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Introduction

In recent years, hand, foot, and mouth disease (HFMD) 
has been widely recognized as a highly infectious condi-
tion in children less than 5 years of age, especially in 
coastal areas of the Asian-Pacific region.1-3 On the 
Chinese mainland, outbreaks of HFMD have received 
substantial attention since 2008, following a large out-
break in Fuyang, Anhui Province.4 Throughout the 
Chinese mainland, more than 12 million HFMD cases 
and 3200 deaths have been reported to date.5-11

The typical clinical manifestations of HFMD include 
vesicular eruptions and rashes on the hands, feet, and 
mouth and, in some cases, fever.12,13 Although these 
clinical manifestations are frequently mild and the prog-
nosis is good, several children develop remarkable sys-
temic neurological symptoms that lead to neurogenic 
pulmonary edema, cardiac and pulmonary failure, and 
other severe complications.13-16 Rapid disease progres-
sion can lead to death within 24 to 48 hours.17,18

Molecular epidemiologic data have demonstrated that 
the most common pathogens causing HFMD are entero-
virus, coxsackievirus, and echovirus.19,20 Some charac-
teristics of HFMD caused by these pathogens were 
similar, such as pathologic examinations show the pres-
ence of viral antigens in infected tissues,21,22 together 
with the increased expression of pro-inflammatory cyto-
kines in the peripheral blood and, in severe infections, 
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the cerebrospinal fluid.23-25 However, more than 80% of 
the severe cases and 90% of the deaths in HFMD are 
caused by enterovirus 71 (EV71) rather than by other 
viruses.26 Importantly, repeated infections frequently 
develop in cases of coxsackievirus group A type 16 
(CA16) infection, although CA16 infection usually leads 
to mild illness.27,28 These differences in the severity and 
appearance of HFMD suggest that the special immune 
responses were induced by the various pathogens.

In this study, we compared the clinical manifestations 
and associated immunologic indicators, including cyto-
kines and chemokines, in the serum of HFMD patients 
to analyze the differences in the immune response and 
whether they were related to infection by a particular 
viral pathogen.

Materials and Methods

Ethics

HFMD patients were recruited from the placebo- 
controlled group of a phase III trial of an EV71 inacti-
vated vaccine (prepared from human diploid cells). The 
clinical protocol and informed consent form were 
approved by the Ethics Committee of the Guangxi 
Center for Disease Control and Prevention (Guangxi 
CDC). The clinical protocol is registered in the 
ClinicalTrials website (NCT01569581).

HFMD Patients

Informed consent was obtained from the guardians of the 
60 pediatric HFMD patients in the placebo-controlled 
group. These consisted of 16 patients positive for EV71 
infection, 11 with positive CA16 infection, 15 positive 
for other enterovirus infections (EVG), and 18 who were 
negative for enterovirus infection (non-EVG). In parallel 
with the samples collected from these patients, samples 
from 5 healthy children without any clinical manifesta-
tions of HFMD who had also been included in the pla-
cebo-controlled group were also obtained.

Clinical Manifestations

The patients were observed for clinical manifestations, 
including vesicles, elevated body temperature, cough, 
and runny nose, according to the Guidelines for HFMD 
Diagnosis and Treatment, version 2010, published by the 
National Health and Family Planning Commission.29,30

Viral Etiology

Viral RNA was extracted from the stool samples or the 
throat swabs of the HFMD patients using the RNeasy 

mini kit (Qiagen, Hilden, Germany).31 Etiological detec-
tion was carried out by real-time polymerase chain reac-
tion, performed at the Guangxi CDC laboratories. The 
results were reconfirmed by the National Institutes for 
Food and Drug Control (NIFDC).

