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Background: Most of human diarrheal pathogens are zoonotic, and transmission of the pathogens can occur by contaminated food, water, environment and direct contact with animals especially for livestock keepers. Yet little is known of the relative importance of different risk factors especially in under-studied countries. The objectives of this study were to identify risk factors for diarrhea in livestock keepers in Cambodia and detect diarrhea-causing pathogenic bacteria in both humans and livestock within a One Health approach. Of special interest were the links between diarrhea and food consumption and livestock-keeping.

Materials and methods: We used an existing dataset from a questionnaire survey conducted in 400 livestock farms in Prey Veng and Kampot Prefectures between February and March 2013 as well as laboratory results on bacterial isolation from fecal and swab samples from livestock and poultry, and human stool samples. Laboratory results were available for up to three animals of each species kept by a household, and for up to three human samples from households reporting at least one case of human diarrhea in the previous 2 weeks. Presence of Escherichia coli, Shigella spp. and Salmonella spp. was investigated in both animal and human samples, in addition to Aeromonas spp., Vibrio spp. and Plesiomonas spp. in animal samples and Campylobacter spp. in human samples. Univariable and multivariable risk factor analyses were performed by generalized linear mixed model.

Results: Household-level diarrhea incidence rate was 9.0% (36/400). The most statistically significant factor associated with diarrhea in multivariable analysis was water treatment for drinking and cooking (OR = 0.33, 95%CI: 0.16–0.69, p = 0.003), followed by number of days consuming egg within 2 weeks (OR = 1.16, 95%CI: 1.04–1.29, p = 0.008), number of children under 5 years old (OR = 1.99, 95%CI: 1.14–3.49, p = 0.016) and keeping poultry (OR = 0.36, 95%CI: 0.14–0.92, p = 0.033). Animal samples for bacterial culture test were collected at 279 cattle, 165 pig and 327 poultry farms, and bacteria were detected from 6 farms with the isolation of Escherichia coli O157 (non H7) from 1 cattle and 1 pig sample, Aeromonas caviae from 1 pig sample and Salmonella spp. from 3 chicken samples. In human samples, 17 out of 67 individual samples were positive for the culture test, detecting Escherichia coli O157 (non H7) from 7 samples and Shigella spp. from 10 samples. None of the households where target bacteria were detected from animal samples had human samples collected due to lack of diarrhea episodes in the household.

Conclusions: It has often been hypothesized that keeping livestock may increase the incidence of diarrhea through multiple pathways. Contrary to this, we found livestock-keeping was not associated with increased risk, but food-related behavior and children under 5 years of age were strongly associated with increased risk. We discuss mediating and confounding factors and make recommendations for reducing the burden of diarrheal disease in Cambodia and more widely in low- and middle-income countries.
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1. Introduction

Diarrhea is one of the most common symptoms of foodborne illness (Kosek et al., 2003). It is responsible for about 3.6% of the total disability-adjusted life year (DALY) global burden of disease, and causes ~1.45 million deaths annually worldwide (Lozano et al., 2012; Murray et al., 2012). Most deaths are among children under the age of 5 years, with diarrhea being the second largest cause of mortality in this age group globally. Children's death by diarrhea is often associated with underlying malnutrition, which makes them more vulnerable to diarrhea and many infectious diseases (Pelletier et al., 1993; Schroeder and Brown, 1994).

In 2005 in Cambodia, diarrhea was responsible for 17% of deaths among children under the age of 5 (Borapich and Warsh, 2010). Over the past decades, Cambodia has made significant improvements and has been able to reduce by 80% the diarrhea-related DALYs from 1990 to 2010. This decreasing trend still continues, according to data available until 2019 (Institute for Health Metrics Evaluation, 2022). Despite these improvements, diarrhea is still a significant problem responsible for 6% of all deaths in children under 5 years of age in 2015 in Cambodia (Cambodia Health Data, 2015), and its impact is considerable especially in rural areas due to the poor resources of medical facilities. Diarrhea is a preventable but widespread condition in the country, and understanding its drivers and causes remains essential for its control.

