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Abstract 

 

Changing Seasonality of Infectious Diarrhea in the Sichuan Province of China from 2005 

to 2017 

By Eric P Griggs 

 

 

Many diseases, including infectious diarrhea, follow both secular and seasonal trends in 

incidence. These trends are crucial to understand for public health interventions, allowing 

professionals to understand the effectiveness of current techniques and tailor new 

responses to fit the dynamics of disease. Little is known about the temporal pattern of 

infectious diarrhea in the Sichuan Province of China. We used data from the National 

Infectious Disease Reporting System (NIDRS) to evaluate the seasonal and secular trends 

of infectious diarrhea, categorized as Bacillary Dysentery (BD) and Other Infectious 

Diarrhea (OID) from 2005 to 2017. Individual case reports were aggregated by month 

and used to generate time series plots, perform wavelet analyses, and fit negative 

binomial regression models. The seasonality of OID in Sichuan shifted from a 12-month 

periodicity with a summer peak from 2005-2013 to a 6-month periodicity with summer 

and winter peaks from 2013-2017. For BD, there was a nearly 80% decrease in median 

monthly reported cases from 2,305 in 2005 to 484 in 2017. As the median monthly 

reported BD cases decreased, the seasonal pattern shifted towards the winter months, 

potentially indicating a baseline endemicity underneath the seasonality. Firstly, our study 

concluded that the incidence of BD has greatly reduced, possibly due to recent efforts to 

improve water and sanitation health in the region. Secondly, we hypothesize the shift in 

OID seasonality indicates that there has been a change in the makeup of pathogens within 

the disease categorization. 
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Background 

A wide range of infectious diseases including vector-borne, fecal oral, sexually 

transmitted, and childhood infections follow seasonal patterns (1-4). Many factors 

contribute to seasonal or other periodic patterns of disease in humