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Changesin serum cytokine levelsin hand-foot-and-mouth disease.
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Abstract

The aim of this study was to investigate changes in serum cytokine levelsin children with hand-
foot-and-mouth disease (HFMD) and their clinical significance. Clinical data from 241 children
with HFM D, hospitalized between May 2012 and January 2013, were analyzed retrospectively.
Patients were divided into a normal case group (n=107) and a severe case group (n=134), and
the clinical features of the children were summarized. Concurrently, a etiological examination
was performed, and the levels of 5 cytokines were measured: interleukin (IL)-2, IL-6, IL-10,
tumor necrosis factor (TNF)-a, and interferon (IFN)-y. There was no significant difference in
the age, sex ratio, length of hospital stay, and the highest temperature between groups. IL-2, IL-
6, IL-10, and TNF-a levels were significantly higher (P<0.05) in the severe case group than in
the normal case group; however, there was no significant difference in IFN-y levels between the
2 groups. Elevated cytokine levels measured in severe cases of HFM D, suggesting that cytokine-
related inflammation and anti-inflammatory responses might be involved in the development of

severe HFMD.
Keywords: Hand-foot-mouth disease, cytokines, clinical asialy
Accepted March 27 2015
| ntroduction gression of diseases. Complications seen in seases

are often associated with abnormal cytokine levetsi-

Hand-foot-and-mouth disease (HFMD) is a Commonyated by_ a virql infection, resulting in §uc_h relat clini-
acute infectious disease caused by enterovirusshwisi €@l manifestations as severe systemic inflammatery
spread via the digestive tract and the respirdtagt, and  SPONse, brain stem injury, and increased pulmowasy
often occurs in children under 5 years old. Thegposis cular_permeablllf[){4]. There has b_een some research on
is good in most cases; however, complications seen CYtokine levels in HFMD cases in China. We analyzed
severe cases include encephalitis, encephalonsyeliticlinical data from 241 children diagnosed with HFMD
pulmonary edema, circulatory failure, and deathvege admitted to our hospital between May 2012 and Jgnua
cases are primarily seen in children under 3 yelarsThe 2013, to determine changes in serum cytokine leasis
main pathogens causing HFMD are enterovirus 7$ociated with HFMD.

(EV71) and coxsackievirus A16 (CA16), with the more ]

severe cases primarily associated with EV71. Irsehe Subjectsand Methods

cases, the main cause of death is brain stem ealiteph

and neurogenic pulmonary edema (NPE). NPE or pulmdseneral | nformation

nary hemorrhage occurs because of stimulation ef thwe enrolled 241 children, clinically diagnosed with
centrala-adrenergic receptors, causing vasoconstriction itHFMD, admitted into our hospital between May 2008 a
the systemic circulation, resulting in blood entgrithe January 2013. Of these, 146 were male (60.6%) &nd 9
pulmonary circulation in a short period of time azals- were female (39.4%), aged from 2 months to 9 yerith,

ing pulmonary edema or pulmonary hemorrhage. In-addthe average age of 25.6+18.7 months. Of these,p205
tion, studies indicate that abnormal increaseswels of tients (85.1%) were children under 3 years old.

cytokines such as IL-6, I1L-10, IL-13, TNk-and IFNy

and lymphocyte depletion are involved in the immuaro  All 241 patients presented with a fever and rapkciic
thological pathogenesis of pulmonary edema [1,TRBe  symptoms of the nervous system were poor spiriiy- le
cellular immune status of infected patients is a@lksely argy, easily frightened, headache, vomiting, datirj
related to the clinical prognosis of HFMD [3]. Rate coma, limb shaking, myoclonus, nystagmus, ataxid, a
studies have determined that immune function, @arti eye movement disorders. Physical examination redeal
larly cytokine levels, plays an important role retpro-
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positive pathological symptoms such as meningeighir two-sided, with the significance level sefat0.05.
tion, and a weak or disappearing tendon reflex.

