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Abstract

Objective

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging hemorrhagic fever

caused by a tick-borne bunyavirus (SFTSV) in East Asian countries. The role of human leu-

kocyte antigen (HLA) in resistance and susceptibility to SFTSV is not known. We investi-

gated the correlation of HLA locus A, B and DRB1 alleles with the occurrence of SFTS.

Methods

A total of 84 confirmed SFTS patients (patient group) and 501 unrelated non-SFTS patients

(healthy individuals as control group) from Shandong Province were genotyped by PCR-

sequence specific oligonucleotide probe (PCR-SSOP) for HLA-A, B and DRB1 loci.Allele

frequency was calculated and compared using χ2 test or the Fisher’s exact test. A corrected

P value was calculated with a bonferronis correction. Odds Ratio (OR) and 95% confidence

intervals (CI) were calculated by Woolf’s method.

Results

A total of 11 HLA-A, 23 HLA-B and 12 HLA-DRB1 alleles were identified in the patient

group, whereas 15 HLA-A, 30 HLA-B and 13 HLA-DRB1 alleles were detected in the control

group. The frequencies of A*30 and B*13 in the SFTS patient group were lower than that in

the control group (P = 0.0341 and 0.0085, Pc = 0.5115 and 0.252). The ORs of A*30 and

B*13 in the SFTS patient group were 0.54 and 0.49, respectively. The frequency of two-

locus haplotype A*30-B*13 was lower in the patient group than in the control group(5.59%

versus 12.27%, P = 0.037,OR = 0.41, 95%CI = 0.18–0.96) without significance(Pc>0.05).
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A*30-B*13-DRB1*07 and A*02-B*15-DRB1*04 had strong associations with SFTS resis-

tance and susceptibility respectively (Pc = 0.0412 and 0.0001,OR = 0.43 and 5.07).

Conclusion

The host HLA class I polymorphism might play an important role with the occurrence of

SFTS. Negative associations were observed with HLA-A*30, HLA-B*13 and Haplotype

A*30-B*13, although the associations were not statistically significant. A*30-B*13-

DRB1*07 had negative correlation with the occurrence of SFTS; in contrast, haplotype

A*02-B*15-DRB1*04 was positively correlated with SFTS.

Author Summary

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging hemorrhagic fever
caused by a tick-borne bunyavirus (SFTSV) in East Asian countries. The role of human
leukocyte antigen (HLA) in resistance and susceptibility to SFTSV is not known. In this
study, we investigated the correlation of HLA locus A, B and DRB1 alleles with the occur-
rence of SFTS. Our results have expanded the knowledge of the association of HLA genes
with SFTS. Our study may be helpful to state the relationship between the occurrence of
SFTS with HLA alleles or haplotypes and provide scientific basis for study on pathogenesis
and vaccine development.

Introduction

Sever fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease in
China, South Korea and Japan [1–3]. SFTS is caused by a novel bunyavirus, SFTS virus
(SFTSV), which is transmitted through tick bite [1,4–6]. Shandong Province is the second
highest incidence area of SFTS in China. Since starting surveillance on SFTS patients in 2010,
761 SFTS cases were reported in Shandong Province from 2011 to 2014 with annual case fatal-
ity of 12.5% [7]. Number of reported SFTS cases was rising and SFTS inflict areas was expand-
ing from the initial 6 cities in 2010 to 15 cities in 2014 among 17 cities in Shandong Province.

SFTS is a hemorrhagic fever disease with fever and thrombocytopenia as the main clinical
manifestations. The body temperature of most SFTS cases usually exceeds 38°C. Over 70% of
the patients have fever>39°C [8,9]. Patients often had headaches, muscle aches, gastrointesti-
nal symptoms such as lack of appetite, nausea, vomiting, abdominal pain, diarrhea and hema-
tochezia, leukopenia, liver and kidney dysfunction. The vast majority of patients has a good
prognosis and recovered. On the contrary, some patients have a poor prognosis because of
accompanied by basic diseases, older ages, the emergence of neuropsychiatric symptoms,
bleeding tendency obviously and hyponatremia.

Those patients who had severe bleeding tendency and in critical condition might die of mul-
tiple organ failure [1]. The overall mortality rate of SFTSV infection is about 12%, ranging
from 6.3% to 30.0% in previous studies [10,11]. A sustained serum viral load may indicate that
disease conditions will worsen and lead to death [8]. In multivariate analysis, the odds for SFTS
were 2.4~4.5 fold higher with patients who reported tick bites or presence of tick in the living
area [12]. Our previous results revealed that age was the critical risk factor or determinant for
SFTS morbidity and mortality [13]. However, the mechanism of susceptibility to SFTSV is not
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clear. There is no evidence on the role of T cells in the pathogenesis of SFTS because SFTSV is
a newly discovered virus. Most studies have focused on humoral immunity and innate immu-
nity of SFTSV. We are not aware any study on T cell immunity of SFTSV.

The human leukocyte antigens (HLA) were the human versions of the major histocompati-
bility complex (MHC) genes that were found in most vertebrates. The HLA genes encoded
cell-surface antigen-presenting proteins, which regulated the immune system in humans and
were essential elements for immune function. HLA was highly polymorphic and was signifi-
cantly different in populations in different geography, ethnic and race [14–16]. HLA deter-
mined the individual differences in susceptibility to pathogens or diseases. Studies showed that
HLA was related to ankylosing spondylitis, diabetes, psoriasis and other autoimmune diseases
[17–19]. It also correlated to AIDS, hepatitis B and other viral infections [20–22], but the corre-
lation between HLA polymorphism and SFTS had not yet investigated. In this study, we ana-
lyzed the frequency of three important HLA alleles and haplotypes comprised by these alleles
in SFTS patients and healthy individuals to determine whether HLA alleles and/or haplotypes
correlated to the occurrence of SFTS.

