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Objective: New clinical indicators are urgently needed for predicting the progression and complications of hand-
foot-and-mouth disease (HFMD) caused by EV-A71 infections.

Materials and methods: Serum specimens from 132 EV-A71 HFMD patients and 73 health children were collected
during 2012-2014 in Shenzhen, China. The specific cytokines/chemokines were detected with a 274-human
cytokine antibody array, followed by a 38-inflammation cytokine array, and further validated by ELISA.
Results: Cytokines varied in different severity of EV-A71 HFMD patients. The ROC curve analysis revealed 5
serum cytokines with high sensitivity and specificity in predicting the disease progression. Eotaxin, IL-8 and IP-
10 have showed high AUC values (0.90-0.95) for discrimination between the health controls and the patient
group. The three cytokines showed high sensitivity (80-91%) and specificity (88-95%). MMP-8 had a high
sensitivity and specificity to predict mild HFMD (100%, 100%). IL-1b and leptin discriminated the severe/
critical group from the mild group (79% and 69% in sensitivity, 73% and 63% in specificity).

Conclusions: Eotaxin, IP-10 and IL-8 could be potential indicators for predicting HFMD progression with EV-A71
infection. MMP-8 is a specific indicator for mild infection, while IL-1b and leptin display potential for predicting
the severity and criticality.

1. Introduction

Enterovirous A, a group of small single-stranded positive-sense RNA
(+ssRNA) viruses of the picornaviridae family, is well known for its
manifestation as Hand-Foot-Mouth Disease (HFMD) [1]. In the En-
terovirus A subfamily, EV-A71 and CV-A6/-A10/-A16 are most fre-
quently detected pathogens. Unlike CV-A6/-A10/-A16, HFMD caused
by EV-A71 infection is more often reported with severe complications
in the central nervous system (CNS), such as acute flaccid paralysis
(AFP), aseptic meningitis, brainstem encephalitis, neurogenic pul-
monary edema and even death [2]. Since its first detection in 1969 in

the United States [3], large-scale outbreaks have been repeatedly re-
ported in the Asia-Pacific region in the past decades. In 1998, a severe
EV-A71 epidemic hit Taiwan by affecting 129,106 cases and caused 78
deaths mainly around five years old or younger [4,5]. Sporadic epi-
demic HFMD outbreaks caused by EV-A71 in Thailand [6], Cambodia
[71, the Republic of Korea [8] and Vietnam [9] were reported between
2007 and 2012. Due to the dense population, high mobility and sub-
tropical location, Shenzhen has become a prone area of HFMD via EV-
A71 infections in China. A dynamic view detected the etiological
spectrum of 2299 cases in the Center for Disease Control and Prevention
in Shenzhen from 2009 to 2013 [10].
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During the outbreaks of EV-A71, most cases revealed mild and self-
limiting illness symptoms, such as fever, multiple oral ulcers and pa-
pulovesicular rash on the palms and soles. Except those not life-threa-
tening cases, a proportion of EV-A71 infected individuals rapidly de-
veloped severe and even fatal neurological and systemic complications
over days or even hours [11]. China has accounted for 87% (9.8 mil-
lion/11.3 million) of all HFMD cases reported to WHO during 2010 to
2014 [12,13]. As a result, severe complications of the disease, such as
severe encephalopathy, convulsions and coma, are life-threatening to
the younger ages [11,14]. Several clinical prognostic factors have been
reported and a vaccine is currently rolled out in China. When Children
are infected, it is of curial for medical doctors to predict the disease
progression or the severity of disease using some simple clinical para-
meters, for instance, indicators for severity or indicators.

Although the underlying molecular mechanism for host immune
responses to EV-A71 infection is not clear, there is increasing evidence
that inflammatory cytokines and chemokines involved in the systemic
inflammation accompanied by EV-A71 infection. A number of in-
dependent studies showed some illustrative examples of the elevated
immune mediators (inflammatory cytokine and chemokine) in the EV-
A71 infected HFMD patients, including interleukin-6 (IL-6), IL-8, IL-10,
IL-13, IL-1Ra, IL-2, IL-1b, IP-10 (CXCL10, C-X-C motif chemokine ligand
10), RANTES, macrophage inflammatory protein-1b (MIP-1b), inter-
feron-y (IFN-y), and tumor necrosis factor a (TNF-a) [15-17]. A larger
and more comprehensive study would be useful to discover the po-
tential indicators for disease progression and severity that could sup-
port early clinical intervention.

