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Study to assess the prevalence of human leukocyte antigen-A*3101 
allele among Indian epileptic patients and its infl uence on safety and 

effi cacy of antiepileptic therapy
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N. Thamilpavai3, K. Fatima Farzana1

ABSTRACT

Background: The objective was to study the prevalence of human leukocyte antigen 
(HLA)-A*3101 allele among epileptic patients and to assess the safety and effi cacy 
of antiepileptic therapy.
Methods: 295 subjects were selected and divided into two groups, Group I had 
192 epileptic patients and Group II had 103 normal healthy controls. After written 
informed consent, 30 ml of mouthwash sample was collected from each subject and 
DNA was extracted by standard salting-out technique and used for HLA-A*3101 
genotyping by two-step nested allele-specifi c polymerase chain reaction amplifi cation 
and agarose gel electrophoresis.
Results: In Group I, 12 (6.25%) of the 192 patients were tested positive for 
HLA-A*3101 allele and all were taking carbamazepine (CBZ). Among them, 
56 (30%) subjects had developed less severe adverse effects such as headache and 
giddiness, skin rashes and memory disturbances, and HLA-A*3101 was present in 
8 of them while 136 had no adverse effects in which 4 of them were tested positive 
for the allele. In Group II, 3 (2.9%) of the 103 healthy controls were tested positive 
for the allele. No difference was found in response to antiepileptic therapy between 
allele positive and negative patients.
Conclusion: The present study had shown that HLA-A*3101 is prevalent in 6.25% 
of the Indian epileptic population under study. The presence of this allele has a 
signifi cant association with the development of mild cutaneous reactions like skin 
rashes. However, no difference was observed in allele positive patients in response 
to antiepileptic therapy in comparison with allele negative patients.

Keywords: Human leukocyte antigen-A*3101, Carbamazepine, Rashes, Genotyping

1Department of Pharmacology, 
Chettinad Hospital & Research 
Institute, Kelambakkam, 
Chennai, Tamil Nadu, India, 
2Department of Biotechnology, 
Faculty of Allied Health 
Sciences, Chettinad Hospital 
& Research Institute, 
Kelambakkam, Chennai, 
Tamil Nadu, India,
3Department of Neurology, 
Madras Medical College 
and Government General 
Hospital, Parktown, Chennai, 
Tamil Nadu, India

Received: 13 January 2015
Revised: 02 February 2015
Accepted: 18 February 2015

*Correspondence to:
Dr. A. Ruckmani, 
Email: ruckmani.nirmal@
gmail.com

Copyright: © the author(s), 
publisher and licensee Medip 
Academy. This is an open-
access article distributed under 
the terms of the Creative 
Commons Attribution Non-
Commercial License, which 
permits unrestricted non-
commercial use, distribution, 
and reproduction in any 
medium, provided the original 
work is properly cited.

INTRODUCTION

World Health Organization has defi ned an adverse drug 
reaction (ADR) as “any noxious, unintended, and undesired 
effect of a drug, which occurs at doses normally used in 

humans for prophylaxis, diagnosis or therapy of disease, or 
for the modifi cation of physiological function.”

United States Food and Drug Administration (USFDA) has 
defi ned an ADR as “any events relating to drugs or devices in 
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which the patient outcome is death, life-threatening (real risk 
of dying), hospitalization (initial or prolonged), disability 
(signifi cant, persistent, or permanent), congenital anomaly, 
or required intervention to prevent permanent impairment 
or damage.”

ADR is identifi ed as the fi fth leading cause of death among 
all diseases and responsible for 5-8% of all hospitalizations 
worldwide.1 ADRs are classified into two types: Non 
immunological and immunological based on the etiology.2

Non immunological ADRs are more common and 
predictable because of the known mechanisms of actions 
of drugs and account for 75-80% of ADRs. Immunological 
ADRs, which account for 20-25%, are unpredictable and 
responsible for true hypersensitivity reactions. Skin is the 
most frequently involved target organ in immunological 
reactions.3 Cutaneous ADRs (CADRs) constitute 30-45% of 
all ADRS and account for 2% of hospitalizations.4 CADR 
is defi ned as “any undesirable change in the structure or 
function of the skin, its appendages or mucous membranes 
and it encompass all adverse events related to drug eruptions, 
regardless of the etiology.”5