Results
Methods
Patients were divided into two groups, the nornasec
group (NC, n=107) and the severe case group (S
n=134), following guidelines described in "A Guide

linical Characteristics
Il 241 cases presented with rash and fever, tverfe

Clinical Management and Public Health Response fo enerally appeared 3 days before rash and hadesiafur

. - f 5 to 7 days; the average maximum body tempegatur
Hand, Foot and Mouth Disease (HFMD)" issued by Fh?/vas 39.1i0.¥ °C. Of the E;41 cases admitt)éd, 10péscas

W.Oﬂd Health Orggnization af‘d the Regional EMergingyere in the NC group (44.4%) and 134 cases wetlken
Diseases Intervention Centre in 2011 [5]. SC group (55.6%). SC group cases presented witlp-sym

) ) , toms such as meningitis, encephalitis, encephallitisye
General information and cytokine levels were coregar pulmonary edema, and circulatory disorders follaine
between the 2 groups. The Luminex Liquid Chip Adopynitia| onset of HFMD [1]. Of the 134 severe casbere
tion Bio-Plex Human 8-plex cytokine assay kit (B@@d, \ere 112 cases of hyperarousal and/or limb shaking
Hercules, CA, USA) was used to measure the leviels o (83.6%), 83 cases of headache and/or vomiting ¢6),.9

cytokines: IL-2, IL-6, IL-10, TNFe, and IFNy. 32 cases of listlessness and/or lethargy (23.8%jabes
o _ of amyosthenia (9.7%), 15 cases of convulsion (},2
Satistical Analysis 11 cases of restlessness (8.2%), 5 cases of starirfg),

Data were analyzed using SPSS version 17.0 stafisti and 1 case of coma (0.7%). Among all cases, 24@ wer

software. Normally distributed data are presenteth@an  cured/the symptoms improved and the patients wisre d
+ SD, and non-normally distributed data are presg@s charged, and 1 patient died (0.4%).

the median (interquartile range, IQR); #feest was used
for intergroup comparison of count data; normallg-d There was no significant difference in any of ttemeral
tributed data were compared using the independant s information categories, gender, age, length of ialsp

ple t-test, while the non-normally distributed datare  stay, or the highest body temperature, betweendhmal
compared using the Mann-Whitney U test; all testgew and severe group (Table 1).

Laboratory Examination

Table 1. Comparison of general information of the 2 There was a significant difference in levels of2LH-6,
groups IL-10, and TNFe between the 2 groups. There was, how-
ever, no significant difference in the levels ofNH be-
Group n Male Hospital Age Highest tween the 2 groups (Table 2).
ratio  days (month)  body
(%) Temp Discussion
NC 107 59 4.99+1.48 24.9+74.2 38.9+0.7
(55.1) HFMD is primarily caused by a viral infection, inding
sC 134 87  4.66£0.97 26.1+16.9 39.2+0.6 EV71, CoxA, and echovirus (Echo), of which EV71hie
(64.9) most common. EV71 is a highly neurotropic virusttha
T 1.205 0.522 1.56 can cause an imbalance of vasoactive substances, cy
x 2.385 kines, and other substances, producing a seriesrebus
P 0.079 0.23 0.602 1121  system-related syndromes, which in some individoats
become critical, and even life threatening, becaigbe
Table 2. Comparison of serum cytokines levels between involvement of heart and lung functions. The medéran
the 2 groups (pg/ml) involved is not completely clear; however, the rolecy-
tokines in its pathogenesis has attracted mucimtadie
Group IL-2 IL-6 IL-10  TNFe  IFN-«y Lin found that patients with EV71 infection-relatedu-

NC 491 1042 5.55 17.67 83.38 rogenic pulmonary edema showed hypercytokinemia,
(3.21- (5.31- (3.89- (11.99- (48.86-  with levels of nervous system cytokines also sigaiftly
12.61) 18.90) 12.21) 48.49) 171.58) increased, and the symptoms exhibited were retatéue

SC 871 18.78 7.98 28.73 115.75 presence of large numbers of inflammatory cytokidés
(4.08- (8.57- (5.05- (15.11- (58.72- It has been shown that the interactions between pro
25.96) 50.59) 23.82) 79.59) 247.32) inflammatory and anti-inflammatory cytokines plap a