In this study, we recruited 132 HFMD patients caused by EV-A71
infections and 73 healthy controls (HC) from 2012 to 2014 in Shenzhen
and characterized the global cytokine and chemokine profiles by
human cytokine antibody arrays. Distinct inflammatory profile was
observed in the serum between the HFMD patients and the health
controls. Critical inflammatory response and the expression level of
inflammatory mediators in the patient sera were correlated with the
disease severity.

2. Materials and methods
2.1. Patients and samples

Total 132 HFMD patients with EV-A71 infections were separately
collected from the children's hospital of Shenzhen, Long Gang Center
Hospital and Baoan Maternal and Child Health Care Hospital, during
2012 to 2014 in Shenzhen, Guangdong, China (Table 1). Among them,
5 co-infected with CA16 were excluded in this study. All the patients
were etiologically confirmed by virus isolation or EV-A71 RNA detec-
tion in clinical samples, such as stool, rectal and throat swabs [18].
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According to the clinical criteria for the Guidelines for Diagnosis and
Treatment of HFMD (2010 edited version) by the Ministry of Health
and the Expert Consensus, the patients were classified as severe if they
experienced any neurological complications and/or cardiopulmonary
complications; otherwise, they were categorized as mild cases [19]. In
the critical group, at least one of the following symptoms could also be
seen: frequent convulsions, coma, brain hernia, dyspnea, cyanosis,
bloody foamy sputum, pulmonary rales, shock, and other circulatory
insufficiency [20]. The enrolled patients were divided into 3 groups:
mild HFMD group with 57 patients, severe group with 41 patients and
critical group with 34 patients. In addition, 73 children were recruited
as healthy controls (HC) [21]. The controls involved were in the same
community and close ages (the difference of birth date is no more than
half a year) during the same period.

The serum specimens were separated and stored at —802 °C. This
study was approved by the Ethical committee of the children's hospital
of Shenzhen, Long Gang Center Hospital and Baoan Maternal and Child
Health Care Hospital. Informed consent was obtained from the parent
or guardian of each child prior to operation. The clinical data and la-
boratory results of these children are shown in Table 1.

2.2. Study design

At initiation stage, a broad range of 247 cytokines/chemokines was
screened by cytokine antibody arrays using sera from 8 critical HFMD
patients and 8 healthy individuals. After analysis, at the second stage,
38 cytokines were selected for further evaluation in newly recruited
HFMD patients in different severity (24 healthy controls, 24 mild pa-
tients, 12 severe patients and 12 critical patients). Finally, a total of 132
patient samples as well as 73 healthy controls were applied to validate
the alterations by ELISA and analyze with ROC curve (Fig. 1).

2.3. Human cytokine antibody array

Human cytokine antibody array (Aah-cyt-g3, RayBiotect human
cytokine antibody array G-Series 4000, Norcross, GA, USA) were em-
ployed to detect the 274 cytokine expression levels in the serum sam-
ples (8 from HC and 8 from the critical group) on the Axon Gene pix
4000B Microarray Scanner by cy3 or green channel (excitation fre-
quency = 532nm), according to the manufacturer’s guidelines. Data
analysis was performed following the manufacturer’s instructions.

2.4. Human inflammation antibody array

Thirty-eight inflammatory cytokines were selected for further eva-
luation by a special Human Inflammation Antibody Arrays (RayBiotect
human inflammation antibody, Norcross, GA, USA) in the sera collected

