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Effect of hand washing and personal hygiene on
hand food mouth disease
A community intervention study
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Abstract
There are no specific treatment drugs and vaccine for Hand Foot andMouth Disease (HFMD). Taking effective preventive measures is
particularly important for control of HFMD infection. The objective of this study is to evaluate the effect of intervention of intensive
education on hand hygiene on HFMD.
We randomized 64 villages into intervention and control groups in Handan, Hebei province, China. Parents and caregivers of

children 6 to 40 months age group in intervention villages received intensive education on hand hygiene. Control group received
general education. The intervention period was from April 1 to July 31, 2011 and April 1 to July 31, 2012.Wemeasured and compare
the knowledge and incidences of HFMD between 2 groups.
We collected 6484 questionnaires, including 3583 in the intervention group [response rate: 96% (3583/3726)] and 2901 in the

control group [response rate: 90% (2901/3224)]. We observed that hand washing habit of children and parent, knowledge of HFMD
of parents, children’s daily cleaning habits scores improved in the intervention group and higher than that in the control group at both
the end of year 1 (April 1–July 31, 2011)and year 2 (April 1–July 31, 2012). The incidence of HFMD (2.1%) in intervention group was
significantly lower than that in control group (4.2%) at year 2 (x2=22.138, P<.001). The positive percent of coli-form on the hand
swabs in intervention group (2.00%) were significantly lower than that in control group (9.45%) at the end of year 2.
The intervention of intensive education on hand hygiene effectively improved the personal hygiene both of children and parents, as

well as reduced the incidence of HFMD. We suggested expanding the intervention measures in community to prevent HFMD.

Abbreviations: EV71 = Enterovirus 71, HFMD = hand, foot, and mouth disease.
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1. Introduction

Hand, foot, and mouth disease (HFMD) is a common infectious
disease caused by various Enteroviruses (such asCoxsackievirusA16,
otherCoxsackieviruses, andEnterovirus 71 [EV71]), which primarily
affects infants and children under 5 years of age.[1] It is usually a mild
and self-limiting disease; however, recently many severe HFMD out-
breaks caused by EV71 have occurred worldwide. These outbreaks
are characterized by high numbers of neurological complications,
which often led to death or permanent paralysis, causing significant
concerns in the public health community.[2] Up to now, no specific
treatment or vaccine is currently available for HFMD.
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Studies conducted in China and Korea have identified risk
factors for HFMD, including low socioeconomic status, existence
of open-air defecation, poor sewage treatment, poor hand-
washing and other poor personal hygienic habits (such as biting
fingers).[3–8] Among these factors, open-air defecation and poor
sewage treatment usually require expensive social engineering
solutions, whereas risk factors such as hand-washing and other
personal hygienic habits may be achieved by low-cost measures
such as health education.
Observational studies have strongly shown the association

between poor hand-hygiene and HFMD.[5–7] However, no
interventional studies have been conducted to verify this
association. In 2011, we conducted a community-based trial to
evaluate the effect of intervention of intensive education on hand
hygiene on HFMD, and to provide scientific evidence for
developing strategies for preventing and controlling HFMD.
2. Methods

This study was approved by the Institutional Review Board of
Hebei Center for Disease Control and Prevention, China. The
institutional review board stated that written consents from
patients were not required for this study because the identification
numbers and personal information about participants were not
included in the secondary files. All participants provided their
verbal, informed consent.
We conducted an intervention trial in rural areas in Handan

Prefecture, Hebei Province in Northeastern China. In 2010,
the Prefecture had an estimated population of 8900000 persons.
The attack rate among children 6 to 40 months age group
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was1652/100000 which was higher than that in other age groups
in 2010. So we targeted the intervention at children in the 6 to 40
months age group because of their susceptibility to HFMD. For
feasibility reasons, and to minimize cross-contamination of
intervention effect, the intervention was administered at the
village level rather than at sub-village levels.
We selected 4 counties with the highest incidences of HFMD

during 2009 to 2010 in the prefecture as the study sites. Before
intervention in 2010, the incidence of HFMD among target
children in these 4 countries was about 5%, based on the data
from the national notifiable disease surveillance system, which
had made HFMD a notifiable disease in 2008. Expecting that the
intervention would reduce the incidence by 30%, with a=0.05
and a power of 90%, we calculated that each group would need
2900 children to participate. Assuming a 10% dropout rate, the
sample size for each group would be about 3190 children.
Census and childhood immunization data showed that in

