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Objectives: : To evaluate the effect of the “Clean Hands, Happy Life” intervention on the incidence of 

hand, food and mouth disease (HFMD) and on school absences due to sickness in kindergarten students. 

Methods: : The intervention consisted of four hand hygiene (HH) promotion components and was eval- 

uated in a cluster-randomized controlled trial among 8275 children and 18 kindergartens from May to 

October, 2015 in Shenzhen, China. We compared two intervention arms – received the intervention in 

kindergartens only and in both kindergartens and families, respectively – to the control arm in multilevel 

analyses. 

Results: : During the follow-up, the incidence of HFMD in both intervention arms was significantly lower 

than in the control arm (IRR 1 : 0.39, 95%CI: 0.26–0.59; IRR 2 : 0.30, 95%CI: 0.19–0.49); the duration of ab- 

sence due to sickness (in days) in both intervention arms was significantly shorter than in the control 

arm ( β1 = 0.58, 95%CI: 0.41–0.74; β2 = 0.34, 95%CI: 0.17–0.50), controlling for the area type of kinder- 

garten and grade level of children. Furthermore, during the follow-up we found that there were fewer 

episodes of absence due to respiratory, skin and eye infections ( P < 0.05). 

Conclusions: : Our intervention is effective at reducing HFMD infections and absence due to sickness in 

children attending kindergartens in China. 

© 2018 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Hand, foot and mouth disease (HFMD) has recently emerged in

he Asia-Pacific region as the most severe epidemic disease affect-

ng infants and young children. 1 Children younger than five years

ld are especially susceptible to HFMD, as they do not yet have

rotective immunity to Enterovirus 71 (EV71) or Coxsackievirus

irus A 16 (CV-A16), which are the common viral pathogens that

ead to HFMD. 2 Asymptomatic adult carriers of EV71 and CA16

re a major reservoir for the transmission of these viruses. 3 HFMD

ransmission can be caused by contact with the nasal and oral dis-
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harge of HFMD patients, or by touching skin, hands, herpes fluid

r other contaminated items. 4 Most infected children display mild

nd self-limiting illness typically including fever, skin eruptions on

ands and feet, and vesicles in the mouth. However, some children

apidly develop neurological, cardiovascular and respiratory com-

lications that can be fatal. 5 

In China, HFMD has been designated as a notifiable disease and

hould be reported through a national surveillance system which

as established in response to several large outbreaks in 2007

nd early 2008. 6 The national surveillance registry system docu-

ented over seven million probable cases between 2008 and 2012,

f which 3.7% were laboratory confirmed and 0.03% were fatal. 7 

n China, children attending kindergartens are generally between

he ages of three and six years. Children in this age group are

ulnerable to HFMD infection. Moreover, many kindergartens have

ver 20 children in a single classroom; where stagnant air and
eserved. 
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close contact between children assists the transmission of HFMD

pathogens. 8 

Although kindergartens face risks of being shut down due to

identification of clusters of five or more cases of HFMD cases

within a week, which is regulated by China’s national guideline on

public health response for HFMD aggregation and outbreak, 9 very

few of them provide screening or prevention programs for HFMD

partially because of the combination of limited school doctors and

a large number of children. 10 Also, severe HFMD is now vaccine-

preventable in China, as China’s Food and Drug Administration ap-

proved the world’s first vaccine against EV71 11 in 2016. However,

it is not included in the national vaccination program. Practicing

good hand hygiene (HH) has been universally recognized as a com-

mon strategy to decrease the risk of infection with the viruses that

cause HFMD. 12 Nevertheless, the HH compliance of children is sub-

optimal all over the world. A study in Vietnam suggests that only

11.5% of the children washed their hands after using the toilet. 13 

Even in the relatively wealthy countries, such as the Netherlands,

studies have shown children’s overall compliance is around 38%. 14 .

In China, the HH compliance of students in primary schools has

been found to be around 20%. 15 , 16 

Previously, a HH intervention was developed in the Nether-

lands and implemented in Dutch day care centres, successfully im-

proving HH compliance among both children and care givers. 17 In

response to growing concerns about HFMD infections in kinder-

gartens in China, we developed a culturally-tailored intervention

based on the Dutch intervention and carried it out in kindergartens

in the city of Shenzhen to improve the HH compliance of kinder-

garten children and teachers, and eventually prevent HFMD. In pre-

vious years, a seasonal peak of HFMD cases was observed between

May and July, as well as a smaller peak between September and

October annually in Shenzhen. 10 To cover both seasonal peaks, we

planned the implementation of the intervention from May to Oc-

tober. 

