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Proper sanitation facilities promote health because they allow people to dispose of their waste appropriately. Since the founding of the People’s Republic of China, the Chinese government has been committed to improving water and sanitation. The coverage of sanitary latrines in rural China reached more than 70.0% in 2022. Using published literature, open data, and national statistics, this study evaluated the health effects of improved latrines in China. A search strategy aimed at collecting all latrine improvement-related community intervention research in China from 1990 to 2021 was designed and implemented. Incidences of three diseases—schistosomiasis, diarrheal disease, and soil-transmitted helminths (STH)—were used as indicators of health benefits. The relationship between adjusted relative risk (RR) and coverage of sanitary latrines in the study area was examined using a log-linear model. Overall, 411 incidences of the three diseases before and after community intervention were extracted from 74 qualified articles. The results demonstrated the importance of promoting access to sanitary latrines in disease prevention and control in China. The overall estimates revealed mean reductions of 60% for diarrhea risk, 42% for schistosomiasis risk, and 65% for STH risk compared to no intervention. In addition, increasing sanitary latrine coverage was negatively correlated with RR in China, indicating that populations with high sanitary latrine coverage were less likely to be affected with water, sanitation, and hygiene-related diseases.
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1 INTRODUCTION
Poor excreta disposal is associated with cholera, typhoid, paratyphoid fevers, schistosomiasis, and hookworm disease, whereas proper sanitation facilities promote health because they allow people to dispose of their waste appropriately. Inadequate sanitation combined with contaminated water and poor hygiene is the leading cause of morbidity and mortality in low-income countries (WHO, 2021). In 2020, nearly half of the world’s population lacked safely managed sanitation and 494 million people still defecated in the open (WHO/UNIFC, 2021). Moreover, 80% of infectious diseases, such as children’s diarrhea and schistosomiasis, are caused by fecal pollution and unsafe drinking water, and environments with high fecal contamination put people at risk of long-term exposure to intestinal pathogens. Therefore, improvement of basic sanitation facilities is an important development goal in low- and middle-income countries (Deshpande et al., 2020).
Sanitation, especially sanitary latrines, can decrease the transmission of a variety of diseases (Reese et al., 2019). Indeed, improved latrines and sanitation can effectively stop most fecal–oral transmitted diseases (Pickering and Davis, 2012; Odagiri et al., 2016). Because human excreta may contain many types of pathogens and these pathogens can remain infectious for long periods when introduced into the environment, these pathogens can be transmitted to new victims in a number of ways and can therefore present a potential threat to human health (Wagner and Lanoix, 1958). Therefore, effective excreta management at the household and community levels plays important roles in protecting water resources and the food supply from fecal contamination (Fewtrell and Bartram, 2001). Related studies have shown that the popularization of sanitary latrines can directly and effectively prevent and control the incidence of some kinds of intestinal infectious diseases (Chen and Kallawicha, 2021). Moreover, increased sanitation latrine coverage can reduce the risk of exposure to fecal pathogens and can provide health benefits. Furthermore, associations between increased latrine coverage and reduced incidences of related diseases have been observed at the ecological level (Lin et al., 2020).
Improved sanitation facilities are defined as those that ensure hygienic separation of human excreta from human contact (UNICEF, 2018). For most countries, rural access to improved sanitation facilities typically lags behind urban areas (Hannah and Max, 2021; Wu et al., 2022). Goal 6 of the United Nations’ proposed 2030 Sustainable Development Goals (SDGs) is to achieve access to adequate and equitable sanitation and hygiene for all and to end open defecation (UN, 2016). For most countries, open defecation in urban areas is typically below 20% of the population, but in rural areas, this can range from 20 to 90% (Hannah and Max, 2021). Therefore, there is an urgent need to further reduce gaps in access to improved drinking water and sanitation between rural and urban areas. At the global level, a series of programs have been designed to improve sanitation and hygiene with a focus on the needs of rural residents, women, girls, and school students. These programs focus on latrine construction, sanitation science and technology, community-led health education, and policy advocacy (Tumwine et al., 2003; Fewtrell et al., 2005; Banke et al., 2006; Strunz et al., 2014; Du et al., 2019; Patel et al., 2019; Rheinländer et al., 2019; Als et al., 2020; Darmstadt et al., 2020; Morse et al., 2020).
