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Abstract

Enterovirus 71 (EV71) is a single-strand RNA virus that causes hand, foot and mouth disease (HFMD) in infants and young
children, leading to neurological complications with significant morbidity and mortality. Unfortunately, the pathogenesis of
EV71 infection is not well understood. In this study, we investigated the IL-17F rs1889570 and rs4715290 gene polymor-
phisms in a Chinese Han population. Severe cases and cases with EV71 encephalitis had a significantly higher frequency
of the rs1889570 T/T genotype and T allele. The serum IL-17F levels in rs1889570 T/T and C/T genotypes were also sig-
nificantly elevated when compared to C/C genotypes. However, there was no significant difference observed in rs4715290
genotype distribution and allele frequency. These findings suggest that IL-17F rs1889570 gene polymorphisms are signifi-

cantly associated with the susceptibility to severe EV71 infection in Chinese Han children.

Introduction

Enterovirus 71 (EV71) infection is one of the most common
causative factors of hand, foot and mouth disease (HFMD)
and may lead to diseases with severe morbidity and a high
rate of neurological disorders, such as aseptic meningitis,
acute flaccid paralysis, and fatal neurogenic pulmonary
edema [1, 2]. EV71 is a non-enveloped, single-strand posi-
tive sense RNA virus, which is taxonomically classified
within the Enterovirus A species of the Enterovirus genus
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of the family Picornaviridae (3, 4]. EV71 was first isolated
from the stool of an infant with fatal encephalitis in Cali-
fornia [5]. Since it was initial described in 1974, outbreaks
of EV71 infection have occurred periodically throughout
the world, including Malaysia, Singapore, Japan, Australia,
the United States, Germany, Taiwan, and mainland China
[6-11]. However, the mechanisms underpinning the patho-
genesis of EV71 infection and its associated complications
still remain largely unknown.

Based on clinical manifestations and animal experiments
[12-15], one hypothesis is that the inflammatory response,
characterized by a cytokine storm, is induced by EV71
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infection and subsequently leads to pathological changes
in the central nervous system (CNS), resulting in further
disruption of CNS stability. Anti-virus infections are often
dominated by a Thl response. There are studies showing
that pro-inflammatory factors, including IL-1p, IL-6 and
tumor necrosis factor alpha (TNF-«) are increased in the
serum or cerebrospinal fluid of fatal EV71 cases. Besides,
the co-emergence of Th17 and Thl cells has recently been
observed in several viral infections, such as coronavirus
[16], human immunodeficiency virus [17], simian immu-
nodeficiency virus [18], respiratory syncytial virus [19]
and cytomegalovirus [20]. One study showed that the Th17
subset was involved in the immunopathogenesis of EV71
infection and that the concentration of IL-17 in the sera of
EV71 infected children was increased compared to controls
[21]. Th17 responses are characterized by the production of
IL-17 as the signature cytokine. The IL-17 cytokine fam-
ily includes six members: IL-17A-F. Among them, IL-17A
and IL-17F are the central players in the adaptive immune
response. IL-17F, sharing 50% homology with IL-17A, has
been considered as an inflammatory cytokine since it can
induce many pro-inflammatory cytokines and chemokines.
The IL-17F gene is located on chromosome 6p12.2. One
of our lab’s previous studies showed IL-17F rs763780 was
associated with protection against EV71 encephalitis [22]. In
this study, we aimed to identify whether IL-17F rs1889570
and rs4715290 gene polymorphisms were associated with
the susceptibility to severe EV71 infection in the Chinese
Han population.

Patients were recruited from the Pediatric Department of
the Affiliated Hospital of Qingdao University and Qingdao
Women and Children’s hospital, China. Most of them were
from the Qingdao area while a small number were from the
surrounding areas of Qingdao. The present study included
336 EV7l1-infected patients and 330 healthy controls who
presented up for check-up during the same period. EV71
infection was diagnosed by reverse transcription polymerase
chain reaction (RT-PCR). RNA was extracted from throat
swabs, stool specimens, cerebrospinal fluid (CSF) or other
tissue fluids that were collected from each patient on the day
of admission. The control children had not been in contact
with EV71-infected individuals, as confirmed by evaluating
RNA extracted from throat swabs and stool specimens. All
of the EV71-infected patients and the controls received a
general physical and if necessary, laboratory examination.

