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Objective: This study aimed to systematically analyze the morbidity and mortality of infectious diarrhea in children under 14 years old caused by pathogenic microorganisms globally and their temporal trends.

Methods: This study was a retrospective cross-sectional analysis using the database provided by the Global Burden of Disease 2021 (GBD 2021). The mortality, morbidity, and disability-adjusted life years (DALYs) of childhood diarrhea from 1990 to 2021 were stratified and analyzed using multivariate regression models and the calculation of estimated annual percentage change (EAPC).

Results: In 2021, the total number of cases of diarrhea in children aged 0–14 years worldwide was 168.73 million. The number of cases was highest in low- and medium-SDI regions, and the incidence in South Asia was ranking first in the world. The highest incidence was in neonates, while the incidence in the 10–14 year old group has increased by 36.5% since 1990. The highest mortality rate was found in low SDI areas. In terms of risk factors, multivariate regression analysis showed that unsafe water sources were the most important risk factors for all age groups, and growth retardation in children and unsafe sanitation conditions also significantly increased the burden of diarrhea. Except for the 2–4 age group, the top three pathogens causing death and DALY in other age groups were Rotavirus, Adenovirus, and Shigella, with Rotavirus being the primary pathogen in all age groups.

Conclusion: Although the global burden of diarrhea has decreased significantly, it is still high in low-income countries and low- and medium-SDI areas, and newborns are at high risk. Unsafe water sources are the main risk factor for diarrheal deaths in children of all ages.
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Introduction

The clinical symptoms of diarrhea include the passage of loose or watery stools, usually at least three bowel movements within 24 h, or a higher frequency than an individual’s normal bowel movement frequency. It remains one of the major threats to the health of children aged 0–14 years worldwide. Although the morbidity and mortality rates have declined, they remain severe (1–3). According to the Global Burden of Disease Study (GBD), diarrhea was still the fifth leading cause of death among children worldwide in 2016, especially among children under 5 years old (2, 4). The long-term harm of diarrhea to children’s health is not limited to death, but also includes negative impacts on nutrition, development and growth (5). From a geographical perspective, there are obvious differences in sanitary conditions, nutritional status and medical intervention measures in different regions, resulting in significant differences in the morbidity and mortality of diarrhea around the world (6, 7).

However, the downward trend in diarrhea is uneven, and the incidence and mortality of diarrhea among children in low-income and lower-middle-income countries remain high (7, 8). The Global Burden of Disease Study pointed out that the health losses caused by diarrhea in these countries are not only reflected in mortality, but also lead to a significant increase in DALYs (disability-adjusted life years) (8).

The triggering factors of diarrhea are mainly divided into two major categories. Infectious factors include infections by pathogens such as bacteria, viruses, and parasites, as well as other microorganisms. Non-infectious factors cover diet-related problems, intestinal function and diseases, the impacts of drugs and treatments, and systemic diseases and abnormal physiological states. Pathogenic studies have shown that diarrhea can be caused by a variety of infectious agents, with the most common pathogens including Rotavirus, Cryptosporidium, Shigella, enterotoxigenic Escherichia coli (ETEC), Adenovirus, and Norovirus, among others. The prevalence of these pathogens varies by region and is closely associated with local sanitary conditions, nutritional status, and the availability of medical resources (9–13). Most of the existing literature focuses on diarrhea in children under 5 years old, but there is a relative lack of systematic, age-specific research on the incidence and mortality of diarrhea in children of all ages from 0 to 14 years old worldwide, which still leaves gaps or controversies in existing knowledge. In addition, there is a lack of in-depth discussion on the impact of certain specific pathogens such as adenovirus or enterotoxigenic E. coli on different age groups (7, 9). For example, rotavirus is still the main cause of hospitalization for diarrhea in many regions (10). Therefore, more detailed research is needed to clarify the changing trends in the burden of diarrhea among children of different age groups around the world and the high-risk areas/populations.

In addition, diarrhea not only affects children’s short-term health, but also has an adverse effect on their long-term growth and development. Studies have shown that diarrhea is closely related to growth retardation in children and may lead to a significant decrease in weight and height (6, 12). Therefore, further reducing the burden of diarrhea is crucial to the healthy growth of children worldwide (4, 7). Although the mortality rate from diarrhea has declined worldwide, it remains a major public health problem. So far, there has been no systematic study and report on the incidence and mortality of diarrhea in different age groups of children aged 0–14 years worldwide, and the high-risk causes and risk factors in different age groups.

