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ABSTRACT Abacavir hypersensitivity reaction is a multi-organ systemic illness that occurs in approximately 5-8%
of HIV-infected patients who initiate therapy with abacavir — associated strongly with HLA B*5701. Population
studies have reported frequency of serologically defined HLA B17 splits B57 and B58 antigens, with molecular
subtypes 31 for (B*5701-B*5731) and 28 for B*5801-B*5828) as of April 2010. HLA B57 frequency is 5 -20% in
India. The incidence of abacavir hypersensitivity reported from Caucasian clinical trials is approximately 8% (range
2-9%). We analysed the B17 incidence among HLA association of 205 HIV-1 patients on anti-retroviral treatment.
Ethnically age and sex matched 200 normal individuals served as controls. The ARV treated patients were evaluated
for their CD4 counts by flowcytometry, and viral load monitoring by Taqman real time PCR method. HLA typing was
done using conventional microlymphocytotoxicity assay. The prevalence of HLA B17 was found to be 13.17% in
205 patients compared to 7.75% in controls (OR=1.805; P value 0.011) which indicates that this particular HLA B17
and its subtype HLA B57 has to be considered when the antiretroviral treatment cocktail contains abacavir though
costly in resource limited countries like India.

INTRODUCTION

Abacavir is a commonly used nucleoside
analog with potent antiviral activity against HIV-
1. Approximately 5 to 9% of patients treated with
abacavir develop a hypersensitivity reaction
characterized by multisystem involvement that
can be fatal in rare cases (Mallal et al. 2002;
Hetherington et al. 2002). Symptoms usually
appear within the first 6 weeks of treatment
which include fever, rash, gastrointestinal pro-
blems, and malaise. The symptoms worsen
with continued therapy but improve within 72
hours of discontinuation of abacavir. Rechal-
lenging with it after a hypersensitivity reaction
typically results in recurrence of symptoms
within hours. Genetic predisposition for this
idiosyncratic hypersensitivity syndrome was
suggested when it occurred in a small percentage
of abacavir recipients for a short period and
familial occurr-ence and decreased incidence in

individuals of African American origin (Symonds
et al. 2002). In concurrence to these clinical
observations, a strong predictive association
of HLA-B*5701 was demonstrated. In serolo-
gically defined broad group of HLA B 17 there
are two splits HLA B57 and HLA B58 with B*5701-
B*5731 and B*5801-B*5828 molecular sub-
types as of April 2010 respectively which could
be genetic determinants for the hypersensitivity.
It was more evident by recombinant haplotype
mapping found the susceptibility locus or loci
reside specifically in the 57.1 ancestral haplo-
type with the haplospecific alleles HLA-B*5701,
C4A6 and, the HLA-DRB1*0701, HLA-DQ3
combination (Mallal et al. 2002). Martin et al.
(2004) reported that the combination of HLA-
B*5701 and a haplotypic M493T polymorphism
of HSP70-HOM is highly predictive of abacavir
hypersensitivity. Earlier studies have reported
incidence of HLA B*5701 as 5-20% in India.

MATERIALS  AND  METHODS

  In a prospective case-controlled association
present study 205 HIV- 1 positive patients of more
than 18 years of age and on primary line of
antiretroviral treatment were recruited for the
study. Patients fulfilling the inclusion criteria were
enrolled after written informed consent and
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proper counselling. Then patients were evaluated
for their HLA antigens by serology using
microlymphocytotoxicity assay, CD4 counts
using Tritest CD3/CD4/CD8 (BD Diagnostics) by
Flow cytometry and plasma HIV-1 viral load using
COBAS Taqman HIV-1 kit (Roche Diagnostics)
by Real-time PCR method.

RESULTS

The prevalence of HLA-B 17 was found to be
26.34% in 205 HIV-1 positive patients on primary
line antiretroviral treatment (Table 1). There was
no clear correlation of the risk of abacavir
hypersensitivity with the CD4 cell count or HIV-
1 RNA level. We have found HLA B17 prevalence
as 26.34% in 205 AIDS cases on primary line
Earlier we have reported HLA B*57 and B*58
frequencies (Table 2) in HIV-1 infected naïve
patients (Umapathy et al. 2007). HLA B*5701 a
molecular subtype of HLA B*57 is reported to be
associated very strongly with hypersensitivity
reaction to abacavir.

DISCUSSION

HLA plays a crucial role in immunopatho-
physiology of infections, for which, knowing fre-
quencies of HLA alleles in a particular population
is of paramount importance. Kiepiela et al. (2004)
have found a significantly greater number of
HLA-B CD8+ T cell responses compared to HLA-
A (2.5-fold; P = 0.0033). He has shown that
variation in viral set point, in absolute CD4 count
and, by inference, in rate of disease progression

in the cohort, was strongly associated with
particular HLA-B but not HLA-A allele express-
ion. Moreover, substantially greater selection
pressure was imposed on HIV-1 by HLA-B alleles
than by HLA-A. The principal focus of HIV-
specific activity is found at the HLA-B locus
cause B alleles to evolve more rapidly than A
alleles and thereby, influence gene frequen-
cies in the population by HIV disease.