As one of the largest developing agricultural countries in the world, China has been continuously implementing measures to improve sanitation coverage (Li et al., 2022). Latrines were regarded as obscure and dirty things in Chinese culture because of the association with human excreta, although human excrement had always been the most common fertilizer in China’s rural areas. After the establishment of the People’s Republic of China (PRC) in the 1950’s, the Patriotic Health Campaign (PHC) was launched to reduce disease and improve health conditions (Yang, 2004; Chen and Kallawicha, 2021). As one of the most important parts of the PHC, rural latrine improvement, which consists of measures aimed at providing sanitary latrines for households in China, has been continuously promoted by a series of policies, projects, and investments in the PHC. Now, “latrine improvement” has been updated to “latrine revolution,” with the additional goal of creating sanitation infrastructure and public services that work for everyone while turning waste into a value product (Cheng et al., 2018) (Tao, 2019).
In the 1990s, the Chinese government listed coverage of rural sanitary latrines as China’s primary health care index for measurement of attaining the goal of a minimum standard of health care for all residents by the year 2000 (WHO, 1981). In 2005, the government put forward the concept of “Building a New Socialist Countryside,” which emphasized improvement of water and latrines and used the construction of biogas digesters to promote changes in latrines in rural areas (Feng et al., 2012). The portion of the population with improved environmental sanitation facilities in China increased from 48% in 1990 to 76% in 2015 (WHO/UNIFC, 2021), and China achieved the water and sanitation goals outlined in the Millennium Development Goals (MDGs) by 2015. According to Health China 2030 Program Planning, the goal of China’s rural latrine revolution is to achieve 100% sanitary latrine coverage by 2030 (Dong et al., 2020).
Both latrine improvement and the latrine revolution have produced huge social, economic, and health benefits. In China, many epidemiological studies have focused on the health benefits of improved sanitation since the 1990’s, especially those from improved latrines. At the national level, such benefits could be summarized based on the reduction of specific diseases (Esrey, 1996; Clasen et al., 2010; Chen and Kallawicha, 2021). The mortality of WASH-related diseases varies in different countries, and significant differences in the burden of disease (BOD) have been observed between countries. For example, the mortality of children under 5 years old caused by diarrheal diseases in Chad (499 deaths per 100,000) was much higher than that in some areas such as the United States (4 deaths per 100,000) in 2016 (GBD, 2018). Moreover, it is likely that the health benefits of WASH intervention vary in different countries. For example, a study in Tanzania (Young et al., 2007) revealed that improved sanitation could reduce the risk of Ascaris lumbricoides infection by 67%, while only reducing the risk by 32% in Nigeria (Asaolu et al., 2002). No such assessments have been conducted in China, despite its long-term rural toilet improvement plan.
We designed this system review to evaluate the health benefits of latrine improvement in China and obtain evidence-based results. Because there are many sanitation-related diseases, we selected three typical diseases, namely, schistosomiasis, diarrhea, and STH. These diseases were selected for the following reasons: 1) they were widely prevalent in the early days in China; 2) there were sufficient research articles associated with these diseases in China to conduct reviews; and 3) they are related to poor sanitation, including the lack of a sanitary latrine in households.
2 METHODS
2.1 Search Strategy
A search strategy was designed and implemented to collect all published and available literature on latrine improvement intervention and its effects on these three diseases in both Chinese and English. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Liberati et al., 2009) guidelines were followed when these systematic review and meta-analysis were conducted. A systematic database search of MEDLINE, Embase, and the Web of Science was conducted to identify potentially relevant English literature. At the same time, the China National Knowledge Infrastructure (CNKI), WanFang Data E-Resources, and VIP Journal Integration Platform were also searched for Chinese-language records. We defined two groups of key search terms: one including the three targeted diseases, “schistosomiasis,” “bilharziasis,” “diarrhea,” “soil-transmitted helminth” (STH, including ascariasis, trichuriasis, hookworm [Ancylostoma duodenale and Necator americanus], and Strongyloides stercoralis) and their synonyms, and another including intervention information such as “latrine,” “sanitation,” “intervene,” and their synonyms. Search terms and their synonyms were combined using the Boolean operator to capture as many documents as possible. The Boolean operator “or” was used to connect the keywords in the group, whereas “and” was used to connect the keywords between groups. The retrieved literature was limited to publication dates between 1990 and 2021.
