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ABSTRACT

This study aimed to estimate the disease burden and health-related quality of life (HRQOL) among
patients with severe hand, foot, and mouth disease (HFMD) in Jiangsu Province, China. We analyzed the
surveillance data of HFMD cases in Jiangsu Province from 2009 to 2020. Moreover, a cross-sectional study
was conducted in Nanjing and Suzhou, China, between January 2017 and May 2018. Patients with severe
HFMD and their parents were recruited from selected hospitals. Questionnaires and hospital management
systems were used to collect data on direct economic burden. The HRQOL of children was assessed using
the TNO-AZL Preschool Quality of Life (TAPQOL) scale. A total of 1,348,737 confirmed cases of HFMD were
reported to the NNDRS in Jiangsu province during 2009-2020. Of these, 9,622 were severe cases, with 62
(.64%) of these being fatal. From January 2017 to May 2018, data was collected from 362 severe HFMD
cases using a structured questionnaire. The median per capita direct economic burden was RMB 16142.88,
and was associated with the region and length of hospital stay (P < .05). The direct economic burden for all
cases of severe HFMD in Jiangsu province between 2017 and 2018 was approximately RMB 16.64 million.
Finally, the median (IQR) of the TAPQOL scale for children with severe HFMD was 69.23 (56.20, 82.27).
Severe HFMD infection is a relatively large burden for individuals, and the burden of EV-A71 infection was
seen to be even greater for the population. Prevention of severe HFMD should strengthen hygiene habits
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and targeted measures for EV-A71 vaccination.

Introduction

Hand, foot, and mouth disease (HFMD) is a common infec-
tious disease that predominantly affects children younger than
5 years of age. It is mainly caused by enterovirus 71 (EV-A71)
and Coxsackie virus A16 (CV-A16)." However, some patients
may become severely ill, with neurological or cardiopulmonary
complications, and even death.>” In the past few decades, the
largest outbreaks of HFMD have occurred in the Asian-Pacific
region, including countries such as Malaysia, Singapore, and
Vietnam.*® In China, since HFMD was included in the man-
agement of Category C statutory infectious diseases in
May 2008, its incidence rate and the number of confirmed
cases have been the first among statutory reported infectious
diseases.” Moreover, the EV-A71 vaccine launched in 2016
seems to have varying degrees of impact on the prevalence
and pathogenic composition of HEMD.'*'*> One study indi-
cated that a dramatic decrease in EV-A71 cases was observed,
although the total cases remained high.'” Overall, HFMD has
caused serious economic and social burdens and has become
an important public health problem that cannot be ignored.

From 2008 to 2018, a total of 157, 065 cases of severe
HFMD were reported in China, with a severe case proportion
of .76% and a severity-fatality rate of 2.34%.'* Meanwhile, one
study has pointed out that patients with severe HFMD are
more likely to have a lower socioeconomic status and suffer
a heavy economic burden.'” Living with severe HFMD can
carry a huge financial burden on individuals and families. In
addition, severe HFMD can adversely affect the physical and
mental health, as well as the quality of life among children.
However, most of the existing studies focus on the analysis of
epidemiological characteristics and related factors, such as the
incidence of HEMD, or evaluate vaccine effectieness.!%1*1617
Only a few studies have assessed the economic burden and
health-related quality of life (HRQOL) among children with
severe HEMD from 2011 to 2013."®'® These studies indicated
that higher economic burden and loss of disability-adjusted
life years (DALYs) were associated with EV-A71 infection
and longer disease duration.'®'” Studies on the disease bur-
den of severe HFMD, especially economic burden, and stu-
dies regarding HRQOL among children with severe HEMD
are insufficient.
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Therefore, this study aimed to (1) analyze the incidence
trend of HFMD and the pathogenic composition of severe
HFMD in Jiangsu Province from 2009 to 2020; (2) estimate
the economic burden of severe HFMD and the sociodemo-
graphic factors associated with the economic burden; and (3)
assess the HRQOL among children with severe HFMD and the
sociodemographic factors associated with HRQOL. We hope
to provide a scientific basis for the rational allocation of med-
ical resources, and prevention and control strategy establish-
ment for HFMD.

