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This study aims to improve parents' perceptions of susceptibility, severity, benefits, and barriers to children's handwashing practice by utilizing the Health Belief Model. In Alor Gajah, Melaka, a parallel cluster-randomized controlled study was conducted over 26 months. Parents who agreed to participate completed pre-test (t0) questionnaires. Data analysis used IBM SPSS version 25. The descriptive analysis described the baseline data pre-intervention. Chi-square and T-test or Mann-Whitney U test for non-parametric analysis assessed baseline data comparability between intervention and control groups. Generalized Estimating Equation (GEE) analyzed between and within-group comparison of the outcomes, and multivariate analysis determined the effectiveness of the intervention with clustered data. The individual participation rate was 86%. Parents who followed up immediately had higher perceived susceptibility, perceived severity, and perceived barriers (p < 0.001). Each unit increment in parents' practice score was 0.02-unit higher preschool children's hand hygiene practice score (p = 0.045). The intervention effectively improved parents' perceived susceptibility and benefits at immediate follow-up compared to baseline. However, there were no significant intervention effects on parents' perceived severity and barriers and preschool children's handwashing practices. The follow-up time significantly affected each outcome. There were significant covariates as the outcome predictors in this study, besides intervention groups and follow-up time. Parents' knowledge and age of the youngest child were significant predictors of parents' perceived susceptibility, besides parents' knowledge and perceived susceptibility being the predictors of parents' practice score. As a result, parents, teachers, and communities can implement this intervention in other schools with susceptible children.
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INTRODUCTION

Since our first case of Hand, Foot, and Mouth Disease (HFMD) in 1997, Malaysia has become an endemic country of this disease (1). HFMD incidence increased more than 150% in 2018 compared to the previous year. On top of that, more than 50,000 people had been affected by this epidemic, and most were children (2). The age-weighted Disability Adjusted Life Years (DALYs) was 96,900 annually (95% CI: 40,600–259,000) in eight high-burden countries in Asia, and the majority were attributed to Years of Life Lost (YLL) (1). It has a mortality rate of 52.3 per 100,000 symptomatic patients, and it can be even higher if Enterovirus 71 (EV71) is the cause (230 per 100,000 cases).

Increased parental awareness of the importance of preschool education for their children and an increase in the number of children requiring early education in Malaysia has resulted in more preschools to meet the demand. Due to space constraints, most classrooms can only hold 20 to 30 students (2). As a result, the congested area creates an environment that promotes the spread of infectious diseases, particularly those transmitted through airborne droplets or contaminated surfaces, such as HFMD.

Preschool children are among those who are susceptible to contracting the disease due to the crowded environment in educational institutions. Although the incidence rate of HFMD was highest among children under the age of five in the literature (1, 3, 4), the HFMD incidence among six-year-old children was still significant and needed to be intervened, according to a modeling study, in which the incidence of HFMD (2003 until 2012) among this age group was 16.5 per 1,000 person-years, a slight reduction compared to 24.3 per 1,000 person-years among children aged five years old (1). Furthermore, a cross-sectional study of HFMD cases reported in China from 2001 to 2007 found a gradual decrease in the proportion of cases among children aged 0–4 years old, with a corresponding shift in the age distribution of HFMD cases among older children aged 5 to 9 years old (4). The proportion of cases in this age group was significantly increased from 17.0% in 2001 to 26.2% in 2007 (p < 0.05).

Furthermore, in terms of a lifecycle-based health promotion policy, the age range of 6 to 12 is critical for children to begin adopting health-promoting behaviors, such as hand hygiene (5). The good habits formed may influence these children's lifelong health habits and long-term health into adulthood during this stage. Children are more likely to be affected by adult behaviors at home because they rely on their parents and families. As a result, parents should be included in any intervention to improve children's health behavior, including hand hygiene.

Except for symptomatic treatment, there is no known effective treatment for controlling and preventing HFMD infection. Nonetheless, the monovalent, inactivated EV71 vaccine, used in China since 2008, claims to protect a child from HFMD infection within 10 days of administration (6). However, it is ineffective against other strains and has no long-term effects. No other country has proven its effectiveness in preventing HFMD. As a result, hand hygiene is the most practical, simple, and cost-effective method of preventing and controlling HFMD infection and outbreaks. Handwashing behavior was linked to HFMD infection in a case-control study conducted in China (OR = 0.41, 95% CI: 0.19–0.89), and handwashing before meals was a significant protective factor from HFMD (OR = 0.3, 95% CI: 0.13–0.70) after controlling for confounders (7). Furthermore, many interventional studies have found that intervening in hand hygiene practices reduces the incidence of HFMD (8, 9).