This is a part of a larger study on evaluating our developed

intervention, aiming to report the effects of the intervention on

the incidence of HFMD among children attending kindergartens in

China. Additionally, this study aimed to evaluate the possible ef-

fect of the intervention on other diseases that had also been rec-

ognized as being preventable by good hand-washing practices. The

study also assessed the effect on the children’s school absence due

to sickness in general. 

Materials and methods 

Study design and sample size 

A HH intervention was tested by a cluster-randomized con-

trolled trial with kindergartens as the unit of randomization in

Shenzhen between May and October, 2015 ( Fig. 1 ). Using the meth-

ods recommended by Breukelen and Candel 18 we calculated sam-

ple size taking into account the intracluster correlation coefficient

(ICC), the cost per cluster and cost per person, the expected effect

on behaviour change, the power and the significance level of the

study. We assumed an ICC of 0.1 adjusted from a previous similar

trial in Colombia, 19 and specified the cost per cluster to be 2500

RMB (360 US dollar, targeting budget on purchasing and setting up

materials for classroom and family use) and the cost per person to

be 10 RMB (1.5 US dollar, targeting budget on printing materials for

individual use); the power was 90% and the significance level was

0.05 (two-sided). This resulted in a minimum of 18 clusters with

each cluster containing 48 children to detect the expected compli-

ance with HH guideline increased from 30% (baseline data, unpub-

lished) to 80%, which was the primary outcome of the large study

(reported in another paper, unpublished). 
andomization and masking 

In this trial we used computer generated random allocation

o assign 18 kindergartens to one of three arms (two interven-

ion arms, one control arm) to represent three types of kinder-

artens and two types of local areas ( Fig. 1 ). First, we stratified

ll districts of Shenzhen based on whether the majority of the

istrict was in an urban or semi-urban area. Among seven dis-

ricts, the Nanshan district was chosen to represent urban areas,

hile the Baoan district was chosen to represent semi-urban ar-

as. Second, we clustered all full-time kindergartens into one of

he two districts based on the type of kindergarten. China has

 vast and varied school system with several types of kinder-

artens. This study classified full-time kindergartens into one of

hree types, namely government-owned, privately owned (target-

ng higher SES), and migrant – a type of privately owned kinder-

arten specifically targeting children of domestic migrants (gener-

lly lower SES) ( 20 ). There were 30 0–80 0 children in each of the

nrolled kindergartens. Their ages ranged from three to six years.

ll the children in the selected kindergartens were enrolled in this

tudy; parents and kindergarten doctors signed informed consent

orms prior to commencement of the study. 

ntervention program 

Two intervention arms were compared to the control arm

n this study. The first intervention arm was delivered for 2865

hildren in six kindergartens and the second intervention arm

as delivered for 2385 children in six kindergartens as well as

o their families, while the control arm with 3025 children in six

indergartens continued usual practice but received the interven-

ion after the study ( Fig. 1 ). The intervention consisted of four

omponents which were provided by Tork. First, the following HH

roducts were provided free of charge with refills for six months:

oap dispensers, towel dispensers, paper towels and soap. Second,

eminders and cues for action were provided free of charge,

ncluding posters, stickers, HH-related reading books, memory

ames, colouring pages and a hand-washing diploma designed

or children. Third, one kick-off event was performed in each

indergarten with four stations, including a hand tablet based hy-

iene e-game (Ella’s Handwashing Adventure, Tork), hand-washing

nstructions, educational story time, and diploma award. Fourth,

raining was given to educate kindergarten teachers about the

ational guideline of HH in the first intervention arm, while the

econd intervention arm added the training for children’s parents

nd/or guardians at home. This included a hand-washing exercise

sing UV Glow Cream and an information booklet outlining the

ontent of the training, which was based on an HH training

ession developed in Dutch day care centres. 21 All intervention

aterials were pre-tested to be appropriate to read or play for the

an Chinese (ethnicity) children from mainland China. 22 

utcome measurement 

Before launching the intervention, a baseline survey was

onducted among parents of all children in the participating

indergartens. Parents were asked to provide information on their

hildren’s gender, age, medical history, household and parenting

tatus. HFMD incidence rate and absence due to sickness were

easured using a self-designed absence card and monitored

hroughout the intervention by kindergarten doctors who gathered

he information either based on their own observation or parents’

