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Abstract. Immune reaction plays a crucial role in the regula-
tion of the progression of Coxsackievirus A16 (CA16)-infected 
hand, foot and mouth disease (HFMD). However, no details of 
T-cell subset frequency or imbalance during the CA16 infec-
tion process have been revealed. In the present study, whether 
CA16-induced HFMD changes the frequency of different 
T-cell subsets and associated immune mediators was deter-
mined in children. The results indicate that the percentages 
of Th1 and Tc1 cells were significantly increased in children 
with HFMD compared with those in healthy children. In 
addition, the Th1/Th2 ratio and interferon (IFN)-γ levels were 
significant higher in children with HFMD. Furthermore, the 
percentage of Th17 cells and the Th17/Treg ratio as well as 
interleukin (IL)-17A levels were higher in HFMD cases. In 
conclusion, the present study demonstrated the dysregulation 
of T-cell subsets following CA16 infection. The Th1/Th2 and 
Th17/Treg ratios were imbalanced following infection. Also, 
the imbalance Th1/Th2 and Th17/Treg ratios contributed 
to the increased levels of IFN-γ and IL-17A. Based on this 
information, the present study provides new insights for the 
future study of CA16-induced HFMD and offers new data of 
diagnostic and therapeutic value for CA16 infection.

Introduction

Hand, foot, and mouth disease (HFMD) is a significant 
childhood illness. It is characterized by fever and vesicular 
eruptions on the hands, feet and mouth. Also, certain compli-
cations occur, although rarely, such as pneumonia, meningitis, 
rhabdomyolisis and encephalitis. The most common infective 
agents in HFMD are coxsackievirus A16 (CA16) and entero-
virus 71 (EV71) (1). A large number of studies have focused 
on EV71-associated HFMD while less attention has been 

paid to CA16 strains due to the mild and benign symptoms 
following infection (1,2). Based on phyletic evolution analysis, 
CVA16 is closely related to EV71; however, the pathogen-
esis and symptoms may differ, which has not been fully 
determined (1). Since 2007, large-scale outbreaks of CA16 
infection in China have occurred (3). Genetic diversities and 
the evolution of CA16 strains have been identified in several 
studies (2). A total of 42 CV16 strains have been reported from 
different locations in China, including Inner Mongolia, Gansu, 
Qinghai and Shandong provinces (2). With the exception of 
strain identification, little information has been presented on 
the pathogenetic mechanisms. A previous study demonstrated 
that CA16 plays only a subsidiary role in the pathogenesis (4). 
Nevertheless, understanding the mechanism of the effects of 
CA16 is likely to aid therapeutic strategies for HFMD. 

CV16 and EV71 share the same receptor, scavenger 
receptor class B member 2 (SCARB2) (5). By developing trans-
genic mice with expression of human SCARB2, Chang et al 
investigated the efficacy conferred by a neutralizing antibody, 
N3 (5). The results showed that accumulated viral loads and 
the expression of pro‑inflammatory cytokines were positively 
correlated. The authors concluded that the neutralizing anti-
body, N3, could be used as a new potential therapy for treating 
severe HFMD. The immunological reactions following EV71 
infection have been deeply studied. Changes in the expression 
levels of several inflammatory mediators following EV71 
infection have been investigated, including interferon (IFN)-γ, 
interleukin (IL)-13, IL-6, IL-1β and IL-10, as well as chemo-
kines IL-8 and IL-10 (6). The expression of these mediators 
was found to correlate with disease severity and outcome. In 
a mouse model, the mice with a lack of CD4+ or CD8+ T cells 
had more severe disease (7). In addition, high expression levels 
of IL-6 were found in newborn mice following EV71 infec-
tion and resulted in tissue damage (8). Li et al reported that 
Th1/Th2 and Th17/Treg imbalances were observed following 
EV71 infection (9). These findings illustrate the importance of 
cellular immunity in the pathogenesis of HFMD. However, at 
present, the pathogenesis of CV16 remains unclear.