The GBD database was selected for analysis because, on the one hand, it has a wide coverage of data, including high-quality data from multiple public health organizations, hospital records and large-scale epidemiological surveys around the world; on the other hand, GBD uses a series of rigorous methodologies, such as large-scale Bayesian hierarchical regression and comprehensive uncertainty assessment, which can accurately estimate the disease burden in different regions, ages and time dimensions. Through the analysis of the GBD database, we can have a more systematic understanding of the burden of diarrhea in children of different ages on a global scale.

Although there are discussions in the literature on developing targeted intervention strategies (5, 7), there is still a lack of detailed data to support intervention measures for high-burden countries and specific populations (such as newborns, low-income communities) or geographical regions (such as sub-Saharan Africa and South Asia). Based on the above background, this study will focus on the following questions: What is the spatiotemporal evolution of the incidence and mortality of diarrhea in children aged 0–14 years worldwide? What are the main pathogens and risk factors? Are there special heterogeneous burdens in different sociodemographic index (SDI) regions? By answering these questions, the study can provide a basis for the formulation of health policies in high-burden areas.

In summary, this article mainly focuses on digestive tract diseases in children caused by pathogenic microorganisms, and will follow the idea of “problem introduction - > limitations of existing research - > objectives and importance of this study.” Through the GBD 2021 data, the diarrhea burden of children aged 0–14 years will be deeply discussed, and corresponding health intervention strategy recommendations will be put forward. It is of great significance to further reduce global child diarrhea deaths, improve child nutrition and growth and development, and achieve broader child health goals.



Research methods


Study subjects

This study is based on data from the 2021 GBD study and aims to systematically analyze the incidence, mortality, disability-adjusted life years (DALYs), pathogens, and influencing factors of diarrhea in children aged 0–14 years of age of different genders in 204 countries and regions around the world from 1990 to 2021. The data of the GBD project mainly come from public health organizations, hospital records, epidemiological surveys, etc. of various countries, covering the incidence, prevalence, mortality, and health-related risk factors of various diseases. In GBD 2021, the world is divided into 7 GBD super regions and 21 GBD regions. For more details, see the relevant literature (13, 14). The data of the GBD study can be obtained from the Global Health Data Exchange (GHDx) platform1.



Study groups

Age groups: newborns (0–28 days), 1–5 months, 6–11 months, 1–4 years, 5–9 years, and 10–14 years. SDI groups: According to SDI (sociodemographic index), 204 countries and regions in the world are divided into five groups: low SDI group (0 < SDI ≤ 0.570), low-medium SDI group (0.570 < SDI ≤ 0.670), medium SDI group (0.670 < SDI ≤ 0.812), high-medium SDI group (0.812 < SDI ≤ 0.858), and high SDI group (0.858 < SDI ≤ 1). The SDI value is a combination of per capita income, average education level, and fertility rate, and can better reflect the level of socioeconomic development (13). Inclusion criteria: We mainly included all available data on diarrhea in the GBD database and classified them according to the age group of 0–14 years. Exclusion criteria: If some countries or regions have no valid data or serious data missing during the period 1990–2021, statistical modeling cannot be carried out, they will be excluded.



Data screening and processing

Before the formal analysis, the data was systematically cleaned and preprocessed to exclude duplicate or unreasonable values, and multiple interpolation was used to handle missing values. To ensure the robustness of the analysis results, residual and outlier detection was also performed on abnormal values. For time series data from different countries, regions and age groups, a stratified weighted method was used to summarize them to reduce the bias that may be caused by small-scale data.




Analytical methods


DALY and mortality estimates

The GBD database uses a Bayesian large-scale iterative hierarchical regression tool to generate internally consistent incidence and prevalence estimates. This study estimated diarrhea-related DALY and mortality based on this tool and analyzed them by multiple stratifications such as age, sex, and region. The results are expressed as 95% uncertainty intervals (UI).



Analysis of major pathogens

The burden of multiple pathogens, including norovirus, rotavirus, E. coli, Salmonella, and Shigella, in different age groups was assessed, and the contribution of deaths and DALYs caused by each pathogen was calculated to identify the main intervention targets.