eport, from May 8th to October 30th in 2015. The absence card

ncluded questions regarding signs and symptoms of sickness,

ealth-seeking behaviour, absence date and duration, and diag-

osis by clinical professionals. We identified 24 diseases based
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Fig. 1. Flow chart for cluster randomized controlled trial comparing a hand hygiene intervention for kindergartens and for both of kindergartens and families with usual 

practice for kindergartens in Baoan and Nanshan districts, Shenzhen. 
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n the reported diagnosis, i.e., HFMD, Upper respiratory tract

nfection, Pharyngitis, Inflammation of the amygdala, Bronchitis,

enign croups angina, Pneumonia, Gastroenteritis, Ophthalmia,

ordeolum, Irritability, Trauma, Indigestion, Varicella, Saprodontia,

ttitis media, Measles, Eczema, Oral ulcer, Asthma, Lymphadeni-

is, Mumps, Ear periarthritis, and Dermatitis. We also identified

bsence cases due to common cold and/or diarrhoea based on

he reported symptoms. HFMD was defined as presenting a rash

f flat discoloured spots and bumps and/or facial ulcers, blisters

r lesions in or around the nose or mouth. The common cold

as defined as a blocked or runny nose with at least one of the

ollowing symptoms: coughing, sneezing, fever, sore throat, or ear-

che. Diarrhoea was defined as two or more watery or unusually

oose stools within 24 h. If the diagnosis was unclear, a throat

wab or stool specimen was taken to identity the virus. Based on

he International Statistical Classification of Diseases and Related

ealth Problems 10th Revision (ICD-10), 23 we categorized Cold;

pper respiratory tract infection; Pharyngitis; Inflammation of the

mygdala; Bronchitis; Benign croups angina; Pneumonia as Res-
iratory illness; Gastroenteritis and Diarrhoea as Gastrointestinal

llness; and Ophthalmia and Hordeolum as Ophthalmitis. 

ata analyses 

All data were entered twice before initiating analysis to en-

ure the accuracy of all data extracted from the collected ab-

ence cards. Data were analyzed using SPSS version 21 (SPSS

nc., USA) and R version 2.12.2 (R Foundation, Austria). Anal-

ses were performed according to the intention-to-treat prin-

iple, i.e., including all intervention kindergartens regardless of

hether they completed all training programs, used designated

osters/sticks/games/books/colour pages or HH products. First, 

ne-way analysis of variance with Chi-Square and analysis of vari-

nce (ANOVA) were used to compare baseline characteristics of

hildren after clustering the data by kindergartens. Second, the

ncidence rate of diseases was calculated during the six-month

ollow-up period in the two intervention arms and the control

rm, after clustering all data by kindergartens. The incidence rate
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Table 1 

Comparison of baseline characteristics of children among the three arms in the trial, clustered by kindergartens. 

Intervention arm 1 Intervention arm 2 Control arm P value 

N = 2865 n (%) N = 2385 n (%) N = 3025 n (%) 

Gender Boy 1557 (54.3) 1306 (54.8) 1650 (54.5) 0.989 

Girl 1308 (34.6) 1079 (45.2) 1375 (45.5) 

Age ≤ 4 1049 (36.6) 809 (33.9) 972 (32.1) 0.241 

5 855 (29.8) 732 (30.7) 1015 (33.6) 

≥ 6 961 (33.5) 844 (35.4) 1038 (34.3) 

Single parent Yes vs. no 73 (2.7) 56 (2.5) 71 (2.5) 0.939 

Daily guardian Parents 2122 (74.4) 1756 (73.9) 2186 (72.7) 0.845 

Grand parents 561 (19.7) 496 (20.9) 655 (21.8) 

Others 171 (6.0) 123 (5.2) 165 (5.5) 