Table 1
Clinic characteristics of HFMD patients with EV71 infection.
Group HC Mild Severe Critical
Age (Months) 49.7 = 11.4 394 + 279 27.0 = 159 25.6 = 185
Gender (M/F) 45/28 42/18 29/14 21/13
Fever (> 37.5°C) 0 70.0%(42/60) 83.7(36/43) 94.1%(32/34)
Rash 0 68.3%(41/60) 67.4(29/43) 76.5%(26/34)
Vesicular rash 0 88.3%(53/60) 88.4(38/43) 97.1%(33/34)
Herpangina 0 0 2.3%(1/43) 11.8(4/34)
Complications Cardiovascular disorders 0 0 0 11.8%(4/34)
Neurological disorders 0 0 62.8%(27/43) 85.3%(29/34)
Pulmonary disorders 0 0 2.3%(1/43) 20.6%(7/34)
Laboratory results Lymphocyte count(/pl) CD3 " cells 2267.3 * 621.7 2237.5 * 1254.2 2700.8 *+ 1499.9 2351.4 * 2002.9
CD3*CD8 * cells 891.4 = 274.6 959.7 + 639.7 1047.8 = 671.7 957.5 = 778.1
CD3*CD4* cells 1145.4 + 378.8 1107.6 = 775.8 1503.2 + 992.4 1273.4 = 1157.1
EV-A71 positive 0 100%(60/60) 100%(43/43) 100%(34/34)
CAL16 positive 0 5.0%(3/60) 4.7%(2/43) 0%




Y. He, et al.

274-cytokine array

!

38 significant
differences

38-cytokine array
Health Control

11 significant
differences

Health Control

6 significant
differences

Cytokine 123 (2019) 154765

(]
ﬁxs vs  Mxs

Health Control

Critical Group

) () o (B
B s vs Bes vs Bz vs B2

Mild Group Severe Group Critical Group
6 £ ® 05
!_ X73 VS m X57 VS . X41 VS B X34
Mild Group Severe Group Critical Group

Fig. 1. Roadmap of the experiment.

from patients with different levels of severity (total 72 samples, 24 from
HC, 24 from the mild group, 12 from the severe group and 12 from the
critical group). The level of inflammation cytokines was measured ac-
cording to the user manual. The signal intensity data for the RayBiotech
was obtained by scanning the glass chip with the Axon Gene pix 4000B
Microarray Scanner using cy3 or green channel (excitation fre-
quency = 532 nm).

2.5. Enzyme linked immunosorbent assay

The cytokine levels were measured in the sera of HC, the mild
group, the severe group and the critical group by human enzyme-linked
immunosorbent assay (ELISA) kits (life technologies, Camarillo, USA).
Assays were performed according to the manufacturer’s specifications.
The detection limits were consistent with the manufacturer’s instruc-
tions. Plates were read by the I Mark™ Micro plate Reader (BIO-RAD). A
four-parameter algorithm provides the best standard curve fit to cal-
culate sample concentration.

2.6. Statistical analysis

The data were analyzed by IBM SPSS software (version 13.0, SPSS).

The significance analysis of microarrays (SAM) was used for class
comparison and selection of the target cytokines. For cytokine array,
fold change of signal intensity for a single cytokine =2.0 was defined as
up-regulation and < 0.67-fold as down-regulated. Differences between
two or multiple groups were determined using the Mann-Whitney U
tests, respectively. A p value less than 0.05 is considered as statistical
significance. ROC analysis was performed with the data from ELISA
results. All the data are presented as mean + SD.

3. Results
3.1. Study population characteristics

A cross-sectional clinical case-control study was conducted between
73 healthy controls and 132 EV-A71 infected HFMD patients. The en-
rolled HFMD patients were divided into 3 groups: the mild group with
57 patients (18 female, 39 male), the severe group with 41 patients (14
female, 27 male) and the critical group with 34 patients (13 female, 21
male). In addition, 73 children (28 female, 45 male) were recruited as
the healthy controls (HC). There was no difference in male to female
ratio between the healthy controls and the patient groups (p > 0.05).
The average age of patients was 39.4 months (range 1.7-121 months) in
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Fig. 2. Screening cohort of the 274-cytokine antibody array. (A) Representative picture of Raybiotech human cytokine antibody array showing the reactivity of
serum samples (8 critical EV-A71 HFMD samples and 8 health controls) to arrays G6, 7, 8, 9 and 10 (274 cytokines in total). Each protein was measured in duplicates.
Signals were scanned with a GenePix4000B scanner. Blue quadrilateral boxes: positive controls (POS, upper left corner, high intense spots). Yellow quadrilateral box:
negative controls (NEG, upper left, no spots). Orange, red and green colored ellipses: location of the detection of proteins that were significantly different in both of
the microarray. The protein name was shown on the right side. (B) Heat map of 117 cytokines were selected from 274-genes array (FDR < 0.05). Most genes were
highly expressed in the patient group. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