Risk factor analysis

Conduct a systematic assessment of major risk factors such as unsafe drinking water, lack of sanitation facilities, malnutrition, low immunity, and poverty, and quantify the impact of these risk factors on the burden of diarrhea and the changing trends in different age groups and regions.



Time trend analysis

Using historical data from 1990 to 2021, the estimated annual percentage change (EAPC) was used to evaluate the temporal trend of diarrhea burden. The mortality rate and its corresponding age standardized rate (ASR) were used to evaluate the trend of diarrheal diseases. The temporal trend of the age-standardized mortality rate of diarrheal diseases from 1990 to 2019 was quantified using the estimated annual percentage change (EAPC). The EAPC was calculated using a regression model based on the natural logarithm of the ratio: y = α + β x + ε.

The EAPC is calculated as 100 × (exp(β) − 1), where x is the calendar year and y is ln(ASR). It can be obtained using a linear regression model, and its 95% confidence interval (CI) can also be derived. If the predicted value of EAPC and its lower limit of 95% CI are both greater than 0, the ASR is considered to be on an upward trend. Conversely, if the predicted value of EAPC and its upper limit of 95% CI are both less than 0, it indicates that the ASR is on a downward trend. Otherwise, the ASR is considered to remain stable over time.



APC model

This study also used the APC (age-period-cohort) model based on the Poisson distribution to conduct a more in-depth decomposition analysis of mortality to examine the individual and interactive effects of age, period, and birth cohort on the frequency of diarrhea (15); and tested the goodness of fit of the model through R2 value, AIC/BIC index and residual analysis, and conducted a sensitivity analysis of the model assumptions to ensure the robustness of EAPC and APC estimates.




Result


Changes in the incidence of diarrhea in children aged 0–14 years from 1990 to 2021

In 2021, there were 168.73 million cases of diarrhea in children aged 0–14 years worldwide, with an incidence rate of 83,866.8 cases per 100,000 people (95% UI, [66,140.6–101,854.1]). The number of cases and incidence rates of diarrhea were highest in low- and medium-SDI regions (57.73 million), and after stratification by the World Bank, the number of cases was also highest in low- and middle-income countries (116.63 million), with an incidence rate of 115,156.0 cases per 100,000 people. After stratification by GBD super-region, South Asia ranked first in the world in both the number of cases and incidence rates (Supplementary Table 1 and Figure 1). Among 204 countries (or areas), the incidence of diarrhea in children aged 0–14 years ranged from 895.2 per 100,000 people (95% UI, [707.6–1136.7]) in the United States to 199,871.6 per 100,000 people (95% UI, [178,926.1–217,359.7]) in Madagascar in 2021. In terms of age groups, the highest incidence was in neonates (138,058.7 per 100,000 people), followed by children aged 1–5 months (117,600.4 per 100,000 people), and the lowest incidence was in children aged 2–4 years (47,673.5 per 100,000 people), and the incidence in the 10–14 year group increased again (106,298.1 per 100,000 people). Since 1990, the global incidence of diarrhea among children aged 0–14 has decreased by about 136%. However, the diarrhea rate among children aged 10–14 has increased by 36.5%, suggesting that there may be new dietary habits or lifestyle risks in adolescence. Supplementary Table 1 details the number of cases, incidence rates and EAPC changes in different age groups, SDI levels and World Bank classifications.
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FIGURE 1
 Diarrhea-related morbidity among children aged 0–14 years in 2021 (per 1,000,000,000).




Trends in deaths from diarrhea in children aged 0–14 years from 1990 to 2021

In 2019 (before the COVID-19 epidemic), 44,880 children aged 0–14 years died of diarrheal diseases (95%UI, [3.469–5.751]), with a mortality rate of 22.374 per 100,000 people (95%UI, [17.294–28.672]), a decrease of 474.8% since 1990. The largest decrease was in the neonatal age group, reaching 612.6%.

In 2021, diarrheal diseases caused 4,000 deaths (0.004 million) in children aged 0–14 years worldwide, with a mortality rate of 18.602 per 100,000 people (95% UI, [13.994–24.787]); the highest rate was in low SDI areas (53.3 times per 100,000 people), which was closely related to the continued existence of risk factors such as inadequate water safety and poor sanitation (Supplementary Table 2 and Figure 2). Among the 204 countries (or regions), the mortality rate ranged from 0.010 per 100,000 people in Andorra to 233.976 per 100,000 people in Chad. Newborns still had the highest mortality rate (251.1 per 100,000 people).
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FIGURE 2
 Global map of diarrhea mortality rates among children aged 0–14 years in 2021.


