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Abstract
Enterovirus 71 (EV-71) has strong neurotropism, and it is the main pathogen causing severe hand, foot, and mouth 
disease (HFMD). In clinical observations, significant differences were observed in the severity and prognosis of 
HFMD among children who were also infected with EV-71. Genetic differences among individuals could be one of 
the important causes of differences in susceptibility to EV-71–induced HFMD. As P-selectin glycoprotein ligand-1 
(PSGL-1) is an important receptor of EV-71, the correlation between single-nucleotide polymorphisms (SNPs) 
in PSGL-1 and the susceptibility to severe HFMD following EV-71 infection is worth studying. Given the role of 
PSGL-1 in immunity, the correlations between PSGL-1 SNPs and the immune status after EV-71 infection are also 
worth studying. Meanwhile, PSGL-1 variable number of tandem repeats (VNTR) represents a research hotspot in 
cardiovascular and cerebrovascular diseases, but PSGL-1 VNTR polymorphism has not been investigated in HFMD 
caused by EV-71 infection. In this study, specific gene fragments were amplified by polymerase chain reaction, and 
PSGL-1 VNTR sequences were genotyped using an automatic nucleic acid analyzer. The correlations of PSGL-1 VNTR 
polymorphism with the susceptibility to EV-71–associated severe HFMD and the post-infection immune status 
were analyzed. The PSGL-1 VNTR A allele was identified as a susceptible SNP for severe HFMD. The risk of severe 
HFMD was higher for AA + AB genotype carriers than for BB genotype carriers. The counts of peripheral blood 
lymphocyte subsets were lower in AA + AB genotype carries than in BB genotype carries. In conclusion, PSGL-1 
VNTR polymorphism is associated with the susceptibility to EV-71–induced severe HFMD and the immune status 
after infection. PSGL-1 VNTR might play a certain role in the pathogenesis of severe cases.
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Introduction
Hand, foot, and mouth disease (HFMD) is more common 
in children younger than 5 years. It was first reported in 
New Zealand in 1957 and named according to its clini-
cal symptoms [1]. In the past 30 years, HFMD has been 
prevalent in the Asia–Pacific region, and it has caused 
several outbreaks worldwide, becoming a global pub-
lic health issue. HFMD can be classified as general or 
severe HFMD. General HFMD is mild, and the course of 
the disease is limited to the eruption period. The disease 
can generally be cured within 1 week, and its prognosis is 
good. Conversely, severe HFMD progresses rapidly after 
onset, it involves the nervous system, and it carries a high 
fatality rate.

HFMD is an acute infectious disease caused by various 
intestinal viruses [2]. These viruses are mainly transmit-
ted through the digestive tract or respiratory droplets. 
Infection can also occur through contact with an infected 
person’s skin or mucous membranes or from discharge 
from blisters. The main clinical manifestations after 
infection are rashes on the hands and feet and oral blis-
ters [3, 4]. A small number of pediatric patients progress 
rapidly, and they can experience critical symptoms such 
as encephalitis, meningoencephalitis, neurogenic pulmo-
nary edema, circulatory system disorders, and even death 
within 1–5 days of onset [5–7].

Similarly as poliovirus, enterovirus 71 (EV-71) is a 
neurotropic virus [8–10]. As one of the main patho-
gens causing severe and fatal cases of HFMD, EV-71 has 
received extensive academic attention. In clinical obser-
vation, significant differences in the severity of clini-
cal symptoms, disease outcomes, and prognosis were 
observed among children who were also infected with 
EV-71. As the first important gateway for viruses to enter 
the human body, virus receptors determine the host 
range and specificity of infected tissues [11]. Genetic dif-
ferences among individuals lead to varying sensitivity of 
receptors to EV-71, which could be an important cause 
of differences in the susceptibility to severe EV-71-asso-
ciated HFMD [9]. Yamayoushi and Nishimura confirmed 
in cell experiments that scavenger receptor class B mem-
ber 2 (SCARB2) and P-selectin glycoprotein ligand-1 
(PSGL-1) are receptors for EV-71 [12, 13]. In the 2018 
edition of the HFMD diagnosis and treatment guidelines, 
SCARB2 and PSGL-1 were clearly identified as the major 
receptors of EV-71 [14]. SCARB2 is widely expressed 
on various cell surfaces, and it plays important roles in 
viral infection and replication processes. We previously 
speculated that SCARB2 is related to the susceptibility 
to EV-71–associated severe HFMD, but our study found 
that SCARB2 single-nucleotide polymorphisms (SNPs) 
were not sufficient to cause severe HFMD [15]. This is 
consistent with the findings of Yen et al. [9]. Nishimura et 
al. revealed that PSGL-1 is not the receptor for all EV-71 

