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Abstract

Background: Epidemics of HFMD are elevated every year globally, especially in mainland China. The disease now presents
as an increasing threat to public health worldwide.

Methods: Five hundred and seventy-one EV71-infected HFMD patients in Beijing You’an Hospital were grouped by disease
severity: Mild (no severe complication) (n = 221), and Severe group (complicated with brainstem encephalitis (BE), and/or
pulmonary edema (PE) (n = 350)). Clinical and laboratory findings and levels of 7 serum cytokines were analyzed.

Results: Univariate analysis showed that (RR).26/min (p,0.001), age,4 yo (p = 0.001), GLU.8.3 mmol/L (p = 0.008),
CL,98 mmol/L (p = 0.026), and WBC.1.26109/L (p = 0.040) were associated with severe cases. Results of multivariate
analysis indicated five independent risk factors (RR.26/min (p,0.001), Age,4 yo (p,0.001), GLU.8.3 mmol/L (p = 0.011),
LYM.40% (p = 0.010), and ALT.40 U/L (p = 0.045)). In addition to single-factor analysis, we further analyzed the use of
different combinations of risk factors. ‘‘GLU.8.3 and CL,98 and RR.26’’ (confidence ration (CR) = 100%) is the top
indicator, followed by ‘‘ALT.40 and LYM.40% and RR.26 and Age,4 yo’’ (CR = 92.9%). Serum levels of IL-2, IL-4, IL-10,
IFNc, GM-CSF, and TNFa were higher in severe cases than in mild cases. A new evaluation scoring system by scoring each
risk factor 1 and independent risk factor 2 was developed for early identification of severe HFMD cases.

Conclusions: Five independent risk factors, along with indicative combinations of risk factors, for severe cases were
identified, and a scoring system was created to facilitate the use of indicators for early medical intervention.
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Introduction

Hand, foot and mouth disease (HFMD) is a common disorder in

young children. It is considered as a potentially life-threatening

disease[1,2]. The dominant pathogens for this infectious disease

include Coxsachie virus 16 (CA16) and Enterovirus 71 (EV71).

Cases with EV71-positive carry a higher mortality rate if

compared with those with CA16. Most of major HFMD outbreaks

in recent years were caused by EV71, which is a member of the

Enterovirus genus in the Picornavirus family. Although HFMD could

be seen globally, Mainland China is one of the main regions where

EV71 outbreaks could be seen, in almost every year recent-

ly[2,3,4,5,6,7]. The clinical manifestations of most HFMD cases

were mild and limited to fever and vesicular exanthema on

patients’ palms, soles, and mouth along with discomfortness at

certain levels. These mild cases are generally self-limited and not

life-threatening. However, the incidence of severe cases is not low,

especially in mainland China. Severe cases with potentially fatal

complications such as brain stem encephalitis (BE) and/or

pulmonary edema (PE) may lead to serious sequelae, even

death[2,8].

Accumulating evidence from global reports on HFMD

epidemics supports the fact that the ratio of severe cases is

elevating gradually, along with mortality rate[9]. Finding good

early clinical and/or serological indicators to identify potential

severe cases would be an effective way to provide supports for early

medical intervention on particular cases and reduce mortality.

However, until now, no reliable markers have been identified.

Previous reports indicate that hyperglycemia and leukocytosis have

been found to be elevated in severe HFMD patients[10,11,12]. It

also has been reported that cytokines may play critical roles in the

pathogenesis of EV71 infection[13,14,15,16,17]. Studies on

cytokine levels showed that levels of many cytokines, such as

interferon gamma (IFNc), interleukin-1b (IL-1b), IL-1Ra, IL-6,

IL-10, IL-13, granulocyte colony-stimulating factor (G-CSF) and

tumor necrosis factor alpha (TNFa) in serum and cerebral spinal

fluid (CSF) were elevated in severe cases[14,16,18,19]. But these

reports are often inconclusive, and identified potential markers are
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not specific enough to support early clinical intervention. It is still

an open question on what could be reliable markers to indicate

early treatment.