Materials and methods
Case definitions

The clinical diagnostic criteria for severe HEMD were based on
the “Guidelines for the Diagnosis and Treatment of Hand,
Foot, and Mouth Disease (2010 Edition)” by the Ministry of
Health of China.”® Patients with severe HFMD mainly suffered
from neurological damage, respiratory function involvement,
circulatory dysfunction, and other symptoms. The diagnostic
criteria for laboratory-confirmed cases were: (1) Enterovirus
(CV-Al6, EV-AT71, etcetera.) specific nucleic acid test was
positive; (2) Enterovirus was isolated and identified as EV-
A71, CV-A1l6, or another enterovirus that can cause HFMD.

Epidemiological, economical, and health-related quality
of life data collection

Data on HFMD cases from 2009 to 2020 were obtained from
the National Noticeable Disease Reporting System (NNDRS)
established by the Chinese Center for Disease Control and
Prevention. Basic demographic and diagnostic information
and etiological results of HFMD cases were collected via the
NNDRS.

Data was collected from patients with severe HFMD who
were treated at Nanjing Children’s Hospital and Suzhou
Children’s Hospital in Jiangsu Province from January 2017 to
May 2018. The data collected referred to economic burden and
related to quality of life through retrospective and prospective
investigations. Information regarding direct non-medical
costs, including accommodation and diet, transportation, and
nutrition costs, were collected in detail. The HRQOL of
patients with severe HFMD was assessed using the TAPQOL
scale. The TAPQOL scale not only has acceptable reliability
and validity, but has also been previously used in other
countries, > as well as in China®* Moreover, the TAPQOL
scale consists of 43 items and covers the 12 dimensions of sleep,
appetite, lungs, stomach, skin, motor functioning, communi-
cation, social functioning, problem behavior, anxiety, positive
mood, and vitality. Items in each dimension were assigned
points according to the answer selection. The sum of the
score of each dimension was finally transformed linearly to
a 0-100 domain score, in which a higher score meant a better
HRQOL.*! Investigations were conducted through patient tel-
ephone follow-ups or face-to-face surveys.

This study was approved by the Ethics Committee of the
Jiangsu Provincial Center for Disease Control and Prevention
(JSJK2016-B008-01).

Table 1. Assignment of independent variables.

Independent variables Assignment

Age (month) Continuous variable

The number of days in the hospital (day) Continuous variable
Gender “Male” =1, “Female” = 2
Region “Nanjing” = 1, “Suzhou” = 2

Quality control and statistical analysis

Data from the questionnaires were entered into EpiData 3.1
software, and all data were entered twice. The missing data
were completed using multiple imputation methods.”> The
proportion of missing data for variables ranged from .55%-
14.09%. Sensitivity analysis revealed no statistically significant
differences. The annual economic burden of the patients with
HFMD in this study was converted to the 2018 level at
a discount rate of 5%.°° Descriptive analysis was performed
using the mean and standard deviation (SD), median and
interquartile range (IQR), and composition ratio.

In univariate analysis, the Wilcoxon rank sum test was used
to compare two groups of non-normally distributed data, and
the Kruskal-Wallis H test was used for the comparison of
multiple groups. Multivariate analysis was performed using
multiple linear stepwise regression analysis. The independent
variables included gender, age, region, and the number of days
in hospital. The specific assignment of each independent vari-
able is presented in Table 1. The (B) coefficient and its 95%
confidence interval (CI) of each variable were estimated to
identify the influencing factors of direct economic burden
and the total score of the TAPQOL scale, respectively. As
described in a previous study,”’” the sampling distribution of
the sample mean approximated a normal distribution when the
sample size was sufficient (>30). Therefore, the population
mean was roughly replaced by the sample mean to estimate
the total economic burden.

All statistical analyses were performed using Excel 2016,
SPSS software, and R software. A two-sided P value of <.05
was considered statistically significant.