Cytokine and Chemokine Detection

The levels of cytokines and chemokines in the sera of 
the HFMD patients and controls (healthy children) 
were measured using Bio-Plex Pro human cytokine and 
chemokine kits (Bio-Rad, Hercules, CA) according to 
the manufacturer’s protocols.32 This kit contains beads 
conjugated with monoclonal antibodies specific for 
IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, and others.32 
Briefly, samples suspended in buffer were transferred to 
plates, incubated at room temperature for 1 hour with 
shaking at 850 ± 50 rpm, and then washed with the 
same buffer 3 times. Detection antibodies were added 
to the plates, which were then incubated as above for 
another 0.5 hours and then washed 3 times with the 
same buffer. SA-PE solution (Bio-Rad) was added to 
the plates in the dark, which were incubated for 10 min-
utes with shaking at 850 ± 50 rpm and washed 3 times 
with buffer. Finally, the beads were added and the sam-
ples were incubated with shaking as above for 30 sec-
onds. The reactions were read using a Bio-Plex 200 
system (Bio-Rad).

Anti-EV71 Neutralizing Antibody Detection

Specific anti-EV71 neutralizing antibody titers were 
detected using the classical micro-cytopathic effect neu-
tralization assay according to the standard protocol.33,34 
Briefly, the EV71 standard strain (NIFDC, China) was 
incubated with sera in different dilution at 37°C for 2 
hours, transferred to 96-well plates containing a Vero 
cell suspension (104 per well), and mixed completely. 
After a 7-day incubation at 37°C, the samples were ana-
lyzed for the presence of cytopathic effects.

Statistical Analysis

Differences between groups were analyzed using SPSS 
software (Chicago, IL). A P value <.05 was considered 
to indicate a statistically significant difference.

Results

Pathogen Distribution of 60 HFMD Cases

HFMD is most often seen in children under 5 years of 
age.35 In this study, HFMD developed in 33 children 
(33/60, 55%) younger than 2 years of age (Table 1). 
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Table 1. Characteristics of the 60 Patients With HFMD Caused by Different Pathogens.

Characteristics EV71+ CA16+ EVG+ EVG−

Number of patients 16 11 15 18
Age, n (%)
 6-23 months 8 (50.0) 8 (72.7) 7 (46.7) 10 (55.6)
 24-71 months 8 (50.0) 3 (27.3) 8 (53.3) 8 (44.4)
Sex, n (%)
 Male 9 (56.3) 3 (27.3)a 10 (66.7) 13 (72.2)a

 Female 7 (43.8) 8 (72.7) 6 (54.5) 5 (27.8)
HFMD case, n (%)
 Mild 16 (100.0) 10 (90.9) 15 (100.0) 17 (94.4)
 Serious 0 (0) 1 (9.1) 0 (0) 1 (5.6)
 Death 0 (0) 0 (0) 0 (0) 0 (0)

Abbreviation: HFMD, hand, foot, and mouth disease.
aP < .05 of CA16-infected case versus non-EVG-infected case.

Among the 60 patients, 35 were male and 25 were 
female; 58 of the cases were mild and 2 were severe 
(Table 1). There was no significant difference between 
the age or sex of the patients and the degree of symp-
toms (except P = .018 between the CA16 and EVG 
groups).

Clinical Manifestations of HFMD Cases 
Caused by Different Enteroviruses

The typical clinical character of HFMD is vesiculae or 
rashes on the hands, feet, and mouth.12,13 In this study, 
the typical rashes of the hands, feet, and mouth as well 
as the perianal region were seen in more than 60% of the 
patients (Table 2). Fever (body temperature >37.5°C) 
occurred in roughly 50% (Table 2). A few patients also 
had cough, runny nose, anorexia, and other symptoms 
(Table 2). In the 2 patients with severe HFMD, in addi-
tion to the typical rashes of the hands, feet, and mouth, 
high fever and oral vesicles developed in one patient, 
and a fever of 38.5°C accompanied by a mild neurologi-
cal system disorder, manifested as a decreased response 
to stimulation, in the other (Table 2).