The objective of this study was to analyze the clinical and

laboratory data of a group of pediatric HFMD patients admitted

to Beijing You’an Hospital, Capital Medical University, and

evaluate the correlations between early clinical-laboratory findings

and disease severity. This study aims to identify early indicators of

disease severity so that prophylactic measures can be taken to

reduce mortality. In addition to evaluate individual markers, we

tried to use different combinations of markers as indicators of

severity.

Materials and Methods

Case definition
The case definition is described elsewhere[18]. Briefly, EV71

infection was defined as the isolation of the virus from at least 1 site

(throat swab, blood, stool, cerebrospinal fluid (CSF), or other) with

a negative bacterial culture. BE was defined as a disease

characterized by myoclonus, ataxia, nystagmus, oculomotor

palsies, and bulbar palsy in various combinations, with or without

neuroimaging. PE was defined as respiratory distress with

tachycardia, tachypnea, rales, with or without frothy sputum,

and a positive chest radiograph that showed pulmonary infiltrates

without cardiomegaly.

Study population
Information of the study population consisted of 571 children

who met the case definition described above was collected

retrospectively. The patients were consecutively admitted to

Beijing You’an Hospital, Capital Medical University (Beijing,

PR.China) between Mar and Oct, 2012. All these cases were

tested for serum cytokine levels.

Patients were divided into two categories based on severity: (1)

Mild: patients with HFMD without BE or PE; (2) Severe: HFMD

patients complicated by BE or/and PE.

Data source
All of the parameters included in the investigation were

collected by reviewing the patient medical records that were

preserved in the medical record library and the medical

computerized database at Beijing You’an Hospital, Capital

Medical University. The patient records were retrospectively

examined for primary set of data, which included demographic

characteristics (age and sex), clinical parameters (signs and

symptoms), laboratory values (hematologic, biochemical and

microbiological findings), radiologic data, outcome at discharge

(recovered or died), admission and discharge dates, and length of

hospital stay. Clinical findings and laboratory results analyzed in

this study were from the examination done right upon admission

of all involved patients.

You’an Hospital Ethics Committee has approved this study. It

covered the retrospective analysis of the 571 records. Parents or

caretakers of all 571 participants have given a written informed

consent on behalf of the children participants for their information

to be stored and used for research. Human experimentation

guidelines of PR.China were followed in the conduct of this

clinical research.

Cytokine level determination
The blood samples for cytokine determination were collected

immediately upon patient admission. The plasma was harvested

within 30 min at 37uC of venipuncture from EDTA-anticoagu-

lated blood samples and stored at 270uC until analyzed. The Bio-

Plex Human 8-plex kit (Bio-Rad, USA) was used to detect IL-2,

IL-4, IL-6, IL-10, IFNc, GM-CSF and TNFa levels on

Luminex200 xMAP analyzer system (Luminex, USA), according

to the manufacturer’s instructions.

Statistical analysis
Average of data was presented as x6SD. Categorical data were

tested by use of x2 or Fisher’s exact test. Continuous data were

analyzed by using Spearman’s rho correlation analysis. Mann-

Whitney U test was used for data that did not have a normal

distribution. Correlation among cytokine levels was analyzed by

hierarchical cluster analysis. All analyses were performed by SPSS

software (version 10.0, SPSS). P value ,0.05 was considered to be

statistically significant.

Results

Patient characteristics
The demographic and clinical data of 571 HFMD patients are

collected and summarized in Table 1. The average time from the

appearance of the first symptom (fever or rash) to hospital

admission was 1.5962.10 days. Patients in both groups were

Table 1. Patient characteristics.