U 5623.5 4840.5 5418.0 5413.5 6088.5 important role in the process of HFMD, and thatesysc

P 0.008 0.000 0.001 0.001 0.058 inflammatory response syndromes are an importatorfa

in the development of critical conditions [6]. Ostudy
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retrospectively analyzed the data of 241 childréagd ing regulation of cell growth and differentiatiamvarious
nosed with normal or severe cases of HFMD. Whigzeh tissues. Being the major regulator of the inflamorat
were no significant differences in gender, age highest reaction, IL-6 is involved in biological processasch as
temperature, and the length of hospital stay betwvihe vascular inflammation, immune response, hematojsies
groups, there was a significant difference in lsval IL-  and tumor progression. Constituting the complexkiyie
2, IL-6, IL-10, and TNFa. There was, however, no sig- network together with other factors, IL-6 is abbeaidjust
nificant difference in IFNy levels between the 2 groups. the immune and stress response, and is closelgiatesh
with the pathological changes of many clinical dises.
TNF-o and IL-6 are produced by activated monocytestn infectious diseases, the release of IL-6 heigist fthe
macrophages. They are cytokines capable of regglati infection; animal experiments have shown that Ike6
immune response, and important mediators of immunguces the viral load of EV71 in mice [8], but iretbourse
protection; however, under certain conditions tmegy of infection and inflammation, IL-6 delays the pbagto-
also be involved in autoimmune responses. Undanabr  sis of phagocytic cells towards the aged and dysiomal
circumstances, serum concentrations of TN&nd IL-6  neutrophilic granulocytes, thus exacerbating theege
are low, and they are involved with in physiologipeoc-  tion of the inflammatory mediators. The large reke@f
esses such as regulating responses and promotihg ge-6 is a dangerous sign of infection, experimenése
growth and differentiation. When a bacterial oralin-  shown that 3-6 days after infection with EV71, dht6
fection occurs, the monocytes-macrophages prodade agiven to neutralize the antibodies improved thegpasis
release large amounts of cytokines, among which-&NF of experimental animals without decreasing viraldg9].
is the first multifunctional factor produced, medig This suggests that lowering serum IL-6 levels may i

many pathophysiological processes of the inflammyato prove the prognosis of patients with severe cades o
response. TN acts primarily on the vascular endothe-HFMD.

lial cells to promote adhesion, migration, and siga of

the inflammation cells, and the degranulation ofitre  IL-10 is an anti-inflammatory cytokine with multgplef-
philic granulocytes. Concurrently, it may act oreth fects. Its primary biological activities are immuimdibi-
monocyte-macrophage cell itself to release inflatonya tion: inhibiting the synthesis of pro-inflammatocyto-
mediators, thereby exacerbating the inflammatory rekines and chemokines by monocytes and neutrophils,
sponse, and causing a local immune response amd ewbiting the releasing of IL-6 and TNd-inhibiting anti-
system damage. Previous studies have reported thgen-stimulated cellular immune response, and dedayi
HFMD patients, with combined nervous dysfunction orthe apoptosis of T cells and B cells. Studies hshavn
pulmonary edema, had significantly increased lewdls that IL-10 is closely related to the release ofchola-
IL-6 and TNFe [7]. Lin stated that IL-6 and TNEk-lev- mines [10]. We found that following HFMD infection,
els were significantly higher in HFMD patients withnl-  along with a massive release of the inflammatocyois
monary edema than in patients without those complic and inflammatory inhibitors, IL-10 levels in the $@up
tions. In addition, IL-6 can further intensify theological ~ were significantly higher than those in the NC grou
activities of IL-13 and TNFe, and IL-6 levels >70 pg/ml Whether IL-10 levels are decreased in HFMD patients
are the best predictors of EV71-related-encephaliti accompanied with cardiopulmonary dysfunction st
induced pulmonary edema [4]. quires further study.