Compared with 1990, the global diarrhea mortality rate among children aged 0–14 years has dropped significantly in all age groups, with the largest drop in newborns (85.5%), which may be related to the combined effects of probiotics application and improved neonatal intensive care. However, the decline in the 10–14 age group is relatively the smallest, suggesting that the prevention and intervention of diarrhea in adolescents should be further strengthened (Figure 3).

[image: Two sets of line graphs showing changes over time. The top set (A) displays incidence rates per age group: 0-14, Neonates, 1-11 months, 6-11 months, 12-23 months, 2-4, 5-9, and 10-14 years. The bottom set (B) shows mortality rates for the same age groups. Each graph includes lines for "Both", "Female", and "Male" with shaded confidence intervals.]

FIGURE 3
 Global morbidity and mortality rates of diarrheal diseases among children aged 0–14 years, 1990–2021. Panel (A) shows the global incidence of diarrheal diseases among children aged 0–14 years old from 1990 to 2021; Panel (B) shows the global mortality rate of diarrheal diseases among children aged 0–14 years old from 1990 to 2021. The shaded area represents the 95% uncertainty interval.




Changes in the incidence and mortality of diarrheal diseases among children aged 0–14 years in different age groups from 1990 to 2021

Overall, between 1990 and 2021, the diarrhea mortality rate among children aged 0–14 years decreased by 81.4%, with females slightly higher than males; the incidence rate decreased by about 136%. Newborns and infants aged 1–5 months showed the highest morbidity and mortality burden, but the improvement was most obvious in low- and middle-income countries and low SDI areas (Figure 3).



Analysis of risk factors for diarrhea in children of different ages from 1990 to 2021

In 2019, before the COVID-19 epidemic, the risk assessment attributed to diarrheal diseases showed that unsafe water sources, child growth retardation and unsafe sanitation were the top three factors. The number of DALYs caused by risk factors decreased by 463.3% compared with 1990, but it was still significant (Figure 4).
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FIGURE 4
 Analysis of risk factors for LRI in children aged 0–14 years. Panel (A) is, respectively, the analysis of risk factors for LRI in children aged 0–14 years from 1990 to 2019; Panel (B) is, respectively, the analysis of risk factors for LRI in children aged 0–14 years from 2019 to 2021.


In 2021, the global burden of diarrhea in children aged 0–14 years is still mainly attributed to the above three risk factors; in terms of regions, in high SDI areas, child growth failure ranks first, while unsafe water sources are still the most prominent in low SDI areas. In addition, suboptimal breastfeeding has a greater impact on the newborn population, and Vitamin A deficiency also accounts for a certain proportion of children aged 2–4 years.

By age group, except for suboptimal breastfeeding in the neonatal stage which had a significant impact on diarrhea, unsafe water sources and unsafe sanitation conditions repeatedly appeared in the top three risks in other groups, once again emphasizing the importance of improving water, sanitation facilities and children’s nutritional status.



Etiological distribution of DALYs and deaths from diarrheal diseases among children of different age groups worldwide in 2021

In 2021, Rotavirus, Shigella, and Adenovirus are the top three pathogens in most age groups. In terms of DALY, rotavirus is the highest (2.844 million), followed by Shigella (1.952 million) and adenovirus (2.023 million) (Figure 5). In high SDI areas, rotavirus, norovirus, and Campylobacter rank in the top three; in medium-high to medium-low SDI areas, Adenovirus’s contribution to diarrhea DALY has increased significantly; while in low SDI areas, Rotavirus, Shigella, and Adenovirus are still the main pathogens. In terms of age groups, Rotavirus and Adenovirus have the highest incidence and mortality rates among newborns, infants aged 1–5 months, and infants aged 6–11 months; Rotavirus, Shigella, and Adenovirus are the top three common pathogens in children aged 12–23 months, 2–4 years, 5–9 years, and 10–14 years. It is worth noting that among people aged 2–4 and 10–14, attention should also be paid to pathogens related to water and food contamination, such as Vibrio cholerae (Cholera) and enterotoxigenic E. coli (ETEC).
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FIGURE 5
 Etiological distribution of DALYs (A) and deaths (B) from diarrheal diseases in children worldwide by age group, 2021.




