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Abstract
Background: Human leukocyte antigen (HLA) alleles are implicated in drug-induced hypersensitivity, including by
nevirapine and abacavir. The purpose of this meta-analysis was to evaluate the relationship between HLA
polymorphisms and hypersensitivity to antiretroviral therapy in human immunodeficiency virus (HIV)-infected patients.
Methods: We conducted a systematic search of PubMed, Embase, Web of Science, and the Cochrane Library for
studies that evaluated the associations of HLA polymorphisms with antiretroviral therapy-induced hypersensitivity
published in April 2019. The summary odds ratios (ORs) with 95% confidence intervals (CIs) were considered as
estimates of the effect.
Results: The meta-analysis included 17 studies that assessed a total of 4273 patients. First, carriers of HLA-A *24
were associated with an increased risk of hypersensitivity among patients with HIV who received antiretroviral
therapy (OR: 12.12; P = 0.018). Second, five SNPs of HLA-B genotypes, including *18 (OR: 1.63; P = 0.028), *35 (OR:
2.31; P = 0.002), *39 (OR: 11.85; P = 0.040), *51 (OR: 1.66; P = 0.028), and *81 (OR: 8.11; P = 0.021), were associated
with an increased risk of hypersensitivity. Conversely, carriers of HLA-B *15 were associated with a reduced risk of
hypersensitivity (OR: 0.43; P < 0.001). Third, HLA-C *04 was associated with an increased risk of hypersensitivity
(OR: 3.09; P < 0.001), whereas a lower risk for hypersensitivity was observed in patients who were carriers of HLA-C
*02 (OR: 0.22; P = 0.030), *03 (OR: 0.53; P = 0.049), and *07 (OR: 0.61; P = 0.044). Finally, carriers of HLA-DRB1 *05
(OR: 0.18; P = 0.006) and *15 (OR: 0.23; P = 0.013) were associated with a reduced risk of hypersensitivity among
patients receiving antiretroviral therapy.
Conclusions: The findings of this meta-analysis indicated patients carrying HLA-A *24, HLA-B *18, *35, *39, *51,
*81, HLA-C *04 were associated with a higher risk of hypersensitivity. Conversely, subjects carrying HLA-B *15,
HLA-C *02, *03, *07, HLA-DRB1 *05, *15 were associated with a reduced risk of hypersensitivity.
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Background
Human leukocyte antigen (HLA) alleles are implicated
in drug-induced hypersensitivity, such as that induced
by carbamazepine, allopurinol, and phenytoin. Studies
shows HLA-B*57:01 are correlated with several adverse
drug reactions, ranged from hypersensitivity induced by
HIV reverse transcriptase inhibitor guanosine analog
abacavir to drug-induced liver injury caused by the penicillin β-lactam antibiotic flucloxacillin or the antitumor
tyrosine kinase inhibitor pazopanib [1, 2]. Moreover, nevirapine is widely used for HIV infection combined with
other antiretroviral agents [3, 4]. The incidence of hypersensitivity reactions in patients with HIV prescribed abacavir and nevirapine was 5–8% and 6–10%, respectively
[2, 5, 6]. The clinical manifestations of these hypersensitivity reactions include fever, rash, fatigue, and gastrointestinal and respiratory symptoms.
As the relationship between HLA polymorphisms and
hypersensitivity might affect treatment strategy, HLA allele screening should be conducted in patients with HIV
before antiretroviral therapy is initiated [7]. However,
data on the alleles of HLA polymorphisms on antiretroviral therapy-induced hypersensitivity are limited and inconclusive. Jesson et al. conducted a systematic review
and meta-analysis based on nine studies to evaluate adverse drug reactions (ADRs) among children and adolescent patients treated with abacavir-based regimens. They
suggested that the use of abacavir as first- or second-line
therapy is associated with improved safety profiles in
children and adolescents, whereas the safety profiles of
abacavir therapy in relation to HLA alleles were not
illustrated [8]. Tangamornsuksan et al. conducted a
meta-analysis to evaluate the role of HLA-B*5701 on
abacavir-induced hypersensitivity reactions, and found a
strong association between HLA-B*5701 and abacavirinduced hypersensitivity. The strength of this relationship led to screening for the HLA-B*5701 allele before
initiating abacavir therapy [9]. However, the variety of
alleles in HLA has not been illustrated. Numerous studies have already indicated that different HLA alleles may
affect the risk of antiretroviral therapy-induced hypersensitivity, whereas the results for individual alleles are
inconsistent. The clarification of any potential effect of
HLA polymorphisms is particularly important in patients with HIV, as they have not been previously determined. Here, we performed a meta-analysis based on
available observational studies to determine the role of
HLA polymorphisms on hypersensitivity in patients with
HIV administered nevirapine or abacavir therapy.
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Reviews and Meta-Analysis Statement issued in 2009
(Additional file 1: PRISMA Checklist) [10]. Any study
that evaluated the association of various HLA alleles
with the risk of nevirapine- or abacavir-induced hypersensitivity in patients with HIV was eligible for inclusion
in this meta-analysis, and the selection of studies was
not restricted by language or publication status. We
searched the PubMed, Embase, Web of Science, and
Cochrane Library electronic databases for articles published in April 2019 and used (“Human leukocyte antigen” OR HLA) and (“nevirapine” OR “abacavir” OR
“reverse transcriptase inhibitor”) and (“adverse drug reaction” OR “adverse event” OR “hypersensitivity”) as the
search terms. The details of the search strategy in
PubMed database are presented in Additional file 2:
Table S1. We also a manually curated the reference lists
from all relevant original and review articles to identify
additional eligible studies.
The literature search was independently conducted by
two authors using a standardized approach. Any inconsistencies between these two authors were settled by the primary author until a consensus was reached. Studies were
included if the following criteria were met: (1) the study
had an observational design; (2) all patients were HIV
positive; (3) the patients received nevirapine or abacavir
therapy; (4) the study regarded HLA polymorphisms as an
exposure; and (5) the study reported various alleles of
HLA polymorphisms on antiretroviral therapy-induced
hypersensitivity. The exclusion criteria were: (1) duplicate
studies; (2) the study type was a review, case report, letter,
or comments; (3) required data were missing; and (4) the
study reported the same populations.
Data collection and quality assessment