Cytokine Analysis of HFMD Cases Caused by 
Different Enteroviruses

Increased levels of pro-inflammatory cytokines have been 
clearly demonstrated in HFMD patients,23 especially a 
remarkable increase in interleukin (IL)-6 in patients with 
severe EV71 infection.36,37 We therefore evaluated cyto-
kine expression in our HFMD patients with respect to the 
different pathogens. Compared with the healthy children, 
EV71 infections was associated with high levels of IL-4 
and IL-10, and CA16 infections associated with IL-2, 

IFN-γ, and IL-4, respectively (Table 3). By contrast, in the 
patients with HFMD caused by EVG, only an increase in 
the level of IL-10 was determined (Table 3). 
Nonenterovirus (non-EVG) infections triggered increases 
in IL-2, IL-16, IFN-γ, IL-4, and IL-10 (Table 3). These 
results suggested that the release of different pro-inflam-
matory cytokines was triggered by the different patho-
gens. The pro-inflammatory cytokines of the 2 patients 
with severe HFMD, caused by infection with CA16 and a 
non-EVG, respectively, showed similarities, including a 
clear elevation in IL-6 (Table 3). However, there are 
higher levels of IL-1 and IL-6 in the patient with the non-
EVG infection than those of the patient with severe CA16 
infection or the healthy children.

Chemokine Analysis of HFMD Cases Caused 
by Different Enteroviruses

Infections with exogenous pathogens trigger usually the 
release of a large variety of cytokines and chemokines.36,37 
Our study showed that patients with different pathogen 
infections had high levels of the chemokines, including 
CCL1, CXCL6, CXCL12, CXCL13, and CX3CL1 
(Table 4). Of these, the levels of CXCL6, CXCL12, and 
CXCL13 were significantly higher in HFMD patients 
with infections attributed to all of EV71, CA16, EVG, 
and non-EVG (Table 4). The level of CXCL5 was lower 
in HFMD patients with EV71, CA16, and EVG infec-
tions than in the healthy children (Table 4). In the 2 
patients with severe HFMD, CCL25 levels were signifi-
cantly higher than in the healthy controls (Table 4). 
However, in the patient with severe non-EVG HFMD, 
the levels of CXCL1, CXCL2, CCL3, CCL2, and 
CCL20 were much higher than in either the patient with 
severe CA16 infection or the healthy controls (Table 4).
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Table 2. Clinical Characteristics of the 60 Patients With HFMD Caused by Different Pathogens.

Symptoms EV71+ CA16+ EVG+ EVG−

Total cases, n 16 11 15 18
 Rash, n (%) 14 (87.5) 9 (81.8) 8 (53.3) 17 (94.4)
 Oral herpes, n (%) 9 (56.3) 9 (81.8) 11 (73.3) 6 (33.3)
 Fever, n (%) 6 (37.5) 6 (54.5) 11 (73.3) 5 (27.8)
 Cough, n (%) 1 (6.3) 2 (18.2) 3 (20.0) 4 (22.2)
 Rhinorrhea, n (%) 1 (6.3) 2 (18.2) 3 (20.0) 5 (27.8)
 Herpangina, n (%) 0 (0) 0 (0) 4 (26.7) 0 (0)
 Anorexia, n (%) 1 (6.3) 0 (0) 1 (6.7) 0 (0)
 Night sweat, n (%) 0 (0) 1 (100.0) 0 (0) 0 (0)
 Depression, n (%) 0 (0) 0 (0) 0 (0) 1 (100.0)
Serious cases, n 0 1 0 1
 Rash, n (%) — 1 (100.0) — 1 (100.0)
 Oral herpes, n (%) — 1 (100.0) — 0 (0)
 Fever, n (%) — 1 (100.0) — 1 (100.0)
 Cough, n (%) — 0 (0) — 0 (0)
 Rhinorrhea, n (%) — 0 (0) — 0 (0)
 Herpangina, n (%) — 0 (0) — 0 (0)
 Anorexia, n (%) — 0 (0) — 0 (0)
 Night sweat, n (%) — 1 (100.0) — 0 (0)
 Depression, n (%) — 0 (0) — 1 (100.0)

Abbreviation: HFMD, hand, foot, and mouth disease.

Anti-EV71 Immune Response in HFMD 
Caused by Different Enteroviruses

Cross-neutralization capacities between different 
enteroviruses have been demonstrated.38,39 Because 
EV71 infections can cause severe disease and even 
death,13,14 in this study we explored the interference 
of sera taken from HFMD patients infected with dif-
ferent pathogens against EV71 infection. The results 
showed that the sera of the patients caused by CA16, 
EVG, and non-EVG were failed to interfere EV71 
infection, namely, being negative for anti-EV71 neu-
tralizing antibody, whereas, as expected, serum from 
the patient with EV71 infection was positive  
(Figure 1).