Diarrheal diseases are caused by ingestion of bacterial, viral or parasitic pathogens mainly through contaminated food or water. Environmental contamination from human feces is also considered important in the epidemiology of human diarrhea (Laborde et al., 1993). In addition, two-thirds of emerging and re-emerging diseases are considered to be zoonotic and contact between animals and humans increases the risk of the transmission of diseases (Jones et al., 2008; Christou, 2011; Coker et al., 2011). In this regard, animals can also be causes of human diarrheal cases through contact with humans and environmental contamination from animal feces. For example, enteric pathogens including Escherichia coli O157:H7, Campylobacter spp., Giardia spp., Salmonella spp. and Cryptosporidium spp. are found in animals and are known for their zoonotic transmission (Feachem et al., 1983; Crawford and Vermund, 1988).

Livestock and poultry raising in close distance to the human living environment is common in many parts of the world, especially in low- and middle-income countries (LMICs), where animal husbandry is closely linked with human lifestyle and is a primary source of income and nutritious foods such as milk and meat (Sansoucy et al., 1995). Household-livestock keeping increases the opportunity of direct contact of humans with animals and the risk of fecal contamination within the household living environment, indicating potentially high transmission risk of zoonoses. However, solid evidence on the links between livestock keeping and contact with animals and its role in diarrhea is still limited (Coker et al., 2011).

The objective of this study was to identify risk factors for diarrhea among livestock-keeping households in Cambodia and to investigate the presence of foodborne pathogens concurrently in animals and humans living in close contact. The results will shed light on the intrahousehold transmission of zoonotic pathogens and household and farming practices that may be associated with diarrhea in humans.



2. Materials and methods


2.1. Study site selection and sampling of households

We used an existing dataset from a cross-sectional survey conducted among 400 livestock farms in four Districts in Prey Veng and Kampot Provinces between February and March 2013, as part of the Ecosystem approaches to the better management of zoonotic emerging infectious diseases in the Southeast Asia region (EcoZD) project (https://www.ilri.org/ecozd). The study that generated the data worked in two provinces that had contrasting agro-ecologies: Prey Veng Province is located in lower Mekong flood plain, which is a main agricultural production area in Cambodia; Kampot Province is located in the coastal area where rising sea levels and increased salinization are having a great impact in farming and fishery industries and in the availability of safe drinking water (Figure 1). Within each province, 2 districts were selected for the study to capture areas with contrasting diarrhea incidence. To do that, the study used 2010 bloody diarrhea incidence estimates to identify the districts with the highest and lowest bloody diarrhea incidence within each province; Preah Sdach (high: 3,492/100,000 people) and Prey Veng (low: 291/100,000 people) Districts were selected from Prey Veng Province, and Kampot (high: 1,386/100,000 people) and Angkor Chey (low: 974/100,000 people) Districts from Kampot Province (National Institute of Statistics, Directorate General for Health, and ICF Macro, 2011). Using the sampling frame of all the villages in each district, two villages were randomly selected from each district, and 50 livestock-keeping households were randomly selected from each village based on a sampling frame built with the help of the community. Thus, 100 households from each district were included in the study for a total of 400 households. Data were obtained via a structured questionnaire designed to collect information on diarrhea episodes in the household in the 2 weeks prior to the visit, as well as household and farming factors potentially associated with diarrhea, including household characteristics, animals kept, food consumption practices and water sources. An episode of diarrhea was defined as having soft stools at least three times within 24 h in the 2 weeks prior to the visit, and a household with at least one household member having experienced at least one episode of diarrhea was considered a diarrhea-positive household. The questionnaire was designed in English and translated into Khmer, the national language of Cambodia.
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FIGURE 1
 Map of the study area.


Data were also obtained from laboratory results on bacterial isolation from fecal and swab samples collected from livestock and poultry, as well as human stool samples from consenting households where at least one person had diarrhea in the previous 2 weeks. One to three individual animals of each species kept by the household were sampled; when more than one animal was sampled of a given species, the samples were pooled into a single tube. All animal species kept in the household were tried being sampled. In consenting diarrhea-positive households (i.e., where at least one person reported having experienced diarrhea in the 2 weeks prior to the visit), human samples were collected from one and up to three household members, with particular interest in those who prepared food, children and those having contact with animals. All samples were collected and placed in Cary-Blair transport medium and kept in a cool box until sent to the National Institute of Public Health (NIPH), in Phnom Penh, Cambodia. The samples were stored at −20°C at NIPH.