Data collection and quality assessment were carried out
by two authors; any inconsistencies between these two
authors were settled by group discussion until a consensus was reached. The data collected included the first
author’s name, study design, publication year, country,
ethnicity, specific hypersensitivity events, number of
cases and controls, typing method, mean age, the number of men and women, intervention, and investigated
outcomes. The Newcastle-Ottawa Scale (NOS) was used
for the evaluation of the quality of observational studies
in the meta-analysis, which was based on selection (four
items), comparability (one item), and outcome (three
items). A “star system” (range, 0–9) has been developed
for assessment [11].
Statistical analysis

Methods
Data sources, search strategy, and selection criteria

This review was conducted and reported in accordance
with the Preferred Reporting Items for Systematic

The odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were employed to calculate the
potential role of four HLA genotypes on the risk of
hypersensitivity in patients with HIV using nevirapine or
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abacavir therapy. The summary ORs and 95%CIs were
calculated using a random-effects model due to it
assume the true underlying effect varies among included
studies [12, 13]. Heterogeneity among the included studies was calculated by using the I2 and Q statistics, and a
P value below 0.10 was considered to indicate significant
heterogeneity [14, 15]. Sensitivity analyses were performed to evaluate the effects of a single study from
overall analysis according to the intervention type [16].
Moreover, subgroup analyses were conducted for HLA
genotypes reported ≥6 cohorts based on country and
drugs. Publication biases were calculated if the included
subsets had more than six studies using the Egger and
Begg tests [17, 18]. The P values for summary results
were two-sided; with P values of < 0.05 considered statistically significant. All statistical analyses were computed
by using STATA software (version 10.0; Stata Corporation, College Station, TX, USA).

Results
A total of 572 citations from the electronic databases
were identified, and 193 duplicate records were excluded. The titles and abstracts were screened for

Fig. 1 Flow diagram of the literature search and trial selection process
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relevant studies, with 340 records being excluded owing
to irrelevant topics or because they were reviews, case
reports, or comments. Thirty-nine studies were selected
for full-text assessment, of which 22 studies were excluded; a total of 17 studies were used for the metaanalysis and quantitative analysis [19–35] (Fig. 1). A
manual search of the reference lists of these studies did
not yield any new eligible studies. The present metaanalysis included 12 cohort studies and five case-control
studies: six studies from Asia; three from Europe; three
from Africa; two from the United States; two from
Australia, and one from multiple countries. The general
characteristics of the included studies are presented in
Table 1. The assessment of study quality using NOS
revealed five studies with a score of 8, 9 studies with a
score of 7, and three studies with a score of 6.
The summary results for the relationship between HLAA alleles and the risk of antiretroviral therapy-induced
hypersensitivity are presented in Additional file 3: Table
S2. Overall, we noted that patients carrying HLA-A *24
were associated with an increased risk of hypersensitivity
(OR: 12.12; 95%CI: 1.53–96.04; P = 0.018), whereas the
two single nucleotide polymorphisms (SNPs) of HLA-A