2.2 Study Inclusion and Exclusion Criteria
We first filtered the articles according to title and abstract to ensure that they were not obviously beyond the scope of the review, after which we went to the next step of screening. We used the defined criteria to assess the eligibility of each retained article and extract data. The inclusion criteria were as follows: 1) the definition of the specific intervention measures and these measures, including the improved latrines. 2) The outcome indicators were measured by the occurrence of schistosomiasis, diarrhea, and STH. 3) The study design was required to consist of cross-sectional or community intervention experiments. The exclusion criteria were as follows: 1) latrine improvement was not included as an intervention measure; 2) studies were conducted in an outbreak background; and 3) control group data were not available.
Three researchers reviewed and screened all available titles and abstracts to identify potentially eligible records for full-text review. In the initial screening, only titles and abstracts were examined to avoid unintentional bias when looking at author names, publication types, and journal titles. On the basis of the content of the title and/or abstract, records of any latrine-related infection agent interventions that may have involved schistosomiasis, diarrhea, and STH were kept to exclude studies that did not meet the requirements of this step. In addition, two researchers reviewed all potentially eligible full-text records in accordance with the defined inclusion and exclusion criteria to determine eligibility for data extraction. If there was disagreement about the eligibility of the study at this stage, a third investigator was consulted and included in the discussion until a consensus was reached.
2.3 Data Extraction
Qualified studies were used for data extraction. A spreadsheet data entry table was designed to store data.
The major categories of the items coded included 1) study characteristics (such as author, year, language, and journal), 2) research object characteristics (such as age, quantity, crowd field, and region), 3) intervention characteristics (such as mode, starting year, ending year, and duration), and 4) outcome characteristics (such as disease types, diagnostic method, cases, and incidence).
All data were extracted from the original article independently by two researchers. Two researchers checked the completeness and accuracy of the extracted data, and if there was disagreement, another researcher participated in the discussion and made a decision. After the initial data extraction, one investigator performed a data cleanup and two researchers re-examined all of the final extracted data.
2.4 Data Processing
Relative risk (RR) was used to measure the effect size for each included study. RR, which was the incidence rate of the intervention group divided by the incidence rate of the control group (Eq. 1), indicated the relative risk of the intervention group and control group for a given disease. An RR value of less than 1 suggests that the intervention being considered is associated with a reduction in risk. Moreover, the lower the RR value is, the larger is the effect value (Massad et al., 2009). The Mantel–Haenszel method was then used to pool the effect sizes (Higgins et al., 2019). Inconsistency (i.e., heterogeneity) was assessed with Moran’s I-squared before calculating the pooling effect sizes (Als et al., 2020). When the I-squared statistic was below 50%, the data were considered to have good heterogeneity and a fixed-effects model (FEM) was used; otherwise, a random-effects model (REM) was used (Coory, 2010). The 95% CI was calculated using the natural logarithm of RR and SE of RR (Eq. 2), and the SE was calculated based on the incidence in the intervention group and control group, as well as the n of the two groups (Eq. 3).
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In Eq. 3, a is the incidence in the intervention group, b is the incidence in the control group, n1 is the total number of the intervention group, and n2 is the total number of the control group. For this systematic review, latrine improvement was the primary sanitation exposure. This was defined as the use of any type of sanitary latrine, not a specific type. Moreover, because multiple intervention measures rather than individual measures such as latrine improvement were usually implemented to control schistosomiasis, our study compared the effects of different interventions. To accomplish this, the interventions were divided into five types from the perspective of ecology (Table 1). Latrine improvement and the combination of latrine improvement and these five types of interventions were compared using subgroup analysis. To reduce heterogeneity and avoid the impact of the already implemented interventions on the baseline, only studies from no intervention to the first year of intervention were included in the meta-analysis.