Materials and Methods

Ethics Statement

Subjects in the study were all adults. SFTS samples were collected for disease surveillance and
disease diagnosis. Serum samples from healthy individuals (non-SFTS patients) who were vol-
unteers of China Marrow Donor Program (CMDP) were collected for HLA matching. All sam-
ples from SFTS cases and healthy individuals were pre-existing relative to the start of the study,
and were examined as anonymous samples. The study was approved by the Ethic Committee
of Preventive Medicine of Shandong Center for Disease Control and Prevention (no. 2011–12).
All infected adults subjects had signed a written informed consent document for collecting
their serum specimen.

Study sites

All patients and healthy persons were from Shandong Province, which located in the eastern
coast of China between north latitude 34° 22.9 '- 38° 24.01' and longitude 114° 47.5 '- 122°
42.3'. The province consisted of 15.50% mountain area, 13.20% of hill area, 55% plains, 4.10%
depression area, 4.40% lake plain, and 7.80% other area. Shandong's climate was temperate
monsoon types with annual average temperature between 11°C and 14°C, annual average rain-
fall between 550 and 950 mm. As of December 2013, the resident population in the province
was 97.33 million. Han Chinese was the dominant population with 0.70% ethnic minorities in
the total population of Shandong Province.

SFTS patients and healthy population

84 cases had whole blood specimens and were used in this study for HLA allele typing. The
patient group consisted of 84 SFTS patients, who were diagnosed at local hospitals in 2013 in
Shandong Province and reported to the China Information System for Diseases Control and
Prevention. All SFTS patients were laboratory confirmed for bunyavirus, SFTS virus (SFTSV).
The control group consisted of 501 unrelated healthy individuals (non-SFTS patients) who
were volunteers of China Marrow Donor Program (CMDP) and their blood was available and
obtained from the Blood Center of Shandong Province. All participants including SFTS
patients and healthy individuals were native Han ethnic Chinese from Shandong Province.
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Human DNA extraction

Human blood DNA was extracted from whole blood using EZBeadTM whole blood DNA
extraction kit (Texas BioGene Inc, Richardson, Texas). DNA concentration was 20–100ng/μL
and DNA purity was 1.70 to 1.85 at OD260 / OD280.

HLA genotyping

Patients and healthy individuals’ HLA-A, B and DRB1 alleles were genotyped using PCR-SSOP
methods with low resolution LABType SSO Typing Tests (One Lambda Inc., Canoga Park,
CA) according to the manufacturer’s instructions. The test results were analyzed with HLA
Tools (One Lambda Inc., Canoga Park, CA).

Data analysis

HLA allele frequencies (AF) were calculated and haplotype frequencies (HF) in patients and
healthy individuals were estimated using the maximum-likelihood method with the expecta-
tion-maximization (EM) algorithm in the Arlequin V3.5 software. The frequency difference
between the patient group and control group was compared using χ2 test or the Fisher's exact
test. The extent of correlation of HLA alleles and haplotypes between the patient group and the
control group was indicated by the odds ratio (OR), which was obtained by Woolf ’s method. A
corrected P value (Pc) was further to be calculated with a bonferronis correction by multiplying
the P-value with the number of alleles tested for each locus.

Results

Patient information

In 2013, 296 SFTS cases were clinically reported in Shandong Province including 85 clinical
diagnosed cases and 211 laboratory confirmed cases. 84 cases had whole blood specimens and
were used in this study for HLA allele typing. The 84 confirmed cases were all Han ethnic Chi-
nese from Shandong Province including 7.14% (6/84) death cases. Majority of patients were
from Weihai City (65.48%, 55/84) and Tai’an City (17.86%, 15/84). The remaining 14 patients
were from five other cities. Patients ranged from 28 years old to 84 years old with median age
of 62 years old. Patients’ age distribution was summarized in Table 1. Majority of patients went
to clinic for treatment within 5 days (58.33%, 49/84) to 10 days (86.90%, 73/84) after onset of
illness.

Table 1. Age distribution in patient group.

Age group Number of cases Percentage % Case fatality rate %

20~ 1 1.19 0

30~ 2 2.38 0

40~ 10 11.90 0

50~ 24 28.57 8.33(2/24)

60~ 22 26.19 4.55(1/22)

70~ 19 22.62 5.26(1/19)

�80 6 7.14 33.33(2/6)

Total 84 100 7.14(6/84)

20~:including SFTS cases whose age was�20 years old, but<30 years old.

doi:10.1371/journal.pntd.0005076.t001
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The clinical manifestations of the patients included fever, dizziness, headache, nausea, vom-
iting, fatigue, muscle aches, cough, sputum and gastrointestinal symptoms of anorexia, diar-
rhea, and abdominal pain. The clinical manifestations of 52 SFTS cases with complete
information were listed in Table 2.

