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Summary objectives To determine the frequencies of HLA-B alleles in Ugandan patients in the NORA substudy

of the DART trial and to compare HLA-B allele frequencies in those with and without clinically

diagnosed hypersensitivity reaction (HSR).

methods DNA-based HLA-B genotyping was used to determine HLA alleles in 247 participants who

received abacavir, including all six participants (‘cases’) with clinically diagnosed abacavir HSR.

results The incidence of clinical abacavir HSR in this double-blinded study was 2.0% (6 ⁄ 300) in the

abacavir group. As HLA-B*5701 was absent throughout the entire cohort, including the six HSR ‘cases’,

an association could not be established between HLA-B*5701 and clinically diagnosed abacavir HSR.

No other HLA-B*57 alleles were present among the six ‘cases’. HLA-B*5703 was the most frequent

HLA-B*57 allele among the abacavir-tolerant participants.

conclusion The rate of clinical HSR was low, which may reflect the expected 2–3% clinical false-

positive rate seen in previous double-blind randomized studies. The presumption that these cases may be

false-positive abacavir HSR is supported by the fact that no HLA-B*5701 alleles were found in the

abacavir group. Implementation of prospective HLA-B*5701 screening must be based on benefit ⁄ risk
considerations within local practice. Clinical risk management remains paramount.

keywords AIDS, pharmacogenetics, HLA-B*5701, abacavir, drug hypersensitivity, African Continental

Ancestry Group

Introduction

Of the 4 million people in low- and middle-income countries

receiving antiretroviral therapy (ART) in 2008, nearly 3

million were living in sub-Saharan Africa and 2% were

receiving second-line ART (WHO 2009). Numbers on

second-line therapy are expected to increase substantially as

more patients fail first-line therapy. The World Health

Organization (WHO)’s recommended second-line regimens

are tenofovir DF + lamivudine and abacavir + didanosine,

each with a boosted protease inhibitor.

Approximately, 5% of patients receiving abacavir in

clinical studies in resource-rich countries develop a clini-

cally diagnosed hypersensitivity reaction (HSR), charac-

terized by symptoms most often including fever, rash,

gastrointestinal and ⁄ or constitutional symptoms and less

frequently, respiratory symptoms, lethargy or malaise and

usually appearing within 6 weeks of initiating abacavir

(median onset 11 days) (Brothers et al. 2005). Standard

practice is to permanently discontinue abacavir for symp-

toms consistent with HSR.

In retrospective studies, the pharmacogenetic marker,

HLA-B*5701, was associated with increased risk for

abacavir HSR in European, Hispanic and Thai populations

(Hughes et al. 2008). Furthermore, the PREDICT-1 trial

demonstrated that prospective screening and exclusion of

HLA-B*5701-positive patients from abacavir treatment

significantly decreased the incidence of clinically diagnosed

abacavir HSR and eliminated HSR immunologically con-

firmed by clinical diagnosis plus a positive abacavir skin

patch test reaction (Mallal et al. 2008). Open-label

screening and exclusion of HLA-B*5701-positive patients

has reduced true- and false-positive abacavir HSR to very

low rates in racially diverse populations (Rauch et al.*DART Trial members are in Appendix.
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2006; Zucman et al. 2007). Treatment guidelines and

abacavir prescribing information recommend (USA) or

require (Europe) prospective HLA-B*5701 screening prior

to abacavir initiation.

In clinical studies, clinically diagnosed abacavir HSR has

been reported in fewer people of black race possibly

because of reduced HLA-B*5701 carriage frequency

compared to caucasians (Cao et al. 2001, 2004; Prins et al.

2008) and ⁄ or a higher proportion of false- to true-positive

abacavir HSR in blacks. An earlier study concluded HLA-

B*5701 was not associated with clinically diagnosed

abacavir HSR in self-reported African Americans, and

HLA-B*5701 was only present in 8–16% of clinically

diagnosed cases (Hughes et al. 2004). However, in the

SHAPE study, when clinical diagnosis of abacavir HSR

was augmented with skin patch testing to identify cases,

the sensitivity of HLA-B*5701 increased to 100% in both

self-reported European and African-American patients in

the USA (Saag et al. 2008). Together, PREDICT-1, SHAPE

and earlier retrospective studies suggest that prospective

HLA-B*5701 screening may have clinical utility across

diverse racial populations.

Information on genetic variation in black populations in

Africa is limited, particularly with respect to the highly

variable major histocompatibility complex where the

HLA-B gene is located, and there are no reported studies in

African patients on associations between clinically diag-

nosed abacavir HSR and genetic variations in the HLA-B

region. We conducted a pharmacogenetic substudy within

the DART trial in Uganda to evaluate associations between

HLA-B*5701 carriage and clinically diagnosed abacavir

HSR.