strains, which can be divided into two distinct types 
based on their affinity for PSGL-1: PSGL-1–binding (PB) 
and non-PSGL-1–binding [12]. In recent years, the domi-
nant circulating strains in China are mainly PBC4 sub-
types belonging to the PB type [16–20]. As an important 
receptor of PB EV-71, the correlation between PSGL-1 
SNPs and the susceptibility to severe HFMD in patients 
infected with PB EV-71 is worth studying. PSGL-1 is 
expressed on the surface of almost all white blood cells, it 
participates in inflammatory responses, and it has a cer-
tain correlation with the immune status. Therefore, the 
correlation between PSGL-1 SNPs and the immune sta-
tus after PB EV-71 infection is worth studying.

Variable number of tandem repeats (VNTR) in PSGL-1 
represents a research hotspot in cardiovascular and 
cerebrovascular diseases, but to our knowledge, there 
is currently no research related to PSGL-1 VNTR poly-
morphism in HFMD. This study analyzed the correlation 
between PSGL-1 VNTR polymorphism and the suscep-
tibility to PB EV-71–associated severe HFMD, as well as 
the immune status after infection, to clarify individual 
differences in the mechanisms of EV-71–induced severe 
and fatal disease and provide a research basis for preven-
tion and personalized treatment.

Materials and methods
Clinical data and sample collection
Two hundred children with HFMD who were positive 
for EV-71 infection based on a nucleic acid test in our 
hospital were identified. Based on the “Guidelines for 
the Diagnosis and Treatment of Hand, Foot, and Mouth 
Disease” (2018) [14], the disease was limited to stage 1 
(eruption stage: most cases manifested as rashes on the 
hands, feet, mouth, hips, and other parts, some cases 
only manifested as herpetic pharyngitis, and a few indi-
viduals lacked rashes) in 100 patients, who recovered 
during this stage. These 100 patients with general HFMD 
were enrolled as the control group. Meanwhile, the dis-
ease progressed to stage 2 (nervous system involvement 
stage: manifested as poor mental state, lethargy, skittish, 
headache, vomiting, limb shaking, stiff neck, and other 
symptoms), stage 3 (early stage of cardiopulmonary fail-
ure: manifested as increased heart rate and respiration, 
cold sweat, cool extremities, skin discoloration, and 
elevated blood pressure), or stage 4 (cardiopulmonary 
failure stage: manifested as tachycardia or bradycardia, 
tachypnea, cyanosis of lips, cough of pink foam spu-
tum or bloody fluid, decreased blood pressure, shock, 
convulsion, and serious disturbance of consciousness) 
in 100 patients. These patients with severe HFMD were 
enrolled as the case group.All patients participated in the 
study voluntarily, and all enrolled patients met the inclu-
sion criteria. Informed consent was obtained from all 
subjects and their parent(s)/legal guardian(s). The data 
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on peripheral blood lymphocyte subsets and immuno-
globulin assays were collected on the day of admission 
before patients were treated. Peripheral venous blood (3 
mL) and feces (5 g) were collected from each patient and 
stored at − 80 °C for later use [15].

EV-71 VP1 nucleotide sequence detection
RNA extraction and polymerase chain reaction (PCR) 
targeting VP1 of EV-71 were performed using fecal sam-
ples and an EV-71 nucleic acid assay kit (Shanghai ZJ Bio-
Tech Co., Ltd., Shanghai, China). PCR products sent for 
sequencing (Sangon Biotech Co., Ltd., Shanghai, China). 
The sequencing results were compared with those in the 
GenBank database, and the typing results were obtained.

