).

Subtypes Western Eastern Northern Total
A 127 (70.2) [22.7] 22 (12.2) [13.7] 32 (17.7) [2P. 181 (21.8)
B 10 (43.5) [1.8] 0 (0.0) [0.0] 13 (56.5) [11.9] 238)
C 272 (61.5) [48.7] 119 (26.9) [73.9] 51 (11.5) Bl6 442 953.3)
D 73 (83.9) [13.1] 10 (11.5) [6.21] 4 (4.6) [3.7] 7 810.5)
E 57 (77.0) [10.2] 8 (10.8) [5.0] 9 (12.2) [8.3] @9
0] 20 (90.9) [3.6] 2(9.1)[1.2] 0 (0.0) [0.0] 2272

TOTAL 559 161 109 829

() Percentage of a particular subtype in aoregi
[ 1 Percentage of sample from a region posifirea subtype
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The result of this work showed that multiple/FHL subtype including A, B, C, D, E and O co-cifaie
in Nigeria. The work also indicates for the fitgshe, the presence of HIV-1 subtypes B. C. D anith E
Nigeria. Identification of large variety of HIV-$ubtypes circulating in the country is similar toet
situation previously reported from many other Adiriccountries. Nkengasomegal (27) reported detection
of HIV-1 subtypes A, B, E, F, G, H and O in Centidfica. Similarly, Ariyoshiet al. (13) also used the
peptide enzyme immunoassay and found co-circulatosubtypes A, B, C, D and F in the Gambia.
Furthermore, at least five different HIV-1 subtygesve also been reported in Europe and the Americas
though with subtype B constituting almost 90% af tirculating HIV-1 subtypes in the region (27,.28)

The result of this study further showed that HI\étibtype C may be the most prevalent (48.3%) subtype
circulating in Nigeria. This finding is also simaflto earlier reports from some African countriashsas
The Gambia where 57% of HIV subtypes were fountddC (13) and Malawi where subtype C was the
predominant subtype identified among pregnant wo(@8h In addition, subtype C has been reported to
be the most prevalent subtype of HIV-1 in Southidsr(30, 31). This is contrary to other reportsalih
indicate that subtype A is the most prevalent guibtin many of the countries of West Africa (9, 32).
However, some workers have shown that most serdB/aed A/C genetically cluster with subtype A-
1bNg.

HIV-1 subtype B has sparingly been reportediirica, previously from the Gambia (13), Cameroon
(27) and South Africa (30). Specific antibodiestdbtype B were detected for the first time in NMigen
this study and were later confirmed by sequencidtpléyeet al, in preparation). The prevalence of
subtype B found in this study (2.5%) was lower tipaaviously reported in some other African courstrie
Using the peptide Enzyme Immunoassay, Ariyashal. (13) found a prevalence of 8% for HIV-1 subtype
B in The Gambia, mainly among male patients whoehaaveled or lived in North America or W. Europe
(12). The history of sexual contract between iitlials tested in this study and people from plagiés
high prevalence of HIV-1 subtype B is not known.

Detention of specific antibodies to HIV-1 sy E in this study is in agreement with findings i
Central African countries of Cameroon (27) and @e#mfrican Republic (33) to the East of Nigeriatbu
different from the situation in some countrieshe tvest of Nigeria such as Cote D’lvoire and ThenGia
where subtype E has not been reported (13, 31)ecben of subtypes A and D in this country is $anto
findings in Uganda (34), Rwanda (20), Kenya (20) 82d The Gambia (13). The first HIV-1 strain
isolated from Nigeria was shown to belong to subtyp (35). Furthermore, the result of this study
confirmed previous reports of serological evidenteirculation of HIV-1 group O in Nigeria (26, 26)
However, the prevalence of group O found in ouliesers higher than previously reported (26, 36)
suggesting wide spread of group O viruses thaniquely reported. In addition to the Central Afica
countries of Cameroon, Gabon and Equatorial GuiH&&,1 group O infections have also been reported i
Benin, Senegal, Togo, Niger, Chad and Kenya (9,327,32, 37, 38) showing that it is wide spread in
Africa, but with limited dissemination to other gof the world (20).

Apart from the six HIV-1 subtypes investigatiedhis study, other HIV-1 subtype such as F, GJH
and | have been identified (19, 22, 27, 29, 31, 3)e result of this study showed that 52 of ®5%b) of
the HIV seropositive samples analysed did not redtt any of the six peptides used as the capture
antigen. This observation is similar to experiefroen other parts of the world (10, 39). Badnal (10)
analyzed HIV-1 seropositive samples from Africaailéind, West Indies and France and found that 2.6%
of the serum samples tested did not react withddirilre five peptides (A, B, C, D and E) used asgamt.

It is therefore possible that the seropositive damthat did not react with any of the six HIV-1ptides
used may be due to infection with any of the otHBr-1 subtypes. Abimikwet al (19) have previously
reported genetic evidence of presence of HIV-1ypétG from blood samples collected from infected
persons in Jos area of Nigeria. It is possible &t the individuals whose infecting virus coulot be
subtyped in our series were infected with yet untified subtypes or variants of HIV-1 in Nigeria.
Previous report by Odemuyiwet al (40) indicated circulation of several variantsHi¥/-1 in Nigeria. It

is also possible that non-reactivity of those samplith any of the six peptides antigens usedhisrstudy
may be due to low level of antibody to the V3 regad the gp 120 of HIV-1 in the infected individaas
earlier observed by Gaywetal (24).

Thirty-six of the 925 (3.9%) HIV-1 seroposgisamples examined in this study were positivarfore
than one HIV-1 subtypes. This phenomenon couldllee to cross reactivity with the different subtype
peptides could not be differentiated by the lingtiELISA technique. This problem is one of the
limitations of HIV subtyping by peptide enzyme imnmassay (10, 11, 28, 29, 31, 32, 41). Howeves, it
known that an individual can be infected with npulki HIV types or subtypes in a region where several
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HIV types and subtypes co-circulate (41, 42, 4Bual infections of the same person with distieat
subtypes and divergent HIV-1 and HIV-2 strains, ahhshare only 40% homology have been reported
(44). Furthermore results of experimental studliage shown possibility of super-infection by diffat
HIV-1 strains (45, 46, 47). In addition, dual iofiens with different HIV-1 subtypes have beerttier
supported by numerous reports of identificationHd¥/-1 and HIV-2 subtype recombinants (48, 49, 50,
51). A case of triple HIV-1 subtype infection invimg group M (A and D and group O was found in a
Cameroonian AIDS patient by Takehigaal (43).

Cross antibody reactivity of subtypes A an(ACC) antibodies found in this study was also oledrby
previous workers who used peptides and recombipeotein as antigen to differentiate HIV-1 subtypes
(10, 12). Most of the dually positive samples,rfdun this study, 11 of 36 (30.6%) belonged to A€
group. The V3 consensus of subtype C differs stitghtly from that of A which may be responsible fo
the high incidence of A/C dual reactivity. A sianilsituation was found among HIV-1 seropositive
samples from Tanzania subtypes by the V3 peptid&A&Ll(14). Dual infection and recombination have
great implication for development of effective viemecagainst the virus.

Overall, the results of this work have shown thatypalent vaccines will be required for effective
prophylactic immunization against HIV-1 infectiom iNigeria and hence the need for continuous
monitoring and molecular characterization of ciatulg HIV-1 subtypes in different geographical wags.
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