Cohort 2006

Case
2009
control

Cohort 2012

Cohort 2011

Cohort 2008

Case
2011
control

Case
2017
control

Cohort 2013

Cohort 2005

Littera [19]

Chantarangsu
[20]

Gao [21]

Munderi [22]

Mallal [23]

Yuan [24]

Pavlos [25]

Carr [26]

Martin [27]

India

Cohort 2013

Case
2009
control

Cohort 2014

Umapathy
[29]

Phillips [30]

Likanonsakul
[31]

Kampala

Chinese

Thai

Keane [32]

Australia

mixed

Thai

mixed

Indian

White

mixed

66

6

32

147

fever, and/or rash and/or hepatitis

rash

fever, skin rash and/or hepatitis

fever, hepatitis, skin rash with clinical complications

rash. No liver toxicity was boserved.

fever, hepatitis or rash.

19

39

57

40

6

14

117

Severe cutaneous toxicity [grade III or IV categorized by
151
National Institute of Allergy and Infectious Disease Division
of AIDS criteria]; symptomatic grade ≥ 3 hepatic transaminase
elevation [alanine transaminase or aspartate aminotransferase
> 5× upper limit of normal]; or acute hepatic failure

Severe cutaneous toxicity [grade III or IV categorized by
175
National Institute of Allergy and Infectious Disease Division
of AIDS criteria]; symptomatic grade ≥ 3 hepatic transaminase
elevation [alanine transaminase or aspartate aminotransferase
> 5× upper limit of normal]; or acute hepatic failure

Malawian widespread rash and systemic manifestations such as fever,
cough, or abnormal liver function tests

USA

mixed

fever, rash, constitutional symptoms, gastrointestinal tract
symptoms, and respiratory symptoms that become more
severe with continued dosing

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)

extensive skin rash,vesicular, bullous skin lesions, or skin
manifestations combined with one or more of the
following symptoms: fever (> 38 °C) or liver toxicity.

skin-rash (The skin reactions range from mild localized
maculopapular rash, with increasing severity, to diffuse
maculopapular rashes, and generalized bullous lesions.
Severe fatal reactions, Stevens–Johnson syndrome, and
toxic epidermal necrolysis were also observed)

13

262

60

111

40

15

221

155

413

587

781

241

71

185

36

NA

40.3

35.9

38.0

Serological and
SBT or PCR-SS

PCR-SSP

SBT

serological

PCR-SSP

Serological and
SBT or PCR-SS

SBT

PCR amplified

Illumina
BeadArray
technology

40.3

38.4

32.0

NA

NA

NA

NA

> 18

42.4

247/34

53/46

55/113

NA

NA

NA

NA

NA

459/
303

602/
245

NA

41/62

157/
175

30/19

Nevirapine

Nevirapine

Nevirapine

Nevirapine

Nevirapine

Nevirapine

Nevirapine

Nevirapine

Nevirapine

Abacavir

Abacavir

Nevirapine

Nevirapine

Nevirapine

8

7

7

7

6

7

7

7

8

8

6

8

8

7

Mean
Men/
Intervention NOS
age (years) women
score

DNA-sequence– 42.0
based typing

high-resolution
DNA- based
assay methods

PCR-SSP

SBT

PCR-SSP

Cases Control Typing
method
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Thailand

South
Africa

France

Cohort 2008

2011
Case
control

Vitezica [28]

Australia

Malawi

USA

USA

Definition of hypersensitivity

Sardinian extensive skin rash, vesicular, bullous or scaling skin
lesions or skin manifestations combined with one or
more of the following symptoms: fever (> 38oC),myalgia,
arthralgia, visceral impairment, liver toxicity.

Ethnicity

19
mixed
countries

Uganda

China

Thailand

Italy

Study Publication Country
design year

Study

Table 1 Baseline characteristics of the studies included in the systematic review and meta-analysis
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Cohort 2007

Cohort 2011

Cohort 2018

Gatanaga [33]

Gozalo [34]

Manglani [35]

India

France

Japan

Study Publication Country
design year

Study

Definition of hypersensitivity

Indian

mixed

fever, rash, nausea and vomiting

either grade 3 or 4 cutaneous toxicity or alanine
aminotransferase elevation greater than three times
the upper limit of normal and without other causes
being identified.

