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Abstract
Hand, foot and mouth disease (HFMD) usually has a good prognosis, but in a small number of serious neurological complications can also occur especially
to those younger than 3 years old children. Therefore, early diagnosis of hand, foot and mouth disease is very important to improve the cure rate of children
with severe HFMD. In this study, we determined to �nd new potential disease-related indicators in the cerebrospinal �uid (CSF) to predict the progression and
prognosis of HFMD. We collected CSF samples from mild or severe HFMD in the acute phage. The 1000 cytokines in CSF samples were analyzed using the
Raybiotec Cytokine array, then Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were
carried out to evaluate the related biological process and potential signaling pathways. We successfully screened 9 DEPs, including CCL5, IL17c, EDAR, TACI,
Nectin1, VCAM1, SIGLEC1, CD69 and ROBO4 in the CSF, which may be potential biomarkers for predicting disease progression and prognosis. CD69 and
ROBO4 might be a speci�c indicator suggesting severe HFMD, while elevated expression of NECTIN1 might suggest disease improve, highlighting the
potential to predict remission.

Introduction
Hand foot and mouth disease (HFMD) is a common infectious disease in children caused by enterovirus (EV) -the main serotypes include Coxsackie virus (CV)
group A type 4–7, 9, 10 and 16, and group B type 1–3 and 5, some Echo-virus serotypes and Enterovirus A71 (EV-A71)] [1]. It is mainly affects pediatric
populations less than 5 years old, and the most common types are CV-A10, 16 and EV-A71, the latter accounting for the majority of severe cases[1, 2].
Pediatric populations are the main source of infection, and the infection may be dominant, subclinical or recessive[3]. Enterovirus can survive in hydrothermal
conditions and can be transmitted through feces, throat secretions, saliva and other body �uids of infected individuals, therefore, HFMD has a high latent
infection rate[3].

HFMD a common viral infection in children, that has been a severe public health concern worldwide [1].From 2008 to 2018, 20,537,199 cases of HFMD were
reported in China, among which 157,065 were severe cases. The average annual rate of severe cases was 1.05/100,000, with a severe rate of 0.76%. There
were 3,668 deaths, and the fatality rate of severe cases was 2.34%[4]. HFMD can be divided into common type and severe type: common cases show acute
onset, fever, scattered herpes in oral mucosa, macular papules and herpes on hands, feet and buttocks, in�ammatory erythema around herpes and less �uid in
blisters. It can be accompanied by cough, runny nose, loss of appetite and other symptoms. Some cases only showed rash or herpetic angina. Most of
patients were cured within one week. However, a few cases (especially those under 3 years old) developed rapidly meningitis, brainstem encephalitis,
encephalomyelitis, pulmonary edema, circulatory disorders and so on appeared in about 1–5 days after the onset of the disease [4]. Very few cases were
critically ill and could cause death, and the remaining cases could have sequelae.

Although the underlying molecular mechanism of nervous system symptoms in HFMD remains unclear, the involvement of in�ammatory cytokines and
chemokines in in�ammatory response has been proved by previous studies[5–7]. Compared with the healthy volunteers, cytokine �uctuate were observed in
mild cases, and severe EV7-infected HFMD with complications, indicating that cytokines play an important role in the progression of EV71 infection and may
be targeted for diagnosis and treatment. Therefore, exploring these in�ammatory factors and/or chemokines involved in the progression of HFMD will help to
�nd potential indicators of disease progression; especially to the server HFMD accompanied by neurological comlications. It will be valuable to carry out
clinical intervention in the early stage of the disease in future. However, there are now only a few indicators of peripheral blood, rather than CSF to assess the
disease progress[2, 3][8, 9].

Therefore, we will explore the CSF in�ammatory cytokines and chemokines, and further �nd potential indicators that can help to judge the progress and
severity of the disease in the present study. We collected the CSF samples from 4 cases of HMFD and 2 cases of common pneumonia to analyzed their
differential proteins by GSH-CAA-X00 kit technology.

