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Abstract

Coxsackievirus (CV) A6 has been widely considered as the main cause of global hand, foot, and mouth disease
(HFMD) outbreaks. Despite the serious threat to children’s health posed by the emerging CV-A6, our knowledge

of the epidemiological features and etiology of HFMD caused by the new CV-A6 strains remains limited. In the
present study, we aimed to investigate the epidemiological and genetic characterizations of CV-A6-associated
HFMD outbreaks in Henan Province, China between 2021 and 2022. Clinical data and biospecimens of 407 children
with mild and severe CV-A6 infection from Henan Children’s Hospital (Children’s Hospital Affiliated to Zhengzhou
University) were collected for this prevalence study. Logistic regression analysis was employed to assess potential
risk factors for severe illness. We also sequenced the VP1 gene of 4 CV-A6 strains, and a phylogenetic tree was
conducted to characterize the evolutionary features of these CV-A6 strains. The majority of patients were 1~2 years
old (236/407, 62.93%). Rash (364/407, 89.43%) and increase of lung markings in both lungs (224/407, 55.04%) were
found to account for the highest percentage of clinical manifestations and clinical examination. Logistic regression
analysis showed that boys were more likely to develop critical illness (OR: 1.970; 95% Cl: 1.220~3.180), and that
persistent high fever (OR: 2.066; 95% Cl: 1.375~3.105), and elevated procalcitonin (PCT) levels (OR: 2.931; 95% Cl:
1.590 ~5.405) would increase the risk of developing a critical illness (P<0.01). The phylogenetic tree indicated that
the genotype of CV-A6 strains in Henan Province was the D3 subtype. Collectively, in addition to the rash, acute
respiratory infections due to CV-A6 infection are becoming increasingly common. Male sex, persistent high fever,
and elevated PCT levels are associated with an increased risk of critical illness in patients infected with the D3
subtype of CV-A6. These findings may provide a scientific basis for guiding the prevention of HFMD and increase
clinicians’ awareness of CV-A6 infection.
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Introduction

Hand, foot, and mouth disease (HFMD) is a common
infectious disease in children, characterized by the
appearance of rash on the hands, feet and mouth, and
mainly affects young children under the age of five [1].
The disease is self-limiting and its severity varies among
individuals, with complications such as meningitis, myo-
carditis, and pulmonary edema occurring in a small
number of patients [2]. Human enteroviruses are the
main pathogens of HFMD, of which the most common
enteroviruses are coxsackievirus (CV) Al6 and entero-
virus (EV) A71 [3]. However, after 2016, the number of
EV-A71 cases declined year by year, and even tended to
disappear during the coronavirus disease 2019 (COVID-
19) pandemic [4]. Instead, CV-A6 and CV-A10 have
become the major prevalent serotypes, with the detection
rate of CV-A6 reaching 71.1% [5]. Large-scale CV-A6
outbreaks have been reported globally, such as Brazil,
Vietnam, and France [6-8]. In recent years, some Prov-
inces in China have also reported HFMD outbreaks asso-
ciated with CV-A6 [9, 10]. Patients affected by CV-A6
tend to endure a higher fever, have a more prolonged dis-
ease course, and display more severe skin manifestations
than typically associated with HFMD [11]. In addition,
the atypical manifestations of HFMD caused by CV-A6
have increased significantly, including Gianotti Rossi-like
rash, Coxsackie eczema, petechiae/purpura rash, ony-
chomadesis [12], and blister. Due to their skin manifes-
tations, similar to those of other serious skin diseases,
it is difficult to accurately and timely diagnose them in
clinical practice [13]. Severely ill patients infected with
CV-A6 will exhibit neurologic symptoms such as vom-
iting and convulsions [14, 15]. In severe cases, acute
myocardial injury and left ventricular dysfunction may
also occur [15]. Animal studies have shown that CV-A6
infection induces brain and spinal cord damage in mice,
accompanied by neuronal reduction, apoptosis, and
astrocyte activation. This cardiophilic and neurophilic
nature of CV-A6 places a tremendous burden on society
and families [16].