DNA extraction from peripheral venous blood
DNA was extracted from blood samples using a 
TIANamp Blood DNA Kit (Tiangen, Beijing, China). 
DNA samples were analyzed using a NanoDrop 2000, 
and 1.25% agarose gel electrophoresis was performed. 
DNA was quantified and transferred to a 96-well plate for 
storage at − 20 °C for later use [15].

VNTR SNP typing
Primer design and synthesis
The primers were designed as described previously [21] 
and synthesized by biological companies. The primer 
sequences are presented in Table 1.

PCR targeting VNTR
PCR was conducted in 30-µL mixtures containing 1 µL 
of DNA (20 ng/µL), 27 µL of Easy Mix, and 1 µL each of 
primers F and 1 R. The PCR conditions were as follows: 
one cycle at 96 °C for 5 min; 10 cycles at 96 °C for 20 s, 

62 °C for 30 s, and 72 °C for 60 s; 35 cycles at 96 °C for 
20 s, 52 °C for 30 s, and 72 °C for 60 s; and a final exten-
sion step at 72 °C for 5 min.

VNTR PCR product analysis
PCR products were analyzed using a Bioptic Qsep100 
automatic nucleic acid analyzer (Guangding Company, 
Taiwan, China).

Statistical analysis
SPSS v23.0 software was used for statistical processing 
and analysis. The chi-squared test was used to compare 
the characteristics of the subjects, and the differences in 
age and sex between the case and control groups were 
analyzed. Hardy–Weinberg equilibrium was used to cal-
culate whether the selected sample was taken from a ran-
dom population. Fisher’s exact test was used to compare 
VNTR allele frequencies between the groups. The differ-
ences in VNTR genotypes and alleles were compared by 
logistic regression analysis. Odds ratios (ORs) were pre-
sented with their 95% confidence intervals (CIs). OR > 1 
indicated a pathogenic effect, whereas OR < 1 indicated 
a protective effect. Peripheral blood lymphocyte subsets 
and immunoglobulin assay data were normally distrib-
uted, and they were expressed as the mean ± standard 
deviation and compared between the groups using an 
independent-samples t-test. Non-normally distributed 
data were presented as the median (interquartile range) 
and compared between the groups using the Mann–
Whitney U test. P < 0.05 indicated statistical difference.

Results
EV-71 VP1 nucleotide sequence analysis
The VP1 nucleotide sequence of five samples were 
compared with the NCBI (HQ882182) VP1 nucleotide 
sequence. The similarities of the sequences with the 
NCBI sequence were 95.96%, 96.07%, 95.96%, 96.18%, 
and 95.63%, respectively. The infecting strain of EV-71 in 
the study population was the C4 subtype, conforming to 
the epidemic strain status in Mainland China. A compar-
ison of nucleotide sequences is presented in Fig. 1.

Table 1 Primers used for SNP typing
Primer name Primer sequence Amplified frag-

ment length 
(bp)

PSGL-1-F  C C T G T C C A C G G A T T C A G C 558, 538, or 498
PSGL-1-R  G G G A A T G C C C T T G T G A G T A A
F: forward primer; R: reverse primer

Fig. 1 Comparison of nucleotide sequences
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Characteristics
Table  2 presents the characteristics of the subjects. No 
differences in sex and age were observed between the 
case and control groups (P > 0.05).

VNTR Genotyping
Alleles A, B, and C of PSGL-1 VNTR were 558, 538, and 
498 bp, respectively, in length. Four genotypes were iden-
tified, namely AA (558 and 558 bp), AB (558 and 538 bp), 
BB (538 and 538 bp), and BC (538 and 498 bp), as pre-
sented in Fig. 2.

Hardy–Weinberg equilibrium
Table  3 presents the frequency distribution and com-
parison of PSGL-1 VNTR alleles and genotypes between 
the case and control groups. No significant difference 
in the distribution of alleles or genotypes was observed 
between the two groups (P > 0.05), which was consistent 
with Hardy–Weinberg equilibrium, illustrating that the 
selected sample was a random population. Because of the 
small numbers of patients with the BC genotype and C 
allele, statistical analysis was not conducted.

Analysis of VNTR allele frequencies using fisher’s exact test
The frequencies of the VNTR A and B alleles were ana-
lyzed, as presented in Table  4. A significant difference 
in their frequencies was observed between the groups 
(P = 0.037), indicating that VNTR alleles might be related 
to the pathogenicity of EV-71.