Ranking of pathogens causing diarrhea-related deaths in children worldwide, 1990, 2019, 2020 and 2021

In 2019, Rotavirus, Shigella, and Adenovirus were the top three causes of diarrheal death in children aged 0–14 years worldwide. Between 1990 and 2019, the global mortality rate caused by Campylobacter decreased the most (537.7%), followed by Cholera (534.1%), but Clostridium difficile increased significantly compared to 1990 (+53.1%). After 2021, the burden of diarrhea caused by major pathogens continued to decline, with the most significant decline being Rotavirus (about 19.2%) and the smallest being C. difficile (about 2.2%). Under the SDI quintile or World Bank level classification, rotavirus is the leading cause of death in almost all countries/regions, but the second and third causes may become C. difficile, norovirus, etc. in high SDI areas (Figures 5, 6). Therefore, differentiated intervention strategies should be adopted according to the etiological characteristics of different regions. Overall, the global non-COVID-19 diarrheal disease burden in children aged 0–14 years decreased significantly from 2019 to 2021. We estimated that the total incidence rate decreased by 2.0% (0.6–3.4), from 85844.241 (95% CI, [67922.822–103718.798]) to 83866.836 (66140.642–101854.133) per 100,000 population, and the DALYs rate decreased by 15.9% (10.9–20.6), from 2122.155 (95% CI, [1668.697–2670.056]) to 1784.278 (95% CI, [1361.382]) –The mortality rate decreased by 16.9% (11.3–22.0), from 22.374 cases per 100,000 people (95% CI, [17.294–28.672]) to 18.602 cases per 100,000 people (95% CI, [13.994–24.787]).
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FIGURE 6
 Shows the ranking of pathogens causing childhood diarrhea-related deaths worldwide in 1990, 2000, 2010 and 2021. Values are estimates of deaths (per 100,000 population) caused by each pathogen, with 95% uncertainty intervals in parentheses. Estimates are expressed to two significant figures.





Discussion

This study revealed that the morbidity and mortality of diarrhea in children aged 0–14 years have decreased significantly in the past few decades. However, the burden differences between different regions, genders and age groups are still significant, especially in low-income and low-medium SDI areas. This article further explores the important role of different age groups, geographical regions, pathogens and risk factors in the burden of childhood diarrhea, providing a more comprehensive perspective for understanding the current status and changing trends of the global burden of childhood diarrhea, and also provides data support for future intervention measures and resource allocation in high-burden areas.

In 2021, the global incidence of diarrhea in children aged 0–14 years decreased by 136%. The incidence and morbidity of diarrhea in low- and medium-SDI regions remained the highest, reaching 57.73 million cases. Although the burden of diarrheal diseases has decreased globally since 1990, the extent of the reduction has varied in different regions. Diarrhea-related mortality is highest in Asian and African countries (16). Before 2010, Asia was the main region for diarrheal deaths, but after 2011, the focus shifted to Africa (16). According to the 2021 GBD data, the incidence and morbidity of childhood diarrhea in South Asia were the highest, reaching 71.1 million cases, with an annual incidence of 140,235.1 cases per 100,000 people. In particular, in countries such as India and Pakistan, diarrhea is one of the main causes of child mortality (17, 18). Studies have shown that the incidence of diarrhea in rural and peri-urban populations in Cambodia is 281.5 per 1,000 people per year, and unemployment increases the risk of diarrhea by 63% (19). Fagbamigbe A’s study also showed that the overall prevalence of diarrhea in children under 5 years old in low- and middle-income countries was 14.4%, with the highest prevalence among boys, infants, low birth weight infants, the population in the lower fifth of family income, and those with primary education (20). When compared with other similar studies, it can be seen that: (1) This study found that the incidence of diarrhea in newborns was higher, which is different from some studies that emphasized that infants aged 6–11 months were most susceptible to the disease (21, 22). Infants in this age group are susceptible to infection because their immune systems are not fully developed. The incidence of children aged 12–23 months is still high, but lower than that of infants aged 6–11 months (23, 24). Children at this stage begin to be exposed to more solid food and environment, which increases the risk of infection. The incidence of children aged 24–59 months is significantly reduced, with an incidence of 1.9 times per child per year (24). At this time, the child’s immune system gradually matures and the resistance is enhanced. This study showed that the diarrhea rate of children aged 10–14 years has increased significantly. The increase in diarrhea rates among children aged 10–14 years has also been mentioned in other literature (25, 26). This suggests that changes in dietary behavior or poor weight control methods during adolescence may have an impact (27). In high SDI areas, norovirus and Campylobacter contribute more to diarrheal diseases, while in low SDI areas, rotavirus and Shigella are still the main pathogens (7). This is basically consistent with the distribution characteristics of major pathogens in different regions shown in the study by Kotloff et al. (10). The following biological and socioeconomic mechanisms behind the above findings can be inferred: the intestinal barrier and immune function of newborns are not yet sound, making them easily breached by rotavirus or adenovirus; the 10–14 year old group may be exposed to more out-of-school food or have unreasonable dieting/eating habits during adolescence, thereby increasing the incidence of diarrhea; and unsafe water sources and malnutrition in poor areas form a vicious cycle, further aggravating the burden of diarrhea. The above mechanism is closely related to the combined effects of improved sanitary conditions, vaccine promotion, and infant feeding methods.