T cells, also named T lymphocytes, play a crucial role 
in immune regulation. Dependent upon the cluster of differ-
entiation (CD) receptors that they express, these cells can 
be classified into CD4+ and CD8+ T cells (10). CD4+ T cells 
include Th1, Th2, Th17 and Treg subsets whereas CD8+ T cells 
include Tc1, Tc2 and Tc17 subsets. Type 1 cytokines, such as 
IL-2, tumor necrosis factor (TNF)-α and IFN-γ, are secreted 
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by Th1 and Tc1 cells while type 2 cytokines such as IL-4, IL-5 
and IL-13 are secreted by Th2 and Tc2 cells (11). Th17 and 
Tc17 cells secrete IL-17, while Treg cells are characterized by 
IL-10 and TGF-β expression (12). This secretion specificity 
and the different kinds of T cell subsets are in balance under 
normal conditions; however, when organisms suffer from 
an infectious disease, the system becomes imbalanced. For 
example, following Staphylococcus aureus implant infec-
tion, the Th1/Th17 response increased while Th2/Treg also 
responded to chronic infection (13). In EV71-infected patients 
with HFMD, the percentages of Th1, Tc1 and Th17 cells were 
found to be increased, and the Th1/Th2 ratio and IL-17A and 
IFN-γ levels were upregulated (9). These studies demonstrate 
the imbalance of inflammatory mediators and T cells in the 
pathogenesis of HFMD subsequent to EV71 infection. Also, 
they suggest that T-cell subset imbalance has an important role 
in the pathogenesis of infection.

Studies concerning different T-cell subsets in CA16-induced 
HFMD are very limited compared with those on EV71-induced 
HFMD. As there is a lack of information concerning vaccines 
or drugs for the prevention of CA16 infection, an increased 
understanding of CA16 infection is likely to contribute to new 
therapeutic strategies. Thus, in the present study, to elucidate 
the changes in the balance of T-cell subsets associated with 
CA16 infection, the distribution of T-cell subsets as well as the 
mediator expression in these cells were detected. These data 
may provide new insights for future study and be of diagnostic 
and therapeutic value for CA16-induced HFMD.

Materials and methods

Clinical samples. Clinical samples were collected from 
the Department of Pediatrics, Shilong People's Hospital 
(Dongguan, China). CA16 infection was identified by 
reverse transcription quantitative polymerase chain reaction 
(RT-qPCR) of nucleic acids in throat swabs or stool speci-
mens. In total, 100 CA16 infected children with HFMD (aged 
0.2-6.1 years old) were enrolled in this study. All the samples 
were taken at the same time, which was 3 days from the 
appearance of HFMD symptoms. In addition, 30 healthy chil-
dren with no symptoms of HFMD were enrolled as controls. 
The clinical collection was approved by the Ethics Committee 
of the Department of Pediatrics, Dongguan Shilong People's 
Hospital. In addition, informed consent was obtained from the 
parents or guardians of all the children that participated in the 
present study.

Sample preparation. Samples, including throat swabs and stool 
samples, were collected from the patients or control children 
and then stored at ‑80˚C until analyzed. Also, blood samples 
were collected and the lymphocytes were isolated according 
to the manufacturer's instruction (Lymphoprep™; Axis-Shield, 
Oslo, Norway). Peripheral blood mononuclear cells (PBMCs) 
were suspended at density of 1x106 cells/ml in RPMI-1640 
(Gibco, Grand Island, NY, USA) with 10% fetal bovine serum 
(Gibco).

RT‑qPCR. The RNAs were extracted from throat swabs and 
stool specimens using a PureLink® Viral RNA/DNA Mini kit 
(Invitrogen Life Technologies, Carlsbad, CA, USA) according 