Samples were tested following published protocols for isolation and identification of the target pathogens (Ernest Jawetz et al., 1989; Henry and Todd, 1991; Centers for Disease Control and Prevention, 1999; Forbes et al., 2002; Lynne and Henry, 2007). Human samples were tested at NIPH for presence of Escherichia coli O157:H7, Salmonella spp., Shigella spp. and Campylobacter spp. Briefly, to detect Escherichia coli, Salmonella and Shigella, the samples were directly inoculated in MacConkey Agar (MAC) and Salmonella Shigella Agar (SSA) and then incubated at 37°C for 18–24 h. Moreover, to increase the sensitivity of the culture test, enrichment of bacteria included in the samples was done using Selenite broth with incubation of 37°C for 18–24 h. After the incubation, the Selenite broth was subjected to SSA and then the SSA was incubated. Screening and identification were performed based on the morphology and biochemistry characteristics using Triple Sugar Iron (TSI) tube agar, Sulfide Indol Motility (SIM) tube agar, Simmons citrate agar, Analytical Profile Index 20E kit (API20E, bioMérieux) and oxidase test. Escherichia coli isolates were further tested for serotype O157:H7 by agglutination test. To detect Campylobacter spp., the sample was inoculated in Campylobacter agar with Blood and Blaser formula supplemented and incubated in microaerophilic condition at 42°C for 48 h. Colony identification was done using Gram stain, Oxidase and Catalase tests.

Animal samples were sent to Mahidol-Oxford Tropical Medicine Research Unit, Mahidol University, Bangkok, Thailand and tested for the presence of Escherichia coli O157:H7, Salmonella spp., Shigella spp., Plesiomonas spp., Vibrio spp. and Aeromonas spp. The samples from animals were cultured using MAC, SSA and Thiosulfate Citrate Bile-Salts Sucrose agar (TCBS) with the incubation of 37°C for 18–24 h. In addition, for enrichment of bacteria, the samples were also placed into Alkaline Peptone Water (APW) tubes and the tubes were incubated at 37°C for 6–8 h. Then the APW were inoculated to TCBS and the TCBS were incubated as described above. Colony identification was performed using Kligler Iron Agar, Manitol Mobility agar, Urea Indole broth, API20E, Oxidase and Catalase tests.



2.2. Data analysis

Data from the questionnaires were obtained electronically in Microsoft Excel files and data cleaning was performed. Statistical analyses were performed using statistic software R version 3.5.0 (R Core Team, 2018). For comparisons of the occurrence of diarrhea in the households between provinces and between districts, Pearson's Chi-squared test with Yates' continuity correction was used. Univariable risk factor analysis was performed by generalized linear mixed model (GLMM) with binomial errors using lme4 package (Bates et al., 2011) to identify household-level diarrhea risk factors. Only variables for which a plausible biological link to diarrhea were included as explanatory variables in the analysis. Univariable models included the occurrence of diarrhea in households as response variable and prefectures and districts as random effects.

Multivariable analyses were performed using GLMM. The models included variables having p values < 0.1 in the univariable analyses as explanatory variables and diarrhea occurrence as response variable. The association between the selected explanatory variables was checked using GLMM with cut-off p < 0.05. Backward stepwise simplification was conducted using the likelihood ratio test.




3. Results


3.1. Descriptive statistics

Table 1 shows the characteristics of the households participating in the study. Households had an average of 4–5 members in all districts. Rice farming was a major activity in most of the households across the two provinces. Livestock farming (animal husbandry) was practiced by the majority of households in Kampot Province, but was rarely practiced by households in Prey Veng Province. Crop farming was also most common in Kampot Province than in Prey Veng Province. The majority of the households kept cattle and chicken, and pigs and ducks were kept by a moderate number of households. Livestock farms were smallholders, keeping on average 2–3 heads of large livestock, 2–6 pigs and from 15 to 30 chickens.