Japanese extensive skin rash (accompanied by fever > 38 °C
in three) and one patient with chronic hepatitis C
who developed nevirapine-induced hepatotoxicity
with aspartate aminotransferase/ alanine
aminotransferase values three times above
the baseline

Ethnicity

11

12

12

89

60

29

PCR-SSP

PCR-SSO

PCR-SSP

Cases Control Typing
method

Table 1 Baseline characteristics of the studies included in the systematic review and meta-analysis (Continued)

11.0

36.0

NA

61/39

53/19

NA

Abacavir

Nevirapine

Nevirapine

7

7

6

Mean
Men/
Intervention NOS
age (years) women
score
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genotypes *33 (OR: 2.92; 95%CI: 0.39–21.86; P = 0.298)
and *68 (OR: 0.11; 95%CI: 0.01–1.86; P = 0.124) were not
associated with the risk of hypersensitivity.
A summary of the relationship between HLA-B alleles
and the risk of antiretroviral therapy-induced hypersensitivity is presented in Additional file 4: Table S3. First,
HLA-B *35 was associated with greater risk of hypersensitivity (OR: 2.31; 95%CI: 1.37–3.88; P = 0.002; Fig. 2). A
sensitivity analysis indicated that the conclusion was not
altered after each study was sequentially excluded
(Additional file 5: Table S4); Moreover, subgroup analyses
indicated this significant increased risk of hypersensitivity
mainly observed in study conducted in Eastern and Western countries, and hypersensitivity induced by nevirapine
(Additional file 6: Table S5); furthermore, no significant
publication bias was observed (P value for Egger: 0.320; P
value for Begg: P = 0.368; Additional file 7: Figure S1).
HLA-B *18 (OR: 1.63; 95%CI: 1.05–2.52; P = 0.028), *39
(OR: 11.85; 95%CI: 1.11–125.95; P = 0.040), *51 (OR: 1.66;
95%CI: 1.06–2.61; P = 0.028), and *81 (OR: 8.11; 95%CI:
1.37–48.13; P = 0.021) were correlated with a greater risk
of hypersensitivity than the others. Conversely, patients
who were carriers of HLA-B *15 had a reduced risk of
hypersensitivity (OR: 0.43; 95%CI: 0.27–0.67; P < 0.001).
Finally, other alleles, including *05, *07, *08, *13, *14, *17,
*27, *37, *38, *40, *41, *42, *44, *45, *46, *47, *49, *50, *52,
*53, *57, *58, and *82 were not associated with the risk of
hypersensitivity.
A summary of the relationship between HLA-C alleles
and the risk of antiretroviral therapy-induced hypersensitivity is presented in Additional file 8: Table S7. We noted
HLA-C *04 was associated with an increased risk of
hypersensitivity (OR: 3.09; 95%CI: 2.34–4.08; P < 0.001;
Fig. 3), with no evidence of heterogeneity among the
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included studies. The results were not affected by the sensitivity analysis (Additional file 5: Table S4). These significant increased the risk of hypersensitivity were detected in
all of subsets when stratified by country and drugs
(Additional file 6: Table S5). In addition, there was no significant publication bias in the relationship between HLAC *04 and hypersensitivity risk (P value for Egger: 0.071; P
value for Begg: P = 0.452; Additional file 7: Figure S1).
Conversely, patients who were carriers of HLA-C *02
(OR: 0.22; 95%CI: 0.06–0.87; P = 0.030), *03 (OR: 0.53;
95%CI: 0.28–1.00; P = 0.049), and *07 (OR: 0.61; 95%CI:
0.38–0.99; P = 0.044) were associated with a reduced
hypersensitivity risk. Finally, there were no significant
effects of *01, *05, *06, *08, *12, *14, *15, and *16 in HLAC on the risk of hypersensitivity.
A summary of the relationship between HLA-DRB1
alleles and the risk of antiretroviral therapy-induced
hypersensitivity is presented in Additional file 9: Table
S8. There was no significant association of HLADRB1*01 with the risk of hypersensitivity (OR: 1.89;
95%CI: 0.68–5.24; P = 0.220; Fig. 4). Substantial
heterogeneity was observed among the included studies
(P < 0.001), and sensitivity analysis indicated the conclusion was altered by excluding the study conducted by
Yuan et al. [24], which specifically associated with higher
weight from the overall analysis (Additional file 5: Table
S4). The results of subgroup analyses in all subsets were
consistent with overall analysis, remained nonsignificant associations (Additional file 6: Table S5). Further, there was no publication bias for HLA-DRB1*01
and hypersensitivity (P value for Egger: 0.526; P value
for Begg: P = 1.000; Additional file 7: Figure S1). In
addition, subjects who were carriers of HLA-DRB1*05
(OR: 0.18; 95%CI: 0.05–0.60; P = 0.006) or *15 (OR: 0.23;