Family 

monthly 

income 

≤ 10,0 0 0 Yuan 1001 (36.6) 777 (33.8) 939 (32.7) 0.989 

10,0 0 0–30,0 0 0 Yuan 1265 (46.2) 1216 (52.8) 1543 (53.7) 

≥ 30,0 0 0 Yuan 470 (17.2) 308 (13.4) 389 (13.5) 

Household registration Local vs. migration 1718 (61.2) 1566 (66.7) 2192 (73.5) 0.952 

Living area Urban vs. semi-urban 1718 (60.0) 1566 (65.7) 2192 (72.5) 0.951 

Chronic diseases Yes vs. no 204 (7.2) 207 (8.7) 257 (8.5) 0.476 

Medicine intake Yes vs. no 353 (12.6) 295 (12.7) 365 (12.4) 0.917 

Live with sibling(s) Yes vs. no 1059 (37.8) 920 (39.4) 1015 (34.7) 0.848 

Education level of daily guardian ≤ Secondary school 234 (8.2) 203 (8.6) 228 (7.7) 0.916 

High school 1266 (44.6) 989 (41.7) 1207 (40.9) 

≥ College degree 1337 (47.1) 1178 (49.7) 1515 (51.4) 

Note: Intervention arm 1 involves the intervention delivered in eight kindergartens; Intervention arm 2 involves the intervention delivered 

in eight kindergartens and participated children’s families. 
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(IR) was defined as the number of disease episodes ( A ) per child-

year ( T ), and an episode was defined as illness diagnosed by clinic

professionals or the report of symptoms that meet the defini-

tion of illness (i.e., cold and diarrhoea). Episodes of illness which

started on the first day that parents and/or school doctors started

monitoring disease incidence were excluded. The time at risk was

defined as school days during the follow-up period, excluding

weekends, national holidays and summer vacation (the month of

August). Third, crude incidence rate ratios (IRR) with 95% con-

fidence intervals (CIs) were obtained for all monitored diseases

in multilevel Poisson regression analysis with the count of ab-

sence due to specific disease as dependent variable, log (child

years at risk) included as an offset and adjustment for clustering

by kindergartens. IRR was defined as IRR = 

A 1 ÷ T 1 
A 0 ÷ T 0 

, SD [ ln ( IRR ) ] =(
1 

A 1 
+ 

1 
A 0 

)1 / 2 

, 95% CI ( IRR ) = exp { ln ( IRR ) ±1 . 96SD [ ln ( IRR ) ] } . 24 Ad-

justed IRR for HFMD were further obtained in a multivariate Pois-

son regression model after correcting for variation in follow-up

months, area and type of kindergartens. Two-way interactions

were examined for evidence of intervention effect modification. Fi-

nally, the mean duration of absence due to HFMD was calculated

for HFMD-diagnosed children. Multilevel linear regression analyses

were performed to compare the effect of the intervention arms on

the absence duration for all cases corrected by the area and type

of the kindergartens, after clustering the data by kindergartens. 

Results 

Baseline characteristics of participating children 

There were 8275 children and 18 kindergartens participating in

the baseline survey of the trial ( Table 1 ). Most of the children in

the study did not suffer from any chronic diseases ( > 90%) and did

not take medication ( > 85%); they were cared for by their parents

( > 70%) who were not single ( > 97%) and had completed at least a

high school education (90%). Most of the families had a monthly

income of 10,0 0 0 to 30,0 0 0 Yuan (approximately 1428–4300 US

dollars), were residing locally with their household registered in

Shenzhen (60%) and were living in urban areas (60%). The com-

parison of the children’s characteristics after clustering indicates

that there was no significant difference between the intervention
nd control arms regarding the children’s gender, age, living and

arenting status and medical history ( P > 0.05). Incidence of ab-

ence episodes due to sickness were monitored in 8275 children

or 83 days. Of these children, 34 were lost to follow-up in the

ontrol arm (1.12%), 30 in the first intervention arm (1.05%) and 29

n the second intervention arm (1.22%) mostly due to school trans-

er ( > 95%) ( Fig. 1 ). 

ffect of the trial on the incidence of HFMD 

Table 2 shows the incidence of absence episodes due to the

onitored diseases comparing the two intervention arms with the

ontrol arm separately. Within 83 days as the time at risk for mon-

toring, in total 2911 episodes were reported in the first interven-

ion arm and 3084 episodes in the second intervention arm vs.