Levels of IL-6 and TNF are also increased in the cere-IFN-y is primarily produced by CD4+T lymphocytes,
brospinal fluid (CSF) of HFMD patients, especialty ~ Ccytotoxic CD8+T lymphocytes, and natural killer lsgl
patients infected with EV71 infection complicatedthw and plays an important role in both inherent imrtyuand
encephalitis and pulmonary edema [2]. In the preser@cquired immunity. IFN- may reduce the endothelial
study, we found that the TNéevels in the SC group barrier and increase the vascular permeabilityditeato
were significantly higher than the NC group, sugiggs Pulmonary edema and pulmonary hemorrhage. Previous
that TNFe may be involved in the pathological progres-studies have shown that serum IffNevels in patients
sion of HFMD. Excessive TNE-levels may cause, and With HFMD combined with brainstem encephalitis or
increase, tissue damage in the central nervougryst Pulmonary edema are significantly increased contptue

providing an ear|y detection method for severe Saaad normal HFMD patients. Similar conclusions have been
guiding the therapy and recovery. reached in CSF studies [11]. Our study, howevet ndit

reveal a significant difference in IFNlevels between SC
Our study found that the serum levels of IL-6 ie BBC  and NC patients, which may have been because few pa
group were significantly higher than the NC grospg- tients in our study had HFMD accompanied with sever
gesting that IL-6 might play a specific role in w®gres- pulmonary edema and pulmonary hemorrhage. Increased
sion of HFMD. After viral infection, the dendritiells of  IFN-y levels could have been more obvious in children
HFMD patients release large amounts of IL-6. ILs6ai with HFMD accompanied with pulmonary edema and
cytokine with wide range of biological activitiesclud-  pulmonary hemorrhage, suggesting that more cases ar
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required in future studies. tors for the occurrence of neurological complicagig20].
In addition, heart rate variability index was calesed to
Abnormal levels of cytokines also exist in enteravi be an effective predictor, which would decreaseisig
meningitis. Studies have shown that in the acutes@lof cantly 7 hours before the heart failure; the sarisitand
the disease, when the CSF contains viral gene atgn specificity of the diagnosis of HFMD accompaniedhwi
IL-6, IL-8, and IFNy levels in the CSF are significantly encephalitis, heart and lung dysfunction, and tatouy

increased. Levels subsequently return to normaindgur dysfunction were 100% and 71.4%, respectively [21].

the recovery period, when the virus is undetectadohel
levels of the anti-inflammatory cytokine IL-10 aie-
creased. In the acute phase, the increasing cgdéirels
in the CSF manifest earlier than the increaseukdeytes

[12], showing that there exists an interaction @d-p

inflammatory and anti-inflammatory cytokines in tee-
teroviral central nervous system infection. Anotktrdy

found that after EV71 infection, IL-6 levels gradya

increase with the exacerbation, and that IL-6 evel
CSF are higher than in plasma. This suggests thati$
a major factor in promoting the exacerbation [13].

Another study found that HFMD cases resulting iatte
presented with non-ischemic myocardial damage hed t
reduced ejection fraction. The myocardial damagthé
children was caused by an increase in serum trapioni
which could be used as a predictor for poor prognos
[22]. The above factors and cytokine levels taksgether
constitute the most common indicators predicting th
prognosis of clinically severe HFMD cases.

In conclusion, our study found that the levels ytbkines
IL-6, IL-10, and TNFe were significantly higher in pa-
tients with severe HFMD compared to normal cases.

Because abnormal cytokine levels may be a riskofact These findings imply that these factors may be lwvea
leading to the exacerbation, it is implied thatelsvof in the worsening of the disease, suggesting thahdu
cytokines may be adjusted to improve the prognosis studies are required to determine the role of agteskin
infected patients. Studies involving animals inéectvith  disease progression, and to further examine thdatgon
the H5N1 virus confirm that immunomodulatory thgrap of cytokine levels in critically ill patients to jmove
can indeed reduce the levels of inflammatory fagtor  prognosis. Severe HFMD cases combined with heatt an
vivo, and improve prognosis [14]. Currently, severelung failure were few; therefore, future studieshwa lar-
HFMD cases are primarily treated with intravenows h ger sample size are required to deepen our knowjedg

man immunoglobulin (IVIG), a polyclonal immunoglebu order to improve the diagnosis of HFMD.

