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Abstract

:

Among all intestinal parasitosis, giardiasis has been reported to be associated with delayed growth in malnourished children under 5 living in low- and middle-income countries. Relevant data on the nutritional status of children aged 0–59 months presenting with moderate-to-severe diarrhea (MSD) and giardia infection were collected from sentinel health facilities of the Global Enteric Multicenter Study’s (GEMS) seven field settings, placed in diverse countries of Sub-Saharan Africa and South Asia between, December 2007 and February 2011. Then, this study analyzed a robust dataset of study participants (n = 22,569). Children having giardiasis with MSD constituted as cases (n = 1786), and those without MSD constituted as controls (n = 3470). Among the seven field sites, symptomatic giardiasis was 15% and 22% in Asian and African sites, respectively, whereas asymptomatic giardia infection (healthy without MSD) in Asian and African sites was 21.7% and 30.7%, respectively. Wasting and underweight were more frequently associated and stunting less often associated with symptomatic giardiasis (for all, p < 0.001). Symptomatic giardiasis had a significant association with worsening of nutritional status in under-five children. Improved socio-economic profile along with proper sanitation and hygienic practices are imperative to enhance child nutritional status, particularly in resource limited settings.
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1. Introduction


Diarrhea and malnutrition are still leading public health alarms in under-five children, mostly in low- and middle-income countries. Researchers have indicated that children with recurrent attacks of diarrheal episodes are susceptible to malnutrition [1]. Globally, the most recent data that revealed <500,000 under-five deaths from diarrhea [2] are frequently affecting children from Sub-Saharan Africa and South Asia [1]. Several enteric pathogens have been implicated as important causes of such deaths, with only a few reviews using standardized methods that have elaborately mentioned the importance of all of these enteric pathogens [3] and the associated nutritional disorders. Giardiasis, caused by Giardia lamblia, is one of the parasitic diseases that mainly affect humans and many other mammals. It can colonize in the human intestine and lead to endothelial dysfunction, malabsorption of essential nutrients, causing nausea, diarrhea, abdominal distension, cramps, weight loss, anemia, and general weakness lasting from a few weeks to several months [4]. All these health disorders may even lead to death. Black et al. reported that chronic giardia infection may be asymptomatic [4], which also has a damaging effect on nutritional status. A study conducted in Malawi among 6-to-18-month-old children reported association between asymptomatic giardia infection and growth retardation, particularly stunting [5]. Another study that measured nutritional status of a cohort of children participating in the My Health project in six districts of three Cambodian provinces during their third follow-up round revealed that measures aiming at protecting from extensive exposures to animal feces can alleviate the burden of giardiasis and its penalties, like stunting [6]. Prevalence of Giardia lamblia among pre-school and school-going children had been reported to be 73.4% [7]. A 5.5% prevalence rate of Giardia lamblia had been documented in rural and urban populations in and around Union Territory of Chandigarh, India. The study indicated the highest prevalence rate among the slum dwellers (24.6%), while the most susceptible age-group was children aged less than five years (18%) [8]. The prevalence of Giardia lamblia in Southeast Asian countries, like Cambodia and mountainous northwest Vietnam, was 3.3% and 3.2%, respectively, due to a mixed infection with other parasites [9]. On the other hand, prevalence of Giardia lamblia in Far East Asian Countries, like Korea, was as low as 1.5%, which was associated with other parasitic infections [10]. Further, in China, students from kindergarten to university had a giardia prevalence of 6.08% with no other concomitant infections [7]. A study in the Gambia disclosed high prevalence of giardia in children with chronic diarrhea and malnutrition, and their infections did not respond to standard therapeutic measures [11]. Studies conducted in urban slum, Dhaka, revealed prevalence of giardia in diarrheal stool was 11.08% among pre-school children [12]. A study in urban Bangladesh mentioned the prevalence of Giardia lamblia infection in under-five children was 12.7%; however, 7.7% children were symptomatic, and 18% had asymptomatic infections [13]. Another case-control study conducted in Dhaka, Bangladesh, stated that among the 814 cases with community matched controls, giardia was more common in non-diarrheal controls compared to diarrheal children [14].



Global Enteric Multicenter Study (GEMS) intended to apprise the policy makers, researchers, and public health professionals with the comprehensive and most updated information regarding etiologic agents and the population-based burden of moderate-to-severe diarrhea (MSD) in 0–59-month-old children [1]. In this study, less than 5% of under-five children with MSD were infected with Giardia lamblia, and they presented with the typical syndrome of gastroenteritis [15].