However, parents' hand hygiene practice is still low despite having a high level of knowledge and attitude, shown by a cross-sectional study conducted in Klang Valley among preschool children's parents (10). Furthermore, two-thirds of parents disagreed that they should wash their hands before touching their children, and three-quarters were unaware of proper handwashing techniques. Again, there was a shortage of interventional studies in Malaysia to examine the effectiveness of health education on hand hygiene, emphasizing the role of parents in improving their children's handwashing habits. In addition to the importance of parents' knowledge and practice of hand hygiene in shaping their children's handwashing behavior, they may also act as symptomatic carriers and transmit the infection to the children in their care if they fail to follow preventive practices (11). Instead of transmitting the disease to the children under their care, they also might develop clinical HFMD due to taking care of infected children. A follow-up study in China reported having children diagnosed with HFMD recently is among the risk factors of HFMD in adults (12). In this case, rather than being the savior for the kids, they will only worsen the condition and further contribute to the HFMD outbreak.

As far as hand hygiene is concerned in Malaysia, there are no proper guidelines to prevent infections, including HFMD. School health nurses provide informal hand hygiene education to preschools and primary schools once a year but without proper guidelines or assessment. Concurrently, Tunas Doktor Muda, a preschool-based branch of Young Doctors' Club, has included hand hygiene as part of its curriculum. Preschool teachers conduct individual assessments and evaluations on each module element. The findings, however, have not been made public.

The importance of parents' involvement in determining their children's hand hygiene practices, as well as the escalating incidence of HFMD in Malaysia in recent years without properly guided, effective preventive measures, the lack of interventional study to improve parents' knowledge, attitude, and practice on HFMD and hand hygiene in the educational setting, and the lack of interventional study to improve parents' knowledge, attitude, and practice on HFMD and hand hygiene in the educational setting, are the reasons for this trial. We used a theory to guide us through designing, implementing, and evaluating the intervention. The Health Belief Model was chosen over other theories because it emphasizes modifying factors to the perception and self-efficacy components.

In addition, cues to action are an essential component in mediating individual beliefs. Furthermore, hand hygiene interventions have been effective in healthcare and community settings (13, 14). Effective preventive measures should be developed to break the HFMD transmission chain and reduce the disease's burden in Malaysia, particularly among young children. Preschools should be the safest and most conducive environment outside of the home for children to gain knowledge and experience without being exposed to infectious agents.


Research Questions

i. Does the health education on hand hygiene and HFMD among parents using Health Belief Model demonstrate an intervention effect overtime on parents' perceived susceptibility, severity, benefits and barriers?

ii. Does the health education on hand hygiene and HFMD among parents using Health Belief Model demonstrate an intervention effect overtime on handwashing practice among their preschool children?



Research Objectives
 
General Objective

To develop, implement, and evaluate the health education module's effectiveness in improving parents' perceived susceptibility, severity, benefits and barriers and preschool children's handwashing practice using the Health Belief Model.



Specific Objectives

i. To develop, implement and validate the health education module on hand hygiene and HFMD using the Health Belief Model.

ii. To compare baseline data regarding sociodemographic status, household characteristics, parents' knowledge, perceived susceptibility, severity, benefits and barriers, and practice of hand hygiene and HFMD, and preschool children's handwashing practice between intervention and intervention control groups.

iii. To compare the hand hygiene and HFMD health education module's effectiveness on parents' perceived susceptibility, severity, benefits and barriers, and preschool children's handwashing practice at baseline, immediate post-intervention and three-month post-intervention between and within the intervention and control groups after controlling for confounders.





MATERIALS AND METHODS


Design and Setting

This 26-month double-blind parallel cluster-randomized controlled trial was undertaken in Alor Gajah, Melaka. The study population included parents of six-year-old preschoolers in Alor Gajah. The primary sampling frame includes preschools visited by the school health team. The secondary sample frame was the preschool parent lists. The sample unit is a parent of a six-year-old preschool student from Alor Gajah.

The sample size was calculated by comparing two proportions and two means (15). The sample size is based on 80% power, 0.05 significance, and a 20% dropout rate. The sample was then adjusted by 1.95, based on an intracluster correlation coefficient (ICC) of 0.05 (16), with 16 clusters averaging 20 children each. The overall sample size was 133 individuals per arm, distributed into 8 clusters of roughly 20 children each school. The study participants were the parents who consented to join this study and filled in the pre-test (t0) questionnaires.



Randomization, Allocation and Blinding

The school health team provided a list of preschools. Those who refused to conduct the study among their preschool children's parents were removed from the list. Then, using a random sequence generator, 16 pre-schools were chosen at random from a simple random sampling. Eligibility criteria were used to evaluate preschool and preschool students. The investigator was then blinded to the number of blocks by performing a permuted block randomization with different block sizes. The block's dimensions were the same as 2 and 4. Different block intervention groups were assigned to pre-schools.

Allocation concealment was used to avoid selection bias. A sealed, opaque envelope containing each label's assigned intervention group, such as A or B, was used to conceal the randomization. The given group will only be revealed to the investigator after randomization.