the mild group, 27 months (range 3-70 months) in the severe group and
25.3 months (range 7-72 months) in the critical group with the healthy
controls averaging 49.7 months (range 30-72 months). Patients in the
severe and clinical groups were much younger than that in the mild
group. Moreover, severe patients were more prone to have high fever
with more frequent complicated symptoms, such as myoclonus, con-
vulsion, arrhythmia, polypnea, encephalitis and lethargy. The char-
acteristics and clinical symptoms of patients are summarized in Table 1.

3.2. Cytokine profiles in the critical HFMD patients and healthy controls

First of all, a 274-human cytokine antibody array (RayBiotect
human cytokine antibody array G Series 6, 7, 8, 9 and 10) was em-
ployed to detect the cytokine profiles in 8 healthy controls and 8 critical
HFMD patients. Comparing the critical group to HC, in this study, a fold
change of signal intensity for a single cytokine = 2.0 was defined as up-
regulation and <0.67-fold as down-regulated (p < 0.05). As shown in
Fig. 2A, cytokines differently displayed between the HC and the critical
group. A series of cytokines/chemokines, such as Axl, BLC, IP-10, MIP-
la, MMP-8 and SCF, were up-regulated, while DKK-3 and ErbB2 were
down-regulated in the critical group. There were totally 77 cytokines/
chemokines expressed differently between the severe patients and the
HC (Fig. 2B, Supplementary Table S1), in which 73 cytokines were
increased in the critical group and the remaining 4 were attenuated
lightly. MIP-1a, IL-1b, MIP-1b and CKb8-1 were the highest elevated
cytokines in the critical group as compared to HC, while Fas-ligand,
ErbB2 and IL-17B dropped down most obviously. Our results suggested
that the critical HFMD patients underwent imbalanced inflammation
cytokine stress compared to the healthy controls.

3.3. The differential cytokine profiles in the varied severity groups of HFMD
patients

Inflammatory cytokines are believed to involve in disease progres-
sion caused by EV-A71 infections. We then selected the 36 top distinct
inflammatory mediators and subsequently measured their expression
profiles in the sera from HC and patient groups with different status of
disease (total 72 samples, 24 from HC, 24 from the mild group, 12 from
the severe group and 12 from the critical group) through RayBiotect
human inflammation antibody array. Since TNF-[3 and TNF-a are classic
cytokines for induction of inflammation and antiviral response [22,23],
we have enrolled these two cytokines for further detection. We ob-
served that 29 of the 38 inflammatory mediators were statistically up-
regulated in the patient groups as compared to HC (Supplementary
Table S2). Eotaxin increased in all patient groups (> 2.5 folds,
p = 0.002). Dramatically, IL-8, MIP-1a and MMP-8 increased by > 110
times (p = 0.0002, 0.0005 and 1.9 x 10°° respectively) in all patient
groups as compared to HC (Fig. 3A and B). Besides those three cyto-
kines above, MIP-1b and IP-10 highly elevated in mild patients by 8.9
(p = 1.3 x 10®) and 14.1 (p = 0.0045) folds, respectively. In the sever
group, leptin increased in a manner of 400-fold with a p value equal to
0.017. As compared to HC, the level of E-selectin and IL-6 both elevated
but showed no difference between the severe (> 160 folds, p = 0.0001,
0.0002) and the critical group (> 30 folds, p = 3.8 X 10°°, 0.0002).
The level of IL-1b elevated about 80-fold (p = 0.001) in the severe
group but reduced 10-fold (p = 0.01) in the critical group as compared
to HC. Similarly, the level of IL-8 also decreased nearly 60% in the
critical group as compared to the severe group (p = 0.033). TIMP-2
increased among all patient groups as compared to HC. However, it
decreased 40% in the critical group as compared to the severe group,
with a statistical significance (p = 0.012). In this study, TNF-a dis-
played 1.4-3.4 times of increase among the patient groups as compared
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Fig. 3. Serum inflammatory profile of the 38-cytokine antibody array in HFMD patients with different severity. (A) Representative picture of RayBiotect human
inflammation antibody array showing the reactivity of serum samples (total 72 samples, 24 from HC, 24 from the mild group, 12 from the severe group and 12 from
the critical group) to the inflammation antibody array (38 cytokines in total). Each protein was measured in 4 wells. Signals were scanned with a GenePix4000B
scanner. Yellow and orange quadrilateral boxes: positive controls (POS1 and POS2, upper left corner, high intense spots). Light blue, green, red, purple, brown, grey
and dark blue colored ellipses: location of the detection of proteins that were significantly different in both of the microarray. The protein names were shown below.
(B) Heat map of the 38 inflammation cytokines expressed statistically different among the patient groups compared to the healthy controls. Most of the genes were
highly expressed in the severe and critical patient groups, moderately expressed in the mild patient group, lowly expressed in normal people. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)