HFMD was diagnosed by senior physicians with spe-
cial training, according to the HFMD clinical diagnosis
and treatment guidelines (2010) published by the Chinese
Ministry of Health [23]. Based on the guidelines, the mild
cases were characterized as herpetic stomatitis and a rash on
the hands and feet, with or without fever. The cases clini-
cally diagnosed with HFMD and with one or more of the
following symptoms were defined as severe cases [23-25]:
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(1) persistent high fever; (2) muscle weakness, limb jitter,
spasm, disorders of consciousness, weak or absent tendon
reflexes, positive meningeal stimulation; (3) pallor, tachycar-
dia, impaired peripheral circulation, abnormal blood pres-
sure; (4) dyspnea or irregular breathing rhythm, cyanosis,
increased lung wet rale, signs of lung consolidation; (5)
high (> 15 x 10%/L) or low (< 2 x 10°/L) peripheral blood
leukocyte counts; (6) significantly elevated blood glucose
(> 9 mmol/L); (7) abnormal chest X-ray. Peripheral blood
samples were collected in sterile vials containing ethylen-
ediaminetetraacetic acid (EDTA). Bloods cells and plasma
were separated and kept at — 80 °C until use.

As described previously [24], fluorescent quantitative
reverse transcriptase polymerase chain reaction (QRT-PCR)
was used to detect the numbers of copies of viral RNA pre-
sent in samples. Total RNA was extracted from 150 uL of
various swab samples using an RNAiso Plus Kit (Takara,
Dalian, China) according to the manufacturer’s instruc-
tions. Next, total RNA was reverse transcribed with ran-
dom hexamers using a Reverse Transcription Kit (Thermo
Scientific). The cDNA was subjected to quantitative PCR
in a 50 uL reaction mixture (Thermo Scientific DyNAmo
SYBR Green qRT-PCR Kit) with the primers EV71-S (5'-
GTTCTTAACTCACATAGCA-3', nucleotides 2643-2661)
and EV71-A (5'-TTGACAAAAACTGAGGGTT-3', nucleo-
tides 2983-2965) for EV71 VP1. The conditions consisted
of a denaturation step at 95 °C for 15 min and 40 cycles of
thermal cycling at 95 °C for 10 s and 60 °C for 60 s. A series
of dilutions containing 1 x 107, 1 x 10°, 1 x 10°, and 1 x 10*
copies/uL. of a DNA fragment derived from EV71 were used
to make a standard curve for calculating the copy number
of viral RNA in various samples. Quantitative real-time RT-
PCR was performed using the MxproMx3000P system.

Genetic DNA was extracted from white blood cells
using a commercial kit (Qiagen) according to the manu-
facturer’s protocol. As described previously [24], we used
the improved multiplex ligation detection reaction (iMLDR)
technique, developed by Genesky Biotechnologies Inc.
(Shanghai, China), to detect the rs1889570 and rs4715290
polymorphisms in the IL-17 gene. The product size was 161
bp for rs1889570 and 233 bp for rs4715290. For rs1889570
gene polymorphism analysis, PCR was performed using
the forward primer GAGGGGAGGACCCTTCCTGA and
the reverse primer GCCCACCTTTTCTCCCCAAG. For
rs4715290 gene polymorphism analysis, PCR was per-
formed using the forward primer GGAGAAAAGTGGGCA
GGAGAA and the reverse primer CATAACTCCCACAGC
CCTCGTTA. The PCR program was 95 °C for 2 min; 11
cycles of 94 °C for 20 s, 65 °C-0.5 °C/cycle for 40 s, and
72 °C for 1 min 30 s; and 24 cycles of 94 °C for 20 s, 59 °C
for 30 s, and 72 °C for 1 min 30 s; followed by 72 °C for
2 min and holding at 4 °C. The PCR products were purified
by digestion with 1 U of shrimp alkaline phosphatase at
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37 °C for 1 h and at 75 °C for 15 min. The ligation reac-
tion contained 2 ul of 10x ligase buffer, 0.2 ul of Taq DNA
ligase, 1 ul of probe mixture, and 3 ul of purified PCR prod-
uct mixture. In a double connection reaction, each site con-
tains two 5 ends of allele specific probes and a 3’ end of an
allele specific probe. Each allele specific connection product
was distinguished by its fluorescence, while different loci
were distinguished by the different lengths added to the 3’
end of the allele specific probe. The probes were as follows:
rs1889570RC: TTCCGCGTTCGGACTGATATCACA
CCTTTTGTCTTGGAGCAGG

rs1889570RT: TACGGTTATTCGGGCTCCTGTCAC
ACCTTTTGTCTTGGAGCAGA

rs1889570RP: CCATAAAGAAATTCTTTGATTTAC
CTTGTCT TTTTTTTTTTTTTT

rs4715290FG: TTCCGCGTTCGGACTGATAT TGA
AGCTGCTTCAGGAAACAATGG

rs4715290FA: TACGGTTATTCGGGCTCCTGT TGA
AGCTGCTTCAGGAAACAACGA

rs4715290FP: CAAAAAAGCTAAATACCCTAACAA
AAGATATGC TTTTTTTTTTTTTT

The ligation cycling program consisted of 35 cycles of
94 °C for 1 min and 56 °C for 4 min; and then holding at
4 °C. The ligation products were analyzed using a 3130x1
Genetic Analyzer (ABI), and the raw data was analyzed
using GeneMapper 4.0 (Applied Biosystems, USA).

Plasma concentrations of IL-17F were assessed using
commercial ELISA kits (Ray Biotech Inc., USA) for human
IL-17F according to the manufacturer’s guidelines. Each
sample was assayed in duplicate and the values were within
the linear portion of the standard curve.

Data were tested by the chi-square test for their degree of
fit with the Hardy—Weinberg equilibrium (HWE) between
the observed and expected values. The frequencies of gen-
otypes and alleles were compared between the groups of
patients with EV71-related mild cases and severe cases by
using the chi-square test. The association of the ILI7F gene
polymorphisms with the risk of severe disease was evalu-
ated by calculating odds ratios (ORs) and 95% confidence
intervals (95% Cls), using logistic regression. The effects
of the IL-17 rs1889570 genotype on EV71 infection was
evaluated by using the Kruskal-Wallis statistic for the
non-normally distributed parameters, and the data were
expressed as median values (25th—75th percentile values).
The IL-17F levels were analyzed by one-way analysis of
variance (ANOVA) followed by Tukey’s multiple compari-
son test. GraphPad Prism software (San Diego, CA, USA)
was used for the statistical analyses. The significance was
set at a p-value of 0.05.

We examined a group of 336 EV71-infected children,
including 181 males and 155 females, aged from 0.5 to
7.9 years. There were 221 mild cases and 115 severe cases
(including 72 cases of EV71 encephalitis). One severe case

died. The genotype frequencies of each group obeyed the
Hardy—Weinberg equilibrium (p > 0.05). Genotype distribu-
tion and allele frequency of IL17F rs1889570 and rs4715290
in EV71-infected children and healthy controls are pre-
sented in Table 1. Considering the rs1889570 gene poly-
morphism, the genotype distribution in the control group
was 40% (132/330) for C/C, 50.30% (166/330) for C/T and
9.7% (32/330) for T/T, which was similar to that of EV71-
infected patients: 33% (112/336) for C/C, 53.27% (179/336)
for C/T and 13.93% (45/336) for T/T (p = 0.118). The fre-
quencies of the C and T alleles were 65.15% (430/660) and
34.85% (230/660) in the control group, compared to 59.97%
(403/672) and 40.03% (269/672), respectively, in the EV71
infected patients (p = 0.54). In addition, the severe cases
had a significantly higher frequency of the T/T genotype
than the mild cases (p = 0.01). In mild cases, the genotype
distribution was 37.56% for C/C, 52.49% for C/T and 9.95%
for T/T, while it was 25.22% for C/C, 54.78% for C/T and
20.00% for T/T in severe cases. Similarly, the T allele was
observed with significantly higher frequency in severe cases
than in mild cases (47.39% vs. 36.20%, OR = 1.588, 95%
CI =1.1-2.2, p = 0.006). Furthermore, the genotype T/T
and allele T in cases with EV71 encephalitis were also more
frequent than those observed in the mild cases (22.22% vs.
9.95%, P =0.001 and 52.08% vs. 36.20%, OR = 1.916, 95%
CI=1.3-2.8, P =0.001). However, for the rs4715290 poly-
morphism, no differences were observed in genotype dis-
tribution and allele frequency between controls and EV71-
infected patients (p = 0.773, p = 0.685). There were no
statistical differences in rs4715290 genotype distribution and
allele frequency when comparing severe cases (p = 0.621,
p = 0.541) or cases with EV71 encephalitis (p = 0.786, p =
0.567) with mild cases.