Logistic regression analysis of VNTR alleles
As presented in Table 5, the VNTR A allele appeared to 
be related to the pathogenicity of EV-71 (OR = 1.558, 95% 
CI = 1.025–2.367, P = 0.038).

Logistic regression analysis of VNTR genotypes
In the recessive models, AA + AB genotype carriers had 
an increased risk of severe disease than BB genotype car-
riers (OR = 0.37, 95% CI = 0.15–0.88, P = 0.025, Table 6).

Table 2 Characteristics of the subjects
Characteristics n Case Control χ2 P

Age > 3 years 85 37 48 2.476 0.116
≤ 3 years 115 63 52

Sex Male 103 57 46 2.422 0.120
Female 97 43 54

Table 3 VNTR genotyping results
Group Allele (n) Genotype (n) Hardy–

Weinberg PA 263 B 135 AA 91 AB 81 BB 27
Case 142 58 50 42 8 0.431
Control 121 77 41 39 19

Table 4 Fisher’s exact test results for VNTR.
Group FA FB χ2 P
Case 0.356 0.145 4.341 0.037
Control 0.303 0.193
FA: frequency of VNTR A; FB: frequency of VNTR B

Table 5 Logistic regression analysis of VNTR alleles
L95 U95 STAT P OR

A vs. B 1.025 2.367 4.3176 0.038 1.558
B vs. A 0.422 0.975 4.3176 0.038 0.642
L95: lower limit of the 95% confidence interval; U95: upper limit of the 95% 
confidence interval

Fig. 2 The electropherogram and gel view of the four genotypes of PSGL-
1 VNTR: AA (558 and 558 bp), AB (558 and 538 bp), BB (538 and 538 bp), 
and BC (538 and 498 bp)
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Association of the PSGL-1 VNTR genotype with the 
immune status
As illustrated in Table 7, the mean counts of peripheral 
blood CD3+, CD4+, and CD8+ T cells were all lower for 
the AA + AB genotype than for the BB genotype (P < 0.05), 
indicating a high correlation between PSGL-1 VNTR and 
peripheral blood lymphocyte subsets. However, IgA, IgG, 
and IgM levels did not differ between the genotypes.

Discussion
PSGL-1 is a transmembrane glycoprotein with a homol-
ogous dimer structure. The protein has a molecular 
weight of 120 kDa and a length of 412 amino acids [22, 
23]. The PSGL-1 gene is located on human chromosome 
12 (12q24). VNTR polymorphism of the PSGL-1 gene 
includes the A, B, and C alleles. The A allele contains 
repeats 1–16, the B allele lacks repeats 2 (QTTQPVP-
TEA), and the C allele lacks repeats 9 (QTTAPAAMEA) 
and 10 (QTTPPAAMEA). There are significant differ-
ences in the distribution of VNTR polymorphism and 
genotypes among different regions and races. Bugert 
et al. [24] conducted PSGL1 VNTR genotyping in 5071 
white German individuals. The frequencies of alleles A, 
B, and C were 81.9%, 16.9%, and 1.2%, respectively, and 
genotypes AA (66.7%), AB (28.3%), AC (2.1%), BB (2.6%), 
BC (0.3%), and CC (0.05%) were detected. Hancer et al. 
[25] found that the frequencies of the A, B, and C alleles 
in 175 Turkish individuals were 79.4%, 19.2%, and 1.4% 
respectively, and genotypes AA (64%), AB (29.1%), AC 
(1.7%), BB (4.6%), and CC (0.6%), but not BC, were found. 