to the manufacturer's instructions. The detection of CA16 was 
conducted by RT-qPCR as described in a previous study by 
Xiao et al (14). In brief, the RT‑PCR thermal profile consisted 
of: reverse transcription program (50˚C for 30 min), denatur-
ation program (95˚C for 3 min) and amplification program 
repeated 40 times (95˚C for 5 sec, 60˚C for 40 sec) and FAM, 
VIC and CY5 fluorescence measurement at 60˚C. RT‑qPCR 
was carried out on a ABI 7500 Real-Time PCR system 
(Applied Biosystems®, Invitrogen Life Technologies) The 
primers (purchased from Sangon Biotech, Shanghai, China) 
were as follows: tumor necrosis factor (TNF)-γ forward: 
5'-TGGCTTAATTCTCTCGGAAACG-3', reverse: 5'-TTT 
TACATATGGGTCCTGGCAGTA-3' and probe: 5'-ATCTTG 
GCTTTTCAGCTCTGCATCGTTTT-3'; IL-4 forward: 
5'-CCCTCTGTTCTTCCTGCTAGCA-3', reverse: 5'-CCT 
GTAAGGTGATATCGCACTTGT-3' and probe: 5'-TGCCGG 
CAACTTTGTCCACGG-3'; IL-17A forward: 5'-GGGCCT 
GGCTTCTGTCTGA-3', reverse: 5'-AAGTTCGTTCTG 
CCCCATCA-3' and probe: 5'-CAAGGCACCACACAACCCA 
GAAAGGA-3'; transforming growth factor (TGF)-α forward 
5'-GCCATTCTGGGTACGTTGGT-3', reverse: 5'-TGATGG 
CCTGCTTCTTCTGA-3' and probe: 5'-CACGCTGTGAGC 
ATGCGGACCTC-3'.

Enzyme‑linked immunosorbent assay (ELISA). In the present 
study, ELISA was used to detect the expression levels of 
IFN-γ, IL-4, IL-17A and TGF-α in plasma using IFN-γ, IL-4, 
IL-17A and TGF-α ELISA kits provided by R&D Systems 
(Minneapolis, MN, USA). The assays were conducted 
according to the manufacturer's instructions. All samples were 
tested in three replicated assays.

Flow cytometric analysis. For the analysis of different 
subsets of T cells, the cell suspension was provoked by 
culture with 25 ng/ml phorbol 12-myristate 13-acetate 
(Sigma-Aldrich, St. Louis, MO, USA) and 1 µg/ml ionomycin 
(Sigma‑Aldrich,) at 37˚C for 4 h. Subsequently, the cells 
were incubated with polyclonal PerCP-Cy5.5-labeled goat 
anti-human and polyclonal FITC-labeled goat anti-human 
CD8 antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA) for 20 min at 4˚C. For Treg cells, the cell suspension 
was incubated with a mixture of polyclonal FITC-labeled 
goat anti-human CD4 and polyclonal PE-labeled goat 
anti-human CD25 (Santa Cruz Biotechnology) for 20 min at 
4˚C. Subsequently, the cells were incubated with polyclonal 
Alexa Fluor 647-labeled goat anti-human Foxp3 (Santa Cruz 
Biotechnology). After fixing and permeabilizing, the stained 
cells were assayed by an Epics XL‑MCL flow cytometer 
(Beckman Coulter, Miami, FL, USA). The ratios of the 
cells were calculated by the antibody signals of the specific 
proteins. Isotype controls were used to correct compensa-
tion and confirm antibody specificity. All calculations 
were performed using EXPO32 ADC software (Beckman 
Coulter).

Statistic analysis. Statistical analysis was performed using 
SPSS software, version 13.0 (SPSS, Inc., Chicago, IL, USA). 
The significance of differences was determined by one‑way 
analysis of variance (ANOVA). Differences were considered 
significantly if P≤0.05. If F ratios exceeded the critical value 
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(P≤0.05), the Newman‑Keul's post‑hoc test was performed to 
compare the groups.

Results

Case overview. Of the 100 patients with HFMD, 49 and 
51 patients were diagnosed with mild and severe HFMD, 
respectively, according to the diagnostic criteria described in 
a previous study (15). No significant differences in age and 
gender were identified among the studied groups. The dura-
tion of hospitalization and fever duration were significantly 
higher in the severe group compared with the control and 

mild groups. Among all 100 patients with HFMD, all cases 
were confirmed by RT‑qPCR to be infected with CA16, and 
CA16 nucleic acid was detected in both throat swabs and stool 
specimens. The results showed that the severe group had the 
higher number of copies of CA16 in both throat swabs and 
stool species (Table I).

The percentages of different subsets of T cells in the 
control, mild HFMD and severe HFMD groups were assayed. 
The percentages of CD3+ T cells in the control, mild HFMD 
and severe HFMD groups were 67.32±12.52, 70.03±7.37 and 
58.92±8.74%, respectively. The percentages of CD3+CD8- 
T cells in the control, mild HFMD and severe HFMD groups 
were 43.44±4.85, 40.05±7.55 and 37.22±13.24%, respectively. 
The percentages of CD3+CD8+ T cells in the control, mild 
HFMD and severe HFMD groups were 26.23±2.03, 26.18±2.23 
and 19.63±4.03%, respectively. Statistically, the percentages of 
these subsets of T cells were not significantly different among 
all the tested groups (Fig. 1A). The values of CD3+CD8- and 
CD3+CD8+ were used to calculate the CD3+CD8-/CD3+CD8+ 

ratio. This ratio also was not identified to differ significantly 
among the groups (Fig. 1B).

Imbalance of Th1, Th2, Tc1 and Tc2 in CA16‑infected patients. 
The percentages of Th1 cells were 6.12±2.05, 18.52±1.98 and 
26.53±5.69% in the control, mild HFMD and severe HFMD 
groups, respectively. The Th1 percentage in each group was 
found to be significantly different compared with that in the 
other two groups (Fig. 2A). By contrast, no such difference was 
identified in the Th2 cell percentage (Fig. 2B). The Th1/Th2 
ratio was significantly increased in the mild (8.82±1.98) and 
severe groups (11.52±28.92) compared with that in the control 
group (0.93±1.02; Fig. 2C).

The Tc1 cell percentage was significantly higher 
in the mild (42.35±4.52%) and severe (58.68±11.37%) 
HFMD groups compared with that in the control group 
(18.52±4.37%; Fig. 2D). By contrast, the Tc2 cell percentage 
did not significantly differ among the groups (Fig. 2E). In a 
similar manner to the Th1/Th2 ratio, the Tc1/Tc2 ratio was 
higher in the mild (72.23±14.92) and severe HFMD groups 

Figure 1. (A) Percentages of CD3+, CD3+CD8- and CD3+CD8+ T cells and 
(B) the CD3+CD8-/CD3+CD8+ ratio among control children and children with 
mild and severe HFMD.

Table I. Basic information of studied samples.

Variables Control Mild Severe

Number of samples 30 49 51
Age (years) 2.05±1.62 2.31±1.54 1.97±1.28
Gender (male/female) 15/15 24/25 27/24
Length of hospitalization (days) 0 6.00 (4.00-7.00) 9.00 (7.00-11.00)a

Highest body temperature (˚C) ‑ 38.42±0.88 38.78±0.48
Fever duration (days) - 2.13±0.53 4.53±0.62a

WBC (x109/l) 7.03 (5.47-8.11) 11.53 (9.39-13.02) 12.32 (10.83-14.02)a

Neutrophil (%) 59.35±8.63 57.56±7.26 60.23±4.69
CRP (mg/l) - 7.00 (5.00-9.53) 7.51 (4.53-10.04)
CA16 (copies/ml) hroat swabs 0 5x106-4x107 5x108-4x1010a

CA16 (copies/ml) stool 0 3x104-4x105 2x105-7x108a

WBC, white blood cell count; CRP, C-reactive protein; CA16, Coxsackievirus A16. aP<0.05 vs. control.

  A

  B
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(70.79±17.54) compared with that in the control group 
(41.13±5.89; Fig. 2F).

Disrupted balance of Th17/Treg in CA16‑infected patients. 
The cell frequencies of Th17 were significant higher in the mild 
(1.83±0.17%) and severe HFMD groups (3.21±0.39%) than in 
the control group (0.41±0.14%; Fig. 3A), while the percentage 
of Treg cells was not identified to be significantly different 
among the groups (Fig. 3B). The Th17/Treg ratio was also 
found to be higher in the mild (2.23±0.42) and severe HFMD 
groups (3.76±0.72) compared with that in the control group 
(0.43±0.17; Fig. 3C). Furthermore, the percentage of Tc17 cells 

was also significantly higher in the mild (1.73±0.14%) and 
severe HFMD groups (2.35±0.54%) than in the control group 
(0.41±0.17%; Fig. 3D).