Fig. 2 The relationship between HLA-B *35 and the risk of antiretroviral therapy-induced hypersensitivity
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Fig. 3 The relationship between HLA-C *04 and the risk of antiretroviral therapy-induced hypersensitivity

95%CI: 0.07–0.74; P = 0.013) were associated with a reduced risk of hypersensitivity. Finally, HLA-DRB1 *03,
*04, *07, *08, *09, *10, *11, *12, *13, *14, and *16 did not
affect the risk of hypersensitivity.

Discussion
In this study, four HLA polymorphisms of various alleles
and the impact on hypersensitivity in patients with HIV
treated with nevirapine or abacavir were analyzed.
Seventeen studies involving 4273 patients were included
in the final analysis. Patients that were carriers of HLAA *24, HLA-B *18, HLA-B *35, HLA-B *39, HLA-B *51,
HLA-B *81, and HLA-C *04 were associated with an increased risk of hypersensitivity. Conversely, HLA-B *15,

HLA-C *02, HLA-C *03, HLA-C *07, HLA-DRB1 *05,
and HLA-DRB1 *15 were associated with a reduced risk
of hypersensitivity in patients administered antiretroviral
therapy. No other associations between SNPs of HLA
genotypes and the risk of antiretroviral therapy-induced
hypersensitivity in HIV patients were detected.
The impact of HLA polymorphisms on hypersensitivity may be mediated through several underlying mechanisms. The Cw*0802 and B*1402 are potentially in
strong linkage disequilibrium with specific alleles in
genes adjacent to the major histocompatibility complex
(MHC) class I region [36]. Furthermore, the substrate(s)
of B*3505 and B*1402 might act as triggers of an
unfavorable immune response [20]. HLA-DRB1*01:01

Fig. 4 The relationship between HLA-DRB1 *01 and the risk of antiretroviral therapy-induced hypersensitivity
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elutions directly affected T-cell receptor binding and
induced tissue-specific effects on peptides used in antiretroviral therapy.
The relationship between HLA-A polymorphisms and
the risk of abacavir-induced hypersensitivity was reported in two studies [22, 23]. A previous study also
illustrated that HLA-B*57:01 was associated with an increased risk of abacavir-induced hypersensitivity [37].
However, the effects of other SNPs of HLA polymorphisms on the risk of abacavir-induced hypersensitivity
were not calculated. We noted no other correlations of
SNPs in HLA-B genotypes with abacavir-induced hypersensitivity. The reason for this was the lower incidence
of hypersensitivity, which led to results with broad 95%
confidence intervals [22, 23]. Further, the relationship
between each SNP of the HLA-A alleles and
antiretroviral-induced hypersensitivity was mentioned in
one study. The variation of these results may be caused
by the broad confidence intervals, resulting in no statistically significant difference. Third, five alleles in the
HLA-B genotypes with greater hypersensitivity risk and
one allele in HLA-B were correlated with lower hypersensitivity risk. Various alleles in the HLA-B genotypes
affected CD8+ and CD4+ T cells, which play an important role in the immunopathogenesis of antiretroviralinduced hypersensitivity. These results were mainly
focused on necirapine-induced hypersensitivity, with just
two studies reporting the abacavir-induced hypersensitivity risk. Fourth, several SNPs of HLA-C genotypes
showed stronger linkage disequilibrium with necirapineinduced hypersensitivity, and the specific event of
hypersensitivity was not consistent among the included
studies. Finally, the incidence of necirapine-induced
hypersensitivity was lower in the subjects that were carriers of several SNPs of the HLA-DRB1 genotype. These
results could be due to the risk of necirapine-induced
hypersensitivity, which was independent of ethnicity but
associated with different sensitivities to the same allergen; thus, the degree of immune depression varied with
ethnicity [38, 39].
The strengths of this systematic review and metaanalysis were the comprehensive literature search and
the thorough evaluation of the HLA polymorphisms of
the various alleles. The primary limitation was the
deficiency of eligible studies. The sample sizes of most
selected studies were small. Thus, the relationships between HLA polymorphisms was not sufficiently convincing, and the applicability of the findings was limited.
Subgroup analyses just conducted for HLA genotypes
reported ≥6 cohorts based on country and drugs and the
source of heterogeneity were not fully interpretation
owing to the small number of studies for many alleles.
Further, although the ethnicity was reported in most
studies, the provided data according to ethnicity was not
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available to extract. Therefore, subgroup analyses just
provided based on countries, which might be affected by
ethnicity. In addition, specific individual data were unavailable for all the trials, which restricted the analysis at
a study level. Moreover, this meta-analysis comprised
cohort and case control studies, which might introduce
potential uncontrolled confounders. The design of the
study and the characteristics of the patients might affect
the statistical power. Finally, the definition of hypersensitivity events are not consistent among included studies,
which might introduce uncontrolled confounders.
This meta-analysis demonstrated that patients carrying
the HLA-A *24, HLA-B *18, HLA-B *35, HLA-B *39,
HLA-B *51, HLA-B *81, and HLA-C *04 alleles were associated with increased antiretroviral-induced hypersensitivity risk. In patients with HIV, especially for HLA-B *35
and HLA-C *04, the results were quite stable because of
the pooled results. The impact of other SNPs should be
verified in large-scale studies. Further, numerous relationships were variable owing to the small number of included
studies. Further larger-scale, prospective studies should be
conducted to explore these relationships in patients from
various races or with specific characteristics to clearly
determine the value in clinical practice.