In this study, we aimed to analyze the epidemiological
and genetic characterizations of CV-A6 infection and
explore the risk factors for severe disease, which will pro-
vide a reference for related medical workers and a scien-
tific basis for the prevention of CV-A6.

Materials and methods

Case definition

A clinical case of HFMD was defined as a patient with
maculopapular or vesicular rash on hands, feet, mouth,
or buttocks, with or without fever, according to the

guidelines of the National Health Commission of the
People’s Republic of China. The determination of mild
and severe HFMD is based on the ‘Diagnosis and Treat-
ment Guidelines for Hand, Foot, and Mouth Disease
(2018 Edition)’ [17]. When patients experienced certain
neurological complications such as convulsions, vomit-
ing, and muscle weakness, as well as heart and lung fail-
ure, a diagnosis of severe cases can be established.

Data collection

Henan Children’s Hospital (Children’s Hospital Affili-
ated to Zhengzhou University) is equipped with 2,200
beds and is the province’s premier referral destination for
dealing with severe HFMD. It serves as both the National
Children’s Regional Medical Center and the Children’s
Medical Center of Henan Province. Our study specifically
focused on this hospital, patients with HFMD caused by
CV-A6 virus admitted between 2021 and 2022, and col-
lected demographic information, laboratory indicators,
and fecal samples from the patients.

Specimen testing

Viral RNA was extracted using commercial kits. The
RNA extracts from each specimen were tested using a
pan-enteroviral assay with specific oligonucleotide prim-
ers and probes that targeted EV-A71, CV-A16, CV-A6,
and CV-A10 in separate assays. The test results were clas-
sified into six categories: enterovirus negative, EV-A71
positive, CV-A16 positive, CV-A6 positive, CV-A10 posi-
tive or other enterovirus positive without further sero-
type identification.

Sequencing and phylogenetic analysis

Four samples were randomly selected from those deter-
mined to contain CV-A6 to sequence the entire VP1
gene. The specific methods of sample preparation, RNA
extraction and full-length CV-A6 sequencing were
referred to Chen et al.[11]. Perform phylogenetic analy-
sis of 78 strains (74 strains from the GenBank database
and 4 strains from patients) of CV-A6 viruses using the
molecular evolutionary genetics analysis software MEGA
11.0. The sequences of 4 CV-A6 strains reported in this
study have been uploaded to the NCBI database with the
GenBank accession numbers PP964015-PP964018.

Statistical analysis

Data analysis was carried out using SPSS 26.0 (IBM
Corp., Armonk, NY, USA). Quantitative data were pre-
sented as mean +standard deviation or as median with
a 25-75% interquartile range, depending on whether
they were normally distributed. After testing for
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Fig. 1 Epidemiological characteristics of patients with CV-A6 infection in Henan Province, China. (A) From 2021 to 2022, the monthly distribution of
HFMD patients in Henan Province, China. (B) Distribution of mild and severe illnesses and the ratio of the composition of severe illnesses among different
age subgroups. (C) Age composition of HFMD cases caused by CV-A6. (D) Sex composition of HFMD cases caused by CV-A6. (E) Regional composition of

HFMD cases caused by CV-A6

normality using the Shapiro-Wilk test, Student’s t-test
was employed to analyze normally distributed continu-
ous data, while the Mann-Whitney U test was employed
for data with non-normal distributions. In contrast, data

for categorical variables were presented as frequen-
cies and percentages and compared using Chi-square or
Fisher’s exact test. Multivariate logistic regression analy-
sis was used to identify risk factors for CV-A6-associated
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Fig. 2 Clinical manifestations of patients with CV-A6 infection in Henan Province, China

severe HFMD. A two-sided Pvalue <0.05 was considered
statistically significant in all the statistical analyses.