Handan Prefecture, each administrative village had an average of
about 500 residents, and each household had an average of 0.2
children in the targeted age group. Therefore, each group would
need30(=3190/0.2/500) administrativevillages.We randomchose
64 administrative villages fromall the 483 villages whose incidence
rateswere in themid-pack in the 4 countries, that is, 3% to 10%, to
participate in this study. Those 64 villages were randomized into
intervention and control groups; each group had 32 villages.
Parents and caregivers in the 32 intervention villages received

intensive educationonhandhygiene. Postersonhand-washingwere
posted on every street corner and popular gathering places;
messages describing the importance andcorrect procedures of hand-
washing were written on the villages’ information blackboards and
broadcasted over the radio station of the villages. Brochures and
leaflets on preventing HFMD were distributed to all parents in the
intervention villages. Also, the Prefecture’s Center for Disease
Control and Prevention conducted train-the-trainer sessions for all
village doctors on knowledge of HFMD and correct hand-washing
methods. The village doctors were then asked to train the parents in
their villages. The specific training received by the village doctors,
who then trained the parents, included the following:
1)
2)
Six steps of hand washing;
When hand-washing is needed;
3)
 Preparation of separate towels for each child and boiling them

at least once a week;
Preparation of separate eating utensils for each child;
4)

5)
 Cleaning of toys at least once a week, when being taken back

home or after sharing with other children;
Minimizing outside activities for sick children with respiratory
6)

disease, gastrointestinal disease, or HFMD, and keeping the
sick children at home as much as possible. All of the
intervention messages we used were taken from the official
website of China center for disease control and prevention.

Parents in the 32 control villages received general health
education that was implemented in the whole prefecture, which
included: general knowledge of hand-washing, drinking boiled
water, and avoiding activities in the crowded places.
The intervention was implemented in 2 consecutive HFMD

epidemic seasons (i.e., April 1–July 31) in 2011 and 2012,
respectively with the same method of intervention.
2.1. Questionnaire and data collection

Wedesigned a standardized questionnaire to collect the following
information from target children parents by face to face
2

interviewing: demographic information, health conditions and
family water conditions, the behavior of washing their hand
among parents and children, the habits of cleaning children’s toys
and daily necessities, the knowledge of HFMD among parents,
the history of HFMD among children.
The scores given for each question were shown in Table 1. We

computed a hand-washing score and a cleaning habit score for
each child; and a hand-washing and an HFMD knowledge score
for each caregiver of the child. For hand-washing habits of
children, cleaning habits of daily necessities and hand-washing
habits of parents, the higher score they got the better health habit
they had. For the HFMD knowledge of parents, all the options
for each question were correct. The subject will get 1 point once
he choice 1 option. He will get more points if he could choice
more options. The maximum points were 4 or 5.
Before the intervention, a baseline survey was conducted in

both intervention and control villages on children’s hand-
washing habits and parents’ knowledge for HFMD. The village
doctors collected the information with a standard questionnaire
by interviewing children’s parents in person. At the end of each
intervention period, the same survey was repeated.
During intervention periods, the village doctors collected data

on respiratory symptoms, gastroenteritis symptoms and symptoms
ofHFMDamongchildren and their familymembersweekly, either
by telephone or in person. Respiratory symptoms include a high
fever, usually with a temperature higher than 38°C, and 1 or 2
symptoms such as headache, nasal discharge, cough, and sore
throat. Gastrointestinal symptoms were defined as persistent or
intermittent abdominal pain for more than 24hours, diarrhea for
more than 3 times in 24hours, and vomiting more than for 3 times
in 24hours, 1 of whichwasmonitored. AHFMDcasewas defined
as onset with fever and rash on hand, food or mouth.
In addition to the questionnaire survey, the village doctors

randomly selected 100 households before, during, and at the end
of each of the 2 intervention periods, and swabbed the hands of
the children and their parents (or caregivers). The hand swabs
were cultured for coliform bacteria at the laboratory of the
Prefecture’s Center for Disease Control and Prevention.
2.2. Data analysis

We analyzed the effect of the intervention by using multivariable
linear regression. The stepwise method is used to analyze the
multivariate linear regression. The dependent variable was the
score of hand-washing habit of the child, the score of daily
cleaning habit of the child, the score of the hand-washing habit of
the parents or caregivers, the knowledge score of HFMD of the
parents. We selected the following independent variables based
on the literatures which showed the influence factors of HFMD:
variables which are relevant to immune (age and gender), health
condition (family income, water source, outdoor toilets, and
sewage ditch around the house), health habit (degree of
education, intervention) and history of HFMD. We compared
the percentages of gastrointestinal symptoms, respiratory
symptoms and HFMD between intervention and control group
by x2 test. We compared the coliform-positive rates of hand
swabs between the subjects in intervention and control groups by
x2 test before, during and after the intervention.
3. Results

In the baseline survey, 32 intervention villages and 31 control
villages participated. We collected 6484 questionnaires, including



Table 1

The score assignment for the hand washing and HFMD knowledge.