Materials And Methods
We collected clinical data and CSF of 6 patients who were hospitalized in Guangzhou Women and children's Medical center in Guangzhou, China, from 2017
to 2019. According to the clinical standard of the guidelines for diagnosis and treatment of hand foot mouth disease (2018 Edition)[3] issued by the Ministry
of health and the consensus of experts, four patients with enterovirus detected in throat swabs or feces and with serious neurological symptoms or not were
divided into severe group (SEV) and mild group (MIL; n = 2 each group). The two patients who did not detect enterovirus in throat swabs and feces and did not
meet the diagnosis of HFMD were classi�ed as control group (CTR). The CSF of these 6 patients were separated and stored at -80 ℃. This study was
approved by the ethics committee of Guangzhou women and children medical center (36700). MRI images obtained of 5 patients (out of 6) from SEV (2
patients), MIL (2 patients) and CTR (1 patient) groups to observe the pathology, especial for the SEV patients. The informed consent of the child's parents or
guardians was obtained before the experiment. The clinical data and laboratory results of these children are shown in Table 1.
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Table 1
Clinic characteristics of patients

  SEV

(n = 2)

MIL

(n = 2)

CTR

(n = 2)

Age/month 82,18 12,10 2,144

Female/Male Male, Male Male, Female Male, Male

Symptom      

Spasm yes, yes no, no no, no

Fever yes, yes yes, yes yes, yes

Rash yes, yes yes, yes no, no

Cough no, no no, no yes, yes

Laboratory Data      

CSF CRP(mg/l) 0.03,0.06 0.02,0.3 0.05/0.04

CSF WBC(*10^6/L) 4,2 2,1 5,5

CSF MP(g/l) 0.17,0.49 0.20,0.33 0.47,0.22

Serum WBC(*10^9/L) 12.9,10.9 9.2,14 7.8,8.2

N% 92,74 33,30 35,73

L% 2,17 52,54 49,20

Imaging Characteristics      

Abnormal of Brain MRI yes, yes yes, no no, no

Abnormal of EEG yes, no no, no no, no

2.2 Data Analysis
The original data obtained by kit scanning is processed by Raybiotech software for kit background removal and inter kit normalization. The differential
proteins were screened by fold change, and the selection conditions were as follows: (1) fold change = < 0.5 or fold change > = 2; (2) it is recommended to
select the average (�uorescence) signal value > 150 for each group.The horizontal and vertical coordinates respectively represent the average expression of
AveExp (the logarithm average value of each sample value). Red indicates up-regulated protein, blue represents down regulated protein, and gray indicates no
signi�cant difference.

Results

3.1 MIL-CTR GO analysis and KEGG pathway analysis.
We identi�ed 215 DEPs between the MIL and CTR, including 204 (94.9%) down-regulated proteins and 11 (5.1%) up-regulated proteins (Fig. 1). According to
the GO enrichment results,regulation of lysophocyte proliferation, regulation of leucocyte cell proliferation,chemoattractant activity, virus receptor activity,
hijacked molecular function were the enriched GO terms.

The KEGG analysis results showed that DEPs were involved in a total of 29 pathways, including Malaria, Melanoma, Viral protein interaction with cytokine and
cytokine receptor. Cytokine cytokine receptor interaction and Cell adhesion molecules (CAMs).

3.2 SEV-CTR GO analysis and KEGG pathway analysis
There were 187 DEPs between the SEV and CTR, including 172 (92%) down regulated proteins and 15(8.0%) up-regulated proteins (Fig. 3). Regulation of
lymphocyte promotion,regulation of monocyte cell promotion, regulation of leucocyte promotion, regulation of leucocyte cell adhesion,the transmembrane-
ephrin receptor activity, the virus get receptor activity, hijacked molecular function were the enriched GO terms.