Results

Epidemiological characteristics of patients with CV-A6
infection in Henan Province, China

From March 2021 to November 2022, a total of 407
HFMD cases with CV-A6 infection were admitted to
Henan Children’s Hospital (Children’s Hospital Affiliated
to Zhengzhou University). Among them, 249 (61.18%)
were mild cases and 158 (38.82%) were severe cases. The
incidence of HFMD was seasonal, with the peak period
from May to September each year (Fig. 1A). Most of
patients were younger than 5 years (390/407, 95.82%),
especially children aged 1~2 years (260/407, 63.88%)
(Fig. 1B and C). A larger proportion of male patients
(248/407, 60.93%) were found in cases (Fig. 1D). Patients
were most prevalent in urban areas (340/407, 83.54%),
followed by rural areas (40/407, 10.07%) (Fig. 1E).

Clinical manifestations of patients with CV-A6 infection in
Henan Province, China

The mean duration of hospitalization of patients was
(3.92 £2.61) days, mean duration of fever was (1.71 +1.25)
days and mean maximum temperature was (39.19 + 1.86)
°C. During the initial phase of the illness, a significant
majority of patients (364/407, 89.43%) developed a
rash, with the most prevalent occurrence observed on
the hands, feet, mouth, and buttocks simultaneously
(143/407, 35.14%). Furthermore, a subset of patients
also exhibited oral herpes (181/407, 44.47%). In several
cases, the rash spread to the face (7/407, 1.87%), perianal
(4/407, 0.98%) and perineum (5/407, 1.33%). Other clini-
cal manifestations among the patients included runny
nose (80/407, 19.66%), cough (68/407, 16.71%), vomiting
(75/407, 18.43%), convulsions (21/407, 5.16%), tremors
(93/407, 22.85%), increase of lung markings (224/407,
55.04%), sinus tachycardia (58/407, 14.25%), and abnor-
mal electrocardiogram (9/407, 2.40%) (Fig. 2).

Risk factors of CV-A6-related critical iliness
A risk factor analysis was conducted on 375 patients
after excluding 32 patients with incomplete clinical data,
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Table 1 Demographic characteristics, clinical manifestations, and biochemical examinations of mild and severe HFMD caused by

CVAG6 in Henan Province

Characteristics Mild (n=231) Severe (n=144) P-value
Age 38 (16.45%) 19 (13.19%) 0.166
<1year 138 (59.74%) 98 (68.06%)

1-2 years 47 (20.35%) 19 (13.19%)

3-4 years 8 (3.46%) 8 (3.46%)

>5 years

Sex 126 (54.55%) 103 (71.53%) 0.001
Male 105 (45.45%) 41 (28.47%)

Female

Rash 21 (93.07%) 134 (93.06%) 0.995
Oral herpes 126 (54.55%) 60 (41.67%) 0.019
Residence 190 (82.25%) 119 (82.64%) 0.992
Urban 25(10.82%) 15 (10.42%)

Rural 16 (6.93%) 10 (6.94%)

Urban-rural

Birth weight (kg) 336+049 338+0.52 0.634
Body temperature (C) 39.17+0.63 3944 +0.50 <0.001
Fever days (day) 1.78+1.29 1.62+1.21 0.202
Hospitalization days (day) 3641101 360+ 1.06 0.738
WBC count (x10%/L) 12.70+£4.43 13.12+4.60 0.366
N% 64.75+16.00 69.65+13.50 0.002
% 2690+14.19 23.58+12.68 0.022
N count (x10%L) 537+4.00 573+4.77 0.608
L count (x10%/L) 3.89+1.77 3.84+2.06 0.885
Hb (g/L) 121.35+13.63 122.74+11.26 0.777
PLT (x10%/L) 292.19+88.13 289.10+91.93 0.745
CRP (mg/L) 16.67+21.70 16.37+17.90 0.889
PCT (ng/mL) 0.26+0.34 051+0.76 <0.001
IL-6 (pg/mL) 34.08 (9.34,701.90) 3340(12.21,243.3) 0.752
IgE (ng/mL) 176.35 (56.50,493.03) 128 (43.06,428.05) 0.141
CD3% 58.80+£9.70 57.64+947 0.495
CD8% 19.17+£6.07 18.94+6.99 0.802
CD4% 34724937 33.63+9.05 0.400
CD4/CD8 214+1.12 2.09+0.89 0.719
ALT (U/L) 23.25+£10.51 2334+£14.74 0.953
AST (U/L) 38.28+9.09 40.80+30.03 0.334
LDH (U/D) 34149+71.59 33525+66.99 0475
CK-MB (U/L) 2093+£10.25 2141+£8.10 0.703