TABLE 1 | Classification of interventions.
[image: Table 1]A linear model was used to examine the relationship between the sanitary latrine coverage rate and pooled RR. Because the coverage rate may change with the long duration of the included studies, this study focused on the incremental coverage, which was defined as the difference between the coverage rate at the end of the study and that at the beginning. Because not all coverage data of the included studies were available, provincial-level data were replaced when such coverage rates for the study area were not available (NHFPC, 2012; NHFPC, 2017). Egger’s test and the visual inspection of funnel plots were used to assess possible publication bias in this systematic review. A p > 0.05 for Egger’s test indicated that there was no significant publication bias; otherwise, publication bias existed. An inverted funnel that tends to be symmetrical indicates a smaller publication bias, and an asymmetrical funnel plot indicates a need to investigate the possible causes of the bias (Liu, 2011).
3 RESULTS
3.1 Retrieved Studies
A total of 17,233 articles were retrieved from CNKI (n = 2,936), WanFang (n = 12,058), VIP (n = 2,200), Web of Science (n = 7), PubMed (n = 26), and Embase (n = 6). The detailed search results of each database are shown in Supplementary Tables S1–S8. After removing duplicates, 15,427 articles were identified. Following the review of the titles and abstracts, 15,225 articles were excluded according to the inclusion and exclusion criteria. A full-text review was then conducted to further screen the rest of the articles. On the basis of the exclusion criteria, there were no set control group in 69 articles, no latrine improvement interventions in 33 articles, and no specific disease incidence data in 24 articles. Furthermore, 76 articles met the criteria, including 64 on schistosomiasis, 6 on diarrhea, and 6 on STH. There were few intervention studies on diarrhea and STH possibly because most intervention studies focused on other measures, such as improved water supply, health education, and hygiene, rather than improved latrines. The PRISMA flow diagram is summarized in Figure 1.
[image: Figure 1]FIGURE 1 | Overview of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses strategy used for the selection of articles.
3.2 Characteristics of Extracted Qualified Data
Of the 76 eligible articles, 411 reported results (i.e., potential sample sizes varied with data from different sources or duration of intervention). There were more studies on schistosomiasis than on diarrhea and STH. Overall, there were 376 (91.5%) reports of schistosomiasis, 8 (1.9%) reports of diarrhea, and 27 (6.6%) reports of STH. Among the qualified data, there were 376 (91.5%) community intervention studies that were frequently used for public health. Few were cross-sectional studies, and only 35 (8.5%) studies were conducted. Some other general features of the extracted data by study disease classification are shown in Table 2. When categorized by location, studies covered a total of 13 provinces and cities in the middle and lower reaches of the Yangtze River in China and areas south of the Yangtze River basin. A map of the frequency of eligible studies by province and city in China is provided in Figure 2. The extracted studies were mostly concentrated in the southern region of China and distributed along the Yangtze River valley. Most studies were conducted in Hubei province (n = 156), followed by Anhui (n = 90) and Jiangxi (n = 89). The distribution of the extracted studies was similar to that of schistosomiasis in China, which may have been due to the large proportion of studies of schistosomiasis in the extracted literature.
TABLE 2 | Overview of eligible records with extractable data.
[image: Table 2][image: Figure 2]FIGURE 2 | Map of China with the number of eligible studies with extractable data by province.
3.3 Latrine Improvement Effects on the Three Investigated Diseases
A total of 114 studies were included in the meta-analysis, among which 82 investigated schistosomiasis, 8 investigated diarrhea, and 24 investigated STH. Of the 82 studies investigating latrine improvement effects on schistosomiasis, 74 showed an infection rate in the intervention group that was significantly lower than that in the control group, 7 showed the opposite results, and 1 revealed no significant difference between groups. All eight diarrheal intervention studies revealed significantly fewer instances of diarrhea in the intervention group than in the control group. Among the 24 STH intervention studies, 20 showed a significantly lower infection rate in the intervention group than in the control group, 3 showed the opposite results, and 1 showed no significant difference.