DEPs participated in 30 pathways. Among these, malaria, Melanoma, ECM receptor interaction, cytokine cytokine receptor interaction, cell adhesion molecules
(CAMs) have more DEPs involved.

3.3 SEV-MIL GO analysis and KEGG pathway analysis
According to the overall proteins expression of all samples, there are 58 DEPs between SEV and MIL, including 22 (37.9%) down-regulated proteins and 36
(62.1%) up-regulated proteins (Fig. 1).Leukocyte migration,carbohydrate activity,virus receptor activity, hijacked molecular function, cytokine activity were the
enriched GO terms.
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The KEGG analysis results showed that DEPs were involved a total of 5 pathways- nitrogen metabolism,cytokine cytochrome receptor interaction, cell
adhesion molecules (CAMs), IL-17 signaling pathway, NF kappa B signaling pathway.

3.4 Gradually changing differential expression of proteins
We focused on proteins that were up-regulated or down-regulated as the disease progressed, and found that the expression of the following proteins increased
gradually (Fig. 4): ROBO4 CD69; The expression of the following proteins decreased gradually: CD48 CRTAM Glypican 1 Nectin-1 Desmocollin-3 BAFF. These
proteins will need to be discussed in detail and more attention will be paid to them in future studies.

3.5 The Magnetic Resonance Imaging (MRI) result of these cases
We collected brain MR images of 5 of the 6 children, and consulted two experienced radiologists to read the images. Surprisingly, the MR images of these �ve
children showed no obvious abnormal imaging �ndings in the sub cortex white substance (WS), thalamus (TH), mesencephalon (MES), pons, medulla
oblongata (MO), and no characteristic changes in the red nucleus (RN) and substantia nigra (SN), which were associated with serious neurological symptoms
in severe HFMD patients (Fig. 5 and Fig. 6). These results suggested that MRI data might not the best diagnostic criteria for HFMD patients.

Table 2
Group Cytokine-cytokine receptor interaction Cell adhesion molecules

Sever-
MIL

TNFSF13B/CCL5/CXCL8/IL17RB/CXCL10/IL17C/IL27/EDAR PVR/Nectin1/Nectin2/VCAM1/Siglec1

MIL-
CTR

PPBP/IL31RA/EDAR/IL7R/PF4/IL17C/BMP8A/IL23R/TNFRSF13B/
CCL5/IL27/CXCL14/CXCL10/IL18/TNFRSF9/AMHR2/CCL15/PRL/IL3/
IL16/IL1RAP/IL22RA1/GDF15/IL20RB/PRLR/ACVRL1/GHR/CD40LG/
CCL16/TNFSF9/IFNGR1/CCL18/TNFSF13B/TNFRSF14

Siglec1/VCAM1/SDC4/ICAM1/SELL/ICAM2/ITGAV/VTCN1/ICOSLG
Nectin1/Nectin3/CD28/CD40LG/CD58/CDH5

SEVER-
CTR

PPBP/IL31RA/IL7R/TNFSF13B/BMP8A/IL23R/PF4/TNFRSF13B/CXCL14/
CCL5/IL17C/EDAR/TNFRSF9/AMHR2/IL18/IL16/IL3/RELT/IL1RAP/PRL/
TNFSF9/PRLR/IL20RB/TNFRSF10C/IL12B/IL17RB