In 2016, diarrhea was the eighth leading cause of death in all age groups worldwide and the fifth leading cause of death in children under 5 years of age (28). In 2021, the number of deaths from diarrhea in children aged 0–14 years worldwide was 0.004 million, with a mortality rate of 18.6 deaths per 100,000 people. Compared with 1990, the mortality rate has decreased by 474.8%. Despite the decline in mortality, diarrhea still accounts for 21% of deaths in children under 5 years of age (17). The mortality rate from diarrhea is highest in Africa, while it is lowest in Europe. A study pointed out that one in 10 deaths in children under 5 years of age is due to diarrhea, and the mortality rate has decreased the most in South Asia, Southeast Asia, and South America (7). This study showed that the mortality rate in the neonatal group decreased the most, which may be related to the use of probiotics and the improvement of nursing level. The study found that probiotic supplementation significantly reduced the mortality and morbidity of necrotizing enterocolitis in premature infants (29). Although low and lower-middle SDI countries had the highest burden in 2021, these countries also showed the greatest improvement in all-age mortality rates over time. The results of this study showed that the main risk factors for childhood diarrhea include unsafe water sources, poor child growth, and unsafe sanitation facilities. High incidence of diarrhea is closely related to lack of safe water sources and sanitation facilities, which is particularly evident in low-income and lower-middle-income countries (7, 19, 20). In low-income and middle-income countries, risk factors for diarrheal deaths include younger age (especially under 6 months), female gender, persistent diarrhea, and severe dehydration (30). Child growth failure is the leading risk factor for diarrhea in high SDI areas, while unsafe water sources are the leading risk factor in low SDI areas. Studies have shown that improving child nutrition can reduce diarrhea-related deaths and DALYs (31). High diarrhea prevalence and linear growth retardation in urban children in Dhaka, Bangladesh are associated with poor cognitive development outcomes (32). Unsafe drinking water significantly increases the risk of diarrhea in low-income and middle-income countries (33–35). Improving the safety of drinking water can significantly reduce the incidence of diarrhea (34). Poor economic conditions in poor areas limit the ability of families to access medical services and improve living conditions, thereby increasing the incidence of diarrhea (8). Improving sanitation facilities and promoting good hygiene habits can effectively reduce the incidence of diarrhea (33, 35). Climate change mainly refers to changes in temperature and precipitation (36), which will also affect the incidence of diarrhea, especially in areas with poor water sources and sanitation facilities (34). In South Asia and South America, the decline in diarrhea mortality has been particularly significant, which is closely related to the improvement of sanitation conditions in these regions (7). Community-led health interventions, such as the Community Total Health Program implemented in Ethiopia, have significantly reduced the incidence of diarrhea in children (37). Therefore, the World Health Organization has been working hard to promote improvements in water, sanitation and hygiene facilities (WaSH) to reduce the incidence of diarrhea (38). In addition, studies have shown that the incidence of diarrhea in children is higher in families with lower mothers’ education. Therefore, improving the education level of caregivers and improving family hygiene habits can also help reduce the risk of diarrhea (35).