There is a lack of data that examines the association of giardiasis (both in symptomatic diarrheal children and asymptomatic healthy control children) with the worsening nutritional status. Therefore, this study aimed to compare the anthropometric indices of giardia infected under-five children between those with MSD and their healthy community controls.




2. Materials and Methods


2.1. Ethical Consideration


This multicenter study was approved by the Institutional Review Boards (IRBs) of the University of Maryland, Baltimore, MD, USA, and all the sites, including Bangladesh. IRB of Bangladesh was constituted with Research Review Committee and Ethical Review Committee whose project’s identification code was PR-2006-32, and date of approval was on 10 April 2006.




2.2. Study Site


The seven GEMS’s field settings (four urban and three rural) were established based on pre-set selection criteria in diverse countries of Sub-Saharan Africa (Kenya, Mali, Mozambique, and Gambia) and South Asia (Bangladesh, India, and Pakistan). Under-five children with MSD and their age-sex-community-matched healthy controls were concurrently enrolled into the study [16].




2.3. Study Design and Study Participants Enrollment Procedure


This three-year study followed a prospective, age-stratified, case-control-cohort design with a single household follow-up during 50–90 days after discharge [17]. Between December 2007 and February 2011, in every site of GEMS, children aged 0–59 months (0–11, 12–23, and 24–59 months); presenting with MSD; and meeting at least one of the following enrolment criteria: eyes sunken, skin turgor lost, prescribed or received intravenous rehydration therapy, requiring hospitalization, and distinct visible blood in stool were included in the GEMS. Nutritional indices (underweight, stunting, and wasting) were estimated following the World Health Organization’s (WHO) guidelines [18]. Controls of this study were matched to the cases by age, sex, and community. They were enrolled concurrently (within 7 days of the corresponding case enrollment). Caretakers of cases were interviewed at the sentinel health center (SHC) after their enrolment, whereas control children’s caretakers were subjected to interview at their household after their inclusion into the study. Linkages were made between study data and existing demographic surveillance system (DSS) databases, and data collection was also planned to include information from primary sources of DSS database. For the entire study period, the laboratory of each site of GEMS provided the diagnostic results to the clinicians working in the SHCs. Such information was used to improve case management strategies. From the database of GEMS, secondary relevant data were extracted for the present analysis.




2.4. Specimen Collection and Laboratory Procedure


Fresh stool specimens were collected during the enrolment of children following GEMS laboratory procedure protocol [16]. At least three grams of stool were collected from each participating child in the sentinel health facility.



Specimens were tested for the detection of comprehensive etiologic agents, including bacterial pathogens, protozoal agents, and viruses, following standard laboratory procedures. Giardia lamblia was diagnosed with commercially available enzyme-linked immunoassays (Tech Lab, Blacksburg, VA, USA) [19].





3. Statistical Analysis


For the present secondary data analysis, data representing all required variables were extracted from the GEMS database. Analysis of data was performed using SPSS, Windows (Version 20, Chicago, IL, USA). Epi Info (Version 7.0) aided in the typical 2/2 analysis to estimate unadjusted odds ratios. Chi-square (χ2) test appraised the significance of differences between categorical variables of interest. The strength of association reflected the measure of relationship between the dependent and independent variable by approximating odds ratio (OR) and 95% confidence interval (CIs). Principal component analysis (PCA) was computed, and the variables that were considered in PCA included construction materials of the wall, roof, and floor of the house and household assets, like radio, television, cell phone, and table. The wealth index was computed using PCA. The households were classified by quintiles reflecting socioeconomic profile: poor, lower middle, middle, upper middle, and rich. Variance inflation factor (VIF) intended to examine the multicollinearity status between independent variables before performing logistic regression. The VIF values were observed to be less than 2.0, and their mean was 1.17. Multivariate logistic regression analysis was undertaken to determine the factors that were significantly associated with symptomatic and asymptomatic giardia infection after adjusting for covariates. The model considered the cut-off points as 0.1 for p-value to prevent residual confounding in logistic regression [17]. p-Value < 0.05 was well-thought-out to replicate statistical significance.