Factors Variables Score

The average number of daily washing Each time is 1 point
Washing their hands after they go home? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)

Hand-washing habits of children Washing their hands after playing with other children? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)
Washing their hands before eating something? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)
Using soap to wash hands? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)
Single-using towel? Yes (1 point) No (0 point)
Cleaning the Towels regularly? Yes (1 point) No (0 point)

Cleaning habits of daily necessities Single-using tableware? Yes (1 point) No (0 point)
Disinfecting tableware with boiled water regularly? Yes (1 point) No (0 point)
Cleaning the toys regularly? Yes (1 point) No (0 point)
The average number of daily washing Each time is 1 point
Washing their hands after they go home? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)
Washing their hands before eating something? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)

Hand-washing habits of parents Washing hands after toilet? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)
Washing their hands after handling children’s urine? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)
Washing their hands before feeding the child? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)
Using soap to wash hands? Always (3 points) Often (2 points) Sometime (1point) Never (0 point)
Heard of HFMD? Yes (1 point) No (0 point)
The symptoms of HFMD? fever herpes Drooling, not eating others (1 point for a

correct answer, total number is 4 points,1 point can be obtained
as long as a relevant factor)

HFMD knowledge of parents How to prevent HFMD? washing hands rarely to public washing toys Ventilation
others (1 point for a correct answer, total number is 5

points,1 point can be obtained as long as a relevant factor)
How to spread of HFMD? touching the sick children Contaminated hands

Contaminated toys Contaminated towel others (1 point for a
correct answer, total number is 5 points,1 point can be obtained
as long as a relevant factor)

HFMD=hand, foot, and mouth disease.
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3583 in the intervention group [response rate: 96% (3583/3726)]
and 2901 in the control group [response rate: 90% (2901/3224)].
Based on these questionnaires, the average age of the child in
control group was 22.50±8.4 months, compared to 22.46±8.5
months in intervention group (t=0.190, P= .850). 87% of the
parents in the intervention group had a secondary school or higher
education; compared to 88% in the control group (x2=0.2,
P= .658). There was no significant statistical difference between 2
groups for hygienic risk factors such as having a private well as
Table 2

Comparison of reported risk factors, handwashing andHFMDknowle
survey.

Items Intervention group

Dichotomous data
Gender 1787 (56.5%)
Cares’ education level 2660 (87.2%)
Water source 2002 (53.3%)
Outdoor toilets 3393 (91.8%)
Sewage ditch around the house 649 (17.5%)
History of HFMD 362 (9.7%)

Continuous data
Months of age 22.46±8.5
Family income in 2010 (RMB) 2.80±0.76
Hand-washing habits of children 11.2±5.6
Children’s daily cleaning habits 2.2±1.7
Hand-washing habits of carers 17.0±6.0
Knowledge of HFMD of carers 8.0±2.6

HFMD=hand, foot, and mouth disease.
# Pearson Chi-Square test for dichotomous data, t-test for continuous data.
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water source, having outdoor toilets, presence of sewage ditch
around the house (Table 2).
Before intervention, the 2 group had nearly identical average

hand-washing scores of children (11.2 for intervention group vs
11.3 for control group; t=�0.762, P= .446), hand-washing
scores of parents/caregivers (17.0 for intervention group vs 17.2
for control group; t=�1.385, P=0.166), knowledge scores on
HFMD of parents/caregivers (8.0 for intervention group vs 8.1
for control group; t=�1.594, P= .111), and children’s daily
dge scores between intervention and control groups in the baseline

Control group x2/t# P

1659 (56.3%) 0.021 .885
2388 (87.6%) 0.196 .658
1508 (55.6%) 3.242 .072
2424 (91.4%) 0.296 .587
490 (18.4%) 0.721 .396
260 (9.8%) 0.006 .939

22.50±8.4 0.190 .850
2.78±0.77 0.891 .373
11.3±4.8 �0.762 .446
2.2±1.9 �0.177 .860
17.2±5.5 �1.385 .166
8.1±2.4 �1.594 .111

http://www.md-journal.com
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cleaning habits scores (2.2 for intervention group vs 2.2 for
control group; t=�0.177, P= .860) (Table 2).
Before the intervention, the positivity rates of coliform bacteria

in hand swabs for the children and their caregivers did not differ
significantly between the intervention group and the control
group (7.3% vs 9.3%, x2=0.529, P= .467).
3.1. Scores of hygienic habits and knowledge of HFMD

The result of multivariable linear regression analysis is shown in
Tables 3 to 6. Take the scores of hand-wasing habit of children at
the end of year 1 for example, in the case of adjusting other
variables, compared to the control group, the probability of
intervention group’s score reduced at least 1 level was 0.158 times
(exp(�1.847)). It means that interventions can improve and
maintain high scores of hand-wasing habit of children. This
explanationapplies toother coefficients inTable 3 andTable 5. For
the HFMD knowledge’s score of parents, control group seems
more likely to get a high score, compared to the intervention group.