lin collected from human blood that is used totteesari-
ety of serious viral infections. However, the matbm
by which IVIG works may interfere with the Fc retep
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induce apoptosis, and interfere with the inflammato All of the authors declare that they have no cotsliof

process of cytokines [15]. IVIG may also reducespla
catecholamine levels, realizing the effects of naydal
protection [16]. In 2013, a study involving avianflu-
enza H7N9-infected critically ill patients in Chimiter-
mined that increased cytokine levels, for examfles,
was one of the factors leading to the critical ¢tonl of
the patients, and that plasma exchange reducddubis
of cytokines, thereby improving the prognosis [1Tfhis
provides new thinking in the treatment of the "&yte
storm" associated with critically ill patients foWing
viral infection.

In addition to abnormal levels of cytokines, resbars
have summarized other risk factors that could leg disr
prognostic prediction. A prospective study foundttthe

occurrence of 2 of 3 criteria: peak body tempegatur

greater than 38.5°C, fever lasting longer than ysdar

drowsiness, may indicate that nervous system imvolv

ment might occur [18]. A retrospective study fromda-

pore suggested that vomiting, absence mouth sareks,

increased serum leukocytosis were risk factorsifitical
conditions [19]. A Korean retrospective study atam-
gested that a fever over 4 days, a body temperpeak
greater than 39.0°C, headache, vomiting and negicab
symptoms, and blood sugar >100 mg/dl were thefaek

Biomed Res- India 2015 Volume 26 Issue 3

interest regarding this paper
References

1. Lin TY, Chang LY, Huang YC, Hsu KH, Chiu CH,
Yang KD. Different proinflammatory reactions in dat
and non-fatal enterovims 71 infections: implicaidar
early recognition and therapy. Acta Paediatr 2@12;
632-635.

2.  Wang SM, Lei HY, Huang KJ, Wu JM, Wang JR, Yu
CK, Su 1J, Liu CC. Pathogenesis of enterovirus 71
brainstem encephalitis in pediatric patients: raiesy-
tokines and cellular immune activation in patientth
pulmonary edema. J Infect Dis 2003; 188: 564-570.

3. Chang LY, Hsiung CA, Lu CY, Lin TY, Huang FY,
Lai YH, Chiang YP, Chiang BL, Lee CY, Huang LM.
Status of cellular rather than humoral immunityds-
related with clinical outcome of enterovirus 71dRér
Res 2006; 60: 466-471.

Lin TY, Hsia SH, Huang YC, Wu CT, Chang LY. Pro-
inflammatory cytokine reactions in enterovirus Tt i
fections of the central nervous system. Clin InfBt
2003; 36: 269-274.

5. World Health Organization Regional Office for the
Western Pacific and the Regional Emerging Diseases
Intervention (REDI) Centre. A Guide to Clinical Man

597



10.

11.

12.

13.

14.

15.

16.

17.

18.

598

agement and Public Health Response for Hand, Foot

and Mouth Disease (HFMD). 2011,
http://www.wpro.who.int/publications/PUB
9789290615255/en/.

Nishimura Y, Shimojima M, Tano Y, Miyamura T, 19.

Wakita T, Shimizu H. Human P-selectin glycoprotein
ligand-1 is a functional receptor for enterovirds Rat
Med 2009; 15: 794-797.

Wang SM, Lei HY, Huang MC, Su LY, Lin HC, Yu 20.

CK, Wang JL, Liu CC. Modulation of cytokine produc-
tion by intravenous immunoglobulin in patients with
enterovirus 71-associated brainstem encephali@ind
Virol 2006; 37: 47-52.

Lin YW, Wang SW, Tung YY, Chen SH. Enterovirus
71 infection of human dendritic cells. Exp Biol Med
(Maywood) 2009; 234: 1166-1173.

Khong WX, Foo DG, Trasti SL, Tan EL, Alonso S.
Sustained high levels of interleukin-6 contributethe
pathogenesis of enterovirus 71 in a neonate mouse
model. J Virology 2011; 85: 3067-3076.