Association with class I HLA alleles and
infectious disease has been demonstrated mainly
with HLA-B: B8 with susceptibility to pulmonary
tuberculosis, B35 with susceptibility to AIDS,
B53 with resistance to severe malaria, and B57
with resistance to AIDS (Cooke and Hill 2001).
Martin et al. (2002) reported that the activating
KIR allele KIR3DS1, in combination with HLA-B
alleles that encode molecules with isoleucine
at position 80 (HLA-B Bw4-80Ile), is associated
with delayed progression to AIDS in individuals
infected with HIV-1. In the absence of KIR3DS1,
the HLA-B Bw4-80Ile allele was not associated
with any of the AIDS outcomes measured. By
contrast, in the absence of HLA-B Bw4-80Ile
alleles, KIR3DS1 is significantly associated with
more rapid progression to AIDS. These obser-
vations strongly suggest a model involving an
epistatic interaction between the two loci. The
strongest synergistic effect of these loci is seen
on progression to depletion of CD4+ T cells, which
suggested that a protective response of NK cells
involving KIR3DS1 and its HLA class I ligands
begins soon after HIV-1 infection. By testing the
effects on HIV disease progression and viral load
of inhibitory KIR3DL1 subtypes in combination

Table 1: HLA distribution among HAART - treated HIV-1 infected individuals and controls from Mumbai

HLA      Patients (N=205)   Controls (N=200)
N + % AF N + % AF OR Ki2 EF PF 95% CI P value

B17 54 13.17 31 7.75 1.805 5.770 0.057 1.13-2.87 0.011

N+ -Number Positive OR - Odds RatioPF- preventive fraction** significant P value
%AF -allele frequency percentageKi2 -Chi-square with Yates Correction
EF -etiological fraction95% CI- 95% confidence Interval

HLA Western India* Caucasian West Indies Hispanic African American
N =75 N=11 N = 17 N = 33 N = 38

AF (%) AF (%) AF (%) AF (%) AF (%)

B*57 5.33 9.09 14.7 6.57
B*58 6 4.54 14.7 4.54 6.57
* Ref . Umapathy et al. 2007

Table 2:  Comparative HLA B*17 subtype allele distribution among the west Indian AIDS patients with
the world*
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with HLA-B allelic groups, Martin et al.  (2007)
have determined that highly expressed, highly
inhibitory KIR3DL1*h alleles strongly enhance
protection conferred by HLA-Bw4-80Ile alleles,
including HLA-B*57. He has proposed that
greater dependency on the expression of specific
KIR3DL1-Bw4 receptor-ligand pairs for NK cell
inhibition in the resting state results in more
pronounced NK cell responses when the
inhibition is abrogated in the face of infection.

 Gao et al. (2005) proposed that the presence
of the various HLA-B alleles may lead to different
scenarios for viral escape from cytotoxic T-
lymphocyte pressure and virus subtypes with
different immunity. He has found that HLA-B
alleles interfere at distinct intervals after HIV
infection. HLA-B35-Px and HLA-B57 are
associated with rate of progression leading to
four outcomes: (1) progression to CD4+ T cells
less than 200 (CD4 less than 200), (2) CD4 less
than 200 and/or an AIDS-defining illness, (3)
an AIDS-defining illness, and (4) death.  HLA-
B27, on the other hand, has only been associated
with the last 3 outcomes. Protection mediated by
HLA-B57 is seen early after infection, whereas
HLA-B27-mediated protection has delayed
progression to an AIDS-defining illness after the
decline in CD4 counts. HLA-B35-Px show has
rendered an early susceptibility effect associated
resulting in rapid progression from serocon-
version to CD4 less than 200.

 All Amerindian groups have show limited
HLA polymorphism which probably reflects
the small founder populations that colonized
America by overland migration from Asia 11,000
to 40,000 years ago. Belich et al. (1992) have found
that the nucleotide sequen-ces of HLA-B alleles
from two culturally and linguistically distinct
tribes of Southern Brazil are distinct from those
in Caucasian, Oriental, and other populations.
New alleles are formed through recombination
between pre-existing alleles, not by point mu-
tation, giving rise to distinctive diversification
of HLA-B in different South American Indian
tribes. Segmental exchanges of this type, even
if they occur at a lower frequency than point
mutations, could be useful in the development
of resistance to infectious disease, for example,
in as much as the  probability of an adaptively
useful variant is much higher when there is
segmental exchange of already structurally valid
coding sequence rather than random point
mutation. The findings in literature support the

hypothesis that the extraordinary polymorphism
of major histocompatibility complex genes has
evolved primarily through natural selection by
infectious pathogens. Although most of the
human MHC loci are relatively stable, the HLA-
B locus appears to be capable of rapid changes,
especially in isolated populations. McAdam et
al. (1994) compared the sequences of 19 HLA-B
homologs from chimpanzees (Pan troglodytes)
and (Pan paniscus) to 65 HLA-B human se-
quences. Despite obvious similarities between
chimpanzee and human alleles in exon 2, little
conservation of exon 3 between human and the
2 chimpanzee species is shown suggesting
characterization of the HLA-B locus and its
homologs for over 5 million years by recom-
bination unlike all other HLA Loci.