In this study, in 2021, the main pathogens causing diarrhea in the world and in low SDI regions were rotavirus, Shigella, and adenovirus. In high SDI regions, the top three pathogens associated with the burden of DALYs from diarrheal diseases in children aged 0–14 years were rotavirus, norovirus, and Campylobacter. The pathogens of diarrheal deaths varied among different age groups, with rotavirus being the main pathogen in multiple age groups, except for children aged 2–4 years. The causes of death in children aged 2–4 years were affected by rotavirus, adenovirus, and Shigella, in order, as well as enterotoxigenic E. coli, Aeromonas hydrophila, and V. cholerae, which are usually associated with water contamination and poor food hygiene (5). For children aged 10–14 years, rotavirus, Shigella, and V. cholerae were the main pathogens causing diarrheal deaths, with the latter two being more common in areas with poor sanitation (39).

long been a major cause of diarrhea worldwide, especially in low-income and middle-income countries, where it is one of the leading causes of diarrhea hospitalization and death in children under 5 years of age (11). This study also shows that rotavirus is the leading cause of diarrhea in children of all ages. Other studies have shown that Shigella is an important cause of diarrhea in children in low-income countries (11, 40). Adenovirus is also an important cause of diarrhea in some regions, although its impact may vary from region to region (41). Studies have shown that Rotavirus, Shigella, Norovirus, and Adenovirus are the main causes of diarrhea in low-income and lower-middle-income countries (11, 12, 42). However, these studies did not conduct age-stratified studies. In South Asia, Shigella and rotavirus are the main causes of diarrhea in children, especially in children under 5 years of age, where the infection rate of these pathogens is high (43, 44). Thus, rotavirus and Shigella are the leading causes of antibiotic-treated diarrhea in children under 5 years of age in low- and middle-income countries, highlighting the need for vaccination to reduce antibiotic exposure (25).

Even in high SDI areas, rotavirus remains one of the main pathogens causing diarrhea in children, although the introduction of vaccines has significantly reduced its impact (42). Norovirus and Campylobacter are also important pathogens causing diarrhea in high SDI areas, the latter of which is often associated with food and water contamination (45).

In summary, rotavirus, Shigella, norovirus, and adenovirus are the main pathogens that cause diarrhea in children. Vaccines and treatment measures against these pathogens are key to reducing the burden of diarrhea (11). Vaccination against major pathogens, such as rotavirus vaccine, can significantly reduce the morbidity and mortality of diarrhea (7, 11). Childhood diarrhea not only has an impact on health, but also imposes a burden on family finances. The temporary reduction in disability-adjusted life years due to diarrheal disease varies across regions, sexes, and age groups, highlighting the need for tailored solutions based on local and demographic factors (46). Since 1990, the global incidence of diarrhea in children aged 0–14 years has declined significantly, a trend that is closely related to the progress of global health interventions, such as oral rehydration salts and vaccination.

This study may have the following shortcomings: data coverage is limited, and the data quality in some low-income and remote areas is low, which may not fully reflect the actual burden of diarrheal diseases, resulting in insufficient representation of the results; the dynamic changes of risk factors have not been analyzed in depth. Although the main risk factors have been identified, the dynamic trends and impacts of these factors over time and socioeconomic development have not been fully explored. Due to reliance on statistical models, the results in some regions and years may have estimation biases, especially when the quality of data input is poor. Finally, different diagnostic detection methods were used in the included studies, which may affect the analysis results (for example, molecular detection of Cryptosporidium is more sensitive and specific than microscopic detection methods), and may further limit the assessment of the diarrhea burden.



Conclusion

Since 1990, the global incidence and mortality of diarrhea have declined significantly, but newborns and infants are still the main groups of morbidity and mortality. The incidence and mortality of diarrhea in low-income and low SDI areas are still high, indicating that these areas still face huge health challenges. There is a need to strengthen infrastructure construction, improve the safety of water and sanitation facilities, and improve children’s nutrition. Rotavirus remains the main pathogen of diarrhea in children of all ages worldwide, while Shigella and Adenovirus also occupy an important position in different regions and age groups. Therefore, vaccination and treatment measures against these pathogens should continue to be promoted, and research on other pathogens should be strengthened.
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