3.2. Respiratory symptoms, gastrointestinal symptoms,
and HFMD

At the end of year 1, the incidence rates of respiratory-related
symptom including fever(6.4%), headache (3.0%), runny nose
(6.6%), throat (3.8%), andcough (6.1%) in the interventiongroup
were all significantly lower than those in the control group
(19.9%,5.9%,16.5%,8.9% and 17%, respectively). the incidence
rates of gastrointestinal-related symptom including bellyache
(1.2%), vomit (1.2%), and diarrhea (1.5%) in the intervention
Table 3

The Children’s daily cleaning habits of multiple linear regression at t

YEAR 1
Age (ref. for3∼) 0∼

1∼
2∼

Well as water source (ref. for NO) YES
Outdoor toilets (ref. for NO) YES
Cares’ education level (ref. for below secondary school) secondary school and higher
History of HFMD (ref. for NO) YES
Family income (yuan) in 2010 (ref. for 20000 ∼) 0∼

5000∼
10000∼

Sewage ditch around the house (ref. for NO) YES
Gender (ref. for female) male
Intervention (ref. for control) intervention
YEAR 2
Age (ref. for3∼) 0∼

1∼
2∼

Well as water source (ref. for NO) YES
Outdoor toilets (ref. for NO) YES
Cares’ education level (ref. for below secondary school) secondary school and higher
History of HFMD (ref. for NO) YES
Family income in 2010 (ref. for >20000 yuan) 0∼

5000∼
10000∼

Sewage ditch around the house (ref. for NO) YES
Gender (ref. for female) Male
Intervention (ref. for control) intervention

HFMD=hand, foot, and mouth disease.
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group were all significantly lower than those in the control group
(3.0%,4.9%, and 6.2%, respectively). The incidence of HFMD
was 1.2% in intervention group, a little lower than that in control
group (1.3%)(P= .706). At the end ofyear2 the incidence rates of
respiratory-related symptom including fever (8.3%), headache
(3.8%), runny nose (6.6%), throat (4.4%), and cough (6.2%) in
the intervention groupwere all significantly lower than those in the
control group (20.7%,5.3%,18.1%,10.0%, and 18.6%, respec-
tively). the incidence rates of gastrointestinal-related symptom
including bellyache (0.8%), vomit (1.3%), and diarrhea (2.2%) in
the intervention groupwere all significantly lower than those in the
control group (2.5%,6.4%,and6.7%, respectively). The incidence
ofHFMDin interventiongroupwas significantly lower than that in
the control group (2.1% vs. 4.2%, P= .000) (Table 7).
3.3. Positive rate of Coliform bacteria

The positive rates of Coliform bacteria were significantly lower in
the intervention group than in the control group during (3.4% vs
9.0%, P= .288) and at the end of year 1 (1.9% vs 9.2%,
P= .001). Similarly, the positive rates in the intervention group
were significantly lower than in control group during (4.5% vs
9.9%) and at the end of year 2 (2.0% vs 9.5%) (Table 8).
4. Discussion

We conducted an intervention study to evaluate the effect of
intensive education on hand hygiene on prevention HFMD in
Handan, Hebei province, China from 2010 to 2013. The result
showed that the intervention measures could improve the hand
he end of year 1 and year 2.

95% Confidence interval

Estimate Wald Sig. Lower bound Upper bound

0.028 0.034 0.853 �0.265 0.320
0.249 3.189 0.074 �0.024 0.522
0.194 1.947 0.163 �0.078 0.466

�0.009 0.034 0.853 �0.108 0.089
�1.231 148.535 0.000 �1.429 �1.033
0.244 10.793 0.001 0.099 0.390

�0.171 3.983 0.046 �0.339 �0.003
�0.105 0.756 0.385 �0.341 0.132
�0.119 1.975 0.160 �0.285 0.047
�0.018 0.061 0.804 �0.163 0.127
0.334 26.222 0.000 0.206 0.461
0.110 4.890 0.027 0.013 0.208