Discussion

HFMD is a highly infectious disease caused by differ-
ent pathogens and is primarily seen in children.20,35 
The basic clinical manifestations of HFMD in the 
majority of cases consist of rashes and vesicles involv-
ing the hands, feet, and mouth.12,13 However, there is 
epidemiological and immunological evidence of dif-
ferent manifestations of HFMD depending on the 
infecting strain of virus, in terms of both the pathology 
and the immune response.40,41 In this study, in accor-
dance with the Good Clinical Practice guidelines and 

the Ethics Committee of our institution, we evaluated 
the clinical records and serum samples of 60 pediatric 
HFMD patients infected by different viral pathogens. 
These patients were drawn from the placebo group of 
a phase III trial of an EV71-inactivated vaccine. They 
did not show significant difference between the age or 
sex of the patients and the degree of symptoms. All 60 
patients exhibited the typical, aforementioned symp-
toms of HFMD. In the 33 patients under 2 years of age 
(55%), fever was also present. In our 2 patients with 
severe HFMD, the infections were caused by CA16 
and a non-EVG infection. However, our sample of 60 
patients was too small to confirm viral specificity, 
such as which strain was easy to cause a severe case.

Furthermore, as functional responses of the host to 
the infecting pathogens, some special pro-inflammatory 
cytokines and chemokines were increased in our HFMD 
patients. These cytokines were associated with the 
immune system activation, such as CXCL6, which is 
closely associated with neutrophil migration recruit,42 
CXCL12 and CXCL13, which are associated with B cell 
migration and recruitment and antibody production.43-45

Although the previous study reported that the levels 
of IL-6, tumor necrosis factor-α (TNF-α), IP-10, IL-10, 
MCP-1, or CXCL9 were significantly higher in HFMD 
patients with neurological symptoms than in either those 
without or in healthy children,36,37 the expression of 
many chemokines associated with inflammation, except 
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Table 3. Cytokine Levels of the 60 Patients With HFMD Caused by Different Pathogens.

Cytokines EV71+ CA16+ EVG+ EVG− Control

Total case, n 16 11 15 18 5
Type I and II cytokine receptors (JAK-STAT), mean ± SD
 Th1 cytokine
  IL-2, pg/mL 28.51 ± 8.98 34.66 ± 9.17d 28.64 ± 12.02 35.60 ± 13.55g 20.02 ± 11.22d,g

  IL-16, pg/mL 1620.98 ± 1812.19 1970.28 ± 1842.91 1646.48 ± 1437.31 2835.49 ± 3235.16g 536.24 ± 353.99g

  IFN-γ, pg/mL 117.88 ± 43.21a 147.67 ± 46.36d 123.47 ± 52.32 154.58 ± 58.97a,g 83.01 ± 46.26d,g

  GM-CSF, pg/mL 292.26 ± 107.17 353.88 ± 129.24 278.30 ± 119.44e 365.47 ± 106.14e 293.07 ± 117.83
 Th2 cytokine
  IL-4, pg/mL 47.05 ± 8.15b 47.12 ± 6.27d 42.13 ± 11.63 45.81 ± 12.80g 31.69 ± 11.99b,d,g

  IL-6, pg/mL 51.76 ± 86.31 28.54 ± 13.87 68.48 ± 92.65 128.31 ± 387.04 24.22 ± 17.72
  IL-10, pg/mL 72.69 ± 28.98b 70.95 ± 19.31 75.05 ± 31.79f 77.34 ± 30.59g 42.86 ± 24.26b,f,g