This study used a double-blinding method, which meant that neither the participants nor the liaison officers knew which group they were in. This safeguard is in place to avoid ascertainment bias. The researcher could not be blinded while performing the intervention.



Selection Criteria (Individual and Cluster Level)

Inclusion criteria included all government or non-government preschools that Alor Gajah School Health Team visits (at cluster level) and parents of six-year-old preschool children in Alor Gajah (individual level).

Exclusion criteria include parents of children who were cared for in nurseries or daycare centers (at an individual level), parents who are illiterate in Malay and English language (at an individual level), preschools that were under the same administration as any elementary school (at cluster level). This measure avoids historical effects that will threaten the study's internal validity if there are other interventions that the school administration conducts in parallel with this intervention. Also, preschools who received hand hygiene interventions other than standard care in the past year were excluded (at cluster level).



Health Education Module

The Public health experts from Universiti Putra Malaysia (UPM) and the Alor Gajah District Health Office validated the health education module in Malay and English versions. A Public Health Specialist and a Malay translator are among the experts. The flow of a health education module development is depicted in Figure 1.
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FIGURE 1. The schematic diagram for the development of the health education module on prevention of Hand, Foot and Mouth Disease.


The application of the Health Belief Model (HBM) components in the development of the module. The recorded health talk and brochure distribution detailed the perceived susceptibility, severity, and benefits. In addition, one of the videos discussed the importance of soap-based handwashing in preventing disease transmission. The perceived barriers were explained by a recorded health talk that listed possible hand hygiene barriers from previous studies and how to overcome them. The cues to action were applied through the distribution of the brochure, with the hope that having the brochure with them at home and reading it multiple times would remind them to wash their hands properly. Based on National Health Services (NHS), the self-efficacy construct in HBM was applied in the module via recorded videos on proper handwashing techniques. The NHS handwashing technique was used in the module because it is more detailed and understandable to the layperson, and it is based on the 13 steps of handwashing.



Quality Control

The scales were forward-backward translated into Malay by bilingual native speakers fluent in English and two Malay language experts. The consolidated version has minor linguistic and cultural adjustments. Due to the COVID-19 pandemic, 60 preschool parents from Melaka Tengah participated in the module's online pilot testing in May 2020. The intervention group received recorded health talk, videos on handwashing techniques and the importance of handwashing with soap and water, and brochures via preschool teachers as liaison officers. The control group received the same brochures on hand hygiene and HFMD from the liaison officers among the responders. Online questionnaires were used to collect data before and after the intervention. Feedback from audiences was used to measure instrument recognition, acceptability, and target population relevance.

Face validity was assessed by a group of public health graduate students. The questionnaires' substance and format were evaluated. A panel of five experts assessed the questionnaires' content validity (3 from the field of expert, two from other fields). Panelists were asked to rank the items on a three-point ordinal scale for necessity (not necessary, useful but not essential and essential). The content validity ratio ranges from 1 to −1. The higher the score, the more the panel members agree on an item's relevance. The CVR ranges from 0.6 to 1. As a result, everything stayed in the instrument.

The questionnaires' reliability was tested on 30 people who shared the same characteristics as the study participants (parents of preschool children). As measured by Cronbach's alpha, internal consistency was used to assess the scale's reliability.



Data Collection Process

Respondents were sent an online survey link for the study's baseline data. The intervention package was supplied a week after the baseline data. A liaison officer selected among preschool teachers managed the delivery of intervention packages. The health education program lasted about an hour. A post-intervention survey will be provided after the health intervention (T1). Parents' and students' knowledge, attitude, and hand hygiene practice were reassessed three months later (T2). The control group received the same brochure as the intervention group. The data was collected in the same way as the intervention group: at baseline (T0), immediately after the brochure was distributed (T1), and three months later (T2).



Data Analysis

Data analysis was done using IBM SPSS version 25. This study used a significance level with a p-value of 0.05 and a confidence interval of 95%. For results yielded p < 0.05, there is a statistically significant improvement in the parents' perceived susceptibility, severity, benefits and barriers, and preschool children's handwashing practice after a health education module intervention based on the Health Belief Model. The normality testing was carried out to determine the distribution of continuous data. The descriptive analysis described the baseline sociodemographic, household characteristics, parents' knowledge, practice, perceived susceptibility, severity, benefits and barriers on hand hygiene and Hand, Foot and Mouth Disease (HFMD) and preschool children's handwashing practice pre-intervention. Chi-square and T-test (or Mann-Whitney U test for non-parametric analysis) were used to assess baseline data comparability between intervention and control groups for categorical and continuous data. Generalized Estimating Equation (GEE) was used to analyze between and within-group comparison of the outcomes. It was also used as multivariate analysis to determine the effectiveness of the intervention with clustered data. GEE was chosen as the bivariate and multivariate analysis as it is best used in correlated data (cluster randomization and repeated measures). It provides an unbiased estimation of population-averaged regression coefficients.