No drug is absolutely safe. The manifestations of CADRs 
ranges from mild erythematous maculopapular skin rashes 
to rare, more severe, potentially life-threatening CADRs 
with extensive mucosal, and epidermal involvement such 
as Stevens-Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN). Such severe CADRs (SCARS) account 
for 2-3% of all hospital admissions. Several drugs are at 
high risk of inducing SJS/TEN. These include antiepileptic 
drugs (carbamazepine [CBZ], phenytoin, phenobarbital, 
lamotrigine), antibiotics (sulfonamides, cotrimoxazole, 
penicillins, cephalosporins, quinolones), non-steroidal anti-
infl ammatory drugs (oxicams) and allopurinol. Among these 
drugs, SJS and TEN are more common with the drugs used 
for chronic therapy. SJS and TEN usually occur when the 
patients are exposed to cytochrome P450-inducing aromatic 
amine compounds like CBZ, phenytoin, phenobarbitone, and 
lamotrigine. The greatest risk of SJS/TEN are seen in the 
fi rst 2 months of use.6 Among the antiepileptic drugs, CBZ 
is the leading cause for SJS/TEN in India.7-9

The human leukocyte antigen (HLA) which is one of the 
most polymorphic genes in the human genome plays a 
central role in the immune response to antigens, and it has 
been hypothesized that specifi c HLA molecules may present 
the drug to specifi c T-cells, which subsequently triggers an 
immune response. Two of such variants in the HLA gene 
namely HLA-B*1502 which was first reported in Han 
Chinese patients and HLA-A*3101, which has been reported 
in Japanese and European Caucasians are associated with 
high risk of getting CBZ induced SCADRs such as SJS and 
TEN. It is believed that CBZ form immune complexes with 
HLA proteins and thus activates T-cell mediated immune 
responses. The association between HLA-B*1502 and SJS, 
TEN have been well established whereas, the association of 

HLA-A*3101 allele with maculopapular rashes, SJS, TEN, 
HSS have not been well-established in Indian population. 
Hence, this study was carried out to fi nd the prevalence of 
HLA-A*3101 allele, as well as the association with ADRs 
in epileptic subjects on treatment.

METHODS

The study was conducted after getting approval from 
Institutional Human Ethics Committee. Order No: 
IHEC/05/2013/Desp.No.264/Dt: 27.11.2013.

Patient recruitment and sample collection

A total of 295 subjects were recruited for the study and 
divided into two groups, Group I consisted of 192 epileptic 
patients who were attending the epilepsy clinic during the 
study period and Group II consisted of 103 normal healthy 
controls were the common public who were visiting the 
study site along with patients and they were not suffering 
from epilepsy. After getting written informed consent, 30 ml 
of mouthwash sample was collected from each subject and 
the DNA was extracted by standard salting-out method 
(Miller et al.).

HLA-A*3101 genotyping

HLA-A*3101 genotyping was done by two-step nested 
allele-specifi c Polymerase Chain Reaction (PCR) method. 
The primer set (forward: HLA-AF 5’-GAGGGTCG 
GGCRGGTCTCAGCCA-3’ and reverse: HLA-AR 
5’-GGGYGATATTCTAGTGTTG GTCCCAATTGT-3’) for 
the fi rst PCR was designed specifi cally to amplify the HLA-A 
locus. The fi rst PCR was performed in a reaction mixture of 
10 μL containing 20 ng of genomic DNA, 1.5 mM MgCl2, 
0.2 μM dNTPs, 0.3 μM of each primer. PCR conditions were 
96°C for 1 mins, followed by 33 cycles of 98°C for 10 sec, 
70°C for 30 sec, 72°C for 45 sec followed by extension 
at 72°C for 5 mins. PCR products were visualized by 
ethidium bromide under UV irradiation with 1.5% agarose 
gel electrophoresis.