Toll (TLR)/IL-1 Receptors (NFκB), mean ± SD
  IL-1β, pg/mL 8.58 ± 3.51 26.35 ± 59.43 9.49 ± 4.81 93.45 ± 310.35 5.57 ± 3.32
TNF-related receptors (NFκB vs caspases), mean ± SD
  TNF-α, pg/mL 63.60 ± 25.14 131.14 ± 227.72 66.00 ± 29.67 93.89 ± 79.17 46.22 ± 24.72
Serious case, n 0 1 0 1 —
Type I and II cytokine receptors (JAK-STAT), mean ± SD
 Th1 cytokine
  IL-2, pg/mL — 30.44 — 55.26 —
  IL-16, pg/mL — 1166.50 — 5931.51 —
  IFN-γ, pg/mL — 137.83 — 241.77 —
  GM-CSF, pg/mL — 358.69 — 563.12 —
 Th2 cytokine
  IL-4, pg/mL — 40.30 — 68.17 —
  IL-6, pg/mL — 20.55 — 160972.60 —
  IL-10, pg/mL — 46.22 — 135.33 —
Toll (TLR)/IL-1 Receptors (NFκB), mean ± SD
  IL-1β, pg/mL — 8.45 — 1254.26 —
TNF-related receptors (NFκB vs caspases), mean ± SD
  TNF-α pg/mL — 50.33 — 167.18 —

Abbreviation: HFMD, hand, foot, and mouth disease.
aP < .05 of EV71-infected case versus non-EV-infected case.
bP < .05 of EV71-infected case versus placebo.
cP < .05 of CA16-infected case versus non-EV-infected case.
dP < .05 of CA16-infected case versus placebo.
eP < .05 of EV-infected case versus non-EV-infected case.
fP < .05 of EV-infected case versus placebo.
gP < .05 of non-EV-infected case versus placebo.

IL-4 and IL-10, did not show any remarkable increase, 
likely a storm, in most HFMD cases, not even in the 2 
severe cases. It is not that the inflammatory responses 
were milder in the patients caused by non-EV71 virus 
than those induced by EV71, by which severe cases with 
neurological symptoms are often caused.13,14

Interestingly, along with the common clinical mani-
festations of vesicular eruptions on the hands, feet, and 
mouth, different profiles of cytokine and chemokine 
responses were noted in our HFMD patients infected by 
different viruses. These can be summarized as follows: 
EV71 infections were characterized by significantly 
increased levels of Th2 cytokines (IL-4 and IL-10) and 
CA16 infections by significantly increased levels of Th1 
cytokines (IL-2 and IFN-γ). By contrast, non-EVG 

infections seemed to directly trigger parallel increases in 
both Th1 and Th2 cytokines, whereas in EVG infections 
variations were detected only in individual cytokines, 
such as IL-10. Similarly large, virus-specific variations 
occurred in the levels of multiple chemokines. For 
example, the levels of CXCL1 were significantly 
increased in EVG-infected patients, CCL21 in CA16-
infected patients, and CCL17 in non-EVG-infected 
patients. The differences in these immune effectors 
might be due to variations in the immune response 
induced by the individual pathogens or to the pathogen-
esis of the infections by the individual pathogens.46

Finally, the neutralizing assay using sera from the 
HFMD patients showed no cross-interference between the 
different pathogens that cause HFMD. Our previous data 
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Table 4. Chemokine Levels of the 60 Patients With HFMD Caused by Different Pathogens.

Chemokines EV71+ CA16+ EVG+ EVG− Control

Total cases, n 16 11 15 18 5
Inflammatory, mean ± SD
 CCL11, pg/mL 45.45 ± 10.67 44.60 ± 7.86 44.95 ± 14.07 46.48 ± 14.79 34.50 ± 15.48
 CXCL2, pg/mL 256.43 ± 187.64 954.29 ± 2308.44 294.05 ± 190.40 312.65 ± 394.05 116.25 ± 72.89
 CXCL8 (IL-8), pg/mL 220.49 ± 384.84 31.72 ± 45.56 273.04 ± 576.22 78.36 ± 177.04 77.21 ± 127.16
 CXCL9, pg/mL 694.01 ± 332.37 659.44 ± 320.61 812.46 ± 854.12 803.39 ± 550.31 485.12 ± 461.38
 CXCL10, pg/mL 396.50 ± 405.85 232.02 ± 251.77 203.60 ± 151.74 522.25 ± 1198.64 63.25 ± 46.35
Noninflammatory, mean ± SD
 CCL1, pg/mL 120.58 ± 17.38b 127.43 ± 27.88d 116.51 ± 25.03 123.71 ± 30.28g 90.57 ± 31.19b,d,g