Conclusions
In summary, patients carrying HLA-A *24, HLA-B *18,
*35, *39, *51, *81, HLA-C *04 were correlated with a
higher risk (P < 0.05) of hypersensitivity. Conversely,
subjects carrying HLA-B *15, HLA-C *02, *03, *07,
HLA-DRB1 *05, *15 were associated with a reduced risk
(P < 0.05) of hypersensitivity. Further larger-scale, prospective studies should be conducted to explore these
relationships in patients from various races or with
specific characteristics to clearly determine the value in
clinical practice.
Additional files
Additional file 1: PRISMA Checklist. (DOC 53 kb)
Additional file 2: Table S1. The details of the search strategy in
PubMed database. (DOCX 16 kb)
Additional file 3: Table S2. The summary results for the relationship
between HLA-A and the risk of hypersensitivity. (DOCX 16 kb)
Additional file 4; Table S3. The summary results for the relationship
between HLA-B and the risk of hypersensitivity. (DOCX 19 kb)
Additional file 5: Table S4–1. Sensitivity analysis for HLA-B *35. Table
S4–2. Sensitivity analysis for HLA-C *04. Table S4–3. Sensitivity analysis
for HLA-DRB1 *01. (DOCX 19 kb)
Additional file 6: Table S5. Subgroup analysis for HLA-B *35, HLA-C
*04, and HLA-DRB1 *01. (DOCX 19 kb)
Additional file 7: Figure S1. Funnel plot for HLA-B *35. Figure S2. Funnel
plot for HLA-C *04. Figure S3. Funnel plot for HLA-DRB1*01. (DOCX 349 kb)
Additional file 8: Table S7. The summary results for the relationship
between HLA-C and the risk of hypersensitivity. (DOCX 18 kb)

Hu et al. BMC Infectious Diseases

(2019) 19:583

Additional file 9: Table S8. The summary results for the relationship
between HLA-DRB1 and the risk of hypersensitivity. (DOCX 18 kb)
Abbreviations
ADRs: Adverse drug reactions; CIs: Confidence intervals; HIV: Human
immunodeficiency virus; HLA: Human leukocyte antigen; MHC: Major
histocompatibility complex; NOS: The Newcastle-Ottawa Scale; ORs : Odds
ratios; SNPs: Single nucleotide polymorphisms
Acknowledgements
Not applicable.
Authors’ contributions
HK: designed the studies, literature retrieval, data extraction and wrote the
manuscript, XQ: data analysis and designed the studies, WZ: literature retrieval,
MGY: literature retrieval, ZZ: data extraction, MLY: literature retrieval, XQF: data
extraction, CSQ: data extraction, ZS: data analysis, ZXD: literature retrieval, CYM:
designed the studies, All authors have significantly contributed to the work and
have read and approved the final version of the manuscript.

Page 9 of 10

6.

7.

8.

9.

10.
11.

12.
Funding
This study was supported by grants from the National Key Technologies R&D
Program (No.2016YFC0904900), National Natural Science Foundation (No.
81573504 and No.81673509) of PR China, Beijing Natural Science Foundation
(No.7171012) and National Science and Technology Major Projects for “Major
New Drugs Innovation and Development” (No. 2017ZX09304028 and No.
2017ZX09101001). The funders did not have a role in the design or conduct
of the study but did provide financial support for statistical consultation and
English editing.