to HC (p = 0.0012). So far, our results showed that different severity of
EV-A71 associated HFMD patients exhibited respective special in-
flammation cytokine profiles.

3.4. Validation of 11 cytokine levels in patients by ELISA

To further validate our results, we selected 11 obviously changed
cytokines described above (Table 2) to test their expression levels by
ELISA in enlarged number of subjects, which consisted of 73 controls,
46 mild patients, 43 severe patients and 34 critical patients. The ten-
dency of those involved inflammation mediators was consistent with
the data above. The protein levels of the 11 cytokines in all patient
groups were remarkably higher and displayed statistically significant as
compared to HC (Fig. 4). Compared to the mild patients, MIP-1a sig-
nificantly elevated in the severe group (P = 0.0083). Meanwhile, IL-6
(p = 0.0009) and IL-1b (p = 0.0026) obviously increased in the critical
group. In comparison with the severe group, Eotaxin (p = 6.4 x 107)
and IL-6 (p = 0.0011) were the most up-regulated cytokines in the
critical group. However, TIMP-2 significantly decreased (p = 0.0036).

Table 2

Particularly, the levels of IL-1b and leptin increased by accompanying
with the aggravation of the disease.

3.5. Identification of indicators for prediction of HFMD progression by ROC
curve

Among the 11 cytokines, the ROC curve assay revealed that Eotaxin,
IP-10 and IL-8 exhibited high AUC values (0.90, 0.91 and 0.95 re-
spectively) for the discrimination between HC and the patient groups,
as well as HC and the mild group (0.95, 0.93 and 0.93 respectively,
Fig. 5, supplement data S1). The sensitivity and specificity for the in-
dicators were analyzed in Table 3. When discriminating from HC, Eo-
taxin, IP-10 and IL-8 showed 80%, 82%, and 91% in sensitivity with the
specificity ranging from 88% to 95%, with a cut-off value of 95.01 pg/
ml, 263.2 pg/ml and 308.7 pg/ml, respectively. Particularly, MMP-8
displayed a high sensitivity and specificity to predict EV-A71 associated
HFMD (96%, 100%) and mild infection (100%, 100%) with a cut-off
value of 308.7 pg/ml and 123.6 pg/ml, respectively. Since it’s more
common to exhibit inflammation dysregulation and cytokine storm that

Differentially displayed cytokines between the severe groups and healthy control groups.