 CCL2 (MCP-1), pg/mL 97.09 ± 42.09 96.62 ± 57.45 160.01 ± 234.35 98.93 ± 63.87 127.75 ± 116.19
 CCL3 (MIP-1α), pg/mL 124.09 ± 239.41 26.15 ± 45.95 143.41 ± 292.96 69.61 ± 173.58 96.33 ± 158.06
 CCL7 (MCP-3), pg/mL 169.58 ± 42.10a 225.74 ± 108.62 190.76 ± 94.93 295.78 ± 318.86a 127.31 ± 67.21
 CCL8 (MCP-2), pg/mL 91.95 ± 45.26 85.911 ± 55.56 96.84 ± 83.60 101.33 ± 79.28 69.31 ± 62.75
 CCL13 (MCP-4), pg/mL 84.95 ± 94.76 69.95 ± 50.80 66.13 ± 52.60 80.79 ± 58.81 27.43 ± 19.79
 CCL17 (TARC), pg/mL 526.34 ± 419.84 480.34 ± 259.03 465.24 ± 269.64 621.59 ± 404.69g 185.00 ± 122.51g

 CCL19 (MIP-3β), pg/mL 835.41 ± 556.70b 781.79 ± 391.45 778.23 ± 446.57 982.24 ± 601.70g 315.56 ± 209.32b,g

 CCL20 (MIP-3α), pg/mL 18.00 ± 6.93 116.53 ± 332.98 23.72 ± 20.01 22.44 ± 11.62 9.92 ± 5.01
 CCL21, pg/mL 1795.84 ± 590.16 2346.52 ± 913.84c,d 1770.99 ± 981.46 1647.69 ± 636.39c 1259.53 ± 689.75d

 CCL22 (MDC), pg/mL 1608.23 ± 952.12 1253.13 ± 719.74 1476.44 ± 1149.85 1966.75 ± 2878.54 959.39 ± 742.67
 CCL23 (MPIF-1), pg/mL 205.59 ± 191.76 210.22 ± 158.85 269.66 ± 219.51 267.27 ± 228.33 289.70 ± 286.72
 CCL24 (Eotaxin-2), pg/mL 1256.85 ± 956.82 884.97 ± 554.68 798.94 ± 550.09 1348.68 ± 2144.21 706.87 ± 823.25
 CCL25 (TECK), pg/mL 1605.47 ± 686.13 1769.93 ± 568.76d 1424.50 ± 699.98 1885.03 ± 766.18g 950.46 ± 625.88d,g

 CCL26 (Eotaxin-3), pg/mL 107.57 ± 35.88a 120.44 ± 34.02 105.16 ± 42.25e 138.08 ± 51.94a,e,g 79.36 ± 46.69g

 CCL27 (CTACK), pg/mL 1693.93 ± 1062.49 1259.03 ± 930.78 1469.58 ± 966.89 1501.23 ± 1182.43 822.89 ± 1230.23
 CXCL1, pg/mL 344.16 ± 119.99 337.72 ± 147.94 381.05 ± 171.68f 299.69 ± 132.27 228.65 ± 110.34f

 CXCL5, pg/mL 1726.87 ± 777.02b 2397.96 ± 1668.35d 2220.97 ± 1439.27f 4650.20 ± 10718.24 12661.48 ± 25773.00b,d,f

 CXCL6, pg/mL 81.58 ± 31.03b 74.23 ± 24.65d 71.31 ± 27.67f 76.85 ± 36.20g 36.87 ± 18.29b,d,f,g

 CXCL11, pg/mL 36.00 ± 20.60b 23.18 ± 10.15 32.93 ± 32.53 32.24 ± 22.16 11.65 ± 8.29b

 CXCL12, pg/mL 714.87 ± 285.20b 663.44 ± 267.56d 669.21 ± 327.35f 712.89 ± 375.96g 304.53 ± 175.99b,d,f,g

 CXCL13, pg/mL 84.67 ± 44.36b 68.68 ± 32.69d 71.35 ± 45.16f 72.67 ± 34.40g 25.78 ± 14.93b,d,f,g