Results
The incidence of HFMD cases in Jiangsu Province

A total of 1,348,737 confirmed cases of HFMD were reported
to the NNDRS in Jiangsu province during 2009-2020. Of these,
9,622 were severe cases. Among the severe cases, 62 (.64%)
were fatal. During the 12 years, the incidence rate of HFMD
remained relatively stable overall, except for a sharp decline in
2020. However, the number of severe HFMD cases was rela-
tively high between 2010 and 2014. In contrast, a gradual
decline in the number of severe HFMD cases have seen since
2015. It is particularly worth mentioning that the number of
severe HFMD cases fell below 60 during 2019-2020. In addi-
tion, the number of deaths from HFMD was relatively small in
the Jiangsu Province (Figure 1, Supplementary 1).

The primary pathogen type causing severe HFMD was the
EV-A71 pathogen from 2009 to 2018 (Figure 2). The EV-A71
pathogen had suddenly decreased since 2018, with the propor-
tion being zero in 2020. Furthermore, the Coxsackie virus A6
(CV-A6) pathogen appeared in severe HFMD cases in 2017,
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Figure 1. Trends in the incidence rate and the number of severe cases of hand, foot, and mouth disease in Jiangsu Province from 2009 to 2020.
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Figure 2. Distribution of pathogen types of severe hand, foot, and mouth disease in Jiangsu Province from 2009 to 2020.

and the proportion was gradually increased. The CV-A16
pathogen has always been one of the pathogens causing severe
HFMD, and together with the CV-A6 pathogen, they gradually
became the main types of pathogens causing severe HFMD
from 2019 to 2020.

Direct economic burden of severe HFMD and influencing
factors

Direct economic burden of severe HFMD

A total of 362 of the patients with severe HFMD were included
in the analysis between January 2017 and May 2018 (Table 2,
Supplementary 1). There were no deaths. The direct economic
burden totaled RMB 6713946.39, of which 83.16% were direct
medical costs and 16.84% were direct non-medical costs
(Table 2 and Figure 3). The median of per capita direct eco-
nomic burden was RMB 16142.88. Meanwhile, the reimbursed
costs were RMB 3461690.64, which accounted for 61.96% of

the direct medical costs. Drug costs accounted for the largest
costs in direct medical costs (40.40%), while accommodation
and diet costs accounted for the largest costs in direct non-
medical costs (45.25%) (Supplement 1). In addition, all patients
were hospitalized for a total of 3960 days, with a median of
10.00 days, The median of hospitalization cost per capita was
RMB 1324.19 per day.

The comparisons between the groups demonstrated that the
differences in gender and age of direct medical costs, direct non-
medical costs, and direct economic burden were not statistically
significant (P >.05). However, the direct medical costs, direct
non-medical costs, and direct economic burden in Nanjing were
significantly higher (P <.001) than those in Suzhou (Table 2).

Influencing factors of direct economic burden

Since the direct economic burden data did not conform to the
normal distribution (P <.001) and was heavily positively
skewed, the 1/x transformation was adopted for data
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conversion. Then the normality test results showed that P
=.211. Subsequently, multivariate analysis was performed on
the direct economic burden of severe HFMD patients using
multiple linear stepwise regression analysis. Gender, age,
region, and number of days in the hospital were analyzed in
the regression model. However, only the variable of the region
(B=—.45, P<.001) and the number of days in the hospital (=
—.15, P=.003) had statistically significant effects on the direct
economic burden of patients with severe HFMD. The regres-
sion model was statistically significant (F = 78.76, adjusted R
=.582). The specific results are shown in Table 3.

P value
768*%
657t

<.001*

)
)
)
)

Per capita cost, median (IQR)
16005.00 (12461.50, 22328.16)
16608.00 (12027.06, 23608.60)
14903.50 (11723.55, 18258.83
16135.53 (16135.53, 24000.69
16766.64 (12167.93, 22791.36,
16245.60 (12279.88, 22100.42
19776.59 (14954.79, 26505.75)
12560.34 (10724.76, 15758.67)
16142.88 (12253.46, 22770.10)

Direct economic burden

The estimated direct economic burden of Jiangsu Province
from 2017 to 2018
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Figure 3. The composition of direct economic burden of patients with severe hand, foot, and mouth disease in Nanjing and Suzhou.

Table 3. Multi-Factor analysis of direct economic burden of patients with severe
hand, foot, and mouth disease.