Next, we observed the effects of the rs1889570 gene poly-
morphism on the severity of EV71 infection. As shown in
Table 2, there were obvious differences between the different
genotypes in EV71 infected patients in relation to the dura-
tion of fever (p = 0.0008), white blood cell (WBC) counts
(p = 0.045), C-reactive protein (CRP) levels (p = 0.038)
and blood glucose (BG) concentrations (p = 0.019). More
details were provided as follows: the median duration of
fever were 1.5 (1-2.5) days for C/C, 2 (1-3) days for C/T and
2.5 (1.5-4) days for T/T; the median WBC counts were 7.7
(6.6-9.8) x 10°/L for C/C, 8 x 10°/L for C/T and 9.2 x 10°/L
for T/T; the median CRP levels were 5.1 mg/L for C/C,
5.8 mg/L for C/T and 7.1 mg/L for T/T and the median
BG concentration were 5.4 (4.7-6.9) mmol/L for C/C, 5.7
(5.1-6.8) mmol/L for C/T and 6.1 (5.4-9.0) mmol/L for T/T.
However, there was no significant differences in the different
genotypes of EV71 infected patients with regard to gender,
age, alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), cardiac creatine kinase-MB (CK-MB) levels
and EV71 viral loads.
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Table 1 Genotypic and allelic frequencies of the rs1889570 and rs4715290 polymorphisms in controls and EV71-infected patients

SNP Control (n =330) EV71-infected Mild cases (n = 221) Severe cases (n=115) EV71 p-value OR (95% CI)
patients encephalitis
(n = 336) (n=72)
rs1889570
Genotype
C/C 132 (40.00%) 112 (33.33%) 83 (37.56%) 29 (25.22%) 13 (18.06%) 0.118*
C/T 166 (50.30%) 179 (53.27%) 116 (52.49%) 63 (54.78%) 43 (59.72%) 0.010°
T/T  3209.7%) 45 (13.93%) 22 (9.95%) 23 (20.00%) 16 (22.22%) 0.001°¢
Allele 0.054*  1.248 (0.997-1.556)*
C 430 (65.15%) 403 (59.97%) 282 (63.80%) 121 (52.61%) 69 (47.92%) 0.006°  1.588 (1.144-2.203)°
T 230 (34.85%) 269 (40.03%) 160 (36.20%) 109 (47.39%) 75 (52.08%) 0.001° 1.916 (1.316-2.801)°
rs4715290
Genotype
A/A 246 (74.55%) 257 (76.49%) 167 (75.57%) 90 (78.26%) 57 (18.06%) 0.773*
AIG 79 (23.94%) 73 (21.73%) 49 (22.17%) 24 (20.87%) 14 (59.72%) 0.621°
G/G 5(1.52%) 6 (1.79%) 5(2.26%) 1 (0.87%) 1(22.22%) 0.786°
Allele 0.685* 1.076 (0.783-1.483)*
A 571 (86.52%) 587 (87.35%) 383 (86.65%) 204 (88.70%) 128 (88.89%) 0.541°  1.209 (0.732-1.955)°
G 89 (13.48%) 85 (12.65%) 59 (13.35%) 26 (11.30%) 16 (11.11%) 0.567° 1.232 (0.679-2.188)¢
OR, odds ratio; CI, confidence interval
2Controls vs. EV71-infected patients
bSevere cases vs. mild case
“EV71 encephalitis vs. mild cases. EV71 encephalitis was included in the severe cases
Table 2 Effects of rs1889570 CIC(n=112) CT(m=179  T/T(n=45) p-value
gene polymorphism on the
severity of EV71 infection Male (n) 70 89 22
Female (n) 42 90 23 0.08*
Ages (years) 3.9(2.9-5.45) 3.7(23-5.2) 3.7 (2.25-5.65) 0.382°
Duration of fever (days) 1.5 (1-2.5) 2 (1-3) 2.5(1.54) 0.0008"
WBC (x 10°/L) 7.7 (6.6-9.8) 8 (5.8-10) 9.2 (7.15-13.3) 0.045°
CRP (mg/L) 5.1 (2.6-8.3) 5.8(3-9) 7.1 (4.85-10.2) 0.038°
BG (mmol/L) 5.4 (4.7-6.9) 5.7 (5.1-6.8) 6.1 (5.4-9.0) 0.019°
ALT (U/L) 18.5 (15.25-25) 19 (15-25) 18 (16.5-25) 0.76°
AST (U/L) 25 (20-33) 25 (19-34) 25 (18-35) 0.964°
CK-MB (U/L) 12 (9.25-19) 14 (9-19) 12 (8-19) 0.706°
EV71 load (log,, copies/ul) 4.2 (3.8-4.6) 4.3 (3.8-6.8) 4.3 (3.9-6.8) 0.091°