HLA-A allele profiles in SFTS patients

A total of 11 HLA-A alleles were detected in the patient group and 15 HLA-A alleles were
detected in the control group. Six HLA-A alleles (A�01, A�02, A�11, A�24, A�30 and A�33)
were all found with a frequency greater than 5% in both the SFTS patient group and the control
group, with a cumulative frequency of 86.30% and 84.43%, respectively. HLA-A locus was
dominated by the A�02 allele with a frequency of 28.57% and 27.25% in the SFTS patient group
and the control group, respectively. The next five most common alleles were A�24(17.26%),
A�11(16.07%), A�33(10.71%), A�30(8.33%) and A�01(5.36%) in the SFTS patient group, and
A�30(14.37%), A�11(13.87%), A�24(12.87%), A�33(10.28%) and A�01(5.79%) in the control
group. Statistical analysis of the frequency of different HLA-A alleles in the patient and control
groups indicated that the frequency of A�30 in the patient group (8.33%) was lower than that
in the control group (14.37%) and the difference between two groups was noted (P = 0.0341,
OR = 0.54, 95%CI, 0.30–0.96).However, A�30 did not reach statistically significant after Bon-
ferroni correction(Pc = 0.5115). Other HLA-A alleles were not significantly different between
the patient group and the control group (Table 3).

HLA-B allele profiles in SFTS patients

For HLA-B, a total of 23 HLA-B alleles were identified in the SFTS patients and 30 HLA-B
alleles were identified in the control group. The highest frequencies of HLA-B antigen specifici-
ties in the patient group were as follow: B�15(14.88%), B�40(13.1%), B�13(9.52%), B�51
(9.52%), B�46(7.14%),B�35(5.95%) and B�44(5.36%),consisting of 65.47% of the HLA-B alleles
of the patient group. In the control group, the most common alleles in descending order were

Table 2. The main clinical symptoms and signs of 52 severe fever with thrombocytopenia syndrome cases.

Symptoms and signs Number of cases Frequency (%

Fever 51 98.08

Chills 21 40.38

Headache 15 28.85

Weakness 42 80.77

Body ache 24 46.15

Conjunctival hyperemia 2 3.85

Skin petechiae or ecchymosis 8 15.38

Bleeding gums 4 7.69

Loss of appetite 15 28.85

Nausea 27 51.92

Vomit 20 38.46

Haematemesis 0 0

stomach ache 8 15.38

Bloating 7 13.46

Diarrhea 16 30.77

Back pain 5 9.62

Lymphadenopathy 7 13.46

doi:10.1371/journal.pntd.0005076.t002
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B�13(17.66%), B�15(14.47%), B�40(11.38%), B�51(6.99%), B�44(6.39%) and B�35(5.29%) con-
sisting of 62.18% of HLA-B alleles of the control group. In the patient groups, a 1.87 fold
decrease was observed with HLA-B�13 allele compared to healthy controls (P = 0.0085,
OR = 0.49, 95%CI = 0.29–0.84). Although we observed the negative association, B�13 did not
reach statistically significant after Bonferroni correction (Pc = 0.252) (Table 4).

HLA- DRB1 allele frequencies

For HLA- DRB1 alleles, 12 alleles were detected in SFTS patients and 13 alleles were detected
in the control group. The most prevalent DRB1 genes in the patient group were DRB1�15
(20.83%), DRB1�07(14.29%), DRB1�04(11.9%), DRB1�12(10.12%), DRB1�13(6.55%), DRB1�14
(5.95%) and DRB1�08(5.36%), which were found in 75% of SFTS patients. The most prevalent
DRB1 genes in the control group were DRB1�15(19.76%), DRB1�07(17.37%), DRB1�12
(9.98%), DRB1�04(8.58%), DRB1�13(7.78%), DRB1�08(6.39%) and DRB1�14(5.49%), which
were found in 75.35% of healthy persons in the control group. DRB1�15 was the most common
HLA- DRB1 allele in the patient group (20.83%) and in the control group (19.76%). There
were no positive or negative associations of HLA-DRB1 alleles were observed between patient
group and control group (Table 5).

HLA haplotype profiles in SFTS patients

Table 6 shows the comparison of two-locus and three-locus haplotype frequencies in SFTS
patient group and control group. For HLA-A-B, the HLA-A�30-B�13 haplotype was found
with a lower frequency in SFTS patient group than in control group (5.59% versus 12.27%,
P = 0.037,OR = 0.41, 95%CI = 0.18–0.96). It displayed association with SFTS resistance. But
HLA-A�30-B�13 did not reach statistic significant after Bonferroni correction(Pc>0.05).For
HLA-A-DR, no association was noted between two groups. Through statistical analysis of the
frequency of HLA-B�-DR� haplotypes, haplotype B�15-DRB1�04 displayed association with
SFTS susceptibility (P = 0.0224, OR = 2.95, 95%CI = 1.12–7.77). Otherwise, the difference was

Table 3. Frequencies of HLA-A allele and odds ratio in SFTS patient and control groups (patients 2n = 168 control 2n = 1002).

Locus Patients (2n = 168) Control (2n = 1002) P OR 95% CI

Count AF(%) Count AF(%)

A* 01 9 5.36 58 5.79 0.8238 0.92 0.45–1.9

A* 02 48 28.57 273 27.25 0.7215 1.07 0.74–1.53

A* 03 6 3.57 34 3.39 0.9064 1.05 0.44–2.55

A* 11 27 16.07 139 13.87 0.4497 1.19 0.76–1.86

A* 23 0 0 9 0.90 0.4496 NA NA

A* 24 29 17.26 129 12.87 0.1236 1.41 0.91–2.19

A* 26 6 3.57 20 2.00 0.9064 1.05 0.44–2.55

A* 29 1 0.6 13 1.30 0.6956 0.46 0.06–3.51

A* 30 14 8.33 144 14.37 0.0341 0.54 0.30–0.96

A* 31 8 4.76 39 3.89 0.5952 1.23 0.57–2.69

A* 32 0 0 28 2.79 0.0548 NA NA

A* 33 18 10.71 103 10.28 0.8640 1.05 0.62–1.78

A* 68 2 1.19 11 1.10 0.7706 1.09 0.24–4.94

A* 69 0 0 1 0.10 0.3093 NA NA

A* 74 0 0 1 0.10 0.3093 NA NA

OR, odds ratio; CI, confidence interval; NA, not applicable. A P-value less than 0.00333 is significant after correction for multiple comparison.