Regarding sensitivity analysis, the missing data were analyzed to determine the pattern, either missing at random (MAR), missing completely at random (MCAR) or missing not at random (MNAR). Next, multiple imputations were used to handle missing data in the case of MCAR. Intention-to-treat (ITT) analysis was used because the trial's objective was to assess an intervention's effectiveness rather than efficacy. It was a community trial meant to assess an intervention's effect in real-world settings. Therefore, the report of the effectiveness of this trial was based on the intention to treat analysis. However, as there were withdrawals from the trials at follow-ups, sensitivity analysis was done to compare ITT results to the per-protocol analysis (PPA), which only analyzed the complete data. The results of PPA for all outcomes are placed in the appendix for further reference.

For ITT analysis, all 134 participants in the intervention and control group who were randomized were analyzed. For PPA, only 126 in the intervention group and 122 in the control group who completed the study were analyzed.



Ethical Consideration

The Human Ethics Committee of Universiti Putra Malaysia consented to perform this research (UPM). The study was registered with clinicaltrials.gov (Trial number: TCTR20200211003). A fact sheet and informed consent to parents were also prepared and distributed to each participant before the study to ensure understanding and privacy of respondents' details. Permission from respective preschools was also obtained. The principal investigator is trained in Good Clinical Practice (GCP) throughout the research to safeguard participant rights, safety, and well-being.




RESULTS


Response Rate

One department involving 20 preschools did not allow the survey out at their preschools (KEMAS preschools) due to the COVID-19 pandemic. The other 23 preschools were not eligible under the same administration as primary schools. Sixteen preschools were randomly selected using a random sequence generator from the remaining 47 preschools. The preschools were randomly allocated into intervention groups. Eight preschools were appointed as intervention and control groups, respectively. A total of 311 students was in the selected preschools (154 students in the intervention group and 157 students in the control group). Out of 311 parents of preschool children, only 268 agreed to participate in the study, making the individual participation rate 86%. It was balanced between the intervention group (n = 134, 87.0%) and the control group (n = 134, 85.3%). Throughout the study, eight parents (three from the intervention group and five from the control group) defaulted at immediate post-intervention. In comparison, 12 parents (five from the intervention group and seven from the control group) defaulted at third-month post-intervention, making the total attrition rate 7.4%. Figure 2 summarizes the final research flow chart based on the CONSORT statement.
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FIGURE 2. CONSORT flow diagram.




Missing Data

The missing data were analyzed, giving rise to a total of 3.5% missing data. The missing data came from defaulted cases at T1 and T2 and missing completely at random (MCAR) by Little's test. They were handled using multiple imputations techniques. The predictive mean matching (PMM) method was used for multiple imputations, with five datasets were generated.



Baseline Comparison of Socio-Demographic, Household Characteristics, Parent Perceptions and Children's Handwashing Practice

Table 1 depicts the comparison of the baseline data on sociodemographic, household characteristics, parent perceptions and children's handwashing practice between intervention and control arms. There were significant differences between intervention and control arms for continuous variables regarding parents' age (i = −2.566, p = 0.011) and the youngest child's age (p = 0.024). Both variables were higher in control groups. The categorical data showed no differences between intervention and control arms across variables except residence location (χ2 = 48.462, p < 0.001). Most of the intervention group participants lived in urban areas, while most control groups lived in suburban areas. Most of the respondents in both intervention and control arms were mothers to preschool children, Malay, who attended primary or secondary school and married. More than half of the preschool children were male.


Table 1. Baseline comparison of socio-demographic, household characteristics and parent's perception and children's handwashing practice (n = 268).
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Furthermore, all variables showed non-significant differences between the intervention and control group except living with active smokers (χ2 = 4.373, p = 0.03). The majority of respondents in the intervention and control groups claimed they lived together with active smokers. However, the discrepancy was big, in which only 51.1% of respondents in the intervention group lived with smokers, compared to 64.2% of them living together with active smokers in the control arm. Most respondents in both groups lived with more than three people in the same household and shared a room with two people. Most of the children who lived with active smokers lived with one smoker in the same environment.

Moreover, the baseline comparison between intervention and control groups on perceived susceptibility, severity, benefits and barriers of parents and handwashing practice of preschool children shows no significant differences. Hence, based on the baseline comparison of the sociodemographic and household characteristics and the outcomes, both trial groups were partially comparable as they were similar in most of the variables, except the age of parents, youngest child age, location of residence and numbers of active smokers.

Concerning attitude subscales, our trial reported the highest score in the perceived barriers and perceived susceptibility constructs. The perceived severity subscale had the lowest total score. The item “I think that HFMD is a very severe disease” received the lowest score out of all items (Mean = 2.84, SD 1.22 for the intervention group vs. Mean = 2.56, SD 1.14 control group).