4. Results


A total of 22,569 participants were analyzed, of whom 9440 children had MSD, and 13,129 were asymptomatic, healthy children. Among the seven study field sites, 4220 participants belonged to the Asian sites, and 5220 participants were from the African sites. All of them had MSD, whereas 6317 and 6812 participants were healthy controls from the Asian and African sites, respectively (Figure 1). A total of 5256 (23.28%) participants had giardia infections among 22,569 study participants. In Asia, 15% study participants had symptomatic, and 21.7% had asymptomatic giardia infection, whereas in Africa, 22% of participants reported to have symptomatic, and another 30.7% had asymptomatic giardia infection. In African sites, children aged 24–59 months had higher percentages of symptomatic giardiasis than asymptomatic giardia infection (Figure 2a) and were significantly associated with symptomatic giardiasis (p < 0.001) compared to asymptomatic giardia infections (Table 1). In Asian sites, children aged 0–11 months were associated with symptomatic giardiasis compared to asymptomatic giardia infection (p < 0.001) (Table 2), and also percentages were higher among symptomatic giardiasis compared to asymptomatic giardia infection (Figure 2b). In terms of gender, it was comparable between both the groups. In case of socioeconomic status, in Africa, children from richer context were significantly more vulnerable to giardiasis (p = 0.002) (Table 1), whereas children from Asian settings were less frequently associated with giardiasis (p < 0.001) (Table 2). Hand-washing practice after defecation and after cleaning the bottom of child following defecation were associated with less chance of developing giardiasis (p = 0.001) in Asian sites (Table 2). In African site, percentages of wasting and underweight were higher in symptomatic giardiasis, whereas percentages of stunting was higher in asymptomatic giardia infection (Figure 3a), and the same observation was detected in Asian sites (Figure 3b). Wasting and underweight were significantly associated with symptomatic giardiasis in both African (Table 1) and Asian sites (p = 0.001) (Table 2). Participants from African sites were reported to be using water for their day-to-day activities mostly from deep tube wells (99.1%). In African children, usage of shallow tube well water was not associated with symptomatic giardiasis (Table 1), whereas in Asia, shallow-tube well users were 32% less likely to have symptomatic giardiasis (p = 0.027) (Table 2). In Figure 4a, percentages of single pathogen along with giardia are high in asymptomatic giardia infection, and two or more pathogens are associated with symptomatic giardiasis in Africa. Percentages are also higher in symptomatic giardiasis compared to asymptomatic giardia infection.



After adjusting by backward stepwise logistic regression, we observed that in African sites, giardiasis was less frequently associated with the children aged from 12–23 months and 24–59 months, whereas in Asian sites, symptomatic giardiasis was significantly associated with the both age groups than the reference group (0–11 months) (p = 0.001). Symptomatic giardiasis in Asian sites were more often significantly associated with children from poor socioeconomic status (p < 0.001). Besides, we found that giardiasis in African sites were significantly associated with the hygiene and sanitation practices, like hand washing before eating, prior to cooking, after defecation, and cleaning the bottom of the child following defecation (for all, p < 0.001). Among the children from each site, symptomatic giardiasis was more susceptible to have wasting and underweight, whereas it had less potential to be associated with stunting (p < 0.001) (Table 3).




5. Discussion


This study was designed to compare the anthropometric indices along with their socio-economic and demographic contexts among giardia infected under-five children with MSD and healthy controls across the seven sites of both Asia and Africa. Our study specified giardia as one of the commonly identified intestinal parasites in both the Asian and African sites. In this study, we also found that children from older age groups (12–59 months) were more often associated with giardiasis than children of younger age group (0–11 months) in Asian sites. Studies found that children aged 1–5 years or more were significantly associated with symptomatic giardiasis and more susceptible than those below one year of age [20,21]. This indicates that the infection transmission occurs frequently among those in their intermediate childhood, e.g., toddlers, especially when children commonly play in very close contact among themselves. Those children more exposed to outdoor activities than children of younger ages may disregard their hygiene and sanitation practices, which often likely to make them more exposed to infections that are prevalent among humans and a wide range of animals [22].



Besides, we found that symptomatic giardiasis among the children of poor socio-economic background were more often observed in Asian sites than African sites. One study conducted among children living in northeastern Brazil reported the higher prevalence of giardiasis (10.8%), where people more frequently had accompanying poverty, experiencing open defecation and using stored rainwater from the reservoirs for drinking. Studies also found that improved socio-economic status, proper sanitation, and hygienic practice may reduce the prevalence of symptomatic giardiasis and hospitalisation of symptomatic children as well [23]. Studies also reported that lack of hand washing and hygienic sanitation practices are associated with giardia infection [24,25], and our study also echoed with similar observations.



