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ABSTRACT. Hand-foot-mouth disease (HFMD) is a common 
pediatric disease responsible for the development of rashes or herpes 
on the hand, foot, and mouth. Severe complications of HFMD include 
myocarditis, pulmonary edema, aseptic meningoencephalitis, and 
even death. Therefore, early diagnosis of HFMD is of particular 
importance. In this study, we determined the clinical value of the 
combined detection of liver function and high-sensitivity C-reactive 
protein (hs-CRP) expression in children with HFMD. Three hundred 
children with HFMD were recruited to this study between July 2013 
and July 2015 and divided into the mild and severe HFMD groups (N = 
150 per group). The liver function [aspartate aminotransferase (AST), 
alanine transaminase (ALT), and alkaline phosphatase (ALP) levels] 
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and hs-CRP expression were evaluated using standardized tests, and 
the clinical value of combined detection of these indices (in parallel and 
serially) was determined. Patients in the severe HFMD group showed 
significantly higher levels of ALT, AST, ALP, and hs-CRP compared 
to those in the mild HFMD group (P < 0.05). The hs-CRP and liver 
function tests had low specificity and sensitivity, respectively. However, 
parallel combined detection improved the sensitivity and negative 
predicted value of these indices, whereas serial combined detection 
improved the specificity and positive predicted value. In conclusion, 
hs-CRP and liver function play a major role in the diagnosis of HFMD 
(and identifying its severity), and serial combined detection of these 
indices enhances the positive predicted value, and could be employed 
to diagnose severe HFMD at an earlier stage.
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INTRODUCTION

Hand-foot-mouth disease (HFMD) is a common pediatric infectious disease that 
is chiefly transmitted through the respiratory and digestive tracts, and via intimate contact; 
HFMD chiefly affects children aged below 3 years, or those who are not of school age 
(McMinn, 2002; He et al., 2013b). Coxsackievirus A16 (CoxA16) and Enterovirus 71 (EV71) 
are chiefly responsible for HFMD. The virus proliferates in the intestinal tract post-infection; 
subsequently, it enters the blood stream, and drifts away and colonizes in the hand and foot, 
inducing local pathological changes such as fever and herpes in the hand, foot, mouth, and hip. 
While a majority of the infected children show mild symptoms and a relatively good prognosis 
(Reina et al., 2000; Ho, 2000), the disease develops rapidly in the others, leading to severe 
complications, such as meningitis, liver function damage, acute flaccid paralysis, and even 
death (Stalkup and Chilukuri, 2002). HFMD has been classified as a legally reported disease in 
China. She et al. (2006) reported that a 2008 outbreak of HFMD in a large number of Chinese 
provinces had a fatality rate of 0.026%. Therefore, future research should focus on the early 
diagnosis and treatment of HFMD.

C-reactive protein (CRP), an acute-phase protein synthesized in the liver, combines 
with polysaccharides, lecithin, and nucleic acids from various microorganisms (such as bacteria, 
fungi, and protozoa) to activate the complement system, in order to induce an inflammatory 
response to the immunomodulatory and phagocytic invasion of host cells (Hsia et al., 2005; Ma 
et al., 2013). Low concentrations of CRP can be detected by a highly sensitive method called 
the high-sensitivity CRP (hs-CRP) test. Jaye and Waites (1997) suggested that viral infections 
induced transient changes in myocardial enzymes. hs-CRP, a sensitivity index for inflammatory 
injury, is of great value in diagnosing pediatric infectious diseases. Detection of hs-CRP is 
more rapid and sensitive compared to that of white blood cells. However, CRP expression 
is upregulated under severe pathological conditions, such as acute myocardial infarction and 
traumatic inflammation; therefore, CRP expression is a non-specific diagnostic index (Pan et 
al., 2012) and must be supplemented by other indices for early diagnosis of pediatric HFMD.
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In this study, we compared CRP expression and liver function between patients 
with mild and severe HFMD; we also evaluated the significance of combined CRP and liver 
function detection in the early diagnosis and improved prognosis of severe HFMD.