doi:10.1371/journal.pntd.0005076.t003
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not statistically significant after multiple comparisons(Pc>0.05). Comparing the frequency of
HLA-A�-B�-DR� haplotypes in the patient group and the control group, the results showed
A�30-B�13-DRB1�07 and A�02-B�15-DRB1�04 had strong associations with SFTS resistance
and susceptibility respectively (Pc = 0.0412 and 0.0001,OR = 0.43 and 5.07).Although there
were differences of the other 5 three-locus haplotypes including A�02-B�46-DRB1�09,
A�02-B�50-DRB1�07, A�02-B�40-DRB1�15,A�33-B�44-DRB1�07 and A�24-B�15-DRB1�04
among two groups, they did not reach statistic significant(Pc>0.05)(Table 6).

Discussion

HLA are cell surface transmembrane glycoproteins and these glycoproteins can bind peptides
from inside and outside the cells to form HLA-polypeptides; antigen presenting cells transfer
the polypeptide complex to T cells, which stimulates T cell’s differentiation and development,

Table 4. Frequencies of HLA-B allele and odds ratio in SFTS patient and control group (patients 2n = 168, control 2n = 1002).

Locus Patients (2n = 168) Control (2n = 1002) P OR 95% CI

Count AF(%) Count AF(%)

B*07 8 4.76 41 4.09 0.6882 1.71 0.54–2.55

B*08 2 1.19 8 0.80 0.9537 1.50 0.32–7.11

B*13 16 9.52 177 17.66 0.0085 0.49 0.29–0.84

B*14 0 0 2 0.20 0.6676 NA NA

B*15 25 14.88 145 14.47 0.8890 1.03 0.64–1.64

B*18 0 0 3 0.30 0.9091 NA NA

B*27 4 2.38 26 2.59 0.9192 0.91 0.32–2.66

B*35 10 5.95 53 5.29 0.7246 1.13 0.56–2.27

B*37 1 0.6 10 1.00 0.9452 0.59 0.08–4.67

B*38 1 0.6 30 2.99 0.1255 0.19 0.03–1.43

B*39 5 2.98 15 1.50 0.2950 2.02 0.72–5.63

B*40 22 13.1 114 11.38 0.5203 1.17 0.72–1.91

B*41 1 0.6 1 0.10 0.6676 5.99 0.37–96.30

B*42 0 0 1 0.10 0.3072 NA NA

B*44 9 5.36 64 6.39 0.6095 0.83 0.40–1.70

B*45 0 0 2 0.20 0.6676 NA NA

B*46 12 7.14 43 4.29 0.1061 1.72 0.89–3.33

B*47 0 0 3 0.3 0.9091 NA NA

B*48 8 4.76 27 2.69 0.1455 1.81 0.81–4.04

B*49 0 0 1 0.1 0.3072 NA NA

B*50 4 2.38 10 1.0 0.2534 2.42 0.75–7.81

B*51 16 9.52 70 6.99 0.2434 1.40 0.79–2.48

B*52 6 3.57 39 3.89 0.8414 0.91 0.38–2.19

B*54 5 2.98 35 3.49 0.7330 0.85 0.33–2.19

B*55 2 1.19 10 1.0 0.8536 1.20 0.26–5.50

B*56 1 0.6 1 0.1 0.6676 5.99 0.37–96.30

B*57 3 1.79 13 1.3 0.8844 1.38 0.39–4.91

B*58 6 3.57 43 4.29 0.6664 0.83 1.9700

B*67 0 0 12 1.2 0.3115 NA NA

B*73 1 0.6 0 0 0.0392 NA NA

B*81 0 0 3 0.3 0.9091 NA NA

OR, odds ratio; CI, confidence interval; NA, not applicable. A P-value less than 0.00167 is significant after correction for multiple comparison.

doi:10.1371/journal.pntd.0005076.t004
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triggering immune response and adjusting the intensity of the immune response. Therefore,
HLA determine the outcome of the infection of pathogenic microorganisms. HLA genes are
divided into three categories: HLA class I genes encoded HLA molecules are widely distributed
in the surface of nucleated cells; HLA class II genes encoded molecules are mainly distributed
in the antigen presenting cells and activated T cell surface; HLA class III genes encode comple-
ment components. We analyzed the association of SFTS with human leukocyte antigens
(HLA) because HLA correlates to AIDS, hepatitis B and other viral infections, but the correla-
tion between HLA polymorphism and SFTS has not yet investigated.

SFTS is an emerging infectious disease and has been reported in 23 provinces in China with
most cases came from central China including Henan, Shandong, Hubei, Anhui, Liaoning,
Zhejiang and Jiangsu provinces. Most cases (88.3%) are famers and the distribution of the dis-
ease is associated with geography [7]. Clinical symptoms of SFTS include subclinical infection,
mild, severe and fatal infections. The mechanisms of pathogenesis of different clinical symp-
toms are not clear. In this study we analyzed the correlation of HLA alleles with the occurrence
of SFTSV infection. We selected 84 cases of SFTS patients and 501 healthy individuals as con-
trol to genotype the HLA-A, B, DRB1 alleles.