The final PCR products of the first PCR were taken 
and then diluted 30 times with sterilized milliQ water 
and was used as a template for the second nested 
allele-specifi c PCR. The primer set (forward: A3101 F 
5’-CCACTCCATGAGGTATTTCA-3’ and reverse: A3101 
R 5’-CTCGCTCTGGTTGTAGTAG-3’) for the second PCR 
was designed specifi cally to amplify the HLA-A*3101. The 
second PCR was carried out in a reaction mixture of 10 μL 
containing 2 μL of diluted fi rst PCR product, 1.5 mM MgCl2, 
0.2 μM dNTPs, 0.5 μM of each primer. The second PCR 
conditions were 94°C for 3 min, followed by 30 cycles of 
95°C for 20 sec, 63°C for 20 sec, 72°C for 20 sec followed 
by extension at 72°C for 10 min. The PCR products were 
visualized by ethidium bromide under UV irradiation with 
2% agarose gel electrophoresis.
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RESULTS

There were 106 males and 86 females in Group I with a 
mean age of 36.06±13.86 years and 32.49±10.62 years 
respectively. In Group II, there were 81 males with a mean 
age of 36.58±10.66 years and 22 females with a mean age 
of 36.09±7.72 years.

In Group I, 12 (6.25%) of the 192 patients were tested 
positive for HLA-A*3101 allele and all of them were taking 
CBZ as monotherapy or in combination therapy. In the 
allele negative subjects (180 patients), the most commonly 
used drug was sodium valproate, which was prescribed to 
104 (58%) subjects either as monotherapy or combination 
therapy. In Group II, 3 (2.9%) of the 103 healthy controls 
were tested positive for the HLA-A*3101 allele.

Safety profi le of antiepileptic therapy

The safety of the antiepileptic therapy was determined from the 
adverse effects of the drugs. This information was obtained by 
“recollection method.” Among the 192 subjects, 56 (30%) of 
them developed adverse effects such as headache and giddiness, 
skin rashes, and memory disturbances while 136 (70%) had no 
adverse effects. Among the 56 subjects who developed adverse 
effects, HLA-A*3101 allele was present in 8 subjects and in 
the remaining 136 subjects who had no adverse effects, 4 of 

them were tested positive for the HLA-A*3101 allele. The 
incidence of adverse effects in the HLA-A*3101 positive groups 
is signifi cantly higher when compared with the HLA-A*3101 
negative groups. They are summarized below in Table 1.

Among the 8 HLA-A*3101 allele positive subjects who 
developed adverse effects, 4 of them developed rashes and 
3 headaches and giddiness and one memory disturbance. The 
number of patients with mild cutaneous adverse reactions 
(rashes) in HLA-A*3101 positive groups is signifi cantly 
higher compared to HLA-A*3101 negative groups. The 
subgroup analysis of association of the HLA-A*3101 allele 
with the adverse effects are given below in Table 2.

Response to anti-seizure therapy

The response to the anti-seizure therapy showed that 46 (22%) 
of 192 subjects had seizure control for 1-year, and all of them 
were taking CBZ as monotherapy or in combination therapy. 
The overall response rate was 10%. The subgroup analysis 
of association of the HLA-A*3101 allele with the seizure 
frequency per month are given below in Table 3.

DISCUSSION

HLA-B*1502, a predictor of CBZ-induced hypersensitivity 
reactions in Asian population, seems to be specific in 

Table 1: Comparison of incidence of adverse effects between HLA-A*3101 positive and negative patients.
Adverse 
effects

Number of patients positive 
for HLA-A*3101 allele (%)

Number of patients negative 
for HLA-A*3101 allele (%)

p-value

Present 8 (66.7) 48 (26.7) 0.0062**
Absent 4 (33.3) 132 (73.3)
**Statistical analysis were done using Fisher’s exact test and found that p value was signifi cant. HLA: Human leukocyte antigen

Table 2: Frequency analysis of various adverse effects between HLA-A*3101 positive and negative patients.
Adverse effects No of patients positive for 

HLA-A*3101 allele (%)
No of patients negative for 

HLA-A*3101 allele (%)
Total p-value

Rashes 4 (50) 5 (10.4) 9 0.0173*
Headache and giddiness 3 (37.5) 28 (58.3) 31 0.4447
Memory problem 1 (12.5) 8 (16.7) 9 1
Others 0 7 (14.6) 7
*Statistical analysis were done using Fisher’s exact test and found that p value was signifi cant. HLA: Human leukocyte antigen