MATERIAL AND METHODS

Clinical data

Three hundred children who were treated for HFMD at the Binzhou People’s Hospital 
between July 2013 and July 2015 were recruited to this study. HFMD was diagnosed according 
to the diagnostic criteria of the Guidance for Prevention and Control of Hand-Foot-Mouth 
Disease (2010) formulated by the Ministry of Health. Patients with other diseases that can 
induce abnormal liver function were excluded. The patients were grouped into the severe and 
mild HFMD groups (N = 150 per group). The severe HFMD group was composed of 90 male 
and 60 female patients aged 7 months to 6 years (average age = 2.7 ± 1.3 years), and weighing 
4-15 kg (average = 10.5 ± 5.2 kg). The mild HFMD group was composed of 84 male and 66 
female patients aged 6 months to 5 years (average age = 2.7 ± 1.3 years), and weighing 4-16 kg 
(average = 10.6 ± 5.3 kg). We observed no significant differences in the gender ratio, weight, 
and age between the two groups. Signed informed consent forms were obtained from the 
parents of all patients prior to the study. The study was also approved by the Medical Ethics 
Committee of the Binzhou People’s Hospital.

Diagnostic criteria

HFMD was diagnosed when the patients tested positive for at least one of the following 
(He et al., 2013a): specific nuclease of EV71 or CoxA16, or characterization of the isolated 
enterovirus as the HFMD-causing EV71 or CoxA16. The patients were classified into the 
ordinary and severe HFMD groups according to disease severity. Ordinary or mild HFMD 
manifests as acute-onset fever, herpes, papula on the hand, foot, and hip, inflammatory flush 
around the herpes, liquid-filled blisters, running nose, cough, and lack of appetite. Some cases 
of mild HFMD only manifest as herpangina or rashes. Severe HFMD is characterized by rapid 
disease progression, continuous hyperpyrexia, significant increase in the peripheral white 
blood cell level, hypertension, hyperglycemia, cold sweat, and poor peripheral circulation. 
Some patients also develop complications associated with the nervous, respiratory, and 
circulatory systems, such as encephalomyelitis, meningitis, encephalitis, emesis, limb tremor, 
pulmonary edema, and circulatory disturbance.

Testing for hs-CRP and liver function

Fasting peripheral venous blood (5 mL, early morning) was collected from the 
recruited patients in tubes loaded with ethylenediaminetetraacetic acid anticoagulant, and 
transported to the laboratory within 30 min. Serum, isolated by centrifuging the blood samples 
at 1000 g at 37°C for 3 min, was tested for the relevant indices. All blood samples conformed 
to the detection criteria. hs-CRP was detected by immune scatter turbidimetry using reagents 
(Bairui Biotech Co., Ltd., Shanghai, China) according to the manufacturer protocols. The 
liver function was detected with a fully automated biochemical analyzer (Mindray Co., Ltd., 
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Shenzhen, China) using the corresponding reagents. Normal liver function was characterized 
by aspartate aminotransferase (AST), alkaline phosphatase (ALP), and alanine transaminase 
(ALT) levels within the range 0-42 U/L, 26-117 U/L, and 0-41 U/L, respectively. Expression 
for the positive rate of liver function is as follows.

%100/ ×= ndr (Equation 1)

where r refers to the positive rate of liver function, d refers to the number of patients with 
positive result, and n refers to the number of patients.

Evaluating the value of combined detection

The specificity (Sp), sensitivity (Se), accuracy (Ac), and positive and negative 
predicted values (+PV and -PV, respectively) of the ALT, AST, ALP, and hs-CRP assays were 
evaluated. The ALT, AST, ALP, and hs-CRP levels were detected in parallel in accordance 
with the following parallel detection rule: the combined detection score is considered positive 
when the score of an (any one) individual assay is positive. The hs-CRP and liver function tests 
were performed in series, according to the following combined detection rule: the combined 
detection score is considered positive when the scores of all individual assays are positive.

Data analysis

The ALT, AST, ALP, and hs-CRP levels were compared between patients included in 
the mild and severe HFMD groups. The positive rates of these indices, as well as the Sp, Se, 
Ac, +PV, and -PV of ALT, AST, ALP, and hs-CRP detection, were calculated and compared 
between the two groups. These indices were then analyzed using a combinatorial method, and 
the Sp, Se, Ac, +PV, and -PV of this method were analyzed.

Statistical analysis

The obtained data were analyzed using the SPSS software platform (v.20.0; IBM, 
Armonk, NY, USA). The measured data are reported as means ± standard deviations (SD), and 
analyzed by the t-test. The enumerated data were analyzed by the chi-square test. Differences 
with P values <0.05 were considered statistically significant.