(pg/ml) Healthy controls Mean * SD Mild group Mean + SD Severe group Mean *+ SD Critical group Mean * SD
Eotaxin 54 * 45 136 + 12.4 15.77 + 6.0 25.4 + 29.0

MIP-1a 201.3 + 87.9 15143.5 + 28326.5 50037.8 + 38432.8 29018.9 + 38784.9
MMP-8 65.8 = 78.8 3892.3 = 4771.4 12409.1 = 4410.3 10281.9 + 8927.3
IL-8 0.13 * 0.07 349 * 67.4 178.1 + 95.6 742 £ 97.4

IP-10 15.2 + 15.4 136.3 = 197.5 293.2 + 349.5 103.9 = 108.9
MIP-1b 24.8 = 16.4 351.7 = 230.5 600.9 + 117.6 400.6 + 285.9
E-Selectin 588.8 + 368.0 128808.3 + 390188.2 99944.2 + 113408.0 98452.4 = 102758.0
1L-6 9.8 + 3.2 365.0 = 961.2 1683.1 + 1963.7 304.8 £ 4435
Leptin 649.4 + 1389.9 30997.7 = 76679.8 259898.5 + 513238.7 361772.8 + 988177.5
TIMP-2 15901.3 + 12669.1 93669.7 + 48379.0 114036.0 + 43043.8 68264.3 = 19197.5
IL-1b 53 + 21 23.4 £ 29.1 428.9 + 5585 57.9 + 100.6
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Fig. 4. Validation of the identified inflammation mediators in different severity of HFMD patients. ELISA experiments were employed to measure 11 inflammation
factors in serum of healthy control n = 73, mild patients n = 57, severe patients n = 41 and critical patients n = 34. The statistical significance was analyzed by the
nonparametric Mann-Whitney U test or student’s t-test, * p < 0.05, ** p < 0.01, ***

causes life-threatening complications in the serum of severe and critical
HFMD patients, we combined the severe and critical groups together to
discover potential indicators that distinctly expressed between the mild
and severe/critical patient groups. Notably, the specificity and sensi-
tivity of most cytokines ranged from 40% to 50%. Surprisingly, IL-1b
displayed 79% in sensitivity and 73% in specificity. The AUC of severe/
critical group as compared to the mild group was 0.81 and the cut-off
value was 44.02 pg/ml. Leptin displayed 69% in sensitivity and 63% in
specificity. The AUC of severe/critical group as compared to the mild
group was 0.68 and the cut-off value was 1024 pg/ml.

4. Discussion

In the past decade, the emerging scale and frequency of EV-A71
associated HFMD outbreaks in the Asia-Pacific region and even in
Europe and the USA, has become an important public health issue

[2,15]. Indicators for prediction of disease progression are urgently
needed. Although previous studies have detected cytokines elevated in
the HFMD patients by different methods [15-17], both the patient
numbers and types of cytokines measured were limited. In this study,
we have collected 210 serum samples from healthy children and con-
firmed EV-A71 infected HFMD patients with different disease status,
investigated the global cytokine profiles by cytokine/chemokine arrays.
We finically validated 11 significantly differentially expressed cyto-
kines by ELISA assay, and identified potential indicators for potential
prediction of HFMD progression.

To obtain a clear cut-off value of potential important cytokines that
differentially displayed in HFMD patients for following up studies, we
initially started from a health control group and a critical group.
Comprehensive screening and filtration of immune mediators were
applied for indicators’ identification. We expansively scored 274 cyto-
kines/chemokines by antibody-based protein arrays and identified 126
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Fig. 5. The ROC curve analysis for the 6 serum cytokines found to be differentially expressed among the patients in the HFMD patient and health controls. H is short

for health controls, M is for mild patients, SC is for severe and critical patients.

mediators differently expressed in HC and the critical group, including
pro-inflammatory cytokines, anti-inflammatory cytokines, pleiotropic
cytokines, chemokine and some receptors of cytokines. Our study has
demonstrated that EV-A71 associated HFMD patients were under cri-
tical immune stress and had respective special inflammation profile.
Then 38 most prominent cytokines were further screened among dif-
ferent severity groups through special designed and condensed (4 re-
plicates for each cytokine in each chip) arrays, and finally evaluated our
array results for 11 differentially regulated cytokines (IL-1b, IL-6, IL-8,
MMP-8, IP-10, TIMP-2, E-selectin, leptin, Eotaxin, MIP-1a and MIP-1b)
by sandwich ELISA. We showed that all 11 tested cytokines significant
increased among the different severity groups as compared with HC.
Through the ROC curve analysis, 5 cytokines were finally identified as
indicators, which displayed potential for prediction of HFMD progres-
sion.