CA16 infection changes cytokine levels in plasma. The 
expression levels of immune mediators, specifically IFN‑γ, 
IL-17A, IL-4 and TGF-β in plasma were determined by 
ELISA. The levels of IFN-γ were significant higher in the mild 
(11.03±0.75 pg/ml) and severe (12.14±1.49 pg/ml) HFMD groups 
than in the control group (1.06±0.25 pg/ml; Fig. 4A). Similarly, 
IL-17A exhibited higher levels in the mild (2.68±0.56 pg/ml) 
and severe (11.52±1.22 pg/ml) HFMD groups compared with 

Figure 2. Percentage of Th1 (A), Th2 (B), Tc1 (D) and Tc2 (E) cells as well as the ratio of Th1/Th2 (C) and Tc1/Tc2 (F) in control, mild and severe HFMD 
children. Different characters showed significant difference (P<0.05) among the tested groups.

Figure 3. Percentage of Th17 (A), Treg (B) and Tc17 cells (D), as well as the ratio of Th17/Treg (C) in control, mild and severe HFMD children. Different 
characters showed significant difference (P<0.05) among the tested groups.

  A   B   C

  D   E   F

  A   B

  C   D
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that in the control group (2.82±1.25 pg/ml; Fig. 4B). However, 
the levels of IL-4 and TGF-β were not identified to be signifi-
cantly different among the three groups (Fig. 4C and D).

Discussion

At present, a significant amount of evidence indicates that 
inappropriate inflammation participates in the progression 
of HFMD (11,13). However, when more mild and benign 
symptoms are present following infection, little information 
has been unveiled concerning the adaptive immunity of the 
infected host. In the present study, the T‑cell profile and related 
immune mediators were analyzed in CA16-infected children 
with HFMD, in order to investigate the association between 
changes in T cells and HFMD. The results demonstrate that 
CA16-infected children had higher percentages of Th1, Th17, 
Tc1 and Tc17 cells as well as plasma IFN-γ and IL-17A levels 
than healthy control children had. These results indicate that 
the immune system is disordered following CA16 infection. 
In concurrence with the present study, Li et al observed an 
imbalance of T-lymphocyte subsets with abnormal production 
of IFN-γ and IL-17A following EV71 infection in children 
with HFMD (9). In addition, the EV71-related encephalitis 
was associated with a significant increase in the levels of 
pro‑inflammatory cytokines, such as IL‑6, TNF‑α and IL- 1β. 
Together, these findings imply that HFMD‑related infection, 
including EV71 and CA16 infection, contributes to dysregula-
tion of the immune system.

So far, to the best of our knowledge, no information 
depicting the role of Th1 in CA16 infected HFMD patients 
has been published. Th1 cytokines have been shown to have a 
crucial role in the pathogenesis of EV71-infected HFMD (9). 
In the present study, it was demonstrated that there was no 
significant difference in Th2 and Tc2 percentages among the 
three groups, while IFN-γ production by T cells (Th1 and 
Tc1) was significantly increased following CA16 infection. In 
addition, the Th1/Th2 ratio was also shown to rise in children 

with HFMD. These results indicate the CA16 dysregulated the 
balance between Th1 and Th2, and suggest that CA16 infec-
tion in HFMD may associated with Th1-promoted disease.