TABLE 1 Household characteristics (N = 100 per district).
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3.2. Diarrhea prevalence

The number of households reporting at least one member experiencing diarrhea over 2 weeks prior to the visit was 36, for a household-level diarrhea prevalence of 9.0% (95% CI: 6.5–12.3). The diarrhea prevalence in Prey Veng Province was 16.0% (95%CI: 9.7–25.0) and 6.0% (95%CI: 2.5–13.1) in Preah Sdach and Prey Veng Districts, respectively. In Kampot Province, the prevalence was 5.0% (95%CI: 1.9–11.8) and 9.0% (95%CI: 4.5–16.8) in Kampot and Angkor Chey Districts, respectively. In the comparison of the district prevalence within the provinces, a statistically significant difference was observed between Preah Sdach and Prey Veng Districts in Prey Veng Province (p = 0.04), while the difference between Kampot and Angkor Chey Districts in Kampot Province was not statistically significant (p = 0.41). In addition, the difference of the prevalence between Prey Veng and Kampot Provinces was not statistically significant (p = 0.22).



3.3. Bacteria culture of human and animal samples

A total of 67 human stool samples were collected from 25 diarrhea-positive households. Pathogenic bacteria were detected in 17 human samples (25.4%); Escherichia coli O157 (non O157:H7) was found in 7 samples and Shigella spp in 10 samples (Table 2).


TABLE 2 Result of bacteria culture test of livestock fecal and swab samples and human rectal or stool swab samples.
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Animal samples were collected from 95.9% (279/291), 91.7% (165/180) and 91.3% (327/358) of households keeping cattle, pigs and poultry, respectively. Escherichia coli O157 (non O157:H7) was isolated from 1 cattle and 1 pig sample, Aeromonas caviae from 1 pig sample and Salmonella spp. was isolated from 3 chicken samples. All the 6 culture-positive samples belonged to different households. None of the households where animal samples were found to be carrying the target bacteria had human samples collected due to lack of diarrhea episodes in the household in the 2 weeks prior to the visit. The same pathogen was not detected simultaneously in different animal species and human samples belonging to the same household. Among households reporting diarrhea in the previous 2 weeks, only one had an animal positive for any of the target bacteria; in particular one poultry sample carrying Salmonella spp.



3.4. Risk factors for diarrhea

Tables 3, 4 show the results of univariable and multivariable analysis for diarrhea. At univariable analysis, water treatment for drinking and cooking appeared as a potential preventive factor, and family size, number of children under 5 years old, not having a toilet facility, and number of days consuming eggs within the previous 2 weeks appeared as risk factors for diarrhea. In multivariable analysis, the final model included four factors (Table 4). In line with the results of univariable analysis, water treatment for drinking and cooking appeared as a protective factor for diarrhea in the household, while frequency of egg consumption and children under 5 years old appeared as risk factors. In addition, keeping poultry showed a negative association with diarrhea.


TABLE 3 Univariable risk factor analysis for diarrhea using GLMM.
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TABLE 4 Factors included in the final model of multivariable analysis for diarrhea using GLMM.
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4. Discussion

Diarrhea is a symptom of infections caused by bacterial, viral and parasitic organisms. Common causative agents of diarrhea are zoonotic, and it has often been hypothesized that keeping livestock, which is closely associated with human lifestyle, especially in LMICs, may increase the incidence of diarrhea through multiple pathways such as direct contact with them and environmental and water contamination by the animal feces with infectious organisms. Our study did not find evidence supporting this hypothesis, at least for the pathogens that our studied targeted. We did not find higher diarrhea prevalence in the districts where households were most likely to keep livestock and, accordingly, livestock keeping did not appear as a risk factor in our analysis. Moreover, poultry keeping was revealed as a protective factor for diarrhea in our study. In a review paper exploring the association between human diarrhea and domestic animal husbandry, of the 23 studies included in the systematic review, 21 indicated having found a positive association between livestock keeping and human diarrhea (Zambrano et al., 2014). The other two studies included in the systematic review reported negative associations between animal husbandry and diarrhea, as is the case of our study (Huttly et al., 1987; Kimani et al., 2012; Zambrano et al., 2014). Moreover, we did not find that livestock and humans were sharing any of the target pathogens in our study, which further supports the idea that, in the context we studied, human diarrhea may more likely be driven by non-animal related factors. Zoonotic transmission is influenced by many factors, including the nature and closeness of interaction between animals and humans. It is likely that livestock keeping in our study areas, while practiced at home, does not involve co-habitation and instead involves separation of living areas for animals and humans. This certainly would reduce pathogen transmission, and explain the lack of pathogen sharing between animals and humans. These findings show the importance of contextualizing the investigation of livestock keeping and the meaning it has in veterinary public health. Considering diarrhea remains a challenge worldwide and the growing interest in livestock raising as an economic activity in emerging nations, more context-specific research is needed in this field. The One Health approach (Zinsstag, 2012; Cleaveland et al., 2017) should continue to be used to look at animal-human interactions in the context of diarrhea.