 CXCL16, pg/mL 535.46 ± 301.22 586.28 ± 290.03 654.15 ± 430.54 551.59 ± 224.96 463.14 ± 352.06
 CX3CL1, pg/mL 788.97 ± 321.64 1036.19 ± 283.26d 938.70 ± 461.97f 916.16 ± 579.12g 437.27 ± 244.28d,f,g

 MIF, pg/mL 3803.94 ± 4482.93 1771.59 ± 914.49 3301.97 ± 2944.77 3198.73 ± 2991.31 2143.78 ± 1374.25
Serious cases, n 0 1 0 1 -
Inflammatory, mean ± SD
 CCL11, pg/mL — 34.60 — 69.03 —
 CXCL2, pg/mL — 128.86 — 1654.37 —
 CXCL8 (IL-8), pg/mL — 13.7 — OV —
 CXCL9, pg/mL — 616.43 — 352.89 —
 CXCL10, pg/mL — 124.02 — 116.58 —
Noninflammatory, mean ± SD
 CCL1, pg/mL — 110.21 — 153.52 —
 CCL2 (MCP-1), pg/mL — 95.78 — 9992.35 —
 CCL3 (MIP-1α), pg/mL — 8.55 — OV —
 CCL7 (MCP-3), pg/mL — 181.36 — 1353.72 —
 CCL8 (MCP-2), pg/mL — 44.95 — 90.04 —
 CCL13 (MCP-4), pg/mL — 24.05 — 215.11 —
 CCL17 (TARC), pg/mL — 232.22 — 274.81 —
 CCL19 (MIP-3β), pg/mL — 343.29 — 488.85 —
 CCL20 (MIP-3α), pg/mL — 14.04 — 7934.79 —
 CCL21, pg/mL — 1563.47 — 1015.42 —
 CCL22 (MDC), pg/mL — 295.98 — 528.00 —
 CCL23 (MPIF-1), pg/mL — 93.49 — 594.95 —
 CCL24 (Eotaxin-2), pg/mL — 515.96 — 2486.42 —
 CCL25 (TECK), pg/mL — 1633.47 — 2614.06 —
 CCL26 (Eotaxin-3), pg/mL — 126.70 — 163.01 —
 CCL27 (CTACK), pg/mL — 559.51 — 552.32 —
 CXCL1, pg/mL — 299.11 — OV —
 CXCL5, pg/mL — 1231.23 — 44722.11 —
 CXCL6, pg/mL — 54.41 — 103.63 —
 CXCL11, pg/mL — 13.65 — 21.65 —
 CXCL12, pg/mL — 367.08 — 423.20 —
 CXCL13, pg/mL — 40.69 — 64.38 —

(continued)
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Figure 1. Neutralizing antibodies against EV71 from the 60 
patients with HFMD caused by different pathogens.

Chemokines EV71+ CA16+ EVG+ EVG− Control

 CXCL16, pg/mL — 160.02 — 664.37 —
 CX3CL1, pg/mL — 739.88 — 2476.29 —
 MIF, pg/mL — 989.60 — 11955.62 —

Abbreviation: HFMD, hand, foot, and mouth disease; OV, over the highest level.
aP < .05 of EV71-infected case versus non-EV-infected case.
bP < .05 of EV71-infected case versus placebo.
cP < .05 of CA16-infected case versus non-EV-infected case.
dP < .05 of CA16-infected case versus placebo.
eP < .05 of EV-infected case versus non-EV-infected case.
fP < .05 of EV-infected case versus placebo.
gP < .05 of non-EV-infected case versus placebo.

Table 4. (continued)

and phase III trial of an EV71 inactivated vaccine had dem-
onstrated effective immune protection induced in the indi-
viduals infected by EV71 or immunized by the vaccine. 
Thus, repeat HFMD infection might reflect an infection by 
the different pathogen or that the abnormal immune 
response might be related to CA16 or EVG infection.

Taken together, our results suggest the importance of 
HFMD in determining the exact pathogen when consid-
ering the common clinical manifestations induced by the 
infection of different viruses.
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