Song et al. reported that A�02 was the most common allele with a frequency of 28.86% in
northern Han Chinese population [23]. Our results also confirmed it. The HLA-A�02 has the
highest frequency of 28.57% in patient group and of 27.25% in control group. But there was no
difference between two groups. The results showed the frequencies of HLA-A�30 and HLA-
B�13 were lower in SFTS patient group than in control group, indicating that HLA-A�30 and
HLA-B�13 may confer resistance to SFTS, although no significant differences were observed
after Bonferroni correction. Alleles A�23, A�32, A�69, A�74, B�14, B�18, B�42, B�45, B�47,
B�49, B�67, B�81 and DRB1�10 were not detected in the patient group. A�32 has a high fre-
quency in the control group, but was not detected in the patient group. Similarly, B�67 and
DRB1�10 also had high frequency in the control group, but were not detected in patient group.
The frequency of these alleles were not significantly different between the two groups and their

Table 5. Frequencies of HLA-DRB1 alleles and odds ratio in SFTS patient and control group (patients 2n = 168, control 2n = 1002).

Locus Patients (2n = 168) Control (2n = 1002) P OR 95% CI

Count AF(%) Count AF(%)

DRB1*01 3 1.79 27 2.69 0.6701 0.6566 0.20–2.19

DRB1*03 7 4.17 38 3.79 0.8154 1.1030 0.48–2.51

DRB1*04 20 11.90 86 8.58 0.1651 1.4393 0.86–2.41

DRB1*07 24 14.29 174 17.37 0.3245 0.7931 0.50–1.26

DRB1*08 9 5.36 64 6.39 0.6095 0.8296 0.40–1.70

DRB1*09 22 13.10 101 10.08 0.2383 1.3442 0.82–2.20

DRB1*10 0 0 11 1.10 0.3511 NA NA

DRB1*11 8 4.76 46 4.59 0.9221 1.0391 0.48–2.24

DRB1*12 17 10.12 100 9.98 0.9557 1.0155 0.59–1.75

DRB1*13 11 6.55 78 7.78 0.5758 0.8300 0.43–1.60

DRB1*14 10 5.95 55 5.49 0.8083 1.0898 0.54–2.18

DRB1*15 35 20.83 198 19.76 0.7473 1.0686 0.71–1.60

DRB1*16 2 1.19 24 2.40 0.4855 0.4910 0.11–2.10

DRB1*01 3 1.79 27 2.69 0.6701 0.6566 0.20–2.19

DRB1*03 7 4.17 38 3.79 0.8154 1.1030 0.48–2.51

OR, odds ratio; CI, confidence interval; NA, not applicable. No alleles were significantly different between SFTS patients and healthy individuals.

doi:10.1371/journal.pntd.0005076.t005
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Table 6. Two-locus and three-locus haplotype frequencies and odds ratio in SFTS patient group and control group (patients 2n = 168, control

2n = 1002).