While no association was found between animal husbandry and human diarrhea, we found several significant factors associated with diarrhea occurrence. Water treatment was the most significant and protective factor identified in this study. Many previous studies have reported the protective association of safe water against diarrhea, suggesting access to safe drinking water is one of the key preventive measures (Quick et al., 2002; Arnold and Colford Jr, 2007; Daud et al., 2017). In addition, a randomized controlled intervention trial of drinking water filters was performed in a rural village in Cambodia, which is a similar setting to that of the current study, showing a preventive effect of diarrheal disease (Brown et al., 2008). Thus, great effort should be put into safe water security to mitigate human diarrheal illness. As food-related factors, consuming eggs and washing root vegetables showed an association with diarrhea, although the latter was not included in the final model in multivariable analysis. Salmonella spp. is a well-known diarrhea causative agent, and one of the most important pathogens associated with egg consumption (Mc and Eisele, 1951; Hennessy et al., 2004; Schroeder et al., 2005). Although the number of days consuming eggs within 2 weeks was a risk factor statistically significant in our analysis, the effect size showed an odds ratio −1.14, showing a relatively minor effect. In the current study, while washing other vegetables had no association, washing root vegetables showed a slight protective association (p = 0.065) with diarrhea in univariable analysis. Our result may suggest that root vegetables have high risk of contamination by enteropathogenic species in soil because they grow underground, and washing may more effectively remove the pathogens of diarrheal diseases from root vegetables. Nevertheless, several studies have reported the limitations of washing fruits and vegetables for preventing food-borne diseases, which is compatible with our general finding that washing vegetables practices did not appear to be associated with diarrhea in the household (Burnett and Beuchat, 2001; Sivapalasingam et al., 2004; Lynch et al., 2009).

Although not included in the final model in multivariable analysis, washing hands with soap before eating and after animal handling were moderate preventive factors (p = 0.082 and 0.087, respectively) and no access to toilet facility was a significant risk factor in univariable analyses. These factors were hypothesized by us to be important due to the previously reported evidence (Koopman, 1978; Black et al., 1981; Pickering et al., 1986; Luby et al., 2004; Asfaha et al., 2018; Ejemot-Nwadiaro et al., 2021). According to World Health Organization, along with access to safe drinking water and food hygiene, as mentioned above, use of improved sanitation including hand washing with soap and toilet facilities are the key preventive measures (World Health Organization, 2014).

Regarding the children under 5 years old as a risk factor for diarrhea, in line with our result, several studies have reported the incidence of diarrheal diseases are greatest among children in this age group (Fischer Walker et al., 2012; Farthing et al., 2013). Since diarrhea in children causes growth faltering, malnutrition, and impaired cognitive development as well as fatal cases in resource-limited countries, great attention should be paid to them (Pelletier et al., 1993).

In order to mitigate diarrheal disease, health and food safety education plays an important role as well as the factors mentioned above (World Health Organization, 2014). In addition, not only household-based interventions but also community-based interventions to reinforce the knowledge and practices toward diarrhea and other diseases have been recognized as effective disease mitigation strategies in developing countries (Sheth and Obrah, 2004; Haroun et al., 2010; Mashoto et al., 2014; Abdel-Aziz et al., 2015).