13.
14.

15.
16.

Availability of data and materials
All data generated or analysed during this study are included in this
published article and its supplementary information files.

17.

Ethics approval and consent to participate
Not applicable.

19.

18.

20.
Consent for publication
Not applicable.
21.
Competing interests
The authors declare that they have no competing interests.
22.
Author details
1
Department of Pharmacy, Peking University First Hospital, 6#
Dahongluochang Street, Xicheng District, Beijing, China. 2Department of
Pharmacy Administration and Clinical Pharmacy, School of Pharmacy, Peking
University Health Science Center, 38# Xueyuan Road, Haidian District, Beijing,
China.

23.
24.

Received: 15 May 2018 Accepted: 26 June 2019

25.

References
1. Cardone M, Garcia K, Tilahun ME, et al. A transgenic mouse model for HLA-B*57:
01-linked abacavir drug tolerance and reactivity. J Clin Invest. 2018;128:2819–32.
2. Dean L. Abacavir therapy and HLA-B*57:01 genotype. In: Pratt V, McLeod H,
Rubinstein W, Dean L, Kattman B, Malheiro A, editors. Medical genetics
summaries [internet]. Bethesda: National Center for biotechnology
information (US); .2012–.2015 Sep 1 [updated 2018 Apr 18].
3. van Leth F, Phanuphak P, Ruxrungtham K, et al. Comparison of first-line
antiretroviral therapy with regimens including nevirapine, efavirenz, or both
drugs, plus stavudine and lamivudine: a randomised open-label trial, the
2NN study. Lancet. 2004;363:1253–63.
4. Siegfried NL, Van Deventer PJ, Mahomed FA, et al. Stavudine, lamivudine
and nevirapine combination therapy for treatment of HIV infection and
AIDS in adults. Cochrane Database Syst Rev. 2006;19:CD004535.
5. Orrell C, Hagins DP, Belonosova E, et al. Fixed-dose combination
dolutegravir, abacavir, and lamivudine versus ritonavir-boosted atazanavir
plus tenofovir disoproxil fumarate and emtricitabine in previously untreated

26.

27.
28.

29.

30.

31.