Total (n = 571) Mild (n = 221) Severe (n = 350)

Age (year) 2.5861.80 3.6461.70 1.8761.98

Gender (Male/Female) 351/220 151/70 200/150

Weight (kg) 14.0666.60 18.1167.89 12.5668.86

RR (/min) 28.1465.63 26.1066.13 32.0166.76

Temperature (uC) 37.6760.92 36.5460.77 38.2360.78

Pulse (/min) 123.12616.83 117.34616.56 129.61618.99

Systolic pressure
(mmHg)

101.45611.35 95.33621.33 107.54623.54

Diastolic pressure
(mmHg)

69.9969.05 62.66613.51 77.76631.45

GLU (mmol/L) 6.3062.50 5.5263.12 7.8362.92

WBC (109/L) 11.1864.43 9.3363.12 13.8364.24

Neutrophils (%) 56.45618.11 51.09620.65 60.09622.94

Lymphocytes (%) 35.94616.52 33.21621.21 38.46617.92

HB (g/dL) 119.08612.34 118.92622.01 119.66631.28

PLT (109/L) 313.23691.44 310.11698.10 312.926101.31

ALT (IU/L) 21.86635.21 20.21630.22 23.54629.35

AST (IU/L) 37.91621.06 35.87620.92 37.84632.12

CK (IU/L) 144.116193.71 152.426200.12 142.986188.72

CK-MB (IU/L) 16.51626.20 20.48621.32 15.89634.02

CRP (mg/L) 3.6164.14 3.2465.22 3.7763.89

LDH (U/L) 260.17674.62 258.11685.32 268.39674.66

K (mmol/L) 4.2961.02 4.3561.08 4.2261.31

Na (mmol/L) 136.1763.76 138.5663.98 135.0964.22

CL (mmol/L) 101.67641.80 104.27640.96 95.38639.69

RR: respiratory rate, GLU: blood glucose, LYM: percentage of lymphocytes, ALT:
alanine aminotransferase, CL: blood chlorine, WBC: white blood cell counts, CK:
creatine kinase, CK-MB: creatine kinase-MB, CRP: C-reactive protein, LDH:
Lactate dehydrogenase.
doi:10.1371/journal.pone.0087603.t001
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recovered and discharged, except 2 children in severe cases who

died.

Risk factors for severe HFMD cases
After screening clinical and laboratory parameters by using

univariate analysis, we identified five risk factors for severe HFMD

cases: (RR).26/min (p,0.001), age,4 yo (p = 0.001),

GLU.8.3 mmol/L (p = 0.008), CL,98 mmol/L (p = 0.026),

and WBC.1.26109/L (p = 0.040). Results of multivariate analysis

indicated five independent risk factors (RR.26/min (p,0.001),

Age,4 yo (p,0.001), GLU.8.3 mmol/L (p = 0.011),

LYM.40% (p = 0.010), and ALT.40 U/L (p = 0.045))

(Table 2). To further visualize the correlation between disease

severity and seven risk factors, we created a directed correlation

web based on the rates of co-existence of mild or severe cases and

different risk factors (Figure 1). The strongest links were all seen

with severe cases, which were above 63%. The best link was seen

between severe cases and Glu.8.3 (82.05%), followed by severe

cases and ALT.40 (78.26%). The links with mild cases were all

,37%, among which the best was with age,4 yo (36.45%), and

the worst two were with ALT.40 (21.74%) and Glu.8.3

(17.95%).

Patterns of risk factors in combinations
Using single parameter to predict disease severity is not a

reliable and accurate way to assist diagnosis and initiate early

intervention. Therefore, we analyzed various combinations of

different important parameters we found above. We tested the

positive rates of different combinations of the seven markers and

calculated Popularity, Confidence ratio (CR) and Support

(Table 3). Popularity is the chance of seeing the combination

among all cases. CR is the percentage of severe cases among cases

with the combination. Support equals Popularity x CR, which

indicates the ratio of severe cases with the combination out of all

cases.