The upregulation of IL-8 has been reported in HFMD patients with
EV-A71 infection [24]. IL-6 and IL-8 are key cytokines secreted by
macrophages, epithelial and endothelial cells and so on, which are re-
sponsible for inflammatory cells recruitment during viral or bacterial
infection. IL-8 is a potent chemoattractant and activator of neutrophils,

one of the major immune cells responsible for inflammation of CNS
during meningitis or encephalitis [25]. In some viral infections, re-
spiratory syncytial virus (RSV) for instance, IL-8 was strongly correlated
with neutrophil response, and positive correlated with disease severity
[9]. In the case of EV-A71 infection, IL-8 level correlated with the
maximal body temperature, length of hospital stay and complications
such as brainstem encephalitis (BE), pulmonary edema (PE) [5]. IVIG
(intravenous immunoglobulin), an important treatment for EV-A71
associated brainstem encephalitis, could play a therapeutic role by
significantly decreasing plasma concentrations of IL-6 and IL-8 [26]. IL-
6 has been reported to be strongly associated with aseptic meningitis,
one of the fatal complications in the critical patients associated with
EV-A71 infections [27]. In our study, both IL8 and IL-6 showed sig-
nificantly difference among the various patient groups as compared to
HC. However, as an indicator for the severe/critical patients, IL-6 was
not as sensitive or specific as IL-8 in our experiments. It’s consistent
with the previous report shown that IL-8 was correlated to disease se-
verity of HFMD; while IL-6 were not correlated to disease severity al-
though it elevated in most HFMD patients [28].

IP-10 (also known as CXCL-10) and Eotaxin (also known as CCL-11)

Table 3

The ROC curve analysis for the differentially expressed cytokines among the healthy control and the patient groups with EV71 Infection.
Cytokines Eotaxin IL-8 IP-10 MMP-8 IL-1b Leptin
Group H-P H-M M-SC H-P H-M M-SC  H-P H-M M-SC H-P H-M M-SC  H-P H-M M-SC H-P H-M M-SC
AUC 0.9 095 0.41 0.95 0.93 0.46 0.91 0.93 0.45 0.73 1 0.47 092 0.8 0.81 0.84 0.79 0.68
Sensitivity 0.8 0.89 0.49 0.91 0.86 0.42 0.82 0.84 0.57 0.96 1 0.66 0.82 0.64 0.79 0.93 0.73 0.69
Specificity 0.88 0.9 0.47 0.95 0.95 0.61 0.94 0.94 0.4 1 1 0.5 1 0.8 0.73 0.67 0.73 0.63
Cutoff value (pg/ml) 95.0 73.0 177.3 308.7 1236 861.1 2632 1725 461.4 308.7 1236 861.1 29.0 22 44.0 362.0 280.1 1024

H, healthy controls; M, mild patients; SC, severe and critical patients, H-P, Health vs all patients; H-M, Health vs mild patients; M-SC, Health vs Severe and Critical

patients.
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were also found to elevate among the patient groups. IP-10, an inter-
feron (IFN)-gamma inducible protein, is a member of the CXC chemo-
kine family with pro-inflammatory and anti-angiogenic properties [25].
As an IFN-y-responsive and inflammatory chemokine, IP-10 was re-
ported to be upregulated in EV-A71-associated neurological damage in
previous studies [16]. As compared to patients with febrile convulsion,
IP-10 and IL-8 were significantly higher in the sera (?) of HFMD chil-
dren with encephalitis. However, they decreased during convalescence
[29]. As a Th1 cell attractants, IP-10 enhances the recruitment of Thl
lymphocyte into the central nerve system during EV-A71 infection. In
murine models, EV-A71 infection significantly enhances IP-10 expres-
sion in the serum and brain. However, IP-10 deficiency mice sig-
nificantly reduced the level of IFN-y and the number of CD8* T cells in
the mouse brain [30]. Eotaxin, as an eosinophil chemoattractant, has
been identified as a downstream responder of FGF21 in mature adi-
pocytes, which in turn triggers type 2 immune responses and beiges
adipogenesis by recruiting eosinophils [31]. Together with IP-10, Eo-
taxin (CCL-11) was found to be upregulated in cytokine signature as-
sociated with disease severity in chronic fatigue syndrome patients
[32], though the latters were not studied in EV-A71 infections.