Table 3: Frequency analysis of seizure attack per month between HLA-A*3101 positive and negative patients.
Seizure frequency per month No of patients positive for 

HLA-A*3101 allele (%)
No of patients negative for 

HLA-A*3101 allele (%)
p-value

Controlled (past 1 year) 2 (16.7) 44 (24.4) 0.7607
0-1 per month 4 (33.3) 51 (28.3)
1-3 per month 4 (33.3) 60 (33.3)
3-5 per month 2 (16.7) 25 (14)
Statistical analysis were done using Chi-square test for trend and found that there were no statistical difference observed. HLA: Human 
leukocyte antigen
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predicting only the development of SCADRs such as SJS/
TEN, but not for the development of mild reactions such as 
maculopapular eruptions. This fi nding led to the suggestion 
that these reactions have different etiology or genetic 
predictors.

Chung and his colleagues were the fi rst to identify the 
association between HLA-B*1502 and SJS/TEN in Han 
Chinese Taiwan population in the year 2004.10 Several 
studies from Han Chinese populations have also confi rmed 
the association of HLA-B*1502 with SJS/TEN.11-16 This 
fi nding eventually led the USFDA to recommend genetic 
screening for HLA-B*1502 in most patients of Asian 
ancestry before starting on CBZ therapy. This association 
of HLA-B*1502 and SJS/TEN was also confi rmed in other 
Asian populations such as Thai,17-19 Malaysian20,21 and 
Indian22,23 population. However, such association has not 
been found in Japanese24,25 or Korean26,27 population. It is 
noteworthy to mention that HLA-B*1502 is a risk factor only 
for SJS/TEN, but not for other types of CADRS and it is also 
ethnic specifi c restricted only to patients of Asian origin.

HLA-A*3101 was fi rst identifi ed as a possible risk genotype 
for CBZ induced maculopapular eruptions in Han Chinese 
patients in the year 2006. Subsequently, the association of 
HLA-A*3101 with the development of SJS/TEN as well as 
maculopapular eruptions has been documented in Japan,28,29 
Europe,30 Korea31 and Canada32 population. However, there 
are limited evidences to support the recommendation of 
screening for HLA-A*3101 allele before starting on CBZ 
therapy. Studies also reveal that HLA A*3101 appears to 
be a specifi c marker only for CBZ-induced hypersensitivity 
reactions and not for phenytoin or lamotrigine induced 
hypersensitivity reactions.33

This study has shown that most of the patients had mild 
cutaneous hypersensitivity reaction like rashes. More 
serious, life-threatening cutaneous reactions like SJS/TEN 
were not seen in any of the study population. The prevalence 
rate of HLA-A*3101 allele was found to be 6.25% (12/192) 
among the epileptics whereas it is about 2.9% (3/103) in 
general population which is much lower compared to the 
prevalence of this allele in Japanese population (Kaniwa et 
al. 2011 – 16.8%, Kashiwagi et al. 2008 – 14.3%).

Among the 192 epileptic subjects, 81 patients (42.2%) were 
taking CBZ either as monotherapy or in combination with 
other antiepileptic drugs. Among these 81 patients, 29 had 
adverse effects (CBZ-intolerant), and 52 patients had no 
adverse effects (CBZ-tolerant). The HLA-A*3101 allele was 
present in 8 (27.6%) out of 29 patients who were intolerant 
to CBZ whereas, this allele is present only in 4 (7.7%) out of 
the 52 patients who were CBZ-tolerant. When compared with 
the prevalence rate of this allele in Han Chinese (Hung et al. 
2006), European Caucasians (Mccormack et al. 2011) Japan 
(Ozeki et al. 2011, Niihara et al. 2012), Korea (Kim et al. 2011) 
and Canada (Amstutz et al. 2013) population, the rate is high 
among both the CBZ intolerant and CBZ tolerant groups.