The most reliable combination is ‘‘GLU.8.3 and CL,98 and

RR.26’’, which offered 100% CR, which means all patients with

this combination belonged to severe cases. The second most

reliable combination is ‘‘ALT.40 and LYM.40% and RR.26

and Age,4 yo’’, whose CR was 92.9%. Among the top 10

combinations, there are two very simple ones, ‘‘GLU.8.3 and

CL,98’’ and ‘‘GLU.8.3 and RR.26’’, whose CR were 87.5%

and 87.1%, respectively. The combination ‘‘RR.26 and

Age,4 yo’’ gave the best Popularity (59.3%), which came with

the highest Support (42.3%) and a CR of 71.4%.

Correlations between risk factors
To further analyze the links between risk factors and severe

cases, and correlations among risk factors, we created a correlation

web (Figure 2) based on the rates of co-existence of mild or severe

Figure 1. Directed correlation web of risk factors and disease severity. The percentages of coexistence of two factors among all selected
cases were shown in the form of directed correlation web. The line thickness indicates the rates of coexistence. Bold line: Rate of coexistence of two
linked factors among all cases is .50%; Thin line: Rate of coexistence of two linked factors among all cases is 30%–50%; Dash line: Rate of coexistence
of two linked factors among all cases is ,30%. RR: respiratory rate (/min), GLU: blood glucose (mmol/L), LYM: percentage of lymphocytes (%), ALT:
alanine aminotransferase (U/L), CL: blood chlorine (mmol/L), WBC: white blood cell counts (109/L).
doi:10.1371/journal.pone.0087603.g001

Table 2. Risk factors for severe HFMD cases.

P value

Univariate analysis Multivariate analysis

RR.26/min ,0.001 ,0.001

Age,4 yo 0.001 ,0.001

GLU.8.3 mmol/L 0.008 0.011

LYM.40% 0.075 0.010

ALT.40 U/L 0.099 0.045

CL,98 mmol/L 0.026

WBC.1.26109/L 0.040

Fever.38.5uC 0.055

RR: respiratory rate, GLU: blood glucose, LYM: percentage of lymphocytes, ALT:
alanine aminotransferase, CL: blood chlorine, WBC: white blood cell counts.
doi:10.1371/journal.pone.0087603.t002
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Table 3. Combinations of risk factors.

Combinations Case# (n) Popularity (%) CR (%) Support (%)

GLU.8.3 and CL,98 and RR.26 12 2.1 100.0 2.1

ALT.40 and LYM.40% and RR.26 and Age,4 yo 14 2.5 92.9 2.3

GLU.8.3 and CL,98 16 2.8 87.5 2.5

GLU.8.3 and WBC.1.2 and RR.26 16 2.8 87.5 2.5

GLU.8.3 and RR.26 31 5.5 87.1 4.8

GLU.8.3 and LYM.40% and RR.26 23 4.1 87.0 3.5

ALT.40 and LYM.40% and RR.26 15 2.6 86.7 2.3

GLU.8.3 and WBC.1.2 and RR.26 and Age,4 yo 15 2.6 86.7 2.3

GLU.8.3 and CL,98 and Age,4 yo 14 2.5 85.7 2.1

GLU.8.3 and RR.26 and Age,4 yo 28 4.9 85.7 4.2

GLU.8.3 and WBC.1.2 and LYM.40% and RR.26 14 2.5 85.7 2.1

GLU.8.3 and LYM.40% and RR.26 and Age,4 yo 21 3.7 85.7 3.2

GLU.8.3 and WBC.1.2 and LYM.40% and RR.26 and Age,4 yo 13 2.3 84.6 1.9

GLU.8.3 and LYM.40% 31 5.5 83.9 4.6

ALT.40 and RR.26 and Age,4 yo 24 4.2 83.3 3.5

GLU.8.3 and WBC.1.2 and LYM.40% 18 3.2 83.3 2.6

CL,98 and WBC.1.2 and LYM.40% and RR.26 23 4.1 82.6 3.4

ALT.40 and LYM.40% and Age,4 yo 17 3.0 82.4 2.5

GLU.8.3 and WBC.1.2 and LYM.40% and Age,4 yo 17 3.0 82.4 2.5

GLU.8.3 and LYM.40% and Age,4 yo 28 4.9 82.1 4.1

CL,98 and WBC.1.2 and LYM.40% and RR.26 and Age,4 yo 22 3.9 81.8 3.2

GLU.8.3 and WBC.1.2 21 3.7 81.0 3.0

CL,98 and LYM.40% and RR.26 and Age,4 yo 73 12.9 80.8 10.4

CL,98 and WBC.1.2 and LYM.40% 31 5.5 80.6 4.4

ALT.40 and RR.26 25 4.4 80.0 3.5

GLU.8.3 and WBC.1.2 and Age,4 yo 20 3.5 80.0 2.8

GLU.8.3 43 7.6 79.1 6.0

CL,98 and WBC.1.2 and LYM.40% and Age,4 yo 28 4.9 78.6 3.9

ALT.40 and WBC.1.2 18 3.2 77.8 2.5

ALT.40 and LYM.40% 18 3.2 77.8 2.5

LYM.40% and RR.26 and Age,4 yo 191 33.7 77.5 26.1

WBC.1.2 and LYM.40% and RR.26 and Age,4 yo 75 13.2 77.3 10.2

ALT.40 and WBC.1.2 and RR.26 13 2.3 76.9 1.8

ALT.40 and WBC.1.2 and RR.26 and Age,4 yo 13 2.3 76.9 1.8

ALT.40 and WBC.1.2 and Age,4 yo 17 3.0 76.5 2.3

GLU.8.3 and Age,4 yo 38 6.7 76.3 5.1

CL,98 and LYM.40% and RR.26 80 14.1 76.3 10.8

CL,98 and LYM.40% and Age,4 yo 92 16.2 76.1 12.3

ALT.40 and Age,4 yo 33 5.8 75.8 4.4

WBC.1.2 and LYM.40% and RR.26 82 14.5 75.6 10.9

CL,98 and RR.26 and Age,4 yo 111 19.6 73.9 14.5

CL,98 and WBC.1.2 and RR.26 38 6.7 73.7 4.9

WBC.1.2 and RR.26 and Age,4 yo 127 22.4 73.2 16.4

LYM.40% and RR.26 215 37.9 73.0 27.7

CL,98 and WBC.1.2 and RR.26 and Age,4 yo 37 6.5 73.0 4.8

WBC.1.2 and RR.26 134 23.6 72.4 17.1

ALT.40 36 6.3 72.2 4.6

CL,98 and WBC.1.2 54 9.5 72.2 6.9

WBC.1.2 and LYM.40% and Age,4 yo 104 18.3 72.1 13.2

Risk Factors for Severe HFMD
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cases and different risk factors. The top five links were seen with

RR.26 and Age,4 (70.9%), RR.26 and severe cases (69.03%),

LYM.40% and severe cases (65.12%), Age,4 and severe cases

(63.55%), and RR.26 and LYM.40% (61.06%). The worst five

were all seen with ALT.40 (with severe cases (8.57%), RR.26

(7.52%), Age,4 (7.36%), LYM.40% (5.58%) and CL,98

(4.59%)).

Plasma cytokine levels of HFMD patients
Cytokines are among the key mediators of immune responses to

invasion of virus and other pathogens. Therefore, the levels of IL-

2, IL-4, IL-6, IL-10, IFNc, GM-CSF, and TNFa in all enrolled

subjects were tested upon admission, and results are presented in

Table 4. Except for IL-6, levels of all other tested cytokines were

significantly higher in severe cases than in mild cases.

Scoring system for severe HFMD cases
Based on our analysis, we tried to create a practical evaluation

system for severe HFMD cases, since most combinations with high

CR came with a very low popularity, indicating that using only

CR as an indicator for severe cases was not practicable (Table 3).

According to results of statistical analysis, each risk factor in

Table 2 is given a score 1, and each independent risk factor scores

2. In our study, the highest calculated score for a combination with

a CR.70% was found to be 9 and the lowest was 2. The

calculated scores in our system were positively associated with CR

(p,0.001), support (p = 0.001) and popularity significantly

(p = 0.001), which indicated that the higher the score, the worse

the case should be.