�1.166 507.030 0.000 �1.267 �1.064

0.048 0.109 0.741 �0.236 0.331
0.235 3.031 0.082 �0.030 0.499
0.188 1.945 0.163 �0.076 0.452

�0.058 1.424 0.233 �0.153 0.037
�0.854 97.502 0.000 �1.023 �0.684
0.208 8.256 0.004 0.066 0.349

�0.174 4.533 0.033 �0.335 �0.014
�0.073 0.410 0.522 �0.298 0.151
�0.156 3.678 0.055 �0.316 0.003
0.017 0.059 0.809 �0.122 0.156
0.407 43.081 0.000 0.285 0.528
0.102 4.475 0.034 0.007 0.196

�1.136 512.336 0.000 �1.234 �1.038



Table 4

Hand-washing habits of children of multiple linear regression at the end of year 1 and year 2.

95% Confidence Interval

Estimate Wald Sig. Lower bound Upper bound

YEAR 1
Age (ref. for3∼) 0∼ 0.230 2.631 0.105 �0.048 0.508

1∼ 0.362 7.493 0.006 0.103 0.621
2∼ 0.448 11.497 0.001 0.189 0.706

Well as water source (ref. for NO) YES 0.139 8.537 0.003 0.046 0.232
Outdoor toilets (ref. for NO) YES �0.421 26.022 0.000 �0.583 �0.259
Cares’ education level (ref. for below secondary school) secondary school and higher 0.194 7.539 0.006 0.056 0.333
History of HFMD (ref. for NO) YES �0.352 19.244 0.000 �0.509 �0.194
Family income (yuan) in 2010 (ref. for 20000 ∼) 0∼ �0.549 24.038 0.000 �0.769 �0.330

5000∼ 0.022 0.079 0.779 �0.134 0.179
10000∼ �0.112 2.629 0.105 �0.248 0.023

Sewage ditch around the house (ref. for NO) YES 0.154 6.588 0.010 0.036 0.272
Gender (ref. for female) male 0.053 1.283 0.257 �0.039 0.145
Intervention (ref. for control) intervention �1.847 1,241.619 0.000 �1.950 �1.745
YEAR 2
Age (ref. for3∼) 0∼ 0.230 2.617 0.106 �0.049 0.508

1∼ 0.337 6.488 0.011 0.078 0.596
2∼ 0.439 11.039 0.001 0.180 0.697

Well as water source (ref. for NO) YES 0.126 7.009 0.008 0.033 0.219
Outdoor toilets (ref. for NO) YES �0.495 35.949 0.000 �0.657 �0.333
Cares’ education level (ref. for below secondary school) secondary school and higher 0.173 5.961 0.015 0.034 0.312
History of HFMD (ref. for NO) YES �0.355 19.608 0.000 �0.512 �0.198
Family income in 2010 (ref. for >20000 yuan) 0∼ �0.568 25.716 0.000 �0.788 �0.349

5000∼ �0.023 0.084 0.772 �0.180 0.133
10000∼ �0.101 2.123 0.145 �0.237 0.035

Sewage ditch around the house (ref. for NO) YES 0.124 4.250 0.039 0.006 0.242
Gender (ref. for female) Male 0.049 1.097 0.295 �0.043 0.141
Intervention (ref. for control) intervention �1.876 1,272.407 0.000 �1.979 �1.773

HFMD=hand, foot, and mouth disease.

Table 5

Hand-washing habits of parents of multiple linear regression at the end of year 1 and year 2.

95% Confidence Interval
Estimate Wald Sig. Lower bound Upper bound

YEAR 1
Age (ref. for3∼) 0∼ 0.090 0.402 0.526 �0.188 0.368

1∼ 0.155 1.381 0.240 �0.104 0.414
2∼ 0.311 5.562 0.018 0.053 0.569

Well as water source (ref. for NO) YES �0.011 0.050 0.823 �0.103 0.082
Outdoor toilets (ref. for NO) YES �0.528 40.871 0.000 �0.690 �0.366
Cares’ education level (ref. for below secondary school) secondary school and higher 0.145 4.225 0.040 0.007 0.284
History of HFMD (ref. for NO) YES �0.248 9.619 0.002 �0.405 �0.091
Family income (yuan) in 2010 (ref. for 20000 ∼) 0∼ �0.665 35.220 0.000 �0.885 �0.445

5000∼ �0.071 0.801 0.371 �0.228 0.085
10000∼ �0.388 31.199 0.000 �0.524 �0.252

Sewage ditch around the house (ref. for NO) YES 0.133 4.878 0.027 0.015 0.251
Gender (ref. for female) male 0.094 4.054 0.044 0.003 0.186
Intervention (ref. for control) intervention �1.831 1,224.927 0.000 �1.933 �1.728
YEAR 2
Age (ref. for3∼) 0∼ 0.084 0.351 0.554 �0.194 0.362