PVR/Nectin1/SDC4/ITGAV/ICAM1/VCAM1/VTCN1/Siglec1/SELE/
/Nectin3/SELL/PDCD1/CDH5

Discussion
Hand foot mouth disease (HFMD) is an acute infectious disease caused by enterovirus, which occurs mostly in preschool children[4]. Due to the rapid
progress of a few cases (especially those under 3 years old), meningitis, encephalitis (brainstem encephalitis is the most dangerous), encephalomyelitis,
pulmonary edema, circulatory disorders and so on appear in about 1–5 days after the onset of the disease. Very few cases are critically and may lead to
death. The survival cases may have sequelae. It is worth mentioning that the locations of lesions of EV71 HFMD-associated brainstem encephalitis are mainly
on the dorsal and medulla oblongata[10].However, no signi�cant abnormalities were observed on MRI in this study. There are high levels of cytokines and
chemokines in serum or cerebrospinal �uid of HFMD patients infected by enterovirus. Especially in severe patients, immune response and in�ammatory
response are imbalance, which leads to complications and even death [11]. More and more attention attached to the potential mechanism of abnormal
regulation of immune and in�ammatory state induced by enterovirus. A large number of studies have suggested that immune in�ammatory response is
closely related to enterovirus infection related hand, foot and mouth disease[12–17], but the speci�c pathway of action is not completely clear. In this study,
we screened the DEPs among SEV-MIL, SEV-CTR and MIL-CTR from 1000 kinds of proteins use GSH-CAA-X00 kits. The potential indicators for predicting the
progression of HFMD were determined by GO enrichment analysis and KEGG pathway enrichment analysis.

Based on KEGG database, we found that cytokine cytokine receptor interaction (CCRI), cell adhesion molecules (CAMs) pathways are involved in the
occurrence and progression of HFMD. Four DPEs (CCL5, IL17c, EDAR and TACI) on CCRI pathway participate in the three stages of changes, and the three
DEPs (Nectin1, VCAM-1 and Siglec1) in CAMs pathway participate in the changes of three stages (Table 3). CCL5 has chemotactic effect on a variety of
leukocytes: 1) chemotactic monocytes; 2) chemotactic to non-stimulated CD4 + CD45RO + memory T cells and activated CD4 + and CD4 + T cells; 3)
chemotaxis eosinophils and stimulates their degranulation; 4) Pretreatment of T cells can increase their adhesion to endothelial cells stimulated by IL-1. These
properties make CCL5 play an important role in immune regulation, autoimmune disorder and in�ammatory process[18]. It has been reported that high levels
of CCL5 in serum can be used as a biomarker to judge the severity of HFMD and may be involved in immunopathological changes[19]. This study also
con�rmed the possibility of CCL5 as a potential biomarker. Interestingly, in the present study, we found that IL-17c levels in obvious increased in CSF sample
of SEV group relative to MIL group.Although IL17c in the progression of HFMD has not been clearly reported,IL-17c is a neurotrophic cytokine that protects
peripheral nerve systems during HSV reactivationTherefore, IL17C may be a potential target to improve the prognosis of patients with severe HFMD.

Nectin1 promotes cell-cell contact through the formation of homotype or heteromorphic trans dimer[20]. Heterophilic interaction has been detected between
Nectin1 and Nectin3, as well as between Nectin1 and Nectin4. It has the activity of promoting neurite growth, and is the receptor of herpes simplex virus 1 /
HHV-1, herpes simplex virus 2 / HHV-2 and pseudorabies virus / PRV[21]. Some studies have shown that the differential expression of Nectin1 induced by EV-
71 and CV-A16 infection can lead to the disruption of cell junction and eventually the disruption of cell barrier function.[22] On the one hand, Siglec1 promotes
pathogen infection; on the other hand, Siglec1 can also regulate innate and adaptive immune responses[23]. Since in�ammation can induce Siglec1
expression, its expression is related to the disease process, it can be used as an index of disease evaluation and curative effect observation.

EDAR, as a part of a signaling pathway, which plays an important role in the the interaction between two embryonic cell layers, called ectoderm and
mesoderm[24]. Some studies have shown that EDAR is associated with Sjogren's syndrome, which may suggest that EDAR participates in the in�ammatory
process to a certain extent[25]. TNFRSF13B provides instructions for the production of a protein called TACI, which is present on the surface of B cells in the
immune system. These special white blood cells help protect the body from foreign invaders such as bacteria and viruses. When B cells mature, they produce
a special protein called antibodies (also known as immunoglobulins). Antibodies attach to speci�c foreign invaders, marking that they will be eliminated. TACI
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promotes cell signal transduction by interacting with other proteins, plays a role in B cell survival and maturation, and participates in antibody production.
VCAM-1 plays a pathophysiological role in immune response and leukocyte migration to in�ammatory sites[26].The role of EDAR, TNFRSF13B and VCAM-1 in
the progression of HFMD needs to be further explored.