Statistically significant values are identified in boldface

Abbreviations: leukocyte, WBC; neutrophil percentage, N%; lymphocyte percentage, L%; neutrophil, N; lymphocyte, L; hemoglobin, Hb; platelet, PLT; C-reactive
protein, CRP; interleukin-6, IL-6; immunoglobulin E, IgE; alanine transaminase, ALT; aspartate aminotransferase, AST; lactic dehydrogenase, LDH; creatine kinase-MB,

CK-MB

with the study consisting of 231 mild cases and 144
severe cases. In terms of age, there was no statistical dif-
ference between the mild and severe groups (P=0.392).
The proportion of male patients in the severe group was
higher than that of patients in the mild group (71.53% vs.
54.54%, P=0.001). No significant difference was observed
between the mild and severe group in terms of days of
hospitalization, birth weight, place of residence and rash.
Oral herpes was statistically different between the mild
and severe group (54.55% vs. 41.67%, P=0.019). The
mean body temperature of patients in the severe group
(39.44.£0.50) was higher than that of the mild group

(39.17+0.63) and the difference was statistically signifi-
cant (P<0.001). The severe group had higher percentage
neutrophils (NEUT), and increased level of procalcitonin
(PCT), and lower percentage of lymphocytes (LYM), as
compared to the mild group, and the differences were
statistically significant (P <0.05) (Table 1).

We further conducted multiple regression analyses to
recognize the risk factors of CV-A6-related critical illness
(Fig. 3). Our results showed that male sex (OR: 1.970; 95%
CI: 1.220 ~ 3.180), persistent high fever (OR: 2.066; 95%
CI: 1.375 ~3.105), and increased level of PCT (OR: 2.931;
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Univariate analysis

Characteristics

P -value OR(95%CI)
Age 0.391 0.994(0.981-1.008)
Male 0.001 2.093(1.342-3.267) —a—t
Birth weight 0.633 1.107(0.729-1.680) ot
Body temperature <0.001 2.221(1.516-3.255) —.—
rash 0.995 0.997(0.440-2.262) —te—
Oral herpes 0.019 0.606(0.398-0.922) re
Urban residents 0.924 1.025(0.623-1.686) —.—
Hospitalization days 0.737 0.966(0.788-1.184) "
WBC 0.366 1.022(0.975-1.070)
N% 0.003 1.023(1.008-1.038)
L% 0.024 0.982(0.966-0.998)
Hb 0.777 1.002(0.986-1.019)
PLT 0.745 1.000(0.997-1.002)
CRP 0.889 0.999(0.989-1.010)
PCT <0.001 3.523(1.933-6.418)
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Multivariate analysis
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Fig. 3 Forest plot of a logistic regression model for identifying CV-A6-related serious illness

95% CI: 1.590 ~ 5.405) were associated with an increased
risk of critical illness.

Phylogenetic analysis of complete VP1 gene sequences of
CV-A6

Phylogenetic analysis was performed on entire VP1
sequences of 78 CV-A6 strains (74 strains from the Gen-
Bank database and 4 strains from this study) using the
software MEGA 11.0. As shown in Fig. 4, these 4 CV-A6
strains from clinical patients in Henan Province were the
D3 subtype.