women with HIV-1 infection (ARIA): week 48 results from a randomised,
open-label, non-inferiority, phase 3b study. Lancet HIV. 2017;4:e536–46.
Prasertvit P, Chareonyingwattana A, Wattanakrai P. Nevirapine patch testing
in Thai human immunodeficiency virus infected patients with nevirapine
drug hypersensitivity. Contact Dermatitis. 2017;77:379–84.
Thompson MA, Aberg JA, Cahn P, et al. Antiretroviral treatment of adult HIV
infection: 2010 recommendations of the international AIDS society-USA
panel. JAMA. 2010;304:321–33.
Jesson J, Dahourou DL, Renaud F, et al. Adverse events associated with
abacavir use in HIV-infected children and adolescents: a systematic review
and meta-analysis. Lancet HIV. 2016;3:e64–75.
Tangamornsuksan W, Lohitnavy O, Kongkaew C, et al. Association of HLA-B*
5701 genotypes and abacavir-induced hypersensitivity reaction: a systematic
review and meta-analysis. J Pharm Pharm Sci. 2015;18:68–76.
Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6:e1000097.
Wells G, Shea B, O’Connell D. The Newcastle-Ottawa scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses. Ottawa:
Ottawa Hospital Research Institute; 2009. Available: http://www.ohri.ca/
programs/clinical_epidemiology/oxford.htm
DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7:177–88.
Ades AE, Lu G, Higgins JP. The interpretation of random-effects
metaanalysis in decision models. Med Decis Mak. 2005;25:646–54.
Deeks JJ, Higgins JPT, Altman DG. Analyzing data and undertaking meta-analyses.
In: Higgins J, Green S, editors. Cochrane handbook for systematic reviews of
interventions 5.0.1. Oxford: The Cochrane Collaboration; 2008; chap. p. 9.
Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring inconsistency in
meta-analyses. BMJ. 2003;327:557–60.
Tobias A. Assessing the influence of a single study in the meta-analysis.
Stata Tech Bull. 1999;47:15–7.
Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected
by a simple, graphical test. BMJ. 1997;315:629–34.
Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publication bias. Biometrics. 1994;50:1088–101.
Littera R, Carcassi C, Masala A, et al. HLA-dependent hypersensitivity to
nevirapine in Sardinian HIV patients. AIDS. 2006;20:1621–6.
Chantarangsu S, Mushiroda T, Mahasirimongkol S, et al. HLA-B*3505 allele is
a strong predictor for nevirapine-induced skin adverse drug reactions in
HIV-infected Thai patients. Pharmacogenet Genomics. 2009;19:139–46.
Gao S, Gui XE, Liang K, et al. HLA-dependent hypersensitivity reaction to
Nevirapine in Chinese Han HIV-infected patients. AIDS Res Hum Retrovir.
2012;28:540–3.
Munderi P, Snowden WB, Walker AS, et al. Distribution of HLA-B alleles in a
Ugandan HIV-infected adult population: NORA pharmacogenetic substudy
of DART. Tropical Med Int Health. 2011;16:200–4.
Mallal S, Phillips E, Carosi G, et al. HLA-B*5701 screening for hypersensitivity
to Abacavir. N Engl J Med. 2008;358:568–79.
Yuan J, Guo S, Hall D, et al. Toxicogenomics of nevirapine-associated
cutaneous and hepatic adverse events among populations of African, Asian,
and European descent. AIDS. 2011;25:1271–80.
Pavlos R, McKinnon EJ, Ostrov DA, et al. Shared peptide binding of HLA
class I and II alleles associate with cutaneous nevirapine hypersensitivity and
identify novel risk alleles. Sci Rep. 2017;7:8653.
Carr DF, Chaponda M, Jorgensen AL, et al. Association of Human Leukocyte
Antigen Alleles and Nevirapine Hypersensitivity in a Malawian HIV-infected
population. Clin Infect Dis. 2013;56:1330–9.
Mauss S, Berger F, Schmutz G. Antiretroviral therapy with tenofovir is
associated with mild renal dysfunction. AIDS. 2005;19:93–9.
Gabriel I, Apperley J, Bower M, et al. A long-term durable remission with
high-dose therapy and autologous stem cell transplant for stage IVB HIVassociated Hodgkins disease. AIDS. 2008;22:539–44.
Umapathy S, Pawar A, Bajpai S, et al. HLA involvement in nevirapineinduced dermatological reaction in antiretroviral-treated HIV-1 patients.
J Pharmacol Pharmacother. 2011;2:114–5.
Phillips E, Bartlett JA, Sanne I, et al. Associations between HLA-DRB1*0102,
HLA-B*5801 and hepatotoxicity during initiation of Nevirapine-containing
regimens in South Africa. J Acquir Immune Defic Syndr. 2013;62:e55–7.
Likanonsakul S, Rattanatham T, Feangvad S, et al. HLA-Cw*04 allele
associated with nevirapine-induced rash in HIV-infected Thai patients. AIDS
Res Ther. 2009;6:22.

Hu et al. BMC Infectious Diseases

(2019) 19:583

32. Keane NM, Pavlos RK, McKinnon E, et al. HLA class I restricted CD8+ and
class II restricted CD4+ T cells are implicated in the pathogenesis of
nevirapine hypersensitivity. AIDS. 2014;28:1891–901.
33. Gatanaga H, Yazaki H, Tanuma J, et al. HLA-Cw8 primarily associated with
hypersensitivity to nevirapine. AIDS. 2007;21:264–5.
34. Gozalo C, Gerard L, Loiseau P, et al. Pharmacogenetics of toxicity, plasma
trough concentration and treatment outcome with Nevirapine-containing
regimen in anti-retroviral-naive HIV-infected adults: an exploratory study of
the TRIANON ANRS 081 trial. Basic Clin. Pharmacol. Toxicol. 2011;109:513–20.
35. Manglani MV, Gabhale YR, Lala MM, et al. HLA- B*5701 allele in HIV-infected
Indian children and its association with AbacavirHypersensitivity. Indian
Pediatr. 2018;55:140–1.
36. Martin A, Nolan D, Gaudieri S, et al. Predisposition to abacavir
hypersensitivity conferred by HLA-B*5701 and a haplotypic Hsp70-Hom
variant. Proc Natl Acad Sci U S A. 2004;101:4180–5.
37. Martin MA, Klein TE, Dong BJ, et al. Clinical pharmacogenetics
implementation consortium guidelines for HLA-B genotype and abacavir
dosing. Clin Pharmacol Ther. 2012;91:734–8.
38. Kaslow RA, Carrington M, Apple R, et al. Influence of combinations of
human major histocompatibility complex genes on the course of HIV-1
infection. Nat Med. 1996;2:405–11.
39. Cruse JM, Brackin MN, Lewis RE, et al. HLA disease association and
protection in HIV infection among African Americans and Caucasians.
Pathobiology. 1991;59:324–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