371 episodes in the control arm. Among which, 30 were due to

FMD in the first intervention arm and 22 in the second interven-

ion arm vs.79 in the control arm. After clustering data by kinder-

artens, the incidence of HFMD was 0.04 episodes per child-year in

oth intervention arms, which was significantly lower than the in-

idence of HFMD in the control arm, which was 0.11 episodes per

hild-year (IRR 1 : 0.39, 95%CI: 0.26–0.59; IRR 2 : 0.30, 95%CI: 0.19–

.49). There was no significant difference in the incidence rate of

FMD between the two intervention arms ( P > 0.05). The calcu-

ated ICC was 0.047. 

Fig. 2 illustrates the incidence of absence episodes due to HFMD

n the intervention and control arms over time, in different dis-

ricts and in different types of kindergartens. The incidence of ab-

ence episodes in each of the intervention arms was lower than

hat in the control arm at the first month follow-up (0.10 and

.07 vs. 0.32 episodes per child-year in May), while at the three-

onth follow-up it was the same and lowest for both the first

ntervention arm and control arm. At the six-month follow-up, it

as the same again after the control arm increased the incidence

etween July and October (0.01 episodes per child-year in Octo-

er). Generally, kindergartens in the Baoan district (semi-urban)

nd owned by government or privately had a higher incidence than

hose in the Nanshan district (urban) and targeting domestic mi-

rants. Compared to kindergartens in the control arm, those en-

olled in the first intervention arm did not significantly decrease

he risk of contact HFMD (IRR: 0.48, 95% CI: 0.17–1.32), while those
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Table 2 

Effect of the trial on incidence of absence episodes due to monitored diseases measured by incidence rate (IR, episodes per child year) and incidence rate ratios 

(IRR) among children in Shenzhen, China. 

Monitored diseases Intervention arm 1 Intervention arm 2 Control arm 95%CI(IRR 1 ) 95%CI(IRR 2 ) 

Episodes IR 1 Episode IR 2 Episodes IR 0 IRR 1 Lower Upper IRR 2 Lower Upper 

HFMD 30 0.04 22 0.04 79 0.11 0.39 0.26 0.59 0.30 0.19 0.49 

Respiratory illness 2081 3.19 2366 4.36 2551 3.69 0.83 0.79 0.88 1.01 0.96 1.07 

Cold 1396 2.21 1425 2.61 1452 2.20 0.98 0.91 1.06 1.07 1.00 1.15 

Upper respiratory tract infection 200 0.30 359 0.64 430 0.55 0.48 0.40 0.56 0.91 0.79 1.05 

Pharyngitis 284 0.37 288 0.56 270 0.38 1.08 0.91 1.27 1.16 0.99 1.37 

Inflammation of the amygdala 82 0.12 144 0.26 164 0.24 0.51 0.39 0.67 0.96 0.77 1.20 