The overall prevalence rate of HLA-A*3101 in the total 
study population (295 subjects) is 5.08% (15/295) whereas 
a frequency of 18.9% was observed in normal population in 
Tamil Nadu Nadar caste (as mentioned in the allele frequency 
database). This high prevalence rate of HLA-A*3101 allele 
among the Nadar caste in Tamil Nadu34-36 and other castes 
from different states in India37 indicates that ethnicity or 
racial differences could play a major role to the prevalence 
of HLA-A*3101 allele.

CONCLUSION

The present study has shown that HLA-A*3101 is prevalent 
in 6.25% of the Indian epileptic subjects. The prevalence 
rate of the HLA-A*3101 allele in patients who were CBZ 
intolerant is 27.6%, whereas in CBZ tolerant patients it is 
found to be 7.7%. The presence of this allele is found to 
have a signifi cant association with the development of mild 
cutaneous reactions like skin rashes. However, the more 
serious, life-threatening cutaneous reactions like SJS/TEN 
are not observed in our study population. Since there is a 
strong correlation between HLA-A*3101 allele with CADRs, 
estimation of HLA-A*3101 before starting on antiepileptic 
drugs may forewarn the treating physicians and the patients 
about the CADRs and the need for early treatment. This 
could prevent the complications that might occur due to 
CADRs as well as reduce the drug-related anxiety among 
the subjects. However, further studies in larger population 
are needed to ascertain the causal relationship between the 
prevalence of HLA-A*3101 and the occurrence of CADRs.
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REFERENCES

  1. Preventable Adverse Drug Reactions: a Focus on Drug 
Interactions. Available at http://www.fda.gov/drugs/
developmentapprovalprocess/developmentresources/
druginteractionslabeling/ucm110632.htm#ADRs:%20
Prevalence%20and%20Incidence. Accessed 13 October 
2014.

2. Notes on Clinical Pharmacology: classifi cation of Adverse 
Drug Reactions. http://www.edusanjalpharmacology.
blogspot.in/2012/12/classification-of-adverse-drug-
reactions.html. Accessed 13 October 2014.

3. Wei CY, Ko TM, Shen CY, Chen YT. A recent update of 
pharmacogenomics in drug-induced severe skin reactions. 
Drug Metab Pharmacokinet. 2012;27(1):132-41.

4. Verma R, Vasudevan B, Pragasam V. Severe cutaneous 
adverse drug reactions. Med J Armed Forces India. 
2013;69(4):375-83.

5. Nayak S, Acharjya B. Adverse cutaneous drug reaction. 
Indian J Dermatol. 2008;53(1):2-8.

6. Mockenhaupt M, Messenheimer J, Tennis P, Schlingmann J. 
Risk of Stevens-Johnson syndrome and toxic epidermal 
necrolysis in new users of antiepileptics. Neurology. 



Duraivel M et al. Int J Basic Clin Pharmacol 2015 Apr;4(2):254-259

 International Journal of Basic & Clinical Pharmacology | March-April 2015 | Vol 4 | Issue 2 Page 258

2005;64(7):1134-8.
7. Devi K, George S, Criton S, Suja V, Sridevi PK. 

Carbamazepine – the commonest cause of toxic 
epidermal necrolysis and Stevens-Johnson syndrome: 
a study of 7 years. Indian J Dermatol Venereol Leprol. 
2005;71(5):325-8.

8. Sharma VK, Sethuraman G, Kumar B. Cutaneous adverse 
drug reactions: clinical pattern and causative agents – a 
6 year series from Chandigarh, India. J Postgrad Med. 
2001;47(2):95-9.

9. Kamaliah MD, Zainal D, Mokhtar N, Nazmi N. Erythema 
multiforme, Stevens-Johnson syndrome and toxic epidermal 
necrolysis in northeastern Malaysia. Int J Dermatol. 
1998;37(7):520-3.

10. Chung WH, Hung SI, Hong HS, Hsih MS, Yang LC, Ho 
HC, et al. Medical genetics: a marker for Stevens-Johnson 
syndrome. Nature. 2004;428(6982):486.

11. Hung SI, Chung WH, Jee SH, Chen WC, Chang YT, Lee 
WR, et al. Genetic susceptibility to carbamazepine-induced 
cutaneous adverse drug reactions. Pharmacogenet Genomics. 
2006;16(4):297-306.