RESULTS

Liver function and hs-CRP levels in the HFMD groups

Patients in the severe HFMD group showed significantly higher levels of ALT, AST, 
ALP, and hs-CRP compared to those in the mild HFMD group (P < 0.05; Table 1).

Detection of positive rate of liver function and hs-CRP

Patients in the mild HFMD groups showed a significantly higher positive rate of liver 
function and hs-CRP compared to the patients in the severe HFMD group (P < 0.05; Table 2).
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Evaluation of value of liver function and hs-CRP detection

An evaluation of the results of liver function and hs-CRP testing suggested that the 
hs-CRP and liver function tests had low specificity and sensitivity, respectively. Parallel com-
bined detection improved the sensitivity and the negative predicted value, whereas serial com-
bined detection improved the specificity and positive predicted value of the liver function and 
hs-CRP tests (Tables 3-5).

AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase.

Table 1. Comparison of the liver function and high-sensitivity C-reactive protein (hs-CRP) test results between 
the mild and severe hand-foot-mouth disease (HFMD) groups [means ± standard deviation (SD)].

Group AST (U/L) ALT (U/L) ALP (U/L) hs-CRP (mg/L) 
Severe HFMD group (N = 150) 56.21 ± 3.66 60.07 ± 25.38 58.19 ± 14.24 14.21 ± 2.76 
Mild HFMD group (N = 150) 25.03 ± 8.03 21.02 ± 13.53 27.76 ± 2.66 5.93 ± 2.71 
t-value 12.28 10.31 9.85 7.24 
P value <0.05 <0.05 <0.05 <0.05 

 

Table 2. Comparison of positive rate of liver function and high-sensitivity C-reactive protein (hs-CRP) 
expression between the severe and mild hand-foot-mouth disease (HFMD) groups N (%).

Group AST (U/L) ALT (U/L) ALP (U/L) hs-CRP (mg/L) 
Severe HFMD group (N = 150) 98 (65.3) 133 (88.7) 138 (92.0) 144 (96.0) 
Mild HFMD group (N = 150) 6 (4.0) 4 (2.7) 44 (29.3) 56 (37.3) 
2 110.26 60.90 63.36 59.19 
P value <0.05 <0.05 <0.05 <0.05 

 AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase.

Table 3. Evaluation of detected value of liver function and high-sensitivity C-reactive protein (hs-CRP) (%).

Index Sp Se Ac +PV -PV 
AST 95.8 65.4 80.0 94.4 71.8 
ALT 97.2 88.5 92.7 97.2 88.6 
ALP 70.8 92.3 82.0 77.4 89.5 
hs-CRP 62.5 96.3 80.0 73.4 93.6 

 AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase; Sp, specificity; Se, 
sensitivity; Ac, accuracy; +PV, positive predicted value; -PV, negative predicted value.

AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase; Sp, specificity; Se, 
sensitivity; Ac, accuracy; +PV, positive predicted value; -PV, negative predicted value.

Table 4. Evaluation of liver function and high-sensitivity C-reactive protein (hs-CRP) values (%) detected by 
parallel combined detection.

Index Sp Se Ac +PV -PV 
ALT combined with AST 100 61.5 85.3 100 76.6 
ALT combined with ALP 100 85.9 92.7 100 86.7 
ALT combined with hs-CRP 97.2 88.5 92.7 97.2 88.6 
Combination of four indices 100 61.5 80.0 100 70.6 

 

Table 5. Evaluation of liver function and high-sensitivity C-reactive protein (hs-CRP) values (%) detected by 
serial combined detection.

Index Sp Se Ac +PV -PV 
ALT combined with AST 95.8 92.3 94.0 96.0 92.0 
ALT combined with ALP 70.8 97.4 84.7 78.4 96.2 
ALT combined hs-CRP 62.5 100 82.0 74.4 100 
Combination of four indices 43.1 43.1 80.0 65.0 100 

 AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase; Sp, specificity; Se, 
sensitivity; Ac, accuracy; +PV, positive predicted value; -PV, negative predicted value.
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DISCUSSION

HFMD usually manifests in a mild manner in children, in the form of a fever, rash, 
or herpes on the hand, foot, and mouth (Guimbao et al., 2010). However, some patients also 
develop encephalitis, acute flaccid paralysis, encephaledema, and myocarditis induced by 
impairment of central nervous system and respiratory system. Mild cases that rapidly develop 
these conditions have a short therapeutic time window and high fatality rate (Wang et al., 
2007). The enteroviruses EV71, CoxA, and Echo, that are characterized by strong infectivity, 
a high probability of unapparent infection, a complex (and rapid) transmission approach, and 
high risk of outbreak, are known to cause HFMD (Zhang et al., 2016). Early diagnosis of severe 
cases and timely intervention could lower the disability and fatality rates in, and improve the 
prognosis of, patients with HFMD. Therefore, a highly efficient, accurate diagnostic method 
must be developed to accurately diagnose severe cases at an early stage.