High heterogeneity was observed for each of the three diseases with an I-squared value of 98% for schistosomiasis, 81% for diarrhea, and 97% for STH. Therefore, a random-effects model was used to pool the effect size. The results revealed that the pooled RR values were less than 1 for all three diseases, and the reduction of the infection rates of schistosomiasis (RR = 0.58, 95% CI: 0.54–0.62), diarrhea (RR = 0.40, 95% CI: 0.28–0.57), and STH (RR = 0.35, 95% CI: 0.25–0.50) was related to the studied interventions. The pooled relative risk for the latrine improvement group and 95% CI for controlling schistosomiasis, diarrheal disease, and STH are summarized in Figure 3.
[image: Figure 3]FIGURE 3 | Forest plot for schistosomiasis, diarrhea, and soil-transmitted helminths.
The funnel plot of the schistosomiasis studies indicated that there was some potential publication bias (Supplementary Figure S1), as did Egger’s test (p = 0.001). Egger’s test of diarrheal studies did not show significant publication bias (p = 0.314), which is the funnel plot in Supplementary Figure S2. Egger’s test also did not indicate significant publication bias for STH articles (p = 0.398), which is the funnel plot in Supplementary Figure S3.
3.4 Subgroup Analysis of Different Intervention Combinations
Because latrine improvements are often combined with other interventions, the results of RR and 95% CI for these various combinations were consolidated (Figure 4). Based on the definition of intervention types in Table 3, a total of 10 combinations of intervention measures were obtained, and 6 combinations were obtained for schistosomiasis, 2 for diarrhea, and 2 for STH. The results confirmed that latrine improvement intervention alone could decrease the incidence of schistosomiasis (RR = 0.53, 95% CI: 0.50–0.55), diarrhea (RR = 0.46, 95% CI: 0.33–0.63), and STH (RR = 0.68, 95% CI: 0.53–0.87). For schistosomiasis, when combining latrine improvement interventions and other intervention measures, all combinations were associated with a reduction in the incidence rate of the disease, except the combination of latrine improvement and animal reservoir control and other comprehensive environmental improvement measures (II V) (RR = 0.98, 95% CI: 0.65–1.47). The lowest RR (0.63, 95% CI: 0.56–0.70) was observed in the group containing a combination of all interventions (I II III IV V), indicating that this had the best intervention effect. For diarrhea, when water improvement measures (III) were combined with latrine improvement measures, there was a lower RR value (RR = 0.28, 95% CI: 0.08–0.95), indicating a better intervention effect. For STH, when latrine improvement was combined with population-level disease control and water supply improvement measures (I III), there was a higher RR value (RR = 0.20, 95% CI: 0.13–0.29) than was observed for pure latrine improvement (RR = 0.68, 95% CI: 0.53–0.87).
[image: Figure 4]FIGURE 4 | Forest plot for latrine improvement and other interventions. Note: a indicate measures of latrine improvement; I–V correspond to the code of the intervention classification shown in Table 1; the figure shows the RR value when these measures are combined with latrine improvement measures; I refers to population-level disease control, II refers to animal reservoir control, III refers to water supply improvements, IV refers to agricultural and forestry measures, and V refers to other comprehensive environmental improvement measures; round dots in the figure indicate that the measure is a protective factor, and triangles indicate that the statistical test of the measure is not significant.
TABLE 3 | Overview of eligible records with latrine improvement and other intervention.
[image: Table 3]The I-squared values of the heterogeneity tests and the Egger’s test information pertaining to publication bias are shown in Table 3. Owing to the limitations of the community intervention experiment, only the I-squared value of the latrine improvement interventions of the schistosomiasis group (I-squared: 0%, 95% CI: 0.0–13.9) was less than 50%. Therefore, the fixed-effects model was adopted. The remaining interventions had large heterogeneity and I-squared values greater than 50%. Therefore, the random-effects model was adopted. Heterogeneity may be caused by the introduction of many different interventions. Of the 10 interventions classified, 6 showed no significant publication bias based on Egger’s test (p > 0.05) and funnel plots (Supplementary Figures S4–S13). For the schistosomiasis group, the intervention group of latrine improvement combined with population-level disease control, animal reservoir control, water supply improvement, and other comprehensive environmental improvement measures (I II III V), as well as the intervention group of latrine improvement combined with population-level disease control, animal reservoir control, and other comprehensive environmental improvement measures (I II V), some small sample studies overestimated the effects of intervention (Deng et al., 2009; He et al., 2011), resulting in publication bias. For STH, the intervention group of latrine improvement combined with population-level disease control and water supply improvement (I III) had a large regional span and wide distribution of intervention starting years in several studies, which led to failure to concentrate the intervention effects (Zhang et al., 2011; Zhu et al., 2011; Deng et al., 2012). In addition, the implementation of intervention measures failed to achieve good results for this group (Chen et al., 2015), which may have led to the observed bias.