In addition to risk factor analysis, this study also investigated the concurrent presence of bacterial organisms in both domestic animal and human samples in a One Health framework. While most of other studies which focused on association between animal husbandry and human diarrhea set single pathogen as a target and only human samples were utilized for culture test, the strength of the current study is that it investigated several pathogenic bacteria simultaneously (O'Brien et al., 2001; Belongia et al., 2003; Alyousefi et al., 2011; Leung et al., 2013; Zambrano et al., 2014). Only six animal samples were positive to any of our target bacteria. Among the six positives, one chicken-positive household with Salmonella spp. was human diarrhea positive at household level in questionnaire survey, but no human samples were available for that case. As one of the limitations of this study, not all animals kept at each household were sampled, and the samples were pooled into a single tube for every animal species within each household for culture test. While this makes laboratory analysis more efficient, it does reduce the sensitivity of the test, and it may have led to false negative results. For bacteria culture of human samples targeting Escherichia coli, Salmonella spp., Shigella spp. and Campylobacter spp., 67 individual samples were collected from diarrhea positive households and culture tests were positive for 17 (25.4%) of them, detecting Escherichia coli O157: non-H7 and Shigella spp. Although the individuals sampled in a household had not necessarily experienced diarrhea in the 2 weeks prior to the visit while at least one household member had done diarrhea in the period, other pathogens such as norovirus, rotavirus, Cryptosporidium and Giardia, which were not investigated in this study, may have caused diarrhea. Although there are limited data on diarrhea etiology from developing countries, a study conducted in Cambodia reported that among the stool samples collected from 600 children with acute diarrhea (cases) and 578 children without diarrhea (controls), the most frequently isolated pathogens in these cases were enteroaggregative Escherichia coli (20%) and rotavirus (26%) (Meng et al., 2011). In addition, from the perspective of the season, while bacterial diarrheal diseases often occur during rainy season, the sampling was performed in dry season in the current study, which may be behind the low overall diarrhea incidence observed (Bonkoungou et al., 2013; Kraay et al., 2020). Season could have also explained the low isolate rates of some of the target bacteria, which may be less prevalent in dry season (Picard and Goullet, 1987; Shigematsu et al., 2000; Barkocy-Gallagher et al., 2003; Perencevich et al., 2008; Akil et al., 2014; Bhattacharya et al., 2014; Lee et al., 2017). The available data does not allow to further investigate if this is indeed the case. Further research is desirable to understand the diarrhea situation more generally, in particular in the context of its zoonotic transmission.

General preventive measures against diarrhea, such as good food hygiene, water hygiene, handwashing with soap and good sanitary facilities, are effective methods to contain diarrhea in the studied livestock-keeping households in Cambodia. These are universally well known and effective methods to reduce gastro-intestinal disease. Livestock keeping, while it may be related to other zoonoses not targeted in our study, does not seem to be a factor that may be behind diarrhea in the households in our study areas. Livestock keeping remains an important source of livelihoods and food in many communities, and remains a potential risk activity in terms of a number of zoonotic infections. Further studies should expand, using the One Health approach, our understanding of what health risks for humans livestock keeping may pose to the communities in our study area.
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Variable Categories Diarrhea p-value

Odds ratio (95%
Cl)

Positive Negative

n (%) or median n (%) or median

Socio-economic characteristics

(Range)

(Range)