A study observation revealed objective evidence of declining transmission of enteric pathogens by handwashing with soap and hygienic sanitation interventions. Studies also reported that household-level platforms for handwashing, use of soapy water in the latrine and kitchen areas, and concomitant handwashing promotion can significantly reduce the giardia prevalence and excess infection [25]. Further, the handwashing intervention may cause lesser giardia transmission that has been observed to take place via hands of unhygienic caregivers’ hands and consumption of contaminated food, often indicated to be the universal routes of transmission [24]. Our study revealed that symptomatic giardiasis significantly influences children’s nutritional status specially causing wasting and underweight but negatively associated with stunting. In a MAL-ED study, Rogawski et al. reported a small decrease in length after three months and at age of 24 months in the case of community diarrheal episodes associated with bacteria and parasites. Substantial decrements in length (LAZ) at 24 months were associated with subclinical, non-diarrheal infections with giardia. The MAL-ED study had a birth-cohort design with anthropometric markers as the primary endpoint [26]. In our study, the data were collected as a part of GEMS, which followed case-control design with a subsequent follow-up visit at household level. Moreover, data were collected in sentinel health facilities at enrolment among MSD children. However, heterogeneity in study design, laboratory procedures [19,26], and data processing were observed between MAL-ED and GEMS studies. Our analysis segregated children with giardia and compared between children with MSD and healthy controls. In our study, stunting was observed significantly more often in healthy children with giardia than MSD children with giardiasis. Because of an apparent reverse causality, the present analysis, unlike wasting and underweight, observed a protective association between stunting and MSD episodes with giardia infection.



According to several studies, till now, evidences for an association between giardia infection and child growth is conflicting [27,28,29]. Giardia infection is associated with disordered villus architecture [30], which leads to an elevated lactulose/mannitol ratio (a marker of intestinal permeability) [31], and deficiencies of zinc and vitamin A [20,32], which are suggestive of structural and functional impairment of gut mucosa, causing inadequate nutrient uptake. A large population-based survey conducted in Tehran among school going children observed significant association between giardiasis and stunting and wasting [33]. Since determining factors are influencing growth at later ages more alarmingly, any intervention aiming to reduce burden of giardia infections during early life might cause optimal growth improvements in children beyond their infancy.



One of the major strengths of this study was quality laboratory performance ensuring standardized methods and use of large dataset. However, this study had few limitations. We did not have much information related to the use of both deep and shallow tube well water.



Moreover, we do not know whether study households were vulnerable to annual flooding or not, which sources of water were commonly used for household activities, the hygienic status of their toilets, as well as presence of garbage disposal area nearby the drinking water sources. Our findings were based only on children with MSD attending the selected sentinel health facilities; children who sought care without MSD and those not reporting to the sentinel health centers despite being recognized have MSD were not studied, and the study’s urban and rural settings might not represent the larger population living in their respective country.




6. Conclusions


The study may conclude that symptomatic giardiasis is related with worsening nutritional indices of under-five children compared to asymptomatic giardia infection. It was also observed that infection with giardiasis was more frequent among people from poor socio-economic contexts. These observations suggest that improvements in income, sanitation, and hygiene could possibly reduce the prevalence of giardiasis. To overcome this alarming scenario, more effective public health measures are needed to address the continuing public health concerns due to giardia infection and its consequences, including health education that may help to optimize personal hygiene and sanitary practices as well as improving general awareness of the parents/care-givers about parasitic infections, particularly in low-resource settings.
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Figure 1. Study flow chart showing the distribution of cases and healthy controls in Asia and Africa. 
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Figure 2. (a) Percentages of both symptomatic giardiasis and asymptomatic giardia infection among different age groups in Africa. (b) Percentages of both symptomatic giardiasis and asymptomatic giardia infection among different age groups in Asia. 
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Figure 3. (a) Percentages of both symptomatic giardiasis and asymptomatic giardia infection among children with different nutritional status in Africa. (b) Percentages of both symptomatic giardiasis and asymptomatic giardia infection among children with different nutritional status in Asia. 
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Figure 4. (a) Percentages of co-pathogens among both symptomatic giardiasis and asymptomatic giardia infection in Africa. (b) Percentages of co-pathogens among both symptomatic giardiasis and asymptomatic giardia infections in Asia. 
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Table 1. Comparison of characteristics between symptomatic giardiasis and asymptomatic giardia infection of under-five children in African sites.
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  Indicators

	
Cases Giardia

(n = 1151) (%)

	
Healthy Controls Giardia (n = 2094) (%)

	
(Unadjusted)

OR (95% CI)

	
p-Value






	
  Age of the participants in months




	
0–11

	
226 (19.6%)

	
417 (19.9%)