The severity of HFMD is closely associated with the activation of an inflammatory 
cytokine cascade. CRP is a typical inflammatory marker secreted by an acute phase protein that 
is closely correlated with the oxidative stress response (Wang et al., 2007). The half-life period 
of CRP is 5 to 7 h; moreover, it is free from the influence of whole blood, anti-inflammatory 
drugs, and hormones, and is known to change synchronously with the inflammation. For 
example, the serum hs-CRP level increases rapidly during the early stages of infection, the 
increase being positively correlated to the degree of infection (Shekhar et al., 2005). Chen et al. 
(2007) reported that hs-CRP played a major role in determining the severity of HFMD based 
on the observation that the level of hs-CRP was much higher in the severe cases than that in the 
mild cases (which in turn was higher than that in normal children). In this study, patients with 
severe HFMD showed higher hs-CRP levels compared to those with mild HFMD, which was 
consistent with the results of the previous study. This indicated that hs-CRP has a considerable 
diagnostic value in determining the severity of HFMD in children. However, the specificity of 
the hs-CRP test was quite low.

Recent studies (Huang et al., 2006; Zhao et al., 2011) have reported that liver function 
abnormality is a major complication of HFMD; in fact, studies have indicated that the liver cells 
of children with acute-phase HFMD are more likely to be injured, which might be correlated 
with the proliferative capacity and toxicity of viruses that invade the liver cells during the early 
stages of the disease. In this study, the AST, ALT, and ALP levels were significantly higher in 
severe HFMD cases compared to the mild cases. Therefore, mild HFMD was characterized 
by an absence of liver function impairment, whereas severe cases were likely to develop liver 
function injury. Currently, it is universally recognized that impaired liver presents an abnormal 
hepatic enzyme spectrum. ALT, AST, and ALP are important indices that reflect impairments in 
the liver function; therefore, an increase in the hepatic enzyme spectrum is usually a predictor 
of HFMD aggravation (Hsueh et al., 2000; Wang et al., 2003). Patients with severe HFMD 
showed significantly higher levels of ALT, AST, and ALP compared to those with mild HFMD. 
However, this analysis was not very sensitive. Serial combined detection of hs-CRP and liver 
function indices significantly improved the specificity and positive predicted value, whereas 
parallel combined detection improved the sensitivity and negative predicted value of the tests. 
Therefore, combined detection of hs-CRP and liver function has high diagnostic applicability.

In conclusion, hs-CRP and liver function could be used to characterize the severity of 
HFMD. Combined detection of these indices can improve the positive predicted value of these 
tests, thereby facilitating early diagnosis and characterization of HFMD.
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This study was conducted in samples obtained from HFMD patients only; that is, 
a control group, comprising healthy children, was not included. This necessitates further 
research with a larger sample size and a control group comprising healthy children.

Conflicts of interest

The authors declare no conflict of interest.

ACKNOWLEDGMENTS

The authors sincerely thank the service from Binzhou People’s Hospital.

REFERENCES

Chen SC, Chang HL, Yan TR, Cheng YT, et al. (2007). An eight-year study of epidemiologic features of enterovirus 71 
infection in Taiwan. Am. J. Trop. Med. Hyg. 77: 188-191.

Guimbao J, Rodrigo P, Alberto MJ and Omeñaca M (2010). Onychomadesis outbreak linked to hand, foot, and mouth 
disease, Spain, July 2008. Euro Surveill. 15: 19663.