3.5 Relationship Between Coverage Increment and Relative Risk
A logarithmic linear equation was adopted to fit the relationship between the annual increase of latrine coverage and RR of annual incidence rate of all included studies. As shown in Figure 5, RR was lower when there was a larger coverage increase, indicating that a greater intervention intensity was associated with better disease prevention effects.
[image: Figure 5]FIGURE 5 | Logarithmic fitting diagram of the increase in latrine coverage and relative risk (RR) value. Note: the size of the bubbles represents the number of studies pooled. a RR. This value contains the effect size of the original study and the pooled effect size of several studies (for similar studies with a number less than 3, effect values were not pooled). b Increase represents the annual coverage increase. In the function, [image: image] was the annual coverage increase, which refers to the growth of latrine coverage in a year for an included study; [image: image] was the relative risk of annual incidence.
3.6 Publication Bias
On the basis of the funnel plots and Egger’s test, there was no significant publication bias in 8 of the 13 groups of evidence combinations.
4 DISCUSSION
Systematic review and meta-analysis were used to examine the relationship between latrine improvement in China and its health benefits. Our analysis revealed that latrine improvement measures, with or without other public health and nonpublic health interventions, were associated with lower risks of schistosomiasis, diarrhea, and STH infections. Both latrine improvement and the latrine revolution in rural China has had great social, economic, and health benefits, while also improving the environment of rural settlements. Moreover, the incidence of infectious diseases related to WASH has been decreasing annually. However, the incidences of diseases are related to many factors, such as society, the economy, the environment, and population health status. Therefore, more evidence-based data are needed to describe the health benefits of improved sanitation conditions. Nevertheless, this study revealed a correlation between China’s latrine improvement and the incidence of diseases for the first time.
On the basis of our general research objectives, this study included more population-based community intervention trials. Although well designed randomized controlled trials (RCTs) can provide powerful evidence (Melnikow et al., 2013), population intervention trials are more popular in public health studies, especially for population-based sanitation intervention research. Sanitation intervention, especially improved latrine facilities, has been shown to be associated with the reduction of certain diseases in many studies. For example, a study in California showed that the children in households with no sanitary latrines were twice as likely to be infected with Shigella as those in homes with sanitary latrines (Schliessmann, 1959). Moreover, living in an area without sanitary latrines is a risk factor for Hymenolepis nana infection (Al-Mekhlafi, 2020). A meta-analysis of the effects of increased access to sanitation studies revealed that there was at least a 33% reduction in the chance of infection associated with individual WASH practices or access (Strunz et al., 2014). The present study adds to the growing body of evidence that improved sanitation, especially with respect to household latrines in China, is significantly associated with decreased incidence of diseases.
Improved latrines can affect the health of populations through direct or indirect ways. Direct effects include stopping the transmission of certain diseases. During fermentation of excreta in septic tanks, biogas digesters, or other sanitary facilities, pathogenic microorganisms are destroyed and the proliferation of pathogenic microorganisms is prevented, resulting in the excreta becoming harmless. In addition, closed septic tanks prevent microorganisms from entering the environment. When compared with direct application of feces to farmland, use of treated feces is safer and prevents soil pollution. In addition to direct health benefits, improved latrine facilities have indirect effects on human health. For example, household latrine improvements are often combined with improvements in water supply, sanitation, and other basic public health services. Moreover, many studies showed that the effects of combined water and sanitation interventions were often greater than the sum effects of individual measures (Fewtrell et al., 2005; Schmidt, 2014; Luby et al., 2018; Null et al., 2018). Improved sanitary conditions were also found to be beneficial to the formation of personal hygienic behaviors for family members. In addition, health education regarding comprehensive WASH interventions promoted changes in health behavior. At last, the improvement of latrines in rural areas has reduced the BOD of related diseases (Cheng et al., 2018; Chen and Kallawicha, 2021) and promoted increased household incomes, which has brought about further improvements in health and medical levels.