Afshar-Kharghan et al. [26] reported that the frequencies 
of the A, B, and C alleles were 65%, 35%, and 0%, respec-
tively, among 68 Japanese individuals. The AA (38.0%), 
AB (55.0%), and BB genotypes (7.0%) were found, but 
no individuals carried the AC, BC, or CC genotype. The 
current study genotyped 200 children with HFMD, and 
the frequencies of PSGL-1 VNTR alleles A, B, and C 
were 65.75%, 34%, and 0.25%, respectively. Genotypes 
AA (45.5%), AB (40.5%), BB (13.5%), and BC (0.5%) were 
observed, but the AC and CC genotypes were not found. 
These comparative data illustrated that the A allele is 
most common in human PSGL-1 VNTR, followed by 
allele B, and allele C is the least common. The distribu-
tion of VNTR alleles and genotypes in Türkiye is simi-
lar to that in Germany. However, Japanese and Chinese 
people are Asian by ethnicity. Compared with the find-
ings in Germany and Türkiye, the rates of the A allele and 
AA genotype were lower in Asians, whereas those of the 
B allele and AB genotype were higher. In addition, the 
AC and CC genotypes were not found in Asians. PSGL-1 
VNTR is a research hotspot in cardiovascular and cere-
brovascular diseases. Bugert and colleagues found that 
alleles B and C had a protective effect against cerebro-
vascular disease but not against coronary heart disease 
or deep vein thrombosis. Lozano et al. [27] reported that 
the short PSGL1 allele significantly reduced the ability of 
neutrophils to bind to platelets. Short alleles are associ-
ated with a reduced risk of cerebrovascular disease but 
not coronary heart disease or deep vein thrombosis. 
Roldan et al. [28] indicated that the short PSGL-1 allele 

Table 6 Association of the PSGL-1 VNTR genotype with the response status (n = 199)
Model Genotype Status 1 Status 2 OR (95% CI) P
Codominant AA 50 (50.00%) 41 (41.41%) 1

AB 42 (42.00%) 39 (39.39%) 0.88 (0.48–1.61) 0.685
BB 8 (8.00%) 19 (19.19%) 0.35 (0.14–0.87) 0.024

Dominant AA 50 (50.00%) 41 (41.41%) 1
AB + BB 50 (50.00%) 58 (58.59%) 0.71 (0.40–1.24) 0.225

Recessive AA + AB 92 (92.00%) 80 (80.81%) 1
BB 8 (8.00%) 19 (19.19%) 0.37 (0.15–0.88) 0.025

Overdominant AA + BB 58 (58.00%) 60 (60.61%) 1
AB 42 (42.00%) 39 (39.39%) 1.11 (0.63–1.96) 0.708

Codominant, AA versus AB versus BB; Dominant, (AB + BB) versus AA; Recessive, BB versus (AA + AB); Overdominant, (AA + BB) versus AB.

Table 7 Statistical correlation analysis of the PSGL-1 VNTR genotype and immune status
Immune status Genotype Z P

AA + AB BB
CD3+ T (cells/µL) 1839.265 (1305.643, 3282.255) 2490.600 (1532.330, 5320.650) −2.065 0.039
CD4+T (cells/µL) 964.275 (700.348, 1949.225) 1425.130 (712.290, 2985.870) −2.121 0.034
CD8+T (cells/µL) 675.315 (399.260, 1105.473) 1056.270 (419.420, 1946.380) −1.970 0.049
CD4+T/CD8+ T 1.500 (1.170, 2.273) 1.660 (1.100, 2.330) −0.005 0.996
IgA (g/L) 0.685 (0.323,1.058) 1.140 (0.460,1.330) −1.921 0.055
IgG (g/L) 7.750 (6.125,10.300) 8.000 (6.900,8.800) −0.361 0.718
IgM (g/L) 1.320 (0.96,1.605) 1.160 (0.920,1.380) −1.573 0.116
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has a protective effect against coronary artery throm-
bosis. PSGL-1 VNTR has not been reported in patients 
with HFMD caused by EV-71 infection. By compar-
ing the allele frequencies between the case and control 
groups using Fisher’s exact test and comparing the dif-
ferences between genotypes and alleles using logistic 
regression analysis, we found that the PSGL-1 VNTR A 
allele is a susceptible SNP for HFMD. Compared with 
BB genotype carriers, AA + AB genotype carriers exhib-
ited an increased risk of serious disease. PSGL-1, as an 
important receptor for PB EV-71, is associated with sus-
ceptibility to severe HFMD, in line with previous reports 
[10, 29–32].