Haplotype HF (Patient,%) HF (Control,%) P OR 95%CI

A*02-B*15 6.69 5.32 0.5229 1.32 0.56–3.10

A*30-B*13 5.59 12.27 0.0347 0.41 0.18–0.96

A*24-B*40 4.77 2.21 0.1645 2.22 0.70–7.02

A*11-B*15 4.56 3.25 0.4768 1.46 0.51–4.20

A*02-B*46 4.42 2.75 0.3574 1.65 0.56–4.86

A*11-B*35 4.21 0.93 0.0578 3.71 0.87–15.77

A*33-B*44 4.02 3.55 0.8842 1.08 0.36–3.24

A*24-B*51 3.85 1.94 0.3568 2.21 0.63–7.77

A*02-B*40 3.45 4.08 0.6744 0.78 0.24–2.50

A*02-B*48 3.45 1.20 0.2914 2.94 0.65–13.35

B*15-DRB1*04 6.78 2.40 0.0224 2.95 1.12–7.77

B*13-DRB1*07 5.67 10.97 0.0653 0.49 0.23–1.06

B*40-DRB1*15 4.26 3.16 0.5008 1.41 0.52–3.87

B*46-DRB1*09 3.45 1.21 0.2241 3.05 0.72–12.94

B*44-DRB1*07 3.35 2.30 0.9025 1.29 0.40–4.13

B*58-DRB1*03 2.87 1.63 0.5406 1.82 0.52–6.38

B*35-DRB1*15 2.72 1.42 0.6372 1.81 0.45–7.35

B*15-DRB1*15 2.41 3.19 0.9263 0.79 0.24–2.61

B*48-DRB1*15 2.39 1.08 0.4305 2.42 0.54–10.97

B*40-DRB1*09 2.30 2.55 0.7788 1.02 0.30–3.55

A*02-DRB1*09 9.54 3.70 0.0743 2.47 0.89–6.85

A*02-DRB1*04 7.08 2.46 0.0956 3.34 0.95–11.73

A*11-DRB1*15 6.32 2.45 0.19 2.84 0.78–10.30

A*11-DRB1*12 5.09 3.33 0.7036 1.54 0.46–5.18

A*02-DRB1*15 5.03 7.20 0.477 0.68 0.24–1.97

A*24-DRB1*14 4.02 0.91 0.238 3.74 0.67–20.81

A*30-DRB1*07 3.73 9.74 0.1004 0.4 0.13–1.23

A*02-DRB1*12 3.45 3.97 0.9715 0.77 0.19–3.05

A*33-DRB1*13 3.15 2.79 0.7973 1.09 0.26–4.67

A*03-DRB1*07 2.87 0.54 0.2562 5.59 0.57–54.44

A*30-B*13-DRB1*07 4.60 9.93 0.0002 0.43 0.27–0.68

A*02-B*15-DRB1*04 4.02 0.81 0.0000 5.07 2.50–10.28

A*02-B*46-DRB1*09 3.45 1.24 0.0009 2.92 1.51–5.67

A*33-B*44-DRB1*07 2.87 1.39 0.0329 2.06 1.05–4.06

A*02-B*40-DRB1*15 2.30 2.11 0.0111 2.74 1.22–6.15

A*02-B*50-DRB1*07 2.30 0.49 0.0005 4.46 1.79–11.16

A*24-B*15-DRB1*04 2.30 0.53 0.0005 4.46 1.79–11.16

A*33-B*58-DRB1*03 2.30 1.37 0.16 1.69 0.81–3.52

A*11-B*15-DRB1*12 2.16 1.59 0.5105 1.28 0.61–2.69

A*02-B*15-DRB1*15 1.72 1.71 0.9625 0.98 0.44–2.18

F, frequency; OR, odds ratio; CI, confidence interval. Alleles underlined were significantly different between SFTS patients and healthy individuals.

P-values less than 0.00045,0.00037,0.0005 and 0.00024 are significant for two-locus haplotypes HLA-A-B,HLA-B-DR,HLA-A-DR and three-locus

haplotypes HLA-A-B-DR respectively after correction for multiple comparison.

doi:10.1371/journal.pntd.0005076.t006
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difference between the two groups was most likely caused by small sample size of the patient
group, which need to be further explored for their correlation with SFTS by increasing SFTS
patient sample size in future study.

In northern Han Chinese population, the most common HLA-A-B haplotypes (HF>0.
0300) were A� 30-B� 13, A� 02-B� 46, A� 33-B� 58, A� 33-B� 44, A� 02-B� 40[20]. We also found
these HLA haplotypes were most common in the SFTS patient group and in the control group
except for HLA-A� 33-B� 58. Through statistical analysis of the frequency of HLA-A-B haplo-
types, we found that A�30-B�13 was less common in the patient group than in the control
group (P = 0.0347, OR = 0.41, 95CI, 0.18–0.96) and the frequencies of these displayed
HLA-A-B and HLA-A-DR haplotypes were not significantly different between the patient
group and the control group by statistic analysis.

Moreover, haplotype A�30-B�13-DRB1�07 was significantly less commonly distributed in
the SFTS patients group (P = 0.0002,Pc = 0.0412,OR = 0.43), indicating the haplotype nega-
tively related to the incidence of SFTS as well as Zhang et al. reported that HLA haplotype
A�30-B�13-C�06 confers HIV-1 infected patients with a long-term non-progressing condition
[24]. Miao et al. showed that the frequency of HLA-B�13:01:01G increased significantly in
HBsAg clearance group than that in the persistent group (8.57%versus 3.46%, P = 0.0004,
OR = 2.62, 95% CI: 1.51–4.54) [25]. Chiewsilp et al. also reported a negative relationship for
HLA-B�13 with dengue shock syndrome (DSS) and/ or dengue hemorrhagic fever (DHF)[26].
These studies suggested that B�13 allele and haplotype A�30-B�13-C�06 is a protective factor
against AIDS and hepatitis B, respectively. Our results and previous results indicate that
HLA-A�30, HLA-B�13�, and A�30 -B�13� haplotypes play important roles in the outcome of
viral infection. However, the role of HLA-B�13 in dengue virus infection is not the same.
Appanna et al. demonstrated that HLA-B�13 is probably associated in dengue hemorrhagic
fever susceptibility [27]. The specific mechanisms of HLA-B�13 in different viral infections
need to be further studied.

On the other hand, another three-locus haplotypes A�02-B�15-DRB1�04 showed strong
associations with SFTS susceptibility(Pc = 0.0001).It suggested that this haplotype might have
caused individuals more susceptible to SFTS. Using low resolution typing method, we prelimi-
nary showed that A�30 and B�13 might have negative correlation with the occurrence of SFTS.
Our results have expanded the knowledge of the association of HLA genes with SFTS. Our
study may be further expanded by increased sample size and using high resolution typing
method to verify the correlation between HLA -A�30 and B�13 alleles and SFTS and identify
susceptible genes. Currently, there is no vaccine for SFTSV. Our work tried to disclose the asso-
ciation between SFTS and HLA. Identifying SFTS associated HLA alleles will potentially allow
to define the SFTSV epitopes that are restricted by the specific HLA alleles. These HLA
restricted epitopes of SFTSV (especially CTL epitopes) may be incorporated into vaccine
design to prevent SFTSV infection[28,29].

Supporting Information

S1 Checklist.STROBE checklist.
(DOCX)

Acknowledgments

The authors are grateful to local CDC employees in Shandong Province who provided assis-
tance on the collection of SFTSV serum samples.

HLA Correlation with SFTSV Infection

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0005076 October 19, 2016 10 / 12

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0005076.s001


Author Contributions

Conceptualization: SJD CFZ XJW.

Formal analysis:YZ XlJ.

Investigation: XMZ BP JXW.

Methodology:YZ YHS.

Resources:YWP XJW.

Writing – original draft: SJD YZ CFZ.

Writing – review& editing: SJD XJY.