The results further veri�ed that CD69 and ROBO4 expression gradually increased in CSF with HFMD progression (From CTR to MIL to SEV). Roundabout4
(Robo4) is a transmembrane receptor that belongs to the Roundabout (Robo) family of axon guidance molecules. Robo4 is an endothelial-speci�c receptor
that participates in endothelial cell migration, proliferation, and angiogenesis and the maintenance of vasculature homeostasis[27].Subcutaneous injection of
LPS into Robo4-knockout mice has been shown to reduce circulating IL-6 levels and the production of in�ammatory cytokines[28],therefore, ROBO4 can be a
potential therapeutic targets.CD69 is a membrane-bound, type II C-lectin receptor. It is a classical early marker of lymphocyte activation due to its rapid
appearance on the surface of the plasma membrane after stimulation[29]. CD69 could be a possible therapeutic target for arthritis and asthma in human
patients. We need more experiments to verify the role of CD69 in the progression of HFMD.

In addition, recent reports say that positive MRI �ndings demonstrated lesion in midbrain, medulla oblongata and thalamus in EV-71 infected HFMD patients
with neurological symptoms included myoclonus and dysphagia, and facial palsy [30–32]. However, our data showed no obvious abnormalities in several
related brain aeras, including sub cortex white substance, thalamus, mesencephalon, pons, medulla oblongata, red nucleus and substantia nigra, implying that
MRI lesion signaling might not be positive associated with clinical characteristics, even in the sever patient. The inconsistent results may be due to the
patients without EV-71 infection, which is a neurotropic virus, in the present study[33]. Therefore, screening the underlying biomarkers of CSF to predict early
HFMD and HFMD progress is a valuable strategy in clinical application.

Conclusion
To sum up, this study screened differentially expressed proteins among patients with severe HFMD, mild HFMD and non-HFMD patients, and carried out GO
analysis and bioinformatics analysis of KEGG signaling pathway according to the results, and analyzed the complex biological processes involved in DEPs,
the distribution and molecular functions of the proteins were discussed. The multiple signaling pathways involved in the differential expression of the proteins
were obtained, and potential biomarkers were screened out as indicators for the diagnosis and differentiation of HFMD with different severity. However, in
HFMD patients, CCL5, IL17c, EDAR, TNFSF13B, Nectin1, VCAM1, Siglec1, CD69 and ROBO4 may participate in different clinical progress. These potential
indicators may be useful for clinical intervention, such as early treatment of mild patients or close monitoring of patients before the disease further develops
into severe or critical state, to improve the prognosis of severe patients.
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A caption was not provided with this version

Figure 2

A caption was not provided with this version
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Figure 3

A caption was not provided with this version
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Figure 4

A caption was not provided with this version

Figure 5

Brain MRI signal from a 144-month old boy without HFMD (CTR), a 10-month old girl with mild HFMD (MIL), an 82-month old boy with serve HFMD (SEV).
Horizontal T1WI showed no abnormal signal at the TH, MO and MES among SEV patients, MIL patients and the CTR patients. TH: thalamus; MO: medulla
oblongata; MES: mesencephalon.
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Figure 6

Brain MRI signal from a 144-month old boy without HFMD (CTR), a 10-month old girl with mild HFMD (MIL), an 82-month old boy with serve HFMD (SEV).
Horizontal T2WI showed no abnormal signal at the WS (yellow arrows in A-C), BS (circles in D-F) and RN+SN (RN: blue arrows; SN: red arrows; WS: yellow
arrows) among SEV patients, MIL patients and the CTR patients. WS: white substance; BS: brain stem; RN+SN: red nucleus and substantia nigra.