Discussion

HFMD is a potential life-threatening illness and finding early

markers to identify potential dangerous cases could reduce

mortality rate significantly. In our study, respiratory rate

(RR).26/min, blood glucose (GLU).8.3 mmol/L, age,4 yo,

percentage of lymphocytes (LYM).40%, blood chlorine

(CL),98 mmol/L, and white blood cell counts

(WBC).1.26109/L were found to be associated with severe

cases. And results of multivariate analysis indicated five indepen-

dent risk factors (RR.26/min, Age,4 yo, GLU.8.3 mmol/L,

LYM.40%, and ALT.40 U/L) (Table 2). Previous publications

have pointed out that GLU, age, sustained fever and high WBC

were significant risk factors for severe HFMD cases[12,20]. Our

data indicated that RR, high lymphocyte ratio, high ALT and low

CL may also linked to severe diseases.

In addition to single-factor analysis, we further analyzed the use

of different combinations of risk factors. Based on 3 parameters

(popularity, confidence ratio and support), combinations of risk

factors were evaluated. Combinations with the best confidence

ratio should be the best indicator for severe cases by definition.

Therefore, ‘‘GLU.8.3 and CL,98 and RR.26’’ (CR = 100%) is

our top indicator, followed by ‘‘ALT.40 and LYM.40% and

RR.26 and Age,4 yo’’ (CR = 92.9%). All combinations with a

CR. = 80% came with a case number,32 and a support,4.9%,

except ‘‘CL,98 and LYM.40% and RR.26 and Age,4 yo’’,

whose case number was 73 and support was 10.4%. On the

contrary, combinations with a lower CR (70.0% to 79.9%) had a

much higher case number and support in average, if compared

with those with a CR.80.0%. Among combinations with a lower

CR, 37.9% (11/29) had a case number.100 (17.5% of all

enrolled cases), and 48.3% (14/29) had a support.10%. This

implies that these combinations are more commonly seen in

clinical practice and should not be ignored. Although combina-

tions with high CR may help identifying severe cases, their

popularity is very low (Table 3). So a scoring system was

developed for clinicians based on our data. The statistical analysis

favored our system and implied that it may benefit severe HFMD

patients. However, further evaluation on this system is required to

ultimately validate its clinical use.

Prior studies have demonstrated the correlation between certain

cytokines and HFMD. The study on ratio of cytokine levels in CSF

over in plasma had suggested the possible role of IL-8 in response

to EV71 infection complicated with PE[21]. Serum IL-1, IL-6 and

IFNc were higher in HFMD patients with PE than in patients

without[16]. IL-1b, IL-1Ra, and G-CSF are recently reported by

Griffiths et al as prognostic markers for EV71-infected hospitalized

Malaysian children[19,22]. In our study, except for IL6, levels of

Table 3. Cont.

Combinations Case# (n) Popularity (%) CR (%) Support (%)

CL,98 and LYM.40% 111 19.6 72.1 14.1

CL,98 and RR.26 119 21.0 71.4 15.0

RR.26 and Age,4 yo 336 59.3 71.4 42.3

LYM.40% and Age,4 yo 265 46.7 71.3 33.3

WBC.1.2 and LYM.40% 118 20.8 70.3 14.6

CL,98 and WBC.1.2 and Age,4 yo 50 8.8 70.0 6.2

RR: respiratory rate (/min), GLU: blood glucose (mmol/L), LYM: percentage of lymphocytes (%), ALT: alanine aminotransferase (U/L), CL: blood chlorine (mmol/L), WBC:
white blood cell counts (109/L), CR: Confidence ratio
doi:10.1371/journal.pone.0087603.t003

Table 4. Correlations between cytokine levels and disease
severity.