The results of this study revealed that there were similar health effects on water, sanitation, and hygiene (WASH)-related diseases in response to latrine improvement. Overall, there was a mean decrease of 60% in diarrhea risk, 42% for schistosomiasis risk, and 65% for STH risk compared to no intervention. Diarrhea caused a substantial disease burden in China, especially in rural areas and west China, where sanitation conditions are relatively poor. However, a significant decrease in the prevalence of diarrheal disease since the founding of the People’s Republic of China was observed, which was a result of the implementation of many public and nonpublic health measures, including providing clean water supplies and improving latrines and sanitation in rural and poor areas (Cui et al., 2018; Lu, 2019; Cheng et al., 2022). STH was once a major parasitic disease that endangered the health of a large portion of the rural population in China. However, data collected during three national surveys revealed that the infection rate of STH decreased from 53.21% in the first survey (1988–1992) to 3.38% in the third survey (2014–2016). Intervention measures to control STH transmission in the population consisted of four improvement measures and one deworming event (drinking water improvement, latrine improvement, sanitation improvement, health behavior improvement, and mass deworming). In rural China, where there is a tradition of using compost to improve soil fertility, improved latrines have greatly reduced the risk of transmission of STH through the use of compost. Great achievements have also been made in the control of schistosomiasis in China, as indicated by the number of infected people decreasing from 9.49 million in 1957 to 30,000 in 2018 (Lv et al., 2019). Access to and the use of improved latrines will catch most Schistosoma eggs and will prevent miracidia from infecting intermediate host snails. This study confirmed that improvements in latrine facilities were associated with decreased likelihood of infection with schistosomiasis in China.
The most effective way of combatting diarrhea, STH, and schistosomiasis is improving access to water, sanitation, and hygiene. Moreover, WASH interventions are often not a single measure but multiple measures that are implemented at the same time. Therefore, this study evaluated the reduced risk of a disease associated with improved latrine facilities in combination with other improvements. In China, local governments coordinated health, agriculture, water, forestry, land, and other government resources to implement comprehensive measures for the prevention and control of WASH diseases, especially schistosomiasis (Yang et al., 2016). Our study revealed that the combination of various control and prevention measures had similar effects. The combination of these measures might be related to a specific local situation. Therefore, intervention study designers may develop personalized intervention strategies for specific public health problems in individual study areas.
Unlike previous systematic reviews, this study also focused on the relationship between increases in latrine coverage and RR value. Increasing sanitary latrine coverage was negatively correlated with RR, indicating that higher sanitary latrine coverage in a population results in a decreased likelihood of WASH-related diseases. This review provides more evidence linking latrine and sanitation interventions to human health. The results also indicate that latrine or sanitation improvement should not be based on individual household but should instead be promoted at the community level with the goal of improving the coverage of the entire population. Sanitary latrine coverage in rural China had reached more than 70.0% by 2022 (MARA, 2022). This rapid increase in coverage is due to a large amount of investment from local governments, as well as extensive social mobilization known as the latrine revolution.
It should be noted that this analysis may not have covered all WASH-related diseases. Moreover, the limited number of included diarrheal diseases and STH studies may affect the accuracy of the estimate of pooled effects.
5 CONCLUSION
This article provides evidence of the correlation between latrine improvement and reduced incidence of related diseases in rural China. The results of this study confirmed that latrine improvement in China played an important role in the prevention of many key infectious diseases. The overall estimates showed a mean reduction of 60% for diarrhea risk, 42% for schistosomiasis risk, and 65% for STH risk compared to no intervention.
Our research also confirmed that the intensity of health effects was positively correlated with the intensity of sanitation interventions (coverage of sanitary latrines) in China. The results presented herein suggest the important role of promoting access to sanitary latrines in disease prevention and control in China.
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No.