PSGL-1 is continuously expressed on human leuko-
cytes, and it is a ligand for SELP. In the early stage of 
inflammation, platelet α-granules and the Weibel–Palade 
bodies of endothelial cells rapidly fuse with the plasma 
membrane after stimulation by viruses, thrombin, hista-
mine, complement, and oxygen free radicals, leading to 
SELP expression on their surfaces. PSGL-1 on the surface 
of white blood cells interacts with SELP to rapidly initi-
ate mutual adhesion among white blood cells, endothelial 
cells, and platelets. Stimulated vascular endothelial cells 
and platelet Weibel–Palade bodies release SELP, whereas 
vascular endothelial cells release a series of inflammatory 
and chemotactic factors to recruit more white blood cells, 
further promoting the inflammatory response [33–35]. 
Numerous studies have illustrated that multiple immune 
function indicators are abnormal in children with HFMD 
[10, 21, 36]. Cosan et al. [21] found that VNTR polymor-
phism of the PSGL-1 gene can lead to differences in the 
length of its extracellular region, affecting the distance 
from its SELP-binding site to the cell surface and lead-
ing to individual differences in immune response. The 
VNTR polymorphism of PSGL-1 is located downstream 
of the SELP-binding region. The length of the PSGL-1 
extracellular domain could be the key factor affecting 
SELP binding [21, 37, 38]. Allele A is the longest allele, 
and it is associated with the greatest binding affinity for 
SELP, which activates platelets and endothelial cells. The 
shorter B and C alleles lead to lower affinity for SELP. 
These differences might affect post-infection immunity 
through the interaction between SELP and PSGL-1. The 
CD3+ T cell count mainly refers to the total number of 
mature T cells in peripheral blood, whereas CD4+ and 
CD8+ T cells play immunomodulatory roles. Among 
them, CD4+ T cells mainly play an inducing role, and 
an increase in their count represents enhanced cellular 
immunity. CD8+ T cells mainly exert inhibitory effects, 
and an increase in their count indicates the occurrence 
of immune suppression. IgA is a secreted antibody that 
plays a major role in local anti-infection responses in the 
body’s mucosa. IgM helps to clear viruses in the early 
stages of infection. IgG is the only antibody that can pass 

through the placenta, and it plays an important role in 
neonatal anti-infection activity. This study analyzed the 
correlation between PSGL-1 VNTR polymorphism and 
the immune status after PB EV-71 infection. The results 
illustrated that peripheral blood CD3+, CD4+, and CD8+ 
T cell counts were significantly lower in patients with the 
AA + AB genotype than in those with the BB genotype. 
During the EV-71 outbreak in Taiwan, several studies 
[30, 39] found that children with severe HFMD exhibited 
significant T cell depletion. There was no statistically sig-
nificant difference in peripheral blood immunoglobulin 
levels between children with the AA + AB genotype chil-
dren and those with the BB genotype, suggesting immune 
dysfunction in children infected with EV-71. As PSGL-1 
is a ligand for SELP, PSGL-1 VNTR polymorphism is 
associated with the immune status after PB EV-71-asso-
ciated HFMD.

This study had some limitations. The sample size was 
not large, which might have led to the omission of rare 
genotypes, making it impossible to conduct a more com-
prehensive analysis. The lengths of PSGL-1 VNTR alleles 
differ, and various combinations of these alleles can 
cause conformational differences within the genotype, 
which might result in differences in receptor sensitivity 
to viruses. The configuration difference is greatest for the 
AC genotype, which might result in extremely low bind-
ing efficiency. The CC genotype is the shortest genotype, 
and its binding efficiency might also be low. It is worth 
studying the correlation of the AC and CC genotypes of 
PSGL-1 with the susceptibility to severe HFMD and the 
immune status after infection. Unfortunately, no patients 
carried the AC or CC genotype in this study, making it 
impossible to further analyze these relationships. We 
will continue to expand the sample size and develop 
transgenic animal models carrying the AC and CC geno-
types to comprehensively clarify the structure and func-
tion of PSGL-1. This will help predict and treat critically 
ill patients infected with EV-71. At the same time, such 
studies will also provide some ideas for the application of 
receptor antagonists in clinical treatment.

Conclusion
The PSGL-1 VNTR A allele is a susceptible SNP for 
severe HFMD. AA + AB genotype carriers had a higher 
risk of severe HFMD than BB genotype carriers. PSGL-1 
VNTR polymorphism was associated with the suscepti-
bility to severe HFMD caused by EV-71 and the immune 
status after infection.
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