MMP-8, a member of protease MMP family, is involved in degrading
a large number of extracellular proteins, and influences degradation
and remodeling of collagen [33]. As a collagenase or neutrophil col-
lagenase, MMP-8 contributes to series of inflammatory disorders, such
as asthma, rheumatoid arthritis, pulmonary diseases, diabetes, and even
tumor [26,34,35]. It modulates TNF-a activation in neuroinflammation
by exhibiting TNF-a—converting enzyme (TACE) activity [34]. Besides,
MMP-8 could also function as a biological indicator to assess disease
severity, for instance, viral lower respiratory tract infections in children
[26].The elevation of MMP-8 reflected a destructive host response to
induce inflammation and respiratory damage, which might be con-
sistent with pulmonary edema (PE) in severe and critical EV-A71 in-
fection cases.

EV-A71 infections increased IL-1b secretion in myeloid cells in both
humans and mice [36]. IL-1b is mainly produced by monocytes and
negatively regulates IFN-y-mediated responses by inducing the ex-
pression of COX-2 and prostaglandin E2 (PGE2), which directly acts on
T cells to suppress IFN-y production [37]. Besides, IL-1b is activated by
caspase-1 cleavage, a consequence of caspase-1 activation in in-
flammasomes leading to programmed cell death [38]. IL-1b also plays
an important role in initiation and orchestration of innate and adaptive
immune responses. Together with its receptor IL-1R, IL-1b signaling
causes fever, vasodilatation, hypotension and acute phase response in
infectious diseases [39]. IL-1b level also increases during acute and
chronic inflammation, down-regulate thrombomodulin and acts as a
procoagulant to impair protein C activity [40]. IL-1b is a key biomarker
and mediator in inflammatory vascular calcification and reflect an in-
creased prevalence of autoimmune disorders and neurodegeneration in
Down syndrome (DS) [41,42]. In our study, IL-1b was shown to be not
only an indicator of EV-A71 infections, but also a discriminator be-
tween the mild and severe/critical infections.

Last but not the least, leptin elevated in the severe/critical HFMD
groups as compared to the mild group. Leptin was mainly produced by
adipose tissues, such as teeth, stomach, osteoblast and so on [43]. To-
gether with IP-10 and Eotaxin, although leptin upregulation was found
a cytokine signature associated with disease severity in chronic fatigue
syndrome patients [32], it has not been studied in EV-A71 infected
HFMD patients yet. Leptin is related to adipose tissue (AT) dysfunction,
which releases adipokines such as leptin, resistin, and visfatin to pro-
mote metabolic dysfunction, systemic homeostasis alteration, sympa-
thetic outflow, glucose handling and insulin sensitivity [44]. Leptin is
important for protection of amebic colitis in the intestinal epithelium in
mice [45]. In visceral leishmaniasis, leptin deficiency is associated with
the Th2 polarization that is related to the pathogenesis [46]. Leptin also
regulates Granzyme-A, PD-1 and CTLA-4 expression in T cell in visceral
leishmaniasis mice.
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In conclusion, the disordered inflammation plays crucial role in the
pathogenesis of EV-A71 infection, especially in the severe/critical
HFMD patients. Our study comprehensively examined cytokines as in-
dictors and even potential biomarkers for diagnosis and for distin-
guishing different severity of EV-A71 associated HFMD. Systemic in-
flammatory responses lead to significant changes of large number of
inflammatory factors. Nevertheless, some of them, such as Eotaxin, IL-
8, IP-10, MMP-8, IL-1b and leptin may get involved in the different
clinical progress in HFMD patients. These potential indicators or in-
dicators may be useful for clinical interventions, for instance, im-
proving the prognoses of severe patients. Our study has provided a
comprehensive picture of cytokine profile in different severity of EV-
A71-associated HFMD patients, which may facilitate potential predic-
tion and better interventions; for instance, the indicators will be more
applicable in managing mild patients by given early treatment (exp:
IVIG) or close monitoring of this patient before the disease further
progressed to severe or critical conditions.
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