1∼ 0.136 1.058 0.304 �0.123 0.395
2∼ 0.275 4.354 0.037 0.017 0.533

Well as water source (ref. for NO) YES �0.009 0.038 0.845 �0.102 0.084
Outdoor toilets (ref. for NO) YES �0.509 37.967 0.000 �0.671 �0.347
Cares’ education level (ref. for below secondary school) secondary school and higher 0.144 4.164 0.041 0.006 0.283
History of HFMD (ref. for NO) YES �0.257 10.317 0.001 �0.414 �0.100
Family income in 2010 (ref. for >20000 yuan) 0∼ �0.646 33.266 0.000 �0.866 �0.427

5000∼ �0.055 0.482 0.488 �0.212 0.101
10000∼ �0.389 31.397 0.000 �0.525 �0.253

Sewage ditch around the house (ref. for NO) YES 0.136 5.096 0.024 0.018 0.253
Gender (ref. for female) Male 0.098 4.357 0.037 0.006 0.190
Intervention (ref. for control) intervention �1.818 1,211.293 0.000 �1.920 �1.716

HFMD=hand, foot, and mouth disease.
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Table 6

Knowledge of HFMD of parents of multiple linear regression at the end of year 1 and year 2.

95% Confidence Interval

Estimate Wald Sig. Lower bound Upper bound

YEAR 1
Age (ref. for3∼) 0∼ 0.037 0.066 0.798 �0.245 0.319

1∼ �0.064 0.231 0.631 �0.327 0.198
2∼ 0.055 0.170 0.680 �0.207 0.318

Well as water source (ref. for NO) YES �0.062 1.672 0.196 �0.157 0.032
Outdoor toilets (ref. for NO) YES �0.444 27.246 0.000 �0.611 �0.277
Cares’ education level (ref. for below secondary school) secondary school and higher 0.210 8.590 0.003 0.070 0.351
History of HFMD (ref. for NO) YES �0.207 6.536 0.011 �0.366 �0.048
Family income (yuan) in 2010 (ref. for 20000 ∼) 0∼ �0.714 39.308 0.000 �0.938 �0.491

5000∼ �0.179 4.764 0.029 �0.340 �0.018
10000∼ �0.526 54.055 0.000 �0.666 �0.386

Sewage ditch around the house (ref. for NO) YES �0.235 14.921 0.000 �0.355 �0.116
Gender (ref. for female) male 0.081 2.920 0.087 �0.012 0.175
Intervention (ref. for control) intervention 0.194 16.249 0.000 0.100 0.288
YEAR 2
Age (ref. for3∼) 0∼ 0.052 0.135 0.713 �0.227 0.332

1∼ �0.025 0.035 0.852 �0.285 0.235
2∼ 0.094 0.498 0.480 �0.166 0.353

Well as water source (ref. for NO) YES �0.101 4.508 0.034 �0.195 �0.008
Outdoor toilets (ref. for NO) YES �0.426 26.215 0.000 �0.589 �0.263
Cares’ education level (ref. for below secondary school) secondary school and higher 0.212 8.870 0.003 0.072 0.351
History of HFMD (ref. for NO) YES �0.213 6.982 0.008 �0.370 �0.055
Family income in 2010 (ref. for >20000 yuan) 0∼ �0.695 37.992 0.000 �0.916 �0.474

5000∼ �0.146 3.312 0.069 �0.304 0.011
10000∼ �0.493 49.439 0.000 �0.630 �0.356

Sewage ditch around the house (ref. for NO) YES �0.221 13.387 0.000 �0.340 �0.103
Gender (ref. for female) male 0.074 2.445 0.118 �0.019 0.166
Intervention (ref. for control) intervention 0.191 16.050 0.000 0.097 0.284

HFMD=hand, foot, and mouth disease.

Table 7

Incidences in intervention group and control group at the end of
year 1 and year 2.