Discussion

Compared to other enteroviruses associated with HFMD,
CV-A6 causes a longer disease duration and more severe
symptoms, affecting both children and adults. Recently,
the increasing morbidity of HFMD associated with
CV-A6 has become an important public health issue.
In this study, a total of 407 CV-A6 infections were col-
lected in Henan Children’s Hospital (Children’s Hospital
Affiliated to Zhengzhou University) from March 2021
to November 2022. We found a severe rate of 38.4% in
hospitalized CV-A6 cases. The specific manifestations
of neurological involvement include vomiting (75/407,
18.43%), convulsions (21/407, 5.16%), tremors (93/407,
22.85%), consciousness disorders (10/407, 2.46%), limb
weakness (2/407, 0.49%), and drowsiness (1/407, 0.25%).
According to infectious disease surveillance data from
2011 to 2012 in Japan, the reported rates of cases of
encephalitis or encephalopathy associated with EV-A71
and CV-A16 were 0.93% and 0.31% [2], respectively, and
a recent study has shown that the proportion of HFMD
cases caused by CV-A6 with central nervous system
(CNS) involvement ranges from 3.6 to 18.2% of patients

[18]. This may be due to the fact that the sample in this
study was from one hospital, and Berkson’s bias cannot
be avoided. It is also possible that we underestimated the
ability of CV-A6 to damage the CNS [19].

There were 95.82% patients under the age of 5 years,
especially children aged 1~ 2 years, suggesting that chil-
dren aged 1~2 years were the main susceptible popula-
tion for HFMD [20]. On the one hand, this is because
children under the age of 5 have immature humoral and
cellular immune functions, making them susceptible to
virus invasion. On the other hand, the close contact in
childcare facilities also accelerates the rate of disease out-
breaks [21]. Urban children accounted for 83.54% of the
total cases, which may be related to the high population
density and increased opportunities for children to come
into contact with each other, resulting in a correspond-
ing increase in the probability of virus transmission [22].
As with previous research findings, this study also con-
cluded that the prevalence of HFMD is seasonal, with a
peak incidence from May to September each year [23].
As for the difference between the two epidemic peaks in
2021 and 2022, it is mainly related to non-pharmaceutical
intervention measures during the COVID-19 pandemic.
Related study has shown that hot and humid weather is
very conducive to the spread of enteroviruses in the pop-
ulation, which just supports our findings [23]. We found
that 89.43% of patients developed rashes, mostly on the
hands, feet, mouth, and buttocks. Notably, some of the
rashes appear in atypical areas such as the face, anus and
perineum. These atypical clinical presentations result in
patients who may be misdiagnosed, which in turn leads
to inappropriate and unnecessary investigations, hos-
pitalization and treatment. As described in our recent
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studies, there is a need to raise awareness of atypical pre-
sentations of HEMD.

CV-A6 not only causes typical symptoms such as
rash, but also leads to acute respiratory infections. Some
patients showed symptoms of acute respiratory infec-
tions such as runny nose and cough. Chest computed
tomography (CT) images showed the increase of lung
markings in half of the patients and a small number of
them had patchy lungs and pneumonia. The above results
suggest that the impact of CV-A6 on the respiratory tract

should not be underestimated. Previous studies indicated

that the relationship between specific viral strains and
the nervous system, and the impact of HFMD and the
respiratory system has been under-explored, especially
the complex impact of CV-A6 [24, 25]. One noteworthy

study noted the ability of CV-B4 to cause severe pneumo-
nia infections, suggesting that CV-A6, our fellow entero-
virus, may have similar pathogenic potential, especially
in attacking the respiratory tract [26]. In addition, a sig-
nificant increase in lower respiratory infections has been
reported in young children with low birth weight who
develop HFMD [27]. Of particular concern is the case of
a child with symptoms of both HFMD and atypical symp-
tom who was co-infected with enterovirus D68 (EV-D68)
and CV-AS6, a case that directly supports the possibility of
co-infection of CV-A6 with other respiratory viruses [28].
What’s more, cases of vertical transmission of CV-A6
leading to severe congenital pneumonia/septicemia have
been documented, which not only confirms the diversity
of transmission routes for CV-A6, but also suggests that
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infection with the virus during pregnancy may have seri-
ous respiratory effects on the foetus, further highlighting
the potential risk of intergenerational transmission [29].