References
1. Yu XJ, Liang MF, Zhang SY, Liu Y, Li JD, Sun YL, et al. Fever with thrombocytopenia associated with

a novel bunyavirus in China. N Engl J Med. 2011; 364: 1523–32. doi: 10.1056/NEJMoa1010095

PMID: 21410387

2. Kim KH, Yi J, Kim G, Choi SJ, Jun K, Kim NH, et al. Severe fever with thrombocytopenia syndrome,

South Korea, 2012. Emerg Infect Dis. 2013; 19(11): 1892–4. doi: 10.3201/eid1911.130792 PMID:

24206586

3. Takahashi T, Maeda K, Suzuki T, Ishido A,Shigeoka T, Tominaga T,et al. The first identification and

retrospective study of severe fever with thrombocytopenia syndrome in Japan. J Infect Dis. 2014; 209

(6): 816–27. doi: 10.1093/infdis/jit603 PMID: 24231186

4. Luo LM, Zhao L, Wen HL, Zhang ZT, Liu JW, Fang LZ, et al. Haemaphysalis longicornis ticks as reser-

voir and vector of severe fever with thrombocytopenia syndrome virus in China. Emerg Infect Dis.

2015; 21(10): 1770–6. doi: 10.3201/eid2110.150126 PMID: 26402039

5. Jiang X, Wang X, Li J, Ding SJ, Zhang QF, Qu J,et al. Isolation, identification and characterazation of

SFTS bunyavirus from ticks collected on the surface of domestic animals. Chin J Virol. 2012; 28(3):

253–7.

6. Wang S, Li J, Niu G, Wang X, Ding S, Jiang X, et al. SFTS virus in ticks in an endemic area of China.

Am J Trop Med Hyg. 2015; 92(4): 684–9. doi: 10.4269/ajtmh.14-0008 PMID: 25711611

7. Li Y,Zhou H,Mu D,Yin WW,Yu HJ. Epidemiological analysis on severe fever with thrombocytopenia

syndrome under the national surveillance data from 2011 to 2014,China. Chin J Epidemiol. 2015; 36

(6): 598–602.

8. Gai ZT, Zhang Y, Liang MF, Jin C, Zhang S, Zhu CB, et al. Clinical progress and risk factors for death

in severe fever with thrombocytopenia syndrome patients. J Infect Dis. 2012; 206(7): 1095–102. doi:

10.1093/infdis/jis472 PMID: 22850122

9. Deng B, Zhou B, Zhang S, Zhu Y, Han L, Geng Y, et al. Clinical features and factors associated with

severity and fatality among patients with severe fever with thrombocytopenia syndrome Bunyavirus

infection in Northeast China. PLoS One 2013; 8(11):e80802 doi: 10.1371/journal.pone.0080802

PMID: 24236203

10. Liu Q, He B, Huang SY, Wei F, Zhu XQ. Severe fever with thrombocytopenia syndrome, an emerging

tick-borne zoonosis, Lancet Infect. Dis. 2014; 14(8):763–772. doi: 10.1016/S1473-3099(14)70718-2

PMID: 24837566

11. Liu S, Chai C, Wang C, Amer S, Lv H, He H, et al. Systematic review of severe fever with thrombocyto-

penia syndrome: virology, epidemiology, andclinical characteristics, Rev. Med. Virol. 2014; 24(2):90–

102. doi: 10.1002/rmv.1776 PMID: 24310908

12. Ding F, Guan XH, Kang K, Ding SJ, Huang LY, Xing XS, al. Risk factors for bunyavirus-associated

severe Fever with thrombocytopenia syndrome, china. Plos Neglect Trop D.2014; 8(10): 1–6.

13. Ding S, Niu G, Xu X, Li J, Zhang X, Yin H,et al. Age is a Critical Risk Factor for Severe Fever with

Thrombocytopenia Syndrome. PloS One. 2014; 9(11): 1–4.

14. Maiers M, Gragert L, Klitz W. High-resolution HLA alleles and haplotypes in the United States popula-

tion. Hum Immunol. 2007; 68(9): 779–88. doi: 10.1016/j.humimm.2007.04.005 PMID: 17869653

15. Schmidt AH, Baier D, Solloch UV, Stahr A, Cereb N, Wassmuth R,et al. Estimation of high-resolution

HLA-A, -B, -C, -DRB1 allele and haplotype frequencies based on 8862 German stem cell donors and

HLA Correlation with SFTSV Infection

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0005076 October 19, 2016 11 / 12

http://dx.doi.org/10.1056/NEJMoa1010095
http://www.ncbi.nlm.nih.gov/pubmed/21410387
http://dx.doi.org/10.3201/eid1911.130792
http://www.ncbi.nlm.nih.gov/pubmed/24206586
http://dx.doi.org/10.1093/infdis/jit603
http://www.ncbi.nlm.nih.gov/pubmed/24231186
http://dx.doi.org/10.3201/eid2110.150126
http://www.ncbi.nlm.nih.gov/pubmed/26402039
http://dx.doi.org/10.4269/ajtmh.14-0008
http://www.ncbi.nlm.nih.gov/pubmed/25711611
http://dx.doi.org/10.1093/infdis/jis472
http://www.ncbi.nlm.nih.gov/pubmed/22850122
http://dx.doi.org/10.1371/journal.pone.0080802
http://www.ncbi.nlm.nih.gov/pubmed/24236203
http://dx.doi.org/10.1016/S1473-3099(14)70718-2
http://www.ncbi.nlm.nih.gov/pubmed/24837566
http://dx.doi.org/10.1002/rmv.1776
http://www.ncbi.nlm.nih.gov/pubmed/24310908
http://dx.doi.org/10.1016/j.humimm.2007.04.005
http://www.ncbi.nlm.nih.gov/pubmed/17869653


implications for strategic donor registry planning. Hum Immunol.2009; 70(11): 895–902. doi: 10.1016/

j.humimm.2009.08.006 PMID: 19683023

16. Qin PQ, Su F, Yan WX, Xing Z, Meng P, Chengya W, et al. Distribution of human leucocyte antigen-A,

-B and -DR alleles and haplotypes at high resolution in the population from Jiangsu province of China.