Variables B B 95%Cl P value

Constant 23001.22 (18988.19, 27014.26)  <.001

Region* —6343.985 —.45 (—7723.47,-4964.50) <.001

The number of days in the 42991 0.15 (145.31, 714.52) 003
hospital

Abbreviations: B, unstandardized coefficient; 8, standardized coefficient; Cl, con-
fidence interval.
*Nanjing was the reference group.

respectively. Finally, the median (IQR) of the total score of the
TAPQOL scale for children with severe HFMD was 69.23
(56.20, 82.27). The total TAPQOL score was not statistically
related to age, gender, and region.

Numerous studies revealed that EV-A71 was the main
pathogen causing severe HFMD.">>*®?° The epidemic of EV-
A71 cases presented a certain periodicity, with an epidemic
peak every 2-3 years.'* Similar results were shown before 2016.
However, after 2016, the predominant serotype of the patho-
gen causing severe HFMD in Jiangsu Province has changed,
and this epidemic pattern is no longer present. This change
may be due to the administration of the EV-71 vaccine. Since
2016, Jiangsu Province began administering EV-A71 vaccina-
tions, and the overall vaccination rate for children in the birth
cohort reached 19.63-28.63% from 2016 to 2019
(Supplement 1). This greatly reduced the prevalence of EV-
A71 and the incidence of severe HFMD.” On the other hand,
this may be due to the natural law of different conversion of the
dominant serotypes of enteroviruses in susceptible popula-
tions. In addition, there was a significant decrease in the inci-
dence rate of HFMD in 2020. Such a significant change was
more attributable to the increase in public awareness of the
prevention and control of infectious diseases due to the impact
of the coronavirus disease 2019 (COVID-19) epidemic.’"**
Basic prevention and control measures such as frequent hand
washing, wearing masks, and maintaining a certain degree of
social distancing led to a reduction in the number of reported
cases of common HFMD and severe HFMD in 2020.

Information on the economic burden of HFMD can support
decision-makers in formulating and implementing interven-
tion strategies, especially those regarding vaccine resources.
The results of this study showed that the direct economic

burden of 362 patients with HFMD was RMB 613943.39. The
median of the per capita direct economic burden was RMB
16142.88, accounting for 27.22% (RMB 59308 in Nanjing™ and
25.43% (RMB 63481 in Suzhou™ of the disposable income of
local residents in 2018, respectively, which was higher than the
direct economic burden of patients with severe HFMD pre-
viously reported in Xi’an and Shanghai.***> However, it was
comparable to the direct economic burden reported by
Nanjing and Qingdao.’®*” Moreover, the study revealed that
longer the hospital stay leads to higher direct economic bur-
den, direct medical costs, and direct non-medical costs in
patients. This was not only in line with our outcome predic-
tions but also consistent with the conclusions of other
studies.'” The direct economic burden, direct medical costs,
and direct non-medical costs of patients in Nanjing were
higher than those of patients in Suzhou. This may be related
to the different factors that affect economic burden, such as
economic development, consumption level, and price level of
the region where the patients with severe HFMD were located.
Meanwhile, direct medical costs (83.16%), drug costs (40.40%),
and accommodation and diet costs (45.25%) accounted for the
largest proportions of direct economic burden, direct medical
costs, and direct non-medical costs, respectively. Severe HEMD
has caused serious economic burdens on society and families of
patients, especially relating to direct medical costs. A previous
study revealed that the socioeconomic status of the families of
patients with severe HFMD may be lower, and that they may
suffer a heavy economic burden.'” Poor families are therefore
more likely to suffer a heavier burden of disease. In addition,
the results also indicated that reimbursement costs accounted
for 61.96% of hospitalization costs. This reminds us that in
addition to implementing effective measures for the prevention
and control of HFMD, more attention should be devoted to
establishing scientific and effective medical insurance systems
to effectively reduce the burden of disease for patient and their
families.

The results of this study indicated that children with severe
HFEMD had lower TAPQOL scores. Except for “lungs”, “motor
functioning”, and “anxiety”, the other scores were lower than
those of healthy children observed in previous studies.”* In
a Chinese study, which also used the TAPQOL scale, the scores
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Table 4. The TAPQOL scale score of patients with severe hand, foot, and mouth
disease.