	
0.98 (0.82–1.17)

	
0.884




	
12–23

	
426 (37.0%)

	
902 (43.1%)

	
0.77 (0.66–0.90)

	
0.0001




	
24–59

	
499 (43.4%)

	
775 (37.0%)

	
1.30 (1.12–1.50)

	
0.001




	
  Sex of the participants




	
Female

	
537 (46.7%)

	
933 (44.6%)

	
1.08 (0.94–1.25)

	
0.265




	
Wealth quintile




	
Rich

	
706 (61.3%)

	
1188 (56.8%)

	
1.20 (1.04–1.40)

	
0.012




	
Poor

	
445 (38.7%)

	
905 (43.2%)

	
0.83 (0.71–0.96)

	
0.012




	
Source of water




	
Deep tube well

	
1141 (99.1%)

	
2077 (99.2%)

	
0.93 (0.43–2.04)

	
0.975




	
Shallow tube well

	
10 (0.9%)

	
17 (0.8%)

	
1.07 (0.48–2.34)

	
0.975




	
Use treated water




	
Yes

	
246 (21.4%)

	
358 (17.1%)

	
1.31(1.09–1.57)

	
0.003




	
No

	
905 (78.6%)

	
1736 (82.9%)

	

	




	
Toilet facility




	
Sanitary

	
1086 (94.4%)

	
1964 (93.8%)

	
1.10 (0.81–1.50)

	
0.571




	
Non-sanitary

	
65 (5.6%)

	
130 (6.2%)

	
0.90 (0.66–1.22)

	
0.571




	
Hand-washing practices:

Before eating




	
Yes

	
1031 (89.6%)

	
1935 (92.4%)

	
0.70 (0.55–0.90)

	
0.007




	
No

	
120 (10.4%)

	
159 (7.6%)

	

	




	
Before cooking




	
Yes

	
624 (54.2%)

	
1519 (72.5%)

	
0.44 (0.38–0.52)

	
0.001




	
No

	
527 (45.8%)

	
575 (27.5%)

	

	




	
After defecation




	
Yes

	
804 (69.9%)

	
1660 (79.3%)

	
0.60 (0.51–0.71)

	
0.001




	
No

	
347 (30.1%)

	
434 (20.7%)

	

	




	
After cleaning the bottom of child following defecation




	
Yes

	
399 (34.7%)

	
1129 (53.9%)

	
0.45 (0.39–0.52)

	
0.001




	
No

	
752 (65.3%)

	
965 (46.1%)

	

	




	
Nutritional status:

Wasting




	
Yes

	
232 (20.2%)

	
163 (7.8%)

	
2.99 (2.41–3.70)

	
0.001




	
No

	
918 (79.8%)

	
1927 (92.2%)

	

	




	
Stunting




	
Yes

	
285 (24.8%)

	
597 (67.7%)

	
0.82 (0.70–0.97)

	
0.024




	
No

	
865 (75.2%)

	
1496 (71.5%)

	

	




	
Underweight




	
Yes

	
318 (27.6%)

	
350 (16.7%)

	
1.90 (1.60–2.26)

	
0.001




	
No

	
833 (72.4%)

	
1743 (83.3%)

	

	








n, number of subjects; OR, odds ratio; CI, confidence interval.
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Table 2. Comparison of characteristics between symptomatic giardiasis and asymptomatic giardia infection of under five children in Asian sites.
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  Indicators

	
Cases Giardia

(n = 635) (%)

	
Healthy Controls Giardia (n = 1376) (%)

	
(Unadjusted)

OR (95% CI)

	
p-Value






	
  Age of the participants in months




	
0–11

	
151 (23.8%)

	
168 (12.2%)

	
2.24 (1.75–2.86)

	
<0.001




	
12–23

	
267 (42.0%)

	
520 (37.8%)

	
1.19 (0.98–1.44)

	
0.077




	
24–59

	
217 (34.2%)

	
688 (50.0%)

	
0.52 (0.43–0.63)

	
<0.001




	
  Sex of the participants




	
Female

	
286 (45.0%)

	
584 (42.4%)

	
1.11 (0.92–1.34)

	
0.296




	
Wealth quintile




	
Rich

	
331 (52.1%)

	
838 (60.9%)

	
0.69 (0.58–0.85)

	
0.002




	
Poor

	
304 (47.9%)

	
538 (39.1%)

	
1.43 (1.18–1.73)

	
0.002




	
Source of water




	
Deep tube well

	
585 (92.1%)

	
1222 (88.8%)