WBC, white blood cell count; CRP, C-reactive protein; BG, blood glucose; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CK-MB, cardiac creatine kinase-MB fraction

4Groups compared using chi-square test

®Values expressed as median (25th—75th percentile values); groups compared using nonparametric test

Serum IL-17F levels were significantly different among
severe cases, mild cases and healthy controls (320.7 + 76,
150 +20.01, 85.76 + 14.74 pg/ml) (Fig. 1A). IL-17F levels
were measured for each genotype in EV71 infected chil-
dren. In severe cases with EV71 infection, our data showed
that the IL-17F levels in patients with the rs1889570 T/T
(382.3 +40.83 pg/ml) genotypes and C/T (322.8 + 45.71 pg/
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ml) genotypes were significantly higher than those with C/C
genotypes (246.1 + 78.54 pg/ml) (Fig. 1B). However, there
were no significant differences in the concentrations of IL-
17F among rs1889570 genotypes in mild cases with EV71
infection (Fig. 1B).

EV71 infection results in several severe complications
with high mortality and disability in children. Numerous
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Fig. 1 Serum levels of IL-17F were measured in 42 EV71-infected
cases (21 mild cases and 21 severe cases, C/C = 12, C/T = 16,
T/T = 14), and 23 controls (C/C =7, C/T = 8, T/T = 8). Values were
expressed as mean+SD. (A) IL-17F levels were significantly different
in severe cases, mild cases and controls (¥***p < 0.001, severe cases
vs. controls, mild cases vs. controls, severe case vs. mild cases). (B)
IL-17F levels in T/T and C/T genotypes were significantly higher
than with C/C genotypes in severe cases (***p < 0.001, *p < 0.05),
but there were no differences between different genotypes in mild
cases

factors influence the immune response to EV71 infection. In
recent years, many association studies between host genetic
factors and EV71 infection have been performed. Our lab
has previously demonstrated that polymorphisms in genes
of IL-8, IL-10, IFN-y, IL-6, IL-4, CXCL-10, CCL-2, TLR3,
OAS3 and CPTII were associated with the susceptibility and/
or the severity of EV71 infection [24-32]. These cytokines/
chemokines and receptors are all necessary for an efficient
inflammatory response.

IL-17F rs1889570 and rs4715290 located in the pro-
motor region. Previous studies have reported the IL-17F
rs1889570 gene polymorphism as being involved in several
diseases, such as asthma [33, 34] and tuberculosis [35]. To
date, no study has been performed on the rs4715290 gene
polymorphism. Here, we aimed to identify whether the IL-
17F rs1889570 and rs4715290 gene polymorphisms were

associated with susceptibility to severe EV71 infection in
the Chinese Han population. No significant difference was
found between EV71 infection in children and the healthy
controls in terms of the distribution of /L-17F rs1889570
and rs4715290 genotypes and alleles. The data also revealed
that the rs4715290 gene polymorphism was not associated
with the severity of EV71 infection when comparing severe
cases and EV71 encephalitis with mild cases. However, we
found the frequency of the rs1889570 T/T genotype and
T allele were markedly overrepresented in severe cases,
including cases of EV71 encephalitis, when compared to
mild cases and healthy controls, which suggested that the
polymorphism in rs1889570 might be associated with the
severity of EV71 infection in the Chinese Han population.
This result is consistent with the reported results for asthma
in a South Indian population [34] and tuberculosis in a Chi-
nese population [35].