Mild (n = 221) Severe (n = 350) P value

Median Quartile range Median Quartile range

IL2 5.33 3.25 9.13 9.40 4.09 16.23 0.006

IL4 0.68 0.49 1.02 0.90 0.66 1.26 0.003

IL6 11.90 6.54 22.97 18.02 6.89 43.61 0.104

IL10 5.90 3.98 11.65 8.11 5.04 24.33 0.041

IFNc 70.92 43.96 182.86 124.62 86.53 198.85 0.004

GMCSF 14.06 10.93 28.15 18.95 12.26 30.77 0.029

TNFa 17.00 13.07 39.23 30.04 15.27 88.34 0.008

doi:10.1371/journal.pone.0087603.t004

Risk Factors for Severe HFMD
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IL2, IL4, IL10, IFNc and TNFa were all significantly higher in

severe cases than in mild ones (Table 3).

In conclusion, five independent risk factors, along with

indicative combinations of risk factors, for severe cases were

identified, and a scoring system was created to facilitate the use of

indicators for early medical intervention.

Author Contributions

Conceived and designed the experiments: WL GT HC HW. Performed

the experiments: WL HT YJ GT. Analyzed the data: WL GT TZ.

Contributed reagents/materials/analysis tools: HW HC YJ. Wrote the

paper: WL HC HW.

References

1. Lederman ER, Crum NF (2005) Pyogenic liver abscess with a focus on Klebsiella

pneumoniae as a primary pathogen: an emerging disease with unique clinical

characteristics. Am J Gastroenterol 100: 322–331.

2. Ooi MH, Wong SC, Lewthwaite P, Cardosa MJ, Solomon T (2010) Clinical

features, diagnosis, and management of enterovirus 71. Lancet Neurol 9: 1097–

1105.

3. Chan LG, Parashar UD, Lye MS, Ong FG, Zaki SR, et al. (2000) Deaths of

children during an outbreak of hand, foot, and mouth disease in sarawak,

malaysia: clinical and pathological characteristics of the disease. For the

Outbreak Study Group. Clin Infect Dis 31: 678–683.

4. Tu PV, Thao NT, Perera D, Huu TK, Tien NT, et al. (2007) Epidemiologic and

virologic investigation of hand, foot, and mouth disease, southern Vietnam,

2005. Emerg Infect Dis 13: 1733–1741.

5. Cardosa MJ, Perera D, Brown BA, Cheon D, Chan HM, et al. (2003) Molecular

epidemiology of human enterovirus 71 strains and recent outbreaks in the Asia-

Pacific region: comparative analysis of the VP1 and VP4 genes. Emerg Infect

Dis 9: 461–468.

6. Chen KT, Chang HL, Wang ST, Cheng YT, Yang JY (2007) Epidemiologic

features of hand-foot-mouth disease and herpangina caused by enterovirus 71 in

Taiwan, 1998–2005. Pediatrics 120: e244–252.

7. Solomon T, Lewthwaite P, Perera D, Cardosa MJ, McMinn P, et al. (2010)

Virology, epidemiology, pathogenesis, and control of enterovirus 71. Lancet

Infect Dis 10: 778–790.

8. Wang SM, Liu CC, Tseng HW, Wang JR, Huang CC, et al. (1999) Clinical

spectrum of enterovirus 71 infection in children in southern Taiwan, with an

emphasis on neurological complications. Clin Infect Dis 29: 184–190.

9. Organization WH (2011) A Guide to Clinical Management and Public Health

Response for Hand, Foot and Mouth Disease (HFMD). World Health

Organization Regional Office for the Western Pacific and the Regional

Emerging Diseases Intervention (REDI) Centre. pp. 4–10, 38, 53–60.

10. Mao G, Luo L, Liu X, Wang L, Liu L (2008) The comparison between mild
cases and severe cases of hand-foot-mouth disease. Chin J Infect Dis 26: 3.

11. Yu L, Zhe L, Liu W (2011) The pre-albumin and blood glucose in serum of

severe cases of hand foot and mouth disease and its significance. Chin Pediatr
Emerg Med 18: 2.