CONCLUSION

Thus, our study demonstrates that HLA B17
frequency in Indian HIV antiretroviral treated
patients is due to the different composite ethnic
groups studied. The testing for HLA B17 (57)
antigen along with HLA B*5701 allele subtype
can be used as pharmacogenetic testing to
prevent abacavir hypersensitivity reaction
among Indian patients.

REFERENCES

Belich MP, Madrigal JA, Hildebrand WH, Zemmour J,
Williams RC, Luz R, Petzl-Evler ML, Parham P
1992. Unusual HLA-B alleles in two tribes of
Brazilian Indians. Nature, 357: 326-329.

Cooke GS, Hill AV 2001. Genetics of susceptibility to human
infectious disease. Nat Rev Genet, 2: 967-977.

Gao X, Bashirova A, Iversen AK, Phair J, Goedert JJ,
Buchbinder S, Hoots K, Vlahov D, Altfeld M,
O’Brien SJ, Carrington M 2005.AIDS restriction
HLA allotypes target distinct intervals of HIV-1
pathogenesis. Nat Med, 11: 1290-1292.

Hetherington S, Hughes AR, Mosteller M, Shortino D,
Baker KL, Spreen W, Lai E, Davies K, Handley A,
Dow DJ, Fling ME, Stocum M, Bowman C,
Thurmond LM, Rosen AD 2002. Genetic variation
in HLA-B region and hypersensitivity reaction to
abacavir. Lancet, 359:1121-1122.

Kiepiela P, Leslie AJ, Honeyborne I, Ramduth D,
Thobakgale C, Chetty S, Rathnavalu P, Moore C,
Pfafferott KJ, Hilton L, Zimbiwa P, Moore S, Allen
T, Brauder C, Addo MM, Altfield M, James I, Mallal
S, Bunce M, Barber LD, Szinser J, Day C, Kleneman
P, Mullins J, Kober B, Coovadia HM, Walker BD,
Goulder PJ 2004. Dominant influence of HLA-B in
mediating the potential co-evolution of HIV and
HLA. Nature, 432: 769-775.

Mallal S, Phillips E, Carosi G, Molina J, Workman C,

61



U. SHANKARKUMAR AND A. SHANKARKUMAR

Tomazic J, Jagel-Guedes E, Rugina S, Kozyrev O,
Cid JF, Hqay P, Nolan D, Hughes S, Hughes A,  Rayan
S, Fitch N, Thorborn D, Baurbow A, PREDICT-1
Study Team 2008. HLA-B*5701screening for Hy-
persensitivity to Abacavir. N Eng J Med, 358: 568-
79.

Martin AM, Nolan D, Gandieri S, Almeida CA, Nolan R,
James T, Carralho F, Philips E, Chirstiansen FT,
Parcell AW, McCluskey J, Mallal S 2004. Predis-
position to abacavir hypersentivity conferred by
HLA B*5701 and a haplotypic Hsp 70-Hom vari-
ant. Proc Nat Acad  Sci USA,  101: 4180-4185.

Martin MP, Gao X, Lee JH, Nelson GW, Detels R,
Goedartt JJ, Buchbinder S, Hoots K, Vlahov D,
Trowsdale J, Wilson M, O’Brien SJ, Carrington M
2002. Epistatic interaction between KIR3DS1 and
HLA-B delays the progression to AIDS. Nat Genet,
31: 429-434.

Martin MP, Qi Y, Gao X, Yamada E, martin JN, Pereyra

F, Colombo S, Brown EE, Shupert WL, Phair J,
Goedert JJ, Buchbinder S, Kirk GD, Telesti A,
Connors m, O’Brien BJ, Walker BD, Parham P,
Deeks SG, McVicar DW, Carrington M 2007.Innate
partnership of HLA-B and KIR3DL1 subtypes
against HIV-1. Nat  Genet, 39: 733-740.

McAdam SN, Boyson JE, Liu X, Garber TL, Hughes AL,
Bontrop RE, Watkins DI  1994. A uniquely high
level of recombination at the HLA-B locus. Proc
Natl Acad Sci USA, 91: 5893-5897.

Symonds W, Cutrell A, Edwards M, Steel H, Spreen B,
Powell G, McGuirk S, Hetherington S 2002. Risk
factor analysis of hypersensitivity reaction to
abacavir. Clin Ther, 24: 565-573.

Umapathy S, Pawar A,  Ghosh K. 2007. Specific human
leukocyte antigen alleles associated with HIV-1
infection in an Indian population. J Acquir Immune
Defic Syndr, 44: 489-490.

62