The Th1/Th2 ratio hypothesis was proposed from research 
in 1986 suggesting that mouse T-helper cells expressed 
differing cytokine patterns (16). Th1 cells drive cellular immu-
nity while Th2 cells drive humoral immunity. The Th1/Th2 
ratio thus reflects the cellular/humoral immunity balance 
following pathogen invasion. The Th1/Th2 ratio clearly indi-
cates immunological changes in mammalians. The Th1/Th2 
ratio hypothesis explains cancer, diabetes and pathogenic 
infection well (17-19). However, the Th1/Th2 ratio hypothesis 
also demonstrates limitations in several diseases, including 
asthma, rheumatoid arthritis and chronic hepatitis B (19-21). 
In the present study, the Th1/Th2 balance was affected in chil-
dren with HFMD. However, no significant difference could be 
observed in the Th1/Th2 ratio between patients with mild and 
severe HFMD. This shows a certain limitation of the Th1/Th2 
balance theory in children with HFMD. Thus, changes in 
T-cell subsets participate in CA16-induced HFMD. Treg and 
Th17 cells have been identified to participate in multidirec-
tional immunological reaction following Th1/Th2 balance 
changes (22,23). The present study also revealed a change 
in the Th17 and Th17/Treg ratio that was associated with the 
disease severity. Based on these findings, the imbalance of 
Th1/Th2 cells may stimulated by HFMD, while the Th17/Treg 
imbalance may play a decisive function in HFMD progres-
sion. These findings are consistent with a previous study by 
Chen et al, which identified that Th17 cells increased signifi-
cantly in children with HFMD, suggesting that Th17-mediated 
immune response plays a crucial role in the progression of 
HFMD (24). Notably, the percentage of Th17 cells was higher 
in the severe group compared with the mild group. Thus, it 
was also found that the level of IL-17A, which is secreted by 
Th17 cells, also increased. IL-17A is known to contribute to 
the inflammatory response and induces the production of 
several cytokines and chemokine mediators. As result, neutro-

Figure 4. Plasma IFN-γ (A), IL-4 (C), TGF-β (D) and IL-17A (B) levels in plasma of control, mild and severe HFMD children based on ELISA assay. Different 
characters showed significant difference (P<0.05) among the tested groups.

  A   B

  C   D
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phil activation processes, such as differentiation, maturation 
and migration, are under the control of IL-17A (25). This is 
in accordance with the finding that the white blood cell count 
increased following CA16 infection in the children in the 
present study. Li et al demonstrated that Th17 cells and IL-17A 
are involved in the progression of EV71-related HFMD (9). 
Thus, these data suggest that changes in the levels of Th17 
cells and increasing levels of IL-17A secretion are key factors 
in CA16-induced HFMD.

In contrast to the acute increase in the levels of Th17 cells 
and IL‑17A in plasma, other inflammatory mediators such as 
IL-4 and TGF-β showed no changes following CA16 infection. 
The percentage of Treg cells was also unchanged in children 
with HFMD. This also implies the importance of Th17 cell 
function in the pathogenesis of HFMD rather than the function 
of Treg cells.

In addition, no significant difference could be identified 
between mild and severe HFMD cases. These finding is 
comparable with the results in the studies by Yang et al (26) 
and Li et al (9). The authors demonstrated that the viral load of 
EV71 was not correlated with certain immune factors statisti-
cally, including IL-4 and TGF-β. These data suggest that the 
viral loads in throat swabs or stool specimens may not corre-
late with several T-cell subsets as well as the immune factors 
in plasma. Lin et al reported that the changes in T-cell subsets 
exhibited a tissue‑specific profile (27). They confirmed that 
throat swab and stool specimens showed a reduced viral load 
of EV71 than the specific tissue that is the focus of infection, 
and thus are not adequate for diagnosis. Therefore, it would 
be interest to elucidate the precise tissue‑specific profile of 
different T-cell subsets in CA16-induced HFMD in future 
studies.

In conclusion, the present study reported that a dysregula-
tion of T-cell subsets occurs in CA16-induced HFMD, as well 
as imbalances in the Th1/Th2 and Th17/Treg ratios following 
infection. The imbalances contribute to increases in the levels 
of IFN-γ and IL-17A accordingly. However, the molecular 
mechanisms of CA16‑induced HFMD remain insufficiently 
understood. The present findings provide a new insight for 
future studies of CA16-induced HFMD, and provide informa-
tion of diagnostic and therapeutic values for CA16 infection.
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