Bronchitis 55 0.08 40 0.07 143 0.20 0.39 0.29 0.54 0.31 0.22 0.43 

Benign croups angina 48 0.08 98 0.19 70 0.09 0.70 0.49 1.01 1.53 1.12 2.08 

Pneumonia 16 0.03 12 0.02 22 0.03 0.74 0.39 1.42 0.60 0.30 1.20 

Gastrointestinal illness 83 0.12 100 0.19 63 0.09 1.35 0.97 1.87 1.73 1.26 2.37 

Gastroenteritis 53 0.07 79 0.15 55 0.08 0.98 0.68 1.44 1.57 1.11 2.21 

Diarrhoea 30 0.05 21 0.04 8 0.01 3.93 1.76 8.36 2.87 1.27 6.47 

Ophthalmitis 14 0.02 22 0.04 35 0.05 0.41 0.22 0.76 0.69 0.40 1.17 

Ophthalmia 13 0.02 20 0.04 28 0.03 0.49 0.25 0.96 0.91 0.50 1.63 

Hordeolum 1 0.00 2 0.00 7 0.01 0.15 0.02 1.18 0.31 0.07 1.50 

Irritability 33 0.05 55 0.10 47 0.06 0.72 0.46 1.12 1.28 0.87 1.89 

Trauma 41 0.07 53 0.10 44 0.06 0.95 0.62 1.46 1.32 0.88 1.96 

Indigestion 21 0.03 39 0.07 35 0.03 0.61 0.36 1.05 1.22 0.77 1.92 

Varicella 5 0.01 2 0.00 19 0.03 0.27 0.10 0.72 0.12 0.03 0.49 

Saprodontia 19 0.03 18 0.04 18 0.03 1.08 0.57 2.01 1.09 0.57 2.10 

Otitis media 2 0.00 7 0.01 14 0.02 0.15 0.03 0.64 0.55 0.22 1.35 

Measles 3 0.00 1 0.00 13 0.01 0.24 0.07 0.83 0.09 0.01 0.64 

Eczema 17 0.04 15 0.03 13 0.02 1.34 0.65 2.75 1.26 0.60 2.65 

Oral ulcer 12 0.02 31 0.06 9 0.01 1.36 0.57 3.23 3.76 1.79 7.90 

Asthma 3 0.00 3 0.01 5 0.01 0.61 0.15 2.57 0.66 0.12 2.74 

Lymphadenitis 7 0.01 4 0.01 4 0.01 1.79 0.52 6.11 1.09 0.27 4.36 

Mumps 3 0.00 1 0.00 4 0.01 0.77 0.17 3.42 0.27 0.03 2.44 

Ear periarthritis 2 0.00 5 0.01 4 0.01 0.51 0.09 2.79 1.36 0.37 5.08 

Dermatitis 3 0.01 2 0.00 4 0.01 0.77 0.17 3.42 0.55 0.10 2.98 

Unknown 487 1.00 254 0.46 374 0.60 1.33 1.16 1.52 0.74 0.63 0.87 

Others 53 0.09 94 0.18 52 0.07 1.04 0.71 1.53 1.97 1.41 2.77 

Note: data were clustered by kindergartens. Subscript 1indicates the intervention arm 1 vs. the control arm; subscript 2 indicates the intervention arm 2 vs. 

the control arm. 

Fig. 2. Effect of the hand hygiene intervention on incidence of absent episodes of hand, foot and mouth disease among children attending kindergartens in Shenzhen, by 

follow-up month, area and type of kindergartens (year: 2015). Note: all incidence rates were calculated with adjustment for clustering by kindergartens. 
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Table 3 

Predicting count of absence due to hand, foot and mouth disease among children attending kinder- 

gartens in multilevel Poisson regression models. 

Univariate Multivariable 

IRR 95%CI (IRR) P -value IRR 95%CI (IRR) P -value 

Intervention group 

Arm 1 0.39 0.26–0.59 < 0.001 ∗∗ 0.48 0.17–1.32 0.155 ∗

Arm 2 0.30 0.19–0.49 < 0.001 ∗∗ 0.26 0.08–0.82 0.022 ∗∗

Control Ref. 

Area of kindergartens 

Urban 0.75 0.53–1.06 0.107 ∗ 0.69 0.32–1.47 0.328 

Semi-urban Ref. 

Type of kindergartens 

Government 3.23 1.89–5.51 < 0.001 ∗∗ 3.14 1.18–8.38 0.023 ∗∗

Private 3.10 1.79–5.38 < 0.001 ∗∗ 3.26 1.21–8.79 0.020 ∗∗

Migrant Ref. 

Follow-up month 

October 0.09 0.03–0.21 < 0.001 ∗∗ 0.05 0.01–0.22 < 0.001 ∗∗

September 0.14 0.06–0.29 < 0.001 ∗∗ 0.16 0.07–0.38 < 0.001 ∗∗

July 0.09 0.03–0.21 < 0.001 ∗∗ 0.03 0.01–0.20 < 0.001 ∗∗

June 0.92 0.63–1.33 0.639 0.84 0.52–1.36 0.476 

May Ref. 

Note: ∗ indicates P < 0.20; ∗∗ indicates P < 0.05. Intervention arm 1 involves the intervention deliv- 

ered in kindergartens; Intervention arm 2 involves the intervention delivered in kindergartens and 

participated children’s families; All models included log (child years at risk) as an offset and adjust- 

ment for clustering by kindergartens. Interaction of intervention group and follow-up month was 

included in the multivariable model. 
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t  
in the second intervention arm had 0.26 times the incidence rate

for HFMD (95% CI: 0.08–0.82), after correcting for the follow-up

period, area and type of kindergartens in multilevel Poisson regres-

sion analyses ( Table 3 ). 