Int J Immunogenet.2011; 38(6): 475–81. doi: 10.1111/j.1744-313X.2011.01029.x PMID: 21816002

17. Yi L, Wang J, Guo X, Espitia MG, Chen E, Assassi S, et al. Profiling of HLA-B alleles for association

studies with ankylosing spondylitis in the Chinese population. Open Rheumatol J.2013, 7(1):51–4.

18. Noble JA, Valdes AM. Genetics of the HLA region in the prediction of type 1 diabetes. Curr Diabetes

Rep. 2011; 11(6): 533–42.

19. Mabuchi T, Ota T, Manabe Y, Ikoman, Ozawa A, Terui T,et al. HLA-C*12:02 is a susceptibility factor in

late-onset type of psoriasis in Japanese. J Dermatol. 2014; 41(8): 697–704. doi: 10.1111/1346-8138.

12569 PMID: 25099155

20. Zhang W, Wang L, Hong K, Liu Y, Su B, Xu C, et al. Frequency of HLA-A 03 associates with HIV-1

infection in a Chinese cohort. Sci China Life Sci.2013; 56(11): 1014–9. doi: 10.1007/s11427-013-

4555-4 PMID: 24114445

21. Zhang Y, Zhao F, Lan L, Qin Z, Liang J. Correlation of HLA-DQB1 gene polymorphism of Xinjiang

Uygur with outcome of HBV infection. Int J Clin Exp Med.2015, 8(4):6067–72. PMID: 26131205

22. Huang P, Zhang Y, Lu X, Xu Y,Wang J, Zhang Y,et al. Association of polymorphisms in HLA antigen

presentation-related genes with the outcomes of HCV infection. PloS One. 2015; 10(4): e0123513.

doi: 10.1371/journal.pone.0123513 PMID: 25874709

23. Song Y, Ma C, Lu H, Zhu C,Nie X,Wang M, et al. HLA allele polymorphism in northern Hans of China. J

Shandong Univ Health Sci.2007; 45(6): 546–53.

24. Zhang H, Zhao B, Han X, Wang Z, Liu B, Lu C, et al. Associations of HLA class I antigen specificities

and haplotypes with disease progression in HIV-1-infected Hans in Northern China. Hum Immu-

nol.2013; 74(12): 1636–42. doi: 10.1016/j.humimm.2013.08.287 PMID: 24012585

25. Miao F, Sun H, Pan N, Xu J, Qiu J, Shen Y,et al. Association of human leukocyte antigen class I poly-

morphism with spontaneous clearance of hepatitis B surface antigen in Qidong Han population. Clin

Dev Immunol.2013, 2013(4):346–354.

26. Chiewsilp P, Scott RM, Bhamarapravati N. Histocompatibility antigens and dengue hemorrhagic fever.

Am J Trop Med Hyg.1981; 30(5): 1100–5. PMID: 7283007

27. Appanna R, Ponnampalavanar S, Lum Chai See L, Sekaran SD. Susceptible and protective HLA class

1 alleles against dengue fever and dengue hemorrhagic fever patients in a Malaysian population. PloS

One. 2010, 5(9):4439–4451.

28. Davenport MP, Hill AV. Reverse immunogenetics: from HLA-disease associations to vaccine candi-

dates. Mol Med Today. 1996, 2(1):38–45. PMID: 8796850

29. Blackwell JM, Jamieson SE, Burgner D. HLA and Infectious Diseases. Clinical Microbiology

Reviews.2009, 22(2): 370–385. doi: 10.1128/CMR.00048-08 PMID: 19366919

HLA Correlation with SFTSV Infection

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0005076 October 19, 2016 12 / 12

http://dx.doi.org/10.1016/j.humimm.2009.08.006
http://dx.doi.org/10.1016/j.humimm.2009.08.006
http://www.ncbi.nlm.nih.gov/pubmed/19683023
http://dx.doi.org/10.1111/j.1744-313X.2011.01029.x
http://www.ncbi.nlm.nih.gov/pubmed/21816002
http://dx.doi.org/10.1111/1346-8138.12569
http://dx.doi.org/10.1111/1346-8138.12569
http://www.ncbi.nlm.nih.gov/pubmed/25099155
http://dx.doi.org/10.1007/s11427-013-4555-4
http://dx.doi.org/10.1007/s11427-013-4555-4
http://www.ncbi.nlm.nih.gov/pubmed/24114445
http://www.ncbi.nlm.nih.gov/pubmed/26131205
http://dx.doi.org/10.1371/journal.pone.0123513
http://www.ncbi.nlm.nih.gov/pubmed/25874709
http://dx.doi.org/10.1016/j.humimm.2013.08.287
http://www.ncbi.nlm.nih.gov/pubmed/24012585
http://www.ncbi.nlm.nih.gov/pubmed/7283007
http://www.ncbi.nlm.nih.gov/pubmed/8796850
http://dx.doi.org/10.1128/CMR.00048-08
http://www.ncbi.nlm.nih.gov/pubmed/19366919