Multivariate analysis showed that male sex, persis-
tent hyperthermia, and elevated PCT levels are associ-
ated with an increased risk of critical illness in patients
infected with the D3 subtype of CV-A6. Boys tend to
have higher levels of physical activity, which may result
in increased opportunities for viral exposure, contribut-
ing to the observed differences [30]. We hypothesize that
the sustained high fever in patients may trigger exces-
sive activation of the body’s immune system, leading to
intensified inflammatory responses and weakened viral
clearance, thereby exacerbating the condition. On the
other hand, prolonged high fever may also facilitate viral
replication and dissemination within the body, further
contributing to disease progression [31]. Procalcitonin
(PCT) is the precursor of calcitonin. Recent studies have
revealed that PCT is not only a biomarker, but may also
be directly involved in immunomodulation [32]. The
results suggest that procalcitonin is associated with the
severity of CV-A6 infection, which is consistent with pre-
vious studies [33]. Elevated levels of PCT may inhibit the
body’s immune function, reduce the body’s resistance to
the virus, and lead to the deterioration of the disease. At
the same time, PCT is an early marker for predicting sep-
sis and should be given sufficient attention [34, 35].

The phylogenetic tree indicated that the CV-A6 strain
circulating in Henan Province was the D3 subtype. As
reported previously, the D3 subtype is dominant among
CV-A6 subtypes in China; however, the current status of
virus virulence and the presence of recombination and
mutation need to be investigated in greater depth [36, 37].
The D3 subtype of CV-A6 has demonstrated a sustained
epidemiological pattern in specific regions, particularly
prominent in the Asia-Pacific region, where epidemio-
logical studies including the Philippines (2012 ~2017)
[38], Thailand (2000 ~ 2022) [39], and South Korea (2022)
[40] confirmed the D3 subtype as the dominant strain.
In addition, the global distribution of CV-A6 subtypes
showed diversity: in France, subtypes D1 and D3 were the
predominant prevalent strains during 2010 ~ 2018 [41]; in
Hong Kong, China, in 2018, strains were dominated by
subtypes D5 and D4 [42]; Japan witnessed the prevalence
of subtypes A3 and A4 during 2013 ~ 2017 [43]; and India
reported the presence of strains of sublineage E2 in 2022
[44]. Notably, the geographic distribution of CV-A6 sub-
types dynamically adjusts over time, geographic differ-
ences, and changes in population immunization status.
Therefore, continuous tracking and in-depth investiga-
tion of the global distribution of CV-A6 subtypes and the
latest scientific research progress will be invaluable for
the development of public health strategies, optimization
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of outbreak early warning systems, and implementation
of targeted medical interventions.

This study also had some limitations. First, all the data
in this study were obtained from one hospital. Second,
the inclusion of risk factors was not comprehensive due
to incomplete clinical examination indicators in some
patients, which may bring about missing data from some
examinations and may have overlooked some factors.
Third, we only obtained the full-length VP1 sequences
of four CV-A6 strains, which is a limitation for reveal-
ing the genetic evolutionary features of CV-A6 in Henan
Province. It is hoped that in future study, we will use mul-
ticenter studies to further explore the epidemiological
features and genetic characterizations of CV-A6 strains.

Conclusions

Collectively, in addition to the rash, acute respiratory
infections due to CV-A6 infection are becoming increas-
ingly common. Male sex, persistent high fever, and ele-
vated PCT levels are associated with an increased risk of
critical illness in patients infected with the D3 subtype of
CV-A6. These findings may provide a scientific basis for
guiding the prevention of HFMD and increase clinicians’
awareness of CV-A6 infection.

Abbreviations

HFMD Hand, foot, and mouth disease
cv Coxsackievirus

PCT Procalcitonin

EV Enterovirus

COVID-19  Coronavirus disease 2019

LYM Lymphocytes

CNS Central nervous system

cT Computed tomography
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