Score, Gender Age, month  Region
Variables median (IQR) Pvalue*  Pvaluet P value*
Sleeping 70.59 (47.06, 89.71) 577 427 194
Appetite 66.67 (41.67, 100.00) 866 858 <.001
Lungs 100.00 (83.33, 100.00) 303 871 023
Stomach 80.00 (60.00, 80.00) 913 585 001
Skin 62.50 (50.00, 62.50) 764 790 028
Motor functioning  94.12 (94.12, 94.12) 584 268 040
Communication 85.71 (85.71, 85.71) 191 958 195
Social functioning  50.00 (16.67, 100.00) 166 921 569
Problem behavior  85.71 (64.29, 100.00) 176 31 309
Anxiety 100.00 (66.67, 100.00) 230 889 991
Positive mood 66.67 (33.33, 100.00) 667 089 507
Liveliness 50.00 (33.33, 100.00) 681 110 537
Total scale 69.23 (56.20, 82.27) 498 481 084

Abbreviations: TAPQOL, TNO-AZL Preschool quality of life; IQR, interquartile range.
*Wilcoxon rank sum test.
tKruskal-Wallis H test.

of children with CV-A16 infection were also lower than those
of healthy children.** In previous studies on the HRQOL
among patients with HFMD, the indicators used were DALY
or quality-adjusted life years (QALY)."®'® Due to different
measurement methods and indicators, our results are not
directly comparable to previous study results. However, it can
be inferred that HFMD severely impairs quality of life among
patients. Moreover, children with severe HFMD had the poor-
est HRQOL in the “social functioning” and “vitality” domains
(50.00). We speculated that the severe illness causes children to
lose their past vitality. Direct changes in child vitality were
noticed by parents as seen in the information gathered. The
study also found that the HRQOL among patients with severe
HFMD was not related to gender and age, and was only slightly
different in the region. It may be that the age of onset among
children was generally low. The exposure conditions of the
surrounding environment were similar, and the subjective
feelings of the parents toward their children were also similar.
Overall, this study emphasizes the adverse effects of severe
HFMD to HRQOL among children. More attention should
be paid to restoring quality of life and the improving of mental
health.

This study had some limitations that should be considered
when interpreting the findings. Firstly, this study was based on
a questionnaire survey of HFMD cases conducted in hospitals,
and other cases may have been missed. Incomplete investigations
could lead to biased estimates of disease burden. Secondly, the
comparison can be made only when the same discount rate is
converted into the cost simultaneously. The cost of this study was
only a rough comparison compared to the cost of other studies in
order to provide a reasonable basis for inference. Thirdly, in this
study, indirect costs and intangible costs were not calculated, and
the assessment of the economic burden of severe HFMD had its
own limitations. Follow-up studies should conduct a systematic
investigation to comprehensively evaluate the heavy economic
burden of severe HEMD. Fourthly, the collection of information
on influencing factors such as sociodemographic and clinical
symptoms of the cases was not comprehensive enough.
Therefore, the analysis of the influencing factors in this paper is
not sufficiently in-depth enough, and follow-up research needs to

be supplemented and improved. Fifthly, the “motor functioning,”
“social functioning,” and “communication” dimensions of the
TAPQOL scale were only appropriate for children aged 18
months and older, while the rest of the nine scales were still
applicable to children younger than 18 months.*® Therefore, the
assessment of HRQOL for patients younger than 18 months of
age may be biased. Sixthly, the TAPQOL scale was completed by
the parents of children infected with severe HEMD rather than
the children themselves. There were a few differences between
the views of the children and their parents. As some point,
parents were unclear about their child’s illness and related cir-
cumstances. Therefore, the quality of the investigation may have
been affected. However, for children who could not complete the
scale independently, parents were still regarded as a good source
of information. Finally, more effort is needed in sampling-size
selection and survey methods.

Conclusion

The burden of severe hand, foot, and mouse disease in Jiangsu
Province is significant, and the health-related quality of life
among patients is poor. Therefore, basic prevention and con-
trol measures such as frequent hand washing, wearing masks,
and maintaining a certain social distance, as well as targeted
measures for vaccination, should be vigorously promoted.
Moreover, scientific and effective medical subsidies and reim-
bursement policies should be established to reduce the finan-
cial burden on patients. Finally, efforts should be made to
improve the health-related quality of life among children.
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