Ng PC, Li K, Wong RP, Chui K, Wong E, Li G, Fok
TF. Proinflammatory and anti-inflammatory cytokine
responses in preterm infants with systemic infextio

21.

22.

Li/Jiang/Liang

Solomon T. Identification and validation of clinica
predictors for the risk of neurological involvemdnt
children with hand, foot, and mouth disease in Sara
wak. BMC Infect Dis 2009; 9: 3.

Chong CY, Chan KP, Shah VA, Ng WY, Lau G, Teo
TE, Lai SH, Ling AE. Hand, foot and mouth disease i
Singapore: a comparison of fatal and non-fatal £ase
Acta Paediatr 2003; 92: 1163-1169.

Kim SJ, Kim JH, Kang JH, Kim DS, Kim KH, Kim
YH, et al. Risk factors for neurologic complicatgoaf
hand, foot and mouth disease in the Republic oEKor
2009. J Korean Med Sci 2013; 28: 120-127.

Lin MT, Wang JK, Lu FL, Wu ET, Yeh SJ, Lee WL,
Wu JM, Wu MH. Heart rate variability monitoring in
the detection of central nervous system complicatio
in children with enterovirus infection. J Crit C&1@06;
21: 280-286.

Huang YF, Chiu PC, Chen CC, Chen YY, Hsieh KS,
Liu YC, Lai PH, Chang HW. Cardiac troponin [: aifel
able marker and early myocardial involvement with
meningoencephalitis after fatal enterovirus-71 dnfe
tion. J Infect 2003; 46: 238-243.

Arch Dis Child Fetal Neonatal Ed 2003; 88: F209-Corresponding to:

F213.

Wang SM, Lei HY, Yu CK, Wang JR, Su 1J, Liu CC. Tong-Zeng Li
Acute chemokine response in the blood and cerebrag™ pepartment of Infectious Disease

spinal fluid of children with enterovirus 71-assated

Beijing You’an Hospital, Capital Medical University

brainstem encephalitis. J Infect Dis 2008; 198:200 N 8 Youanmei West Road Fengtai District

1006.

Sato M, Hosoya M, Honzumi K, Watanabe M, Nino-
miya N, Shigeta S, Suzuki H. Cytokine and cellutar
flammatory sequence in enteroviral meningitis. Bedi
rics 2003; 112: 1103-1107.

Wang SM, Lei HY, Su LY, Wu JM, Yu CK, Wang JR,
Liu CC. Cerebrospinal fluid cytokines in enterowrril
brain stem encephalitis and echovirus meningitfiscin
tions of varying severity. Clin Microbiol Infect 2@;

13: 677-682.

Zheng BJ, Chan KW, Lin YP, Zhao GY, Chan C,
Zhang HJ, Chen HL, Wong SS, Lau SK, Woo PC,
Chan KH, Jin DY, Yuen KY. Delayed antiviral plus
immunomodulator treatment still reduces mortality i
mice infected by high inoculum of influenza A/H5N1
virus. Proc Natl Acad Sci U S A 2008; 105: 8091809
Elovaara |, Hietaharju A. Can we face the challeofje
expanding use of intravenous immunoglobulin in neu-
rology? Acta Neurol Scand 2010; 122: 309-315.
Kishimoto C, Takamatsu N, Kawamata H, Shinohara
H, Ochiai H. Immunoglobulin treatment ameliorates
murine myocarditis associated with reduction ofroeu
humoral activity and improvement of extracellulaa-m
trix change. J Am Coll Cardiol 2000; 36: 1979-1984.
Chen Y, Liang W, Yang S, Wu N, Gao H, Sheng J, et
al. Human infections with the emerging avian infiaa

A H7N9 virus from wet market poultry: clinical agal

sis and characterisation of viral genome. Lancdt320
381:1916-1925.

Ooi MH, Wong SC, Mohan A, Podin Y, Perera D,
Clear D, del Sel S, Chieng CH, Tio PH, Cardosa MJ,

Beijing 100069, China

Biomed Res- India 2015 Volume 26 Issue 3