Symptoms

Numbers in the
intervention group
(Incidence %)

Numbers in the
control group
( Incidence %) x2 P

The year 1
Respiratory symptoms
Fever 231 (6.4) 578 (19.9) 266.632 <.001
Headache 108 (3) 170 (5.9) 31.637 <.001
Runny 238 (6.6) 478 (16.5) 157.838 <.001
Throat 136 (3.8) 259 (8.9) 73.809 <.001
Cough 217 (6.1) 492 (17) 195.684 <.001

Gastrointestinal symptoms
Bellyache 44 (1.2) 86 (3) 24.603 <.001
Vomit 42 (1.2) 142 (4.9) 80.572 <.001
Diarrhea 52 (1.5) 181 (6.2) 106.079 <.001

HFMD 42 (1.2) 37 (1.3) 0.142 .706
The year 2
Respiratory symptoms
Fever 297 (8.3) 601 (20.7) 207.516 <.001
Headache 135 (3.8) 154 (5.3) 8.936 .003
Runny 238 (6.6) 525 (18.1) 202.587 <.001
Throat 159 (4.4) 290 (10.0) 76.859 <.001
Cough 221 (6.2) 541 (18.6) 240.777 <.001

Gastrointestinal symptoms
Bellyache 30 (0.8) 73 (2.5) 28.911 <.001
Vomit 47 (1.3) 186 (6.4) 120.349 <.001
Diarrhea 79 (2.2) 194 (6.7) 79.864 <.001

HFMD 77 (2.1) 121 (4.2) 22.138 <.001

HFMD=hand, foot, and mouth disease.
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washing habit in both children and parents, children hygiene
habit, HFMD knowledge in parents after intervention period. It
also decreased the incidences of respiratory and intestinal related
symptoms among children and their family members. The hands
in intervention group were less contaminated with col-form
bacteria than I control group after intervention. Importantly,
through repeated intervention, the incidence of HFMD was
markedly reduced.
HFMD could cause severe disease such as central nervous

system, respiratory system damage which caused widespread
concern in the community. Because there is no effective vaccine,
therefore, strengthening the HFMD knowledge for children and
parents, and promoting them to develop healthy behavior is
necessary. We showed the effect of the intensive education on
hand hygiene on preventing HFMD in this study from the
knowledge, behavior, disease incidence, and hand contamination
status. These measures are easy to be implemented and could be
used widely in communities in the future.
This study included 2 stages. At the end of year 1, the HFMD

knowledge, hand washing habits, and hygiene habit were all
improved, but the HFMD incidence did not decrease significant-
ly. However, at the end of year 2, the HFMD incidence in the
intervention group was lower significantly than that in control
group. That means the ongoing intervention was important to
achieve the objective of decreasing HFMD among children. We
suggested expanding the intervention measures in community to
prevent HFMD. On the other hand, it was estimated that the
incidence rate of HFMD were122.54/100 000 in 2010, 34.90/
100 000 in 2011 and 97.01/100 000 in 2012 in Handan City,
respectively. It was possible that any intervention will not expect



[4] Lijun Cai. Hand foot and mouth disease popular trend. Pediatr Pharma

Table 8

The positive rate of Coli-form bacteria in hand swab specimens before, during and after intervention.

Sampled number Positive number The positiverate (%)

Intervention period Intervention group Control group Intervention group Control group Intervention group Control group X2 P

Before intervention 192 204 14 19 7.29 9.31 0.529 .467
During the year1 175 201 6 18 3.43 8.96 4.782 .288
At the end of year1 209 196 4 18 1.91 9.18 10.406 .001
During the year2 202 203 9 20 4.46 9.85 4.436 .352
At the end of year2 200 201 4 19 2.00 9.45 10.299 .013

Guo et al. Medicine (2018) 97:51 www.md-journal.com
to have a very significant effect because of a relatively mild
epidemic in 2011.
Our study had some limitations. One major limitation was that

this study used various interventions, that is, hand-washing and
other hygienic improvement measures. Therefore, our study
could not demonstrate whether it was hand-washing alone that
reduced the symptoms, and it was not possible to know which
intervention worked. It was difficult to use blind method in this
community trial, which was the second limitation. And the
control group might receive intervention measures in some
degree, that is, posters, broadcasted over the radio station from
the neighboring, intervention group villagers, which would
reduce the study effects. The results would show bigger difference
if the control group did not receive any intervention measures.
Author contributions

NG and HM have contributed equally to this work. Conception
and design: NG, JD, HM and LZ; administrative support: JD;
collection and assembly of data: all authors; data analysis and
interpretation: NG, YM, HM and LZ; manuscript writing: NG,
JD and LZ; and final approval of manuscript: all authors.
Conceptualization: Lijie Zhang.
Data curation: Nana GUO, Huilai MA, Jian Deng, Yanxia MA,

ruiling GUO, Lijie Zhang.
Formal analysis: Huilai MA, Jian Deng, Lijie Zhang.
Funding acquisition: Lijie Zhang.
Investigation: Nana GUO, Huilai MA, Jian Deng, Yanxia MA,

Liang HUANG, ruiling GUO, Lijie Zhang.
Methodology: Nana GUO, Liang HUANG, Lijie Zhang.
Project administration: Lijie Zhang.
Resources: Lijie Zhang.
Software: Huilai MA, Yanxia MA, Lijie Zhang.
Writing – original draft: Nana GUO, Jian Deng, Lijie Zhang.
Writing – review & editing: Lijie Zhang.
References

[1] Wen-bo XU. Epidemiological characteristics and control strategy of
HFMD. J Exp Clin Virol 2007;21:3.