Effect of the trial on other diseases and the absence duration due to 

sickness 

We also monitored the effect of the intervention on other dis-

eases ( Table 2 ). The incidence of respiratory infections generally

was 3.19 episodes per child-year in the first intervention arm;

this was significantly lower than the incidence of 3.69 episodes

in the control arm (IRR 1 : 0.83, 95%CI: 0.79–0.88). The first in-

tervention arm had lower incidences of Ophthalmitis (IRR 1 : 0.41,

95%CI: 0.22–0.76) and Otitis media (IRR 1 : 0.15, 95%CI: 0.03–0.64).

In addition, both of the intervention arms had lower incidences

of Varicella (IRR 1 : 0.27, 95%CI: 0.10–0.72; IRR 2 : 0.12, 95%CI: 0.03–

0.49) and Measles (IRR 1 : 0.24, 95%CI: 0.07–0.83; IRR 2 : 0.09, 95%CI:

0.01–0.64). However, the second intervention arm had more re-

ported episodes of absence due to gastrointestinal infections, and

oral ulcer than the control arm (IRR 2 > 1; P < 0.05). No signif-

icant differences between the intervention arms and the control

arm were found regarding the incidence of irritability, trauma, in-

digestion, saprodontia, eczema, asthma, lymphadenitis, mumps, ear

periarthritis and dermatitis ( P > 0.05). 

On average, the duration of absence due to sickness in chil-

dren attending kindergartens was 2.03 days (95%CI: 1.93–2.13) in

the first intervention arm and 2.35 days (95%CI: 2.23–2.48) in the

second intervention arm, which were significantly shorter than the

duration of 2.65 days in the control arm (95%CI: 2.53–2.76). Con-

trolling for the area, kindergarten type and grade level of children

in multilevel regression analyses, on average, children in the con-

trol arm had 0.58 day (95%CI: 0.41–0.74) longer absences due to

sickness than those in the first intervention arm, and 0.34 day

(95%CI: 0.17–0.50) longer absence than those in the second inter-

vention arm. 

Discussion 

The HH intervention delivered in this study decreased the num-
er of HFMD infections and reduced the duration of absence due

o sickness in kindergartens in Shenzhen, China. By the 6-month

ollow-up, there had been fewer episodes of absence due to HFMD

nd shorter absence duration due to sickness in both intervention

rms compared to the control arm. However, the difference be-

ween the two intervention arms was not statistically significant. 

This is one of the first HH intervention studies to assess the im-

act of a HH intervention on HFMD infection among kindergarten

hildren. The study applied a randomized controlled study design,

here was a relatively large sample size of over 80 0 0 children in 18

indergartens, and the children had a high level of exposure to in-

ervention components. Moreover, the study had a very high com-

liance of follow-up with regard to health monitoring, which was

ell integrated into the mandatory work routine of the kinder-

artens’ teachers and school doctors. The HFMD incidence cases

ere reported mainly between May and June, as well as Septem-

er, in this study, both which are consistent with the seasonal

eaks identified by a recent publication using Shenzhen munici-

al pathogen surveillance data between 2008 and 2015. 25 Other

trengths of the study are that data was collected on both episodes

f absence and duration of absence for a comprehensive assess-

ent of the intervention impact, and that the study covered many

nfectious diseases other than HFMD. The intervention in this study

as developed based on a previous Dutch study on determinants

f HH behaviour and composed multiple tailored components tar-

eting the underlying determinants. The strategies and materials

sed were highly appraised by the participating kindergartens and

amilies according to a focus-group study that we conducted at

he first month follow-up (unpublished data). In addition, kinder-

artens in the control arm received the intervention after data col-

ection, which perhaps also facilitated the recruitment of kinder-

artens and minimized loss to follow-up. 