As the epidemiological studies showed, young age, male
gender, high WBC counts, prolonged high fever, high BG
concentration and high CRP levels were the key factors
associated with severe EV71 infection in patients [36]. In
addition, some of these factors, such as CRP and WBC, are
also common indicators of the inflammatory response. In
our study, we found significantly higher WBC counts, CRP
levels, BG concentrations and a longer duration of fever in
EV71 infected subjects with the rs1889570 T/T genotype.
However, there were no differences between other organ
function parameters, such as ALT, AST, CK-MB, among
the different genotypes after EV71 infection. Taken together,
these data all indicate that the IL-17F rs1889570 gene poly-
morphism is involved in the inflammatory process following
EV71 infection.

The actual mechanism of how IL-17F gene polymor-
phisms affect the severity of EV71 infection is unclear,
but the following postulation may be plausible. IL-17
may play an immunopathological role in tissue damage
during viral infection. Accumulating data suggest that
IL-17 can augment the production of pro-inflammatory
cytokines, including IL-6, TNF-a, IL-8 and IL-1, as well
as chemokines, including MCP-1, CXCL-6, CXCL-7 and
CXCL-8, and matrix metalloproteinases. This will result
in the recruitment, mobilization and activation of immune
cells leading to several inflammatory processes and tissue
damage [17, 37, 38]. In addition, in the central nervous
system (CNS), human Th17 cells could promote blood
brain barrier (BBB) disruption and CNS inflammation by
co-expressing IL-17, IL-22 and granzyme B promoting
the recruitment of additional CD4+ lymphocytes [39].
Huppet et al also reported that IL-17 induced BBB dis-
ruption through the formation of reactive oxygen species
(ROS) by NAD(P)H oxidase and xanthine oxidase, which
are subsequently responsible for the disruption and down-
regulation of tight junction molecules and the activation of

@ Springer



1938

F. Lietal.

the endothelial contractile machinery [40]. Furthermore,
in the EV71-infected rhesus monkey infant model, the up-
regulation of IL-17 was sustained in the peripheral blood
[15]. ROR yt has been proven to be the key transcription
factor for the differentiation of Th17 cells and the release
of IL-17 [41]. Chen et al revealed that the frequency of
Th17 cells in the peripheral blood, the concentration of
IL-17, and the level of expression of acid-related orphan
nuclear receptor gamma t (ROR yt) significantly increased
in EV71 infected children [21]. Based on the previous pub-
lications and our data, we further explored whether there
was a relationship between /L-17F rs1889570 polymor-
phism and serum IL-17F levels in EV71-infected patients.
The results showed significantly higher serum IL-17F lev-
els in patients with the rs1889570 T/T genotype who had
severe cases of EV71 infection. Since /L-17F rs1889570
is located on the promotor region, our findings suggest that
the IL-17F rs1889570 gene polymorphism could affect
IL-17F expression. Under such conditions, it could be
concluded that rs1889570 T allele was likely to increase
the severity of EV71 infection and the incidence of EV71
encephalitis by upregulating serum IL-17F levels, which
could further induce a higher amount of upstream inflam-
matory mediators and BBB disruption. Perhaps this is one
of the pathogenic mechanisms occurring following EV71
infection. Further multi-center studies with a larger sample
size and multiple ethnic groups are required to determine
the effects of genetic variants of the IL-17F gene.

Our study strongly demonstrates that IL-17F rs1889570
gene polymorphisms are associated with susceptibility to
severe EV71 infection and EV71 encephalitis in a Chinese
Han population. Further studies are needed to identify the
exact mechanism underlying the involvement of the IL-
17F gene in the pathogenesis of EV71 infection.
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