He SJ, Han JF, Ding XX, Wang YD, et al. (2013a). Characterization of enterovirus 71 and coxsackievirus A16 isolated 
in hand, foot, and mouth disease patients in Guangdong, 2010. Int. J. Infect. Dis. 17: e1025-e1030. http://dx.doi.
org/10.1016/j.ijid.2013.04.003

He YQ, Chen L, Xu WB, Yang H, et al. (2013b). Emergence, circulation, and spatiotemporal phylogenetic analysis of 
coxsackievirus a6- and coxsackievirus a10-associated hand, foot, and mouth disease infections from 2008 to 2012 in 
Shenzhen, China. J. Clin. Microbiol. 51: 3560-3566. http://dx.doi.org/10.1128/JCM.01231-13

Ho M (2000). Enterovirus 71: the virus, its infections and outbreaks. J. Microbiol. Immunol. Infect. 33: 205-216.
Hsia SH, Wu CT, Chang JJ, Lin TY, et al. (2005). Predictors of unfavorable outcomes in enterovirus 71-related 

cardiopulmonary failure in children. Pediatr. Infect. Dis. J. 24: 331-334. http://dx.doi.org/10.1097/01.
inf.0000157219.19674.98

Hsueh C, Jung SM, Shih SR, Kuo TT, et al. (2000). Acute encephalomyelitis during an outbreak of enterovirus type 71 
infection in Taiwan: report of an autopsy case with pathologic, immunofluorescence, and molecular studies. Mod. 
Pathol. 13: 1200-1205. http://dx.doi.org/10.1038/modpathol.3880222

Huang MC, Wang SM, Hsu YW, Lin HC, et al. (2006). Long-term cognitive and motor deficits after enterovirus 71 
brainstem encephalitis in children. Pediatrics 118: e1785-e1788. http://dx.doi.org/10.1542/peds.2006-1547

Jaye DL and Waites KB (1997). Clinical applications of C-reactive protein in pediatrics. Pediatr. Infect. Dis. J. 16: 735-
746, quiz 746-747. http://dx.doi.org/10.1097/00006454-199708000-00003

Ma H, Huang X, Kang K, Li X, et al. (2013). Recombination in human coxsackievirus B5 strains that caused an outbreak 
of viral encephalitis in Henan, China. Arch. Virol. 158: 2169-2173. http://dx.doi.org/10.1007/s00705-013-1709-4

McMinn PC (2002). An overview of the evolution of enterovirus 71 and its clinical and public health significance. FEMS 
Microbiol. Rev. 26: 91-107. http://dx.doi.org/10.1111/j.1574-6976.2002.tb00601.x

Pan J, Chen M, Zhang X, Chen Y, et al. (2012). High risk factors for severe hand, foot and mouth disease: a multicenter 
retrospective survey in Anhui Province China, 2008-2009. Indian J. Dermatol. 57: 316-321. http://dx.doi.
org/10.4103/0019-5154.97683

Reina J, Ballesteros F, Munar M, Mari M, et al. (2000). Evaluation of different clinical samples and cell lines in the 
isolation of enterovirus in pediatric patients. Enferm. Infecc. Microbiol. Clin. 18: 116-119.

She RC, Crist G, Billetdeaux E, Langer J, et al. (2006). Comparison of multiple shell vial cell lines for isolation of 
enteroviruses: a national perspective. J. Clin. Virol. 37: 151-155. http://dx.doi.org/10.1016/j.jcv.2006.06.009

Shekhar K, Lye MS, Norlijah O, Ong F, et al. (2005). Deaths in children during an outbreak of hand, foot and mouth 
disease in Peninsular Malaysia - clinical and pathological characteristics. Med. J. Malaysia 60: 297-304.

Stalkup JR and Chilukuri S (2002). Enterovirus infections: a review of clinical presentation, diagnosis, and treatment. 
Dermatol. Clin. 20: 217-223. http://dx.doi.org/10.1016/S0733-8635(01)00009-2

Wang SM, Lei HY, Huang KJ, Wu JM, 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. http://dx.doi.org/10.1086/376998



8F.X. Han et al.

Genetics and Molecular Research 15 (3): gmr.15038744

Wang SM, Lei HY, Su LY, Wu JM, 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. http://dx.doi.
org/10.1111/j.1469-0691.2007.01729.x

Wang SM, Lei HY, Yu CK, Wang JR, 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. http://dx.doi.
org/10.1086/591462

Zhang XY, Yao X, Chen ZW, Jiang XH, et al. (2016). A diagnostic kit for the enteroviruses Coxsackie A6 and A10. Genet. 
Mol. Res. 15: 15. http://dx.doi.org/10.4238/gmr.15017431

Zhao J, Xu J, Chen WW, Li YL, et al. (2011). The early diagnosis value of EV 71 IgM class antibodies in the hand, foot 
and mouth disease. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi 25: 140-142.