	
1.47 (1.05–2.05)

	
0.027




	
Shallow tube well

	
50 (7.9%)

	
154 (11.2%)

	
0.68 (0.48–0.95)

	
0.027




	
Use treated water




	
Yes

	
204 (32.1%)

	
297 (21.6%)

	
1.71 (1.39–2.12)

	
0.001




	
No

	
431 (67.9%)

	
1079 (78.4%)

	

	




	
Toilet facility

	

	

	

	




	
Sanitary

	
611 (96.2%)

	
1306 (94.9%)

	
1.36 (0.85–2.19)

	
0.238




	
Non-sanitary

	
24 (3.8%)

	
70 (5.1%)

	
0.73 (0.45–1.17)

	
0.238




	
Hand-washing practices:

Before eating

	

	

	

	




	
Yes

	
491 (77.3%)

	
1037 (75.4%)

	
1.11 (0.89–1.39)

	
0.368




	
No

	
144 (22.7%)

	
339 (24.6%)

	

	




	
Before cooking

	

	

	

	




	
Yes

	
466 (73.4%)

	
990 (71.9%)

	
1.07 (0.87–1.32)

	
0.537




	
No

	
169 (26.6%)

	
386 (28.1%)

	

	




	
After defecation

	

	

	

	




	
Yes

	
474 (74.6%)

	
909 (66.1%)

	
1.51 (1.22–1.86)

	
0.001




	
No

	
161 (25.4%)

	
467 (33.9%)

	

	




	
After cleaning the bottom of child following defecation

	

	

	

	




	
Yes

	
362 (57.0%)

	
570 (41.4%)

	
1.87 (1.55–2.26)

	
0.001




	
No

	
273 (43.0%)

	
806 (58.6)

	

	




	
Nutritional status:

Wasting

	

	

	

	




	
Yes

	
171 (26.9%)

	
191 (13.9%)

	
2.22 (1.81–2.89)

	
0.001




	
No

	
464 (73.1%)

	
1182 (86.1%)

	

	




	
Stunting

	

	

	

	




	
Yes

	
254 (40.0%)

	
591 (43.0%)

	
0.89 (0.73–1.07)

	
0.231




	
No

	
381 (60%)

	
783 (57.0%)

	

	




	
Underweight

	

	

	

	




	
Yes

	
289 (45.5%)

	
457 (33.2%)

	
1.68 (1.39–2.03)

	
0.001








n, number of subjects; OR, odds ratio; CI, confidence interval.
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Table 3. Backward stepwise (conditional) logistic regression among symptomatic giardiasis and asymptomatic giardia infection of under-five children in both African and Asian sites.
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Indicators Africa

	
Asia




	

	
Adjusted OR

	
95% CI

	
p-Value

	
Adjusted OR

	
95% CI

	
p-Value






	
Age group (0–11 m)

	
(Reference group)

	

	

	

	

	




	
Age group (24–59 m)

	
0.79

	
(0.63–0.98)

	
0.026

	
2.41

	
(1.81–3.22)

	
<0.001




	
Age group (12–23 m)

	
0.70

	
(0.62–0.89)

	
<0.001

	
1.49

	
(1.20–1.86)

	
<0.001




	
Wealth quintile, poor

	
0.80

	
(0.69–0.93)

	
0.006

	
1.52

	
(1.23–1.88)

	
<0.001




	
Use treated water

	
-

	
-

	
-

	
0.66

	
(0.51–0.82)

	
<0.001




	
Handwashing before eating

	
1.42

	
(1.10–1.86)

	
0.008

	
-

	
-

	
-




	
Handwashing before cooking

	
2.11

	
(1.80–2.46)

	
<0.001

	
-

	
-

	
-




	
Handwashing after defecation

	
1.23

	
(1.03–1.48)

	
0.021

	
0.68

	
(0.53–0.84)

	
<0.001




	
Handwashing after cleaning the bottom of the child following defecation

	
2.06

	
(1.76–2.41)

	
<0.001

	
0.59

	
(0.48–0.72)

	
<0.001




	
Wasting

	
2.60

	
(1.96–3.46)

	
<0.001

	
1.69

	
(1.26–2.27)

	
<0.001




	
Stunting

	
0.66

	
(0.53–0.80)

	
<0.001

	
0.66

	
(0.51–0.84)

	
<0.001




	
underweight

	
1.57

	
(1.20–2.03)

	
<0.001

	
1.72

	
(1.30–2.30)

	
<0.001








OR, odds ratio; CI, confidence interval.
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