Methods

Within the DART trial (DART Trial Team 2010), the

NORA (Nevirapine OR Abacavir) substudy was designed

to evaluate the safety of abacavir compared with nevirapine

in previously untreated Ugandan adults with symptomatic

HIV disease and CD4 <200 cells ⁄ mm3 initiating ART in a

setting where all patients were under close clinical super-

vision. After providing informed consent, participants at

the Joint Clinical Research Centre, Kampala, or the

MRC ⁄ UVRI Uganda Research Unit on AIDS, Entebbe,

were randomized to either zidovudine and lamivudine

(co-formulated as Combivir) plus either 300 mg abacavir

and nevirapine placebo or abacavir placebo and 200 mg

nevirapine twice daily for 24 weeks (double dummy

design). Participants were then switched to open-label

active drug and continued follow-up. Safety and

tolerability data from NORA have been reported else-

where, and the six patients who experienced clinically

diagnosed abacavir HSR have been previously described

(DART Trial Team 2008).

Additional ethics approval was obtained for pharmaco-

genetic research. Of 300 participants randomized to

receive abacavir in NORA, 38 (13%) died or were lost to

follow-up before the pharmacogenetic research was con-

ducted, 9 (3%) were not approached for consent in error

and 6 (2%) declined to participate. The remaining 247

(82%) participants provided written informed consent and

a 10 ml blood sample for the determination of HLA-B

genotypes (Quest Diagnostics, Chantilly, VA, USA). All six

patients with clinically diagnosed abacavir HSR (‘cases’)

and 241 patients who received abacavir without evidence

of HSR (‘controls’) were included. HLA-B genotypes

(four-digit resolution) were determined for the six ‘cases’

using high-resolution DNA-based assay methods to pre-

cisely determine the HLA alleles present (http://hla.

alleles.org). For the 241 controls, DNA samples were first

genotyped using medium-resolution, 2-digit DNA-based

methods to identify the serological antigens present (e.g.

to discriminate HLA-B57 from HLA-B58) followed by

high-resolution, 4-digit assay for the subset who were

HLA-B57 positive.

Chi-square tests were used to evaluate the association

between abacavir HSR and 2-digit HLA-B alleles. For the

HLA-B 2-digit alleles that showed evidence of over

representation among ‘cases,’ Fisher’s exact test was used

to assess the association between the presence or absence of

the allele and abacavir HSR case status. No adjustments

for multiple testing were made.

Results

In NORA, the incidence of clinically diagnosed HSR was

2.0% in the abacavir group (6 ⁄ 300) (DART Trial Team

2008). The objective of this pharmacogenetic study was to

determine whether HLA-B*5701 was associated with

clinically diagnosed abacavir HSR in this Ugandan popu-

lation. Among the 247 participants tested, none were

HLA-B*5701 positive (Table 1). This observation was not

unexpected among the six clinically diagnosed ‘cases’; in a

previous study, only 8–16% of self-reported African

Americans with clinically diagnosed abacavir HSR were

HLA-B*5701 positive (Hughes et al. 2004; Saag et al.

2008). However, it was unexpected that HLA-B*5701 was

not detected at all, as an HLA-B*5701 allele frequency of

3.1% (carriage frequency �6.2%) has previously been

reported in an unrelated population from Kampala,

Uganda (Cao et al. 2004). Thus, because of the absence of

HLA-B*5701 throughout the cohort, it was not possible to

establish an association between HLA-B*5701 and clini-

cally diagnosed abacavir HSR.
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Furthermore, no other HLA-B*57 alleles were present

among the six clinically diagnosed ‘cases’. Among abaca-

vir-tolerant participants, HLA-B*5703 was the most

frequent HLA-B57 allele, followed by HLA-B*5702 which

was absent in the previously published Ugandan dataset

(Cao et al. 2004).

No other HLA-B marker was strongly associated with

clinically diagnosed abacavir HSR (Table 2). The only

possible trend identified was with HLA-B81 with allele

frequencies of 0.167 in ‘cases’ and 0.029 in controls

(Fisher’s exact test P = 0.054). This was based on only two

alleles among the ‘cases’, does not reflect any adjustment

for multiple tests and it is likely to represent a chance

finding.

Finally, as the HLA-B57 allele frequencies within the

NORA population were so different from previously

published estimates for Ugandans, we investigated whether

frequencies for common HLA-B alleles differed as well.

The most frequently occurring HLA-B alleles present

(‘cases’ and controls combined) were HLA-B58 (0.136)

and HLA-B15 (0.134). These allele frequencies are roughly

comparable with published frequencies in a Ugandan

population of 8.4% and 13.0%, respectively (Cao et al.

2004).

Discussion

Abacavir is being used successfully in Africa, predomi-

nantly in second-line therapy, partly because of a lower

incidence of abacavir HSR. However, as an abacavir HSR

is heralded by the onset of relatively non-specific symptoms

and signs, it has the potential to be mistaken for an acute

intercurrent infection (particularly malaria). High rates of

possible HSR that cannot be confirmed or may be confused

with malaria could render abacavir challenging to use.