The study had several limitations though. First, the effect on

isease incidence was not corrected for baseline due to lack of

ata. The kick-off activities which were conducted at the beginning

f the intervention significantly increased the awareness and HH

ompliance of children and teachers in intervention arms. How-

ver, its creativity attracted a lot of attention from local media. As

 result, it is likely that the intervention contaminated the con-

rol arm, and thus the incidence at the first month follow-up could
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ot be used as the baseline. More intervention studies are needed

ith baseline measurements. Second, this trial involves only two

istricts in Shenzhen, which has a profile of having a relatively

igh socio-economic status and historically a lower prevalence of

FMD. Therefore, the findings might not apply to other kinder-

artens with different socio-economic backgrounds and prevalence

f HFMD. Third, some of the diagnoses were self-reported by par-

nts and thus are susceptible to information bias and social desir-

bility bias. 26 . Third, although we delivered the intervention with

 standard instruction for both intervention arms, at the follow-

p we did not collect data regarding the exact consumption of HH

roducts and educational materials. Therefore, the exact effect of

ach component of the intervention is unknown. Finally, we did

ot observe any significant difference in the incidences of mea-

ured infections between the two intervention arms due to the

uboptimal involvement of the parents, and no information was

ollected on parents unwilling to participate in the intervention.

t is common for parents of children attending kindergartens to

ork full time and therefore they may have been too busy to be

nvolved. 

The effect of this intervention in significantly decrease in the

nfection occurrence and absence duration due to illness might be

ainly caused by the significant increase in the HH compliance of

oth teachers and children during the follow-up period, which we

ssessed in the same trial (unpublished yet), rather than a reduc-

ion in the severity or duration of the illness. Improved HH com-

liance can help prevent children from getting infections, specifi-

ally by preventing germs from getting into their eyes, nose, and

outh, as well as into their food and drinks and on other objects,

ike handrails, table tops, or toys, and then transferred to other

hildren’s hands. Besides HFMD, the intervention also decreased

pisodes of absence due to respiratory infections, ophthalmitis, oti-

is media, varicella and measles. Our findings are consistent with

hose of the previous study by Carabin and colleagues, which sug-

est that their intervention reduced the incidence of upper respira-

ory tract infections. 27 Moreover, similar to this study, our previous

tudy using a similar intervention in the Netherlands did not find

 reduction in diarrhoea, 14 and the results of a meta-analysis on

he effect of HH in the community setting indicate that removing

athogens through HH may help prevent skin and eye infections. 28 

owever, there is little evidence available showing that HH inter-

entions are associated with fewer cases of HFMD, and previous

H intervention studies generally show different effects from each

ther on infections and/or illness absenteeism. 29 More evidence is

rgently needed to understand the importance of HH interventions

n reducing disease occurrence in children. 

In China the incidence of HFMD has continued to increase in re-

ent years, and it is becoming a serious problem for children, their

amilies and public health in general. 30 , 31 The results of this study

how that a HH intervention delivered in both kindergartens and

amilies can significantly reduce HFMD incidence, regardless of the

eason variation of HFMD and location and type of kindergartens.

herefore, it can provide a reference for the promotion of HH in-

ervention and HFMD control in kindergartens to include family

embers of children. Compared to HFMD vaccination, HH inter-

entions are cheaper, safer and easier to implement, so they are

ore suitable for improving children’s health in developing coun-

ries. 32 Kindergarten is an ideal place for conducting HH interven-

ions, as many children between the ages of three and six years are

athered in kindergarten classrooms, and teachers and school doc-

ors can contribute to the implementation work. This makes it rel-

tively easier to provide HH products, distribute health education

aterials and conduct team training sessions in kindergartens than

n communities. However, HFMD cases in China occur more often

mong pre-school children, from zero to three years of age, who

ive scattered throughout different communities. 33 These children
re more difficult to reach. Therefore, how to improve the HH in-

ervention strategies in this study and apply them to the younger,

cattered children in communities is the direction of our future re-

earch. 

In conclusion, this study shows that our evidence-based HH

ntervention is effective at reducing HFMD infections and ab-

ence due to illness in children attending kindergartens in China.

e recommend that future intervention studies consider our HH

ehaviour-change techniques to prevent infection in child-care set-

ings and that they include family members of children to maxi-

ize the effect of those techniques in preventing HFMD infections.

o scale up the impact of this intervention in the prevention of

FMD, a range of implementation research including cost-effective

nalyses will be our next step. 
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