12. Man CB, Kwan P, Baum L, Yu E, Lau KM, Cheng AS, et al. 
Association between HLA-B*1502 allele and antiepileptic 
drug-induced cutaneous reactions in Han Chinese. Epilepsia. 
2007;48:1015-8.

13. Wu XT, Hu FY, An DM, Yan B, Jiang X, Kwan P, et al. 
Association between carbamazepine-induced cutaneous 
adverse drug reactions and the HLA-B*1502 allele among 
patients in central China. Epilepsy Behav. 2010;19(3):405-8.

14. Liao WP, Shi YW, Cheng SH, Kwan P. Association between 
HLA-B*1502 allele and cutaneous reactions induced by 
carbamazepine or lamotrigine in Han Chinese. Epilepsia. 
2009;50:252-3.

15. Zhang Y, Wang J, Zhao LM, Peng W, Shen GQ, Xue L, 
et al. Strong association between HLA-B*1502 and 
carbamazepine-induced Stevens-Johnson syndrome and 
toxic epidermal necrolysis in mainland Han Chinese patients. 
Eur J Clin Pharmacol. 2011;67(9):885-7.

16. Wang Q, Zhou JQ, Zhou LM, Chen ZY, Fang ZY, Chen SD, 
et al. Association between HLA-B*1502 allele and 
carbamazepine-induced severe cutaneous adverse reactions 
in Han people of southern China mainland. Seizure. 
2011;20:446-8.

17. Locharernkul C, Loplumlert J, Limotai C, Korkij W, 
Desudchit T, Tongkobpetch S, et al. Carbamazepine and 
phenytoin induced Stevens-Johnson syndrome is associated 
with HLA-B*1502 allele in Thai population. Epilepsia. 
2008;49(12):2087-91.

18. Tassaneeyakul W, Tiamkao S, Jantararoungtong T, 
Chen P, Lin SY, Chen WH, et al. Association between 
HLA-B*1502 and carbamazepine-induced severe 
cutaneous adverse drug reactions in a Thai population. 
Epilepsia. 2010;51(5):926-30.

19. Kulkantrakorn K, Tassaneeyakul W, Tiamkao S, 
Jantararoungtong T, Prabmechai N, Vannaprasaht S, et al. 
HLA-B*1502 strongly predicts carbamazepine-induced 
Stevens-Johnson syndrome and toxic epidermal necrolysis 
in Thai patients with neuropathic pain. Pain Pract. 
2012;12(3):202-8.

20. Chang CC, Too CL, Murad S, Hussein SH. Association of 
HLA-B*1502 allele with carbamazepine-induced toxic 
epidermal necrolysis and Stevens-Johnson syndrome in 
the multi-ethnic Malaysian population. Int J Dermatol. 
2011;50(2):221-4.

21. Then SM, Rani ZZ, Raymond AA, Ratnaningrum S, 
Jamal R. Frequency of the HLA-B*1502 allele contributing 
to carbamazepine-induced hypersensitivity reactions in a 
cohort of Malaysian epilepsy patients. Asian Pac J Allergy 
Immunol. 2011;29(3):290-3.

22. Mehta TY, Prajapati LM, Mittal B, Joshi CG, Sheth JJ, 
Patel DB, et al. Association of HLA-B*1502 allele and 
carbamazepine-induced Stevens-Johnson syndrome 
among Indians. Indian J Dermatol Venereol Leprol. 
2009;75(6):579-82.

23. Rajappa S, Venkatesan S. Prevalence of HLA-B*1502 allele 
in South Indian epileptic and non epileptic population. J Am 
Acad Neurol. 2012;78(meeting abstracts 1):s26-005. [Cited 
2012 April 25].

24. Kaniwa N, Saito Y, Aihara M, Matsunaga K, Tohkin M, 
Kurose K, et al. HLA-B*1511 is a risk factor for 
carbamazepine-induced Stevens-Johnson syndrome and 
toxic epidermal necrolysis in Japanese patients. Epilepsia. 
2010;51(12):2461-5.