In resource-rich countries, implementation of prospec-

tive HLA-B*5701 screening before initiating abacavir has

decreased the incidence of abacavir HSR in racially mixed

patient populations. Our finding that HLA-B*5701 was

not associated with clinically diagnosed abacavir HSR in

patients of African race from Uganda was consistent with

previous data where HLA-B*5701 was only present in

8–16% of clinically diagnosed HSR cases in self-reported

African Americans (Hughes et al. 2004; Saag et al. 2008).

In contrast, the 6.2% HLA-B*5701 carriage frequency

previously reported (Cao et al. 2004) is considerably

Table 1 Comparison of high-resolution HLA-B*57 allele fre-

quencies in three samples of patients of African ancestry

DART

study

n = 247

Ugandan

sample
(Cao et al.
2004)

n = 161

African-

American

sample
(Cao et al.
2001)

n = 251

B*5701
# of alleles 0 10 12
Allele frequency 0.000 0.031 0.024

Exact 95% CI 0–0.007* 0.015–0.056 0.012–0.041

B*5702
# of alleles 8 0 7
Allele frequency 0.016 0.000 0.014

Exact 95% CI 0.007–0.032 0.000–0.011* 0.006–0.029

B*5703
# of alleles 14 4 2
Allele frequency 0.028 0.012 0.004

Exact 95% CI 0.016–0.047 0.003–0.031 0.000–0.014

*Where 0 alleles, one-sided 97.5% confidence intervals are given.

Table 2 HLA-B allele counts and frequencies among abacavir-

treated NORA participants

HLA-B
allele

Cases
(n = 6)

Alleles

(proportion)

Controls
(n = 241)

Alleles

(proportion)

Total
(n = 247)

Alleles

(proportion)

Allele

proportions

from 163
Ugandans

(Cao et al.
2004)

07 1 (0.083) 23 (0.048) 24 (0.049) 0.059

08 1 (0.083) 17 (0.035) 18 (0.036) 0.062
13 10 (0.021) 10 (0.020) 0.028

14 15 (0.031) 15 (0.030) 0.053

15 2 (0.167) 64 (0.133) 66 (0.134) 0.130

18 1 (0.083) 33 (0.069) 34 (0.069) 0.053
27 4 (0.008) 4 (0.008) 0.019

35 9 (0.019) 9 (0.018) 0.065

37 1 (0.002) 1 (0.002) 0.003

38 0.006
39 1 (0.083) 4 (0.008) 5 (0.010) 0.016

40 4 (0.008) 4 (0.008) 0.031

41 9 (0.019) 9 (0.018) 0.012
42 39 (0.081) 39 (0.079) 0.022

44 28 (0.058) 28 (0.057) 0.081

45 2 (0.167) 35 (0.073) 37 (0.075) 0.028

47 1 (0.083) 6 (0.012) 7 (0.014) 0.006
49 17 (0.035) 17 (0.034) 0.037

50 1 (0.002) 1 (0.002) 0

51 10 (0.021) 10 (0.020) 0.053

52 0.016
53 46 (0.095) 46 (0.093) 0.050

55 0.012

56 0.003
57 22 (0.046) 22 (0.045) 0.044

58 1 (0.083) 66 (0.137) 67 (0.136) 0.084

81 2 (0.167) 14 (0.029) 16 (0.032) 0.009

82 5 (0.010) 5 (0.010) 0.003
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higher than that observed across other sub-Saharan African

populations (0–1%) suggesting that the Ugandan popula-

tion in the Cao publication may differ from that in the

NORA substudy, from other sub-Saharan African

populations (Middleton et al. 2003; Meyer et al. 2007)

and even from African-American populations (2.4% car-

riage frequency) (http://www.ncbi.nlm.nih.gov/gv/mhc/

main.fcgi?cmd=init).

Diagnosis of abacavir HSR in NORA was based on

clinical presentation alone; ‘cases’ had symptoms consis-

tent with standard presentation of the abacavir HSR.

Clinically diagnosed abacavir HSR was not subject to

immunological confirmation (i.e. abacavir skin patch

testing). Clinical monitoring for abacavir HSR and timely

discontinuation of abacavir when abacavir HSR symp-

toms are observed are critical elements for the appropriate

use of abacavir. Any decision to implement prospective

HLA-B*5701 screening must be based on benefit ⁄ risk
considerations by local practice – as noted in a recent

study which also found 0% carriage (95% CI 0–0.7%) in

534 Koreans (Park et al. 2009). In resource-constrained

settings where the ability to prospectively determine

HLA-B*5701 status prior to the initiation of abacavir

may be limited, clinical risk management is paramount.

Patients and health care professionals should have confi-

dence that when clinical symptoms are closely monitored

abacavir HSR can be readily detected; prompt discontin-

uation of abacavir in such instances results in resolution

of symptoms.
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