Also, our study reported an excellent handwashing practice among preschool children as self-reported by their parents (Median = 15, IQR 1 in intervention group vs. Median = 15, IQR 2 in control group), with no significant difference between both groups. This finding can be related to the nature of data collection, which we depend on parents' reporting on their children's handwashing practice.



Effectiveness of the Module on Perceived Susceptibility, Severity, Benefits, Barriers, and Preschool Children's Handwashing Practice
 
Perceived Susceptibility

The effectiveness of the health education module on parents' perceived susceptibility was analyzed using intention to treat analysis and compared to the per-protocol analysis. The final model's smallest Quasi Likelihood under Independence Model Criterion (QIC) was 2,695. Table 2 depicts the timepoints, total knowledge score, age of youngest children and interaction term between group and time were the significant model effects. Parents who followed- up immediately after the intervention had higher perceived susceptibility compared to baseline (B = 0.719, 95% CI: 0.387–1.751, p < 0.001), and those who were at third-month post-intervention recorded increment in parents' perceived susceptibility by 0.5 unit (B = 0.517, 95% CI: 0.171–0.862, p = 0.003).


Table 2. Effectiveness of the module on perceived susceptibility, severity, benefits, barriers, and preschool children's handwashing practice.
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Meanwhile, the lower perceived susceptibility can be observed by an increment of 1 unit of the youngest child's age (B = −0.116, 95% CI: −0.224–−0.009, p = 0.034). The parents who had 1-unit higher knowledge had 0.2-unit higher perceived susceptibility (B = 0.245, 95% CI: 0.223–0.268, p < 0.001). Even though there was no direct intervention effect, the parents in the intervention group and followed up immediately the following intervention recorded higher perceived susceptibility than those in the control group (B = 0.510, 95% CI: 0.062–0.957, p = 0.026). However, no significant difference in the perceived susceptibility score at the third-month follow-up between the trial groups. Per-protocol analysis revealed the same significant model effects as the intention to treat analysis. Figure 3 demonstrates the interaction of perceived susceptibility scores between groups and time.


[image: Figure 3]
FIGURE 3. Interaction of perceived susceptibility scores between groups and time.




Perceived Severity

The smallest Quasi Likelihood under Independence Model Criterion (QIC) for the final model was 2,554. Table 2 shows the timepoint was the only significant model effect. Parents who were followed- up immediately after the intervention had higher perceived severity compared to baseline by 0.6 units (B = 0.603, 95% CI: 0.299–0.906, p < 0.001), and those who were at third-month post-intervention recorded increment in parents' perceived severity by 0.5 unit (B = 0.575, 95% CI: 0.264–0.887, p < 0.001) compared to baseline. However, no significant intervention effect was observed on the outcome. Per-protocol analysis revealed a similar model effect as the intention to treat analysis. Figure 4 depicts the interaction of perceived severity score between groups and time.
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FIGURE 4. Interaction of perceived severity score between groups and time.




Perceived Benefits

The final model's smallest Quasi Likelihood under Independence Model Criterion (QIC) was 2,454. Table 2 demonstrates that the total knowledge score and interaction term of trial groups and time point were the significant model effects for the outcome of the perceived benefit. Those with a 1-unit higher knowledge score had demonstrated higher perceived benefits (B = 0.223, 95% CI: 0.199–0.248, p < 0.001). Even though there was no significant direct intervention effect on the perceived benefits, the parents in the intervention group demonstrated a higher score at immediate follow-up than their counterparts (B = 0.538, 95% CI: 0.078–0.998 p = 0.022). However, no significant difference was observed between trial groups at third-month follow-up. Per-protocol analysis revealed similar model effects as the intention to treat analysis. Figure 5 shows the interaction of perceived benefits scores across groups and time.
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FIGURE 5. Interaction of perceived benefits scores across groups and time.




Perceived Barriers

The final model's smallest Quasi Likelihood under Independence Model Criterion (QIC) was 3,830. The model in Table 2 shows that the timepoint was the only significant model effect of the perceived barriers outcome. Parents who were followed up immediately (B = 1.043, 95% CI: 0.682–1.404, p < 0.001) and after 3 months post-intervention (B = 0.820, 95% CI: 0.474–1.165, p < 0.001) showed higher perceived barriers scores than baseline, respectively. No significant intervention effect was observed on the outcome. Similar model effects were demonstrated in the per-protocol analysis, as shown in the appendix. Figure 6 shows the interaction of perceived barriers scores between groups and time.


[image: Figure 6]
FIGURE 6. Interaction of perceived barriers scores between groups and time.