25. Lonjou C, Saito Y, Aihara M, Matsunaga K, Tohkin M, 
Kurose K, et al. RegiSCAR Group. A marker for Stevens-
Johnson syndrome: ethnicity matters. Pharmacogenomics J. 
2006;6:265-8.

26. Alfi revic A, Jorgensen AL, Williamson PR, Chadwick DW, 
Park BK, Pirmohamed M. HLA-B locus in Caucasian patients 
with carbamazepine hypersensitivity. Pharmacogenomics. 
2006;7(6):813-8.

27. Ozeki T, Mushiroda T, Yowang A, Takahashi A, Kubo M, 
Shirakata Y, et al. Genome-wide association study 
identifi es HLA-A*3101 allele as a genetic risk factor for 
carbamazepine-induced cutaneous adverse drug reactions in 
Japanese population. Hum Mol Genet. 2011;20(5):1034-41.

28. Kashiwagi M, Aihara M, Takahashi Y, Yamazaki E, 
Yamane Y, Song Y, et al. Human leukocyte antigen 
genotypes in carbamazepine-induced severe cutaneous 
adverse drug response in Japanese patients. J Dermatol. 
2008;35(10):683-5.

29. Niihara H, Kakamu T, Fujita Y, Kaneko S, Morita E. 
HLA-A31 strongly associates with carbamazepine-induced 
adverse drug reactions but not with carbamazepine-
induced lymphocyte proliferation in a Japanese population. 
J Dermatol. 2012;39(7):594-601.

30. McCormack M, Alfi revic A, Bourgeois S, Farrell JJ, 
Kasperaviciute D, Carrington M, et al. HLA-A*3101 
and carbamazepine-induced hypersensitivity reactions in 
Europeans. N Engl J Med. 2011;364(12):1134-43.

31. Kim SH, Lee KW, Song WJ, Kim SH, Jee YK, Lee SM, et al. 
Carbamazepine-induced severe cutaneous adverse reactions 
and HLA genotypes in Koreans. Epilepsy Res. 2011;97(1-
2):190-7.

32. Amstutz U, Ross CJ, Castro-Pastrana LI, Rieder MJ, Shear 
NH, Hayden MR, et al. HLA-A 31:01 and HLA-B 15:02 
as genetic markers for carbamazepine hypersensitivity in 
children. Clin Pharmacol Ther. 2013;94(1):142-9.

33. McCormack M, Urban TJ, Shianna KV, Walley N, 
Pandolfo M, Depondt C, et al. Genome-wide mapping for 
clinically relevant predictors of lamotrigine- and phenytoin-
induced hypersensitivity reactions. Pharmacogenomics. 
2012;13(4):399-405.

34. Shankarkumar U, Sridharan B, Pitchappan RM. HLA 
diversity among Nadars, a primitive Dravidian caste of 
South India. Tissue Antigens. 2003;62(6):542-7.

35. Rajasekar R, Kakkanaiah VN, Pitchappan RM. HLA 
antigens in South India: II. Selected caste groups of Tamil 



Duraivel M et al. Int J Basic Clin Pharmacol 2015 Apr;4(2):254-259

 International Journal of Basic & Clinical Pharmacology | March-April 2015 | Vol 4 | Issue 2 Page 259

Nadu. Tissue Antigens. 1987;30:113-8.
36. Balakrishnan K, Pitchappan RM, Suzuki K, Kumar US, 

Santhakumari R, Tokunaga K. HLA affi nities of Iyers, a 
Brahmin population of Tamil Nadu, South India. Hum Biol. 
1996;68:523-37.

37. Shankarkumar U. HLA A19 subtypes and B loci related 
haplotype in selected caste groups from the Indian 
population. Indian J Human Genet. 2003;9(1):13-6.

doi: 10.5455/2319-2003.ijbcp20150413
Cite this article as: Duraivel M, Arunkumar R, Ruckmani A, 
Arunkumar G, Sreekanth MS, Bhanu K, Thamilpavai 
N, Farzana KF. Study to assess the prevalence of human 
leukocyte antigen-A*3101 allele among Indian epileptic 
patients and its infl uence on safety and effi cacy of antiepileptic 
therapy. Int J Basic Clin Pharmacol 2015;4:254-9.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