Highest education No education and 9(8.3%) 109 (91.7%)
among household Primary
members
Secondary 11(7.8%) 131 (92.2%) 0.72(0.31-1.64) 0.431
High school or above 16 (12.9%) 124 (87.1%) 0.76 (0.30-1.95) 0.571
Family size 5(2-9) 4(2-8) 1.34 (1.08-1.67) 0.008
Number of children 0 21(7.0%) 278 (93.0%) 2.00 (1.18-3.40)* 0.011
under 5 years old
1 11(13.1%) 73 (86.9%)
2 4(23.5%) 13 (76.5%)
Livestock keeping
Cattle and buffalo Yes 27 (9.0%) 272 (91.0%) 1.00 (0.44-2.24) 0.994
No 9 (8.9%) 92 (91.1%)
Pigs Yes 19 (10.6%) 161 (89.4%) 1.26 (0.60-2.64) 0.539
No 17 (7.7%) 203 (92.3%)
Poultry Yes 29(8.1%) 329 (91.9%) 0.4 (0.18-1.11) 0.082
No 7 (16.7%) 35 (83.3%)
Sanitation
Toilet type
Toilet Yes 17 (7.5%) 209 (92.5%) 0.77 (0.36-1.68) 0.517
No 18 (10.3%) 156 (89.7%)
Latrine Yes 7 (7.4%) 87 (92.6%) 0.6 (0.27-1.60) 0.357
No 29(9.5%) 277 (90.5%)
No toilet facility Yes 28 (12.0%) 206 (88.0%) 2.65(1.11-6.31) 0.028
No 8 (4.8%) 158 (95.2%)
Water source for drinking and cooking
Rain Yes 4(7.0%) 53 (93.0%) 0.71 (0.22-2.36) 0.580
No 32(9.3%) 311 (90.7%)
Pond Yes 10 (8.5%) 108 (91.5%) 0.97 (0.36-2.62) 0.945
No 26(9.2%) 256 (90.8%)
Well Yes 23(9.7%) 213 (90.3%) 1.06 (0.39-2.84) 0913
No 13 (7.9%) 151 (92.1%)
Tap Yes 3(6.3%) 45 (93.7%) 0.85 (0.20-3.62) 0.828
No 33 (9.4%) 319 (90.6%)
Water treatment Yes 16 (5.8%) 261 (94.2%) 0.34(0.16-0.71) 0.005
No 19 (15.8%) 101 (84.2%)
Food consumption
Raw vegetables
Aerial vegetable Yes 9(9.8%) 83 (90.2%) 1.13 (0.51-2.54) 0.756
No 27 (8.8%) 281 (91.2%)
Aquatic vegetable Yes 2(13.3%) 13 (86.7%) 1.50 (0.32-7.03) 0.608
No 34 (8.8%) 351 (91.2%)
Fruit vegetable Yes 14 (8.2%) 156 (91.8%) 0.91 (0.45-1.87) 0.800
No 22 (9.6%) 208 (90.4%)
Leaf vegetable Yes 3(13.6%) 19 (86.4%) 1.92 (0.52-7.03) 0324
No 33(8.7%) 345 (91.3%)
Root vegetable Yes 0(0.0%) 6 (100.0%) i 0.829
No 36 (9.1%) 358 (90.9%)
Number of days having food within 2 weeks
Beef 0(0-2) 0(0-10) 0.79 (0.44-1.44) 0.445
Pork 4(0-12) 5(0-14) 0.95 (0.86-1.05) 0.308
Chicken 0(0-7) 0(0-12) 1.17 (0.96-1.43) 0.127
Eggs 2(0-14) 0(0-14) 112 (1.01-1.24) 0.029
Fish 10 (0-14) 10 (0-14) 1.01 (0.93-1.10) 0.796
Eat sick/dead animals
Cattle Yes 2(25.0%) 6(75.0%) 267 (0.48-14.91) 0.264
No 34(8.7%) 357 (91.3%)
Pig Yes 6(16.7%) 30 (83.3%) 1.83 (0.60-5.63) 0.290
No 30 (8.3%) 333 (91.7%)
Chicken Yes 11 (11.7%) 83 (88.3%) 1.30 (0.59-2.89) 0.513
No 25 (8.2%) 280 (91.8%)
Duck Yes 3(10.3%) 26 (89.7%) 0.92 (0.25-3.39) 0.899
No 33 (8.9%) 337 (91.1%)
Food hygiene practices
Washing of vegetables
before consuming
Aerial vegetable Yes 36 (9.4%) 345 (90.6%) el 0.995
No 0(0.0%) 19 (100.0%)
Aquatic vegetable Yes 6(10.2%) 53 (89.8%) 1.09 (0.42-2.78) 0.864
No 30 (8.8%) 311 (91.2%)
Fruit vegetable Yes 32 (8.6%) 342 (91.4%) 0.43 (0.14-1.39) 0.160
No 4(15.4%) 22 (84.6%)
Leaf vegetable Yes 13 (11.8%) 97 (88.2%) 1.63 (0.78-3.41) 0.192
No 23 (7.9%) 267 (92.1%)
Root vegetable Yes 1(1.7%) 57 (98.3%) 0.15(0.02-1.12) 0.065
No 35 (10.2%) 307 (89.8%)
Situation and frequency of handwashing using water
Before cooking Always or often 18 (11.5%) 157 (88.5%) 1.22 (0.60-2.46) 0.579
Never or occasionally 18 (8.7%) 207 (91.3%)
Before eating Always or often 19 (11.3%) 168 (88.7%) 1.36 (0.67-2.76) 0392
Never or occasionally 16 (8.1%) 197 (91.9%)
After toilet Always or often 18 (13.0%) 138 (87.0%) 1.58 (0.79-3.16) 0.195
Never or occasionally 18 (8.0%) 226 (92.0%)
After animal handling Always or often 11(8.7%) 126 (91.3%) 0.83 (0.39-1.76) 0.634
Never or occasionally 25(10.5%) 238 (89.5%)
Situation and frequency of handwashing using water with soap
Before cooking Always or often 9(7.1%) 126 (92.9%) 0.70 (0.31-1.56) 0.390
Never or occasionally 27 (11.3%) 238 (88.7%)
Before eating Always or often 6(5.1%) 118 (94.9%) 0.45 (0.18-1.11) 0.082
Never or occasionally 30 (12.2%) 246 (87.8%)
After toilet Always or often 13(7.0%) 187 (93.0%) 0.58 (0.27-1.24) 0.159
Never or occasionally 23 (13.0%) 177 (87.0%)
After animal handling Always or often 7 (5.4%) 130 (94.6%) 0.47 (0.19-1.11) 0.087
Never or occasionally 29 (12.4%) 234 (87.6%)