Preschool Children's Handwashing Practice

Table 2 shows the intention to treat analysis to study the module's effectiveness on preschool children's hand hygiene practice. There was no intervention effect on the construct. However, significant model effects included different follow-up times and parents' total practice scores. Those who were follow-up at immediate post-intervention recorded higher preschool children's practice score by 0.4 unit (B = 0.359, 95% CI: 0.223–0.495, p < 0.001), whilst the score was higher at third month follow- up by 0.3 unit compared to baseline (B = 0.344, 95% CI: 0.204–0.485, p < 0.001). There was a 0.02-unit higher preschool children's hand hygiene practice score for each unit increment in parents' practice score (B = 0.016, 95% CI: 0.000–0.031, p = 0.045). However, no significant intervention effect can be observed on the outcome. Figure 7 shows the interaction of children's handwashing practice score between groups and time.


[image: Figure 7]
FIGURE 7. Interaction of children's handwashing practice score between groups and time.





DISCUSSION


Baseline Comparison of Sociodemographic and Household Characteristics

The baseline data were not much different from a study conducted in Klang Valley examining the predictors of preventive behaviors toward Hand, Foot and Mouth Disease (HFMD) among Jabatan Kemajuan Masyarakat (KEMAS) preschoolers mothers (17). The study reported the mean age of respondents of 35.6 (SD: 5.57), married (N = 340, 96.3%), attained at least secondary education (N = 228, 64.8%), and lived with three children in the same household (Median = 3, IQR = 2).

Similarly, another cross-sectional study on knowledge, attitude and practice of hand hygiene among preschool children's parents also reported that most of the respondents were mothers (N = 110, 45.8%), aged 31 to 40 years old (N = 135, 56.3%), attained secondary education (N = 155, 64.6%) and had three or more children living in the same household (N = 139, 56.8%) (10).

Moreover, concerning the intervention study, a multi-faceted community trial in China on HFMD and hand hygiene reported the majority of the parents attained at least secondary education in the intervention group, and it was not significantly different between groups (8). This study did not examine any other items comparable to our study except for parents' education level.

Furthermore, this study was partially comparable at baseline as most variables were similar between intervention and control groups except parents' age, age of the youngest child, location of residence and presence of active smokers. A cluster-randomized controlled study (RCT) is expected to have a significant baseline imbalance, especially in a study involving small clusters (18). Bolzern et al. (19) suggested that the baseline imbalance in a cluster RCT is related to the recruitment process and not the randomization process, usually caused by a recruitment bias whereby the respondents are recruited after randomization. However, our study did not have a recruitment bias, as the participants were recruited before randomization.

According to previous studies, parents' age was a significant covariate of parents' knowledge of hand hygiene (20, 21). Mansur and Ahmad (20) reported parents aged 46 to 50 years old had more favorable knowledge compared to younger parents (p < 0.001). Otherwise, the age of the youngest child, location of residence and presence of active smokers were associated with HFMD incidence, but not the outcomes of this study.

Studies suggested restricted randomization such as stratification and minimization techniques could be used in the design phase to avoid baseline imbalance (22). However, this study did not use restricted randomization techniques to avoid clusters with no participants due to the small clusters and high numbers of strata. Another suggested method is to control the covariates with a significant imbalance which had a significant association with the outcomes in multivariate analysis (22). In this study's case of knowledge outcome, the parents' age was not included in the multivariate analysis. It was not significantly associated with respondents' knowledge in our study and did not significantly change the model goodness of fit, QIC.



Baseline Comparison of Parents' Perceived Susceptibility, Severity, Benefits and Barriers, and Preschool Children's Hand Hygiene Practice

A similar result by cross-sectional study in Thailand reported the highest score in the perceived susceptibility subscale (N = 373, 31.8%) and the lowest score in the perceived severity subscale (N = 343, 75.2%) (21). A survey in Klang among mothers of preschool children reported the highest score in the perceived susceptibility subscale (Median = 13, IQR = 2), and the perceived barriers were the subscale with the lowest score (Mean = 7.80, SD 1.24) (17). Perceived susceptibility was the construct with the highest scores in all studies, most probably contributed by the high knowledge score on the causative agents and mode of transmission of HFMD.

On the other hand, the lower perceived severity score was contributed by the knowledge on the complications of HFMD. Our trial reported an excellent knowledge level on the HFMD complications, thus, affecting the perceived severity scores. Most respondents thought that the infection was very severe and needed hospitalization in most cases. The finding is consistent with Rosenstock (23), who postulated that a person may perceive a health problem regarding its clinical consequences and whether it could lead to death. Besides, the frequent media reporting on HFMD in Malaysia, especially during the massive epidemic in 2018, makes people perceive HFMD as a severe disease. The idea is parallel with the findings of an experimental study among psychology undergraduate students, which reported that the diseases reported frequently by the media were often perceived as more severe than those reported less commonly (24).