[2] Hongmei Guo , Qirong Zhu. Enterovirus 71 infection of the nervous
system[J]. Foreign Med (Infect Dis Epidemiol Branch) 2002;29:19–21.

[3] Wang Lai, Yichuan Li. Hand foot and mouth disease epidemiology and
preventive measures. Anhui Med 2010;14:112–3.
7

2008;14:64–6.
[5] Park SK, Park B, Kim H, et al. Transmission of seasonal outbreak of

childhood enteroviral aseptic meningitis and Hand-foot-mouth disease. J
Korean Med Sci 2010;25:677–83.

[6] RuNing Guo, Zhengmin Zhang, Fen Yang, et al. Study the epidemiologi-
cal characteristics of HFMD and risk factors in Guangdong Province.
Chin J Epidemiol 2009;30:530.

[7] Wenti Xu, Lu Gao, Ying Zhang, et al. Control study of the risk factors in
HFMD children in Tianjin. Chin J Epidemiol 2009;30:100.

[8] Guixuan Xiao, Yang Kun, Wuyuan Liu, et al. The evaluation of health
education on controlling intestinal infectious diseases. Chin Public
Health Manag 2008;24:423–6.

[9] Carabin H, Gyorkos TW, Soto JC, et al. Effectiveness of a training
program in reducing infections in toddlers attending day care centers.
Epidemiology 1999;10:219–27.

[10] Dyer DL, Shinder A, Shinder F. Alcohol-free instant hand sanitizer
reduces elementary school illness absenteeism. FamMed 2000;32:633–8.

[11] Falsey AR, Criddle MM, Kolassa JE, et al. Evaluation of a handwashing
intervention to reduce respiratory illness rates in senior day-care centers.
Infect Control Hosp Epidemiol 1999;20:200–2.

[12] Larson EL, Lin SX, Gomez-Pichardo C, et al. Effect of antibacterial home
cleaning and handwashing products on infectious disease symptoms: a
randomized, double-blind trial. Ann Intern Med 2004;140:321–9.

[13] Luby SP, Agboatwalla M, Feikin DR, et al. Effect of handwashing on
child health: a randomised controlled trial. Lancet 2005;366:225–33.

[14] Ponka A, Poussa T, LaosmaaM. The effect of enhanced hygiene practices
on absences due to infectious diseases among children in day care centers
in Helsinki. Infection 2004;32:2–7.

[15] Roberts L, SmithW, Jorm L, et al. Effect of infection control measures on
the frequency of upper respiratory infection in child care: a randomized,
controlled trial. Pediatrics 2000;105:738–42.

[16] Ryan MA, Christian RS, Wohlrabe J. Handwashing and respiratory
illness among young adults in military training. Am J Prev Med
2001;21:79–83.

[17] Sandora TJ, Taveras EM, Shih MC, et al. A randomized, controlled trial
of a multifaceted intervention including alcohol- based hand sanitizer
and hand-hygiene education to reduce illness transmission in the home.
Pediatrics 2005;116:87–94.

[18] White C, Kolble R, Carlson R, et al. The effect of hand hygiene on illness
rate among students in university residence halls. Am J Infect Control
2003;31:364–70.

[19] Chang LY, Tsao KC, Hsia SH, et al. Transmission and clinical features of
enterovirus 71 infections in household contacts in Taiwan. JAMA
2004;291:222–7.

[20] Haamann P, Kessel L, Larsen M. Monofocal outer retinitis associated
with hand, foot, and mouth disease caused by coxsackievirus. Am J
Ophthalmol 2000;129:552–3.

[21] Mori M, Takagi K, Kuwabara S, et al. Guillain-Barre syndrome
following hand-foot-and-mouth disease. Intern Med 2000;39:503–5.

[22] Yan-ting LI. Epidemiological characteristics and the prevention and
control of HFMD. Shanghai Prevent Med 2008;20:316–7.

http://www.md-journal.com

	Effect of hand washing and personal hygiene on hand food mouth disease
	Outline placeholder
	2 Methods
	2.2 Data analysis

	3 Results
	3.3 Positive rate of Coliform bacteria

	4 Discussion
	Author contributions

	References