*Explanatory variable was analyzed as continuous variable.
**Not calculated due to 0 score in the cell.
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Prey Veng Province

Preah Sdach District

(High incidence)*
n (%)

Prey Veng District

(Low incidence)*

n (%)

Kampot Province

Kampot District

(High incidence)*

n (%)

Angkor Chey

District

(Low incidence)*

n (%)

Remunerative activiti

es of household members

Median (range)

Rice farming 96 (96%) 96 (96%) 68 (68%) 98 (98%)
Crop farming 2 (2%) 0 (0%) 10 (10%) 41 (41%)
Animal husbandry 2 (2%) 17 (17%) 97 (97%) 96 (96%)
Trading animals 0 (0%) 1(1%) 4 (4%) 2 (2%)
Trading fresh animal 1(1%) 0(0%) 3 (3%) 0(0%)
meat

Slaughtering livestock 0(0%) 0(0%) 1(1%) 2(2%)
Livestock kept

Cattle 69 (69%) 69 (69%) 59 (59%) 94 (94%)
Buffalo 5(5%) 7 (7%) 0(0%) 0(0%)
Pig 71 (71%) 18 (18%) 58 (58%) 33 (33%)
Chicken 83 (83%) 79 (79%) 92 (92%) 95 (95%)
Duck 47 (47%) 27 (27%) 37 (37%) 33 (33%)
Highest level of education among household members

No education 4 (4%) 3 (3%) 2(2%) 1(1%)
Primary 56 (56%) 23 (23%) 25 (25%) 26 (26%)
Secondary 32 (32%) 48 (48%) 29 (29%) 33 (33%)
High school 8 (8%) 25 (25%) 36 (36%) 34 (34%)
College/University 0 (0%) 8 (8%) 6 (6%)

Family size 4(2-7) 5(2-8) 4(2-10)
Children under 5 years 0(0-2) 0(0-2) 0(0-1)
old

Number of cattle** 3(1-8) 3(1-10) 2(1-5) 3(1-8)
Number of buffalo** 2(2-6) 4(2-9) ai i
Number of pigs** 2(1-15) 5(1-18) 2(1-80) 2(1-9)
Number of poultry** 14 (1-750) 11(1-95) 24(3-512) 25 (2-104)

*High and low are based on bloody diarrhea incidence in 2010.

**The estimates are calculated only for houscholds that keep the livestock specics.

***None of the households raised buffalo.
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