Baseline Comparison of Preschool Children's Handwashing Practice

Similarly, a randomized controlled community trial in China also revealed good baseline handwashing habits of children (Mean = 11.2, SD 5.6 in intervention group vs. Mean = 11.3, SD 4.8 in control group, p = 0.446) (8). Meantime, a multi-center intervention study in Klang among 435 preschoolers estimated that most children washed their hands before and after meals (N = 361, 83%) and after out from the toilet (N = 288, 66.2%), but not after playing outdoor (N = 213, 49%) and after sneezing or coughing (N = 173, 39.8%) (25). Unlike our study, this trial reported self-reporting measures on handwashing practice from the preschool children themselves, supported by observation on handwashing techniques.



The Effectiveness of the Module

This study had significant intervention effects on parents' perceived susceptibility and benefits outcomes at immediate follow-up, but not at the third-month follow-up. According to the graph of the interaction effect of trial groups and time, all outcome scores were initially increased at immediate follow-up. Still, later the scores were slightly reduced at the third-month follow-up leading to the non-significant intervention effect of all the outcomes at third-month follow-up compared to baseline, except on the parents' knowledge. Such findings were postulated due to the nature of our intervention, which was conducted only at a one-time point rather than conducted repeatedly, making the scores higher at immediate follow-up than third-month follow-up.

In contrast, a community trial of hand hygiene and Hand Foot and Mouth Disease (HFMD) among parents of young children in China, the parents' knowledge [β (year 1) = 0.194, 95% CI: 0.100–0.288 vs. β (year 2) = 0.191, 95% CI: 0.097–0.284], and handwashing habits [β (year 1) = −1.831, 95% CI: 1.933–−1.788 vs. β (year 2) = −1.818, 95% CI: −1.920–−1.716] as well as children's handwashing habits [β (year 1) = −1.847, 95% CI: −1.950–−1.745 vs. β (year 2) = −1.876, 95% CI: −1.979–−1.773], were significantly different at year 1 and year 2 of intervention (8). Compared to our trial, the trial in China was a huge trial involving 32 villages at each arm. It also involved intensive health education, including training of trainers among local doctors compared to only general health education given to the control group. It was conducted at two HFMD epidemic sessions (April 1–July 31) in two consecutive years: 2011 and 2012.

Another cluster randomized controlled trial on hand hygiene in India also showed a further significant increment of the outcome as the trial progressed (26). At six weeks' follow-up, handwashing with soap at key events was more common in the intervention group than in the control group [19% (SD = 21) vs. 4% (SD = 2), p = 0·005]. At the 6-month follow-up visit, the proportion of handwashing with soap was even higher; 37% (SD = 7) in the intervention group vs. 6% (SD = 3) in the control group (p = 0·02). Compared to our study, this trial assessed a different aspect of hand hygiene practice; the proportion of handwashing at key events, rather than the frequency of handwashing among children or the parents' preventive practice against HFMD, including hand hygiene as in our study. Furthermore, the handwashing practice of parents and children were clustered together as a common handwashing outcome among household members. Thus, the handwashing practice on different respondents could not be determined. Besides, this study was a vast, funded trial, which involved 14 villages with 700 to 2,000 villagers for each village. It also involved a one-month intensive intervention in the intervention group, while the control group received a delayed, shorter version of intervention (9 days). Furthermore, the content of the intervention was multi-faceted, as it involved many activities such as flip chart presentation, filmmaking, house-to-house visits by promoters, broadcasting of campaign songs, pledging among community members, school events and community events, tallied to the local community circumstances, to cater for various types of respondents in the study.



Effectiveness of the Module on Parents' Perceived Susceptibility, Severity, Benefits and Barriers

This trial showed that timepoints were the significant predictors of the perceived susceptibility, severity, and barriers but not the perceived benefits. Besides, knowledge was also significantly affected perceived susceptibility and perceived benefits in this study. Even though there were no intervention effects on all outcomes, the perceived susceptibility and perceived benefits showed significant increment at immediate follow-up in the intervention group compared to the control group at baseline.

The findings can be explained by the readily high scores at the baseline, especially on the perceived susceptibility outcome (Mean = 10.84, SD = 3.43 in the intervention arm and Mean = 11.09, SD = 3.59 in the control arm), which may produce ceiling effects, in which the apparent treatment effect might be lowered due to the high baseline scores. Thus, only the intervention effect will be significant after adding the time point. Similarly, the perceived barriers also showed a higher baseline score in the intervention group, in which out of a total score of 15, the baseline mean score was 11.02 (SD = 2.54) for the intervention group compared to only mean score of 10.72 (2.61) for the control group which may lead to the insignificant treatment effect due to higher baseline score in the intervention group at the first place.

There is scarce literature on hand hygiene interventions, which assessed the Health Belief Model (HBM) constructs as part of the outcomes. A quasi-experimental study among 135 nurses in Iran, involving four sessions of health education focusing on nosocomial infection, reported a significant intervention effect on the perceived threats (p = 0.004), perceived benefits related to the nurses (p < 0.001) and patients (p < 0.001), and perceived barriers related to the nurses (p < 0.001) and hospital (p < 0.001) (13). This study was conducted in 2 army hospitals, and four sessions of health education lasted for 45 min for each session were conducted at different shifts. The assessments using the self-made questionnaires were done at the baseline and two months post-intervention.



Effectiveness of the Module on Preschool Children's Handwashing Practice

Our study showed no intervention effect on preschool children's handwashing practice, but a significant difference in children's practice at different follow-up times and different parents' practice scores. In contrast, the community trial in China involving parents of 6 to 40-months old children revealed intervention effects on the preschool children's handwashing practice (B = 1.847, p < 0.001) (8).

As explained before, the contradicting finding is mainly due to the different intervention modalities and length of time. Besides, the readily high score of children's handwashing practice at baseline in our study also may contribute to the non-significant difference in the score between intervention groups, as the difference was too little to be noticed. In contrast, the moderate baseline score of children's handwashing practice in the China trial still had room for improvement via intervention.




CONCLUSION

In conclusion, when compared to baseline, our intervention improved parents' perceived susceptibility and benefits outcomes. Unfortunately, no significant intervention effects were found on parents' perceptions of severity and barriers, as well as preschool children's handwashing practices. The length of time between follow-ups significantly impacted each outcome. In addition to intervention groups and follow-up time, significant covariates were outcome predictors in our study. Apart from parents' knowledge and perceived susceptibility, the age of the youngest child was a significant predictor of parents' perceived susceptibility.


Limitation

The timing of this trial during the COVID-19 pandemic influenced the effectiveness of our intervention. Due to the pandemic COVID-19 and the concern of virus transmission among community members, the data collecting measures were changed from face-to-face intervention to online intervention package distribution. Furthermore, the high absenteeism rate of preschool children due to fear of COVID-19 and government enforcement of Movement Control Order (MCO) made it challenging to investigate more objective outcomes like HFMD incidence or absenteeism rate, as reported by most trials on hand hygiene.

An attitude change in behaviors is essential in many investigations (10, 21, 26, 27). However, this solution did not address the module's attitude because motivating people via an online platform was difficult. The intervention's one-time nature may contribute to the non-significant intervention impact at the third month. The effects may fade with time. Face validity conducted among graduate students may not represent our study respondents' educational background, as most of our study participants completed primary and secondary school. As a result, the questionnaires may be interpreted differently. In addition, due to time constraints, the researchers only included parents, who the author believes are the most important predictors of children's health, particularly in the COVID-19 pandemic condition. This study did not include teachers because of time and resource restrictions despite the importance of teaching children about HFMD and basic handwashing practices.

This study also relied on parents' self-reporting data. For example, appraising their own children's handwashing habits may be skewed. This study's high baseline handwashing rate suggests that parents may have overestimated their children's scores.

In our study, the control group got the hand hygiene and HFMD brochure as part of the intervention package. Due to the pandemic, several media outlets have already promoted hand hygiene messages. The goal is to compare the efficiency of various health promotion strategies. Thus, this study evaluated the effectiveness of an intervention that employed verbal, visual, and written communication to one that used written communication. However, this diluted the intervention impact. The intervention group's parents' perceived severity and barriers did not change, nor did their children's hand hygiene practices. Most outcomes improved over time in both study arms showed that both health communication approaches could improve outcomes.

As a result of the COVID-19 pandemic, our results may not generalize to clusters (preschools) or individual participants (parents of preschool children) as the baseline findings and intervention effectiveness differed. For example, a different time with less information on hand hygiene might have lowered the baseline. However, the intervention impact would have been better if the trial had not occurred during the COVID-19 pandemic.



Recommendations

Another study suggests that attitudes and motivation are crucial in modifying behavior. Thus, future research may include attitudes as an objective. If finances allow, future interventions could be repeated to maintain behavioral change and achieve desired goals. Research should use a similar background sample to provide unbiased feedback and assessment. If time permits, the correctness and thoroughness of parents' and preschoolers' handwashing procedures can be assessed. Then include the preschool teachers and children as participants. Future studies can use objective measures to supplement respondents' self-reported data. Common quantitative hand hygiene metrics include HFMD incidence, illness absence rates, and surface bacteria colony counts (8, 28–31). The module can be implemented in numerous ways (using multiple health education strategies) to suit different participants. Having hand soap or other hand hygiene facilities in the module can be a plus if resources allow. It could be used as a cue to action in the Health Belief Model (HBM) to remind participants to wash their hands. Despite being undertaken during the COVID-19 pandemic, the hand hygiene and HFMD modules showed good participation rates and positive outcomes. As a result, the program will be expanded to other schools with a high risk of infection.
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