Category

Population-level disease control

Animal reservoirs control

Water supply improvement

Agricultural and forestry measures

Other comprehensive environmental improverent
measures

Description of the
Main Content

Crowd inspection and treatment: preventive check of the community of people, infected patients with
corresponding treatment

Health education: organization of systematic education activities, establishment of health awareness,
inducing people to consciously adopt healthy behaviors and lfestyles, eliminating or reducing risk factors
affecting health

Chemotherapy: community use of praziquantel for medical treatment

Replacing cattle with machines: replacing cattle farming with machine farming to reduce the chance of
cattle spreading disease

Captive livestock: measures such as concentrated breeding of livestock with enclosures, reducing the
spread of diseases such as occur in livestock excrement while moving

Banning grazing: prohibit grazing in endemic areas to reduce the amount of fecal worm eggs entering the
land and spreading the disease

Water improvement: physical chemical and biological methods to improve drinking water quality and
prevent the spread of disease by the water

 Planting forests to control snails: afforestation to reduce parasitic egg survival in the environment
» Ditch hardening: hardening irigation channels to reduce contamination of surrounding land by the spread

of pathogens along channels
Land leveling: building setting basins for Oncomelania snails, dredging ditches to improve ecology

Build biogas digester: fermentable raw materils, such as human and animal dung, are treated by closed
fermentation to reduce environmental pollution caused by pathogens

Living environment renovation: implementing treatment of household garbage, sewage and other
comprehensive treatments

Environmental extermination of snails: checking and efiminating Oncomelania snails from the environment
1o reduce the parasitic route of pathogens
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Latrine Improvement +1 11 V
Latrine Improvement +1 Il
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Latrine Improvement +11

Latrine Improvement +I1 Il V
Study Population
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Students

inital Study Time
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2000-2005

= 2006

Unreported

Schistosomiasis Diarrheal (n = 8) STH (0 =27) Total (1 = 411)
(n = 376)
N % N % N % N %
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12 32 - - - 12 29
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2 6.4 - - - - 24 58
195 519 - - 3 1.4 198 482
153 407 - - 24 839 177 431
4 1.4 8 1000 - - 12 29

Notes: -V correspondto the code of the intervention dlassification shown in Table 1.  refers to population-level disease control,lirefers to animal reservoir control, I refers to water supply
improvements, I refars to agricultural and forasiry measures, and V refers io other comprehensive envianmenisl improvernant Imeasures.
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Latrine Improvement +1 1l 1l V/ 80 (71.7-86) 0.000
Latrine Improvement +1 1l Il IV V 99 (99.1-99.3) 0077
Latrine Improvement +1 1l V 92 (88.1-94.6) 0008
Latrine Improvement +11 V 91 (76.7-96.6) 0021
Diarrhea Latrine Improvement 70 (24.4-883) 0829
Latrine Improvement +111 91 (77.3-96.6) 0673
STH Latrine Improvement 81(68.5-88.1) 0239
Latrine Improvement +1 Il 97 (96.5-97.7) 0009

Notes: I-V correspondto the code of the intervention dlassification shown in Table 1. I refers to population-level disease control,lirefers to anima reservoir control, I refers to water supply
improvements, I\ refars to agricultural and forasiry messures, and V refers io other comprehensive envionmenisl improvernant Imeasures.
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