12. Li Y, Zhu R, Qian Y, Deng J (2012) The characteristics of blood glucose and

WBC counts in peripheral blood of cases of hand foot and mouth disease in

China: a systematic review. PLoS One 7: e29003.

13. Abe Y, Horiuchi A, Miyake M, Kimura S (1994) Anti-cytokine nature of natural
human immunoglobulin: one possible mechanism of the clinical effect of

intravenous immunoglobulin therapy. Immunol Rev 139: 5–19.

14. Lin TY, Chang LY, Huang YC, Hsu KH, Chiu CH, et al. (2002) Different
proinflammatory reactions in fatal and non-fatal enterovirus 71 infections:

implications for early recognition and therapy. Acta Paediatr 91: 632–635.

15. Lin TY, Hsia SH, Huang YC, Wu CT, Chang LY (2003) Proinflammatory

cytokine reactions in enterovirus 71 infections of the central nervous system. Clin
Infect Dis 36: 269–274.

16. Wang SM, Lei HY, Su LY, Wu JM, Yu CK, et al. (2007) Cerebrospinal fluid

cytokines in enterovirus 71 brain stem encephalitis and echovirus meningitis

infections of varying severity. Clin Microbiol Infect 13: 677–682.

17. Zhang Y, Liu H, Wang L, Yang F, Hu Y, et al. (2013) Comparative study of the
cytokine/chemokine response in children with differing disease severity in

enterovirus 71-induced hand, foot, and mouth disease. PLoS One 8: e67430.

18. Wang SM, Lei HY, Huang KJ, Wu JM, Wang JR, et al. (2003) Pathogenesis of
enterovirus 71 brainstem encephalitis in pediatric patients: roles of cytokines and

cellular immune activation in patients with pulmonary edema. J Infect Dis 188:

564–570.

Figure 2. Correlation web on correlations among risk factors and severe cases. The percentages of coexistence of two factors among all
selected cases were shown in the form of correlation web. The line thickness indicates the rates of coexistence. Bold line: Rate of coexistence of two
linked factors among all cases is .40%; Thin line: Rate of coexistence of two linked factors among all cases is 15%–40%; Dash line: Rate of coexistence
of two linked factors among all cases is ,15%. RR: respiratory rate (/min), GLU: blood glucose (mmol/L), LYM: percentage of lymphocytes (%), ALT:
alanine aminotransferase (U/L), CL: blood chlorine (mmol/L), WBC: white blood cell counts (109/L).
doi:10.1371/journal.pone.0087603.g002

Risk Factors for Severe HFMD

PLOS ONE | www.plosone.org 6 January 2014 | Volume 9 | Issue 1 | e87603



19. Griffiths MJ, Ooi MH, Wong SC, Mohan A, Podin Y, et al. (2012) In

enterovirus 71 encephalitis with cardio-respiratory compromise, elevated
interleukin 1beta, interleukin 1 receptor antagonist, and granulocyte colony-

stimulating factor levels are markers of poor prognosis. J Infect Dis 206: 881–

892.
20. Zou XN, Zhang XZ, Wang B, Qiu YT (2012) Etiologic and epidemiologic

analysis of hand, foot, and mouth disease in Guangzhou city: a review of 4,753
cases. Braz J Infect Dis 16: 457–465.

21. Wang SM, Lei HY, Yu CK, Wang JR, Su IJ, et al. (2008) Acute chemokine

response in the blood and cerebrospinal fluid of children with enterovirus 71-

associated brainstem encephalitis. J Infect Dis 198: 1002–1006.

22. Wang SM, Lei HY, Liu CC (2012) Cytokine immunopathogenesis of enterovirus

71 brain stem encephalitis. Clin Dev Immunol 2012: 876241.

Risk Factors for Severe HFMD

PLOS ONE | www.plosone.org 7 January 2014 | Volume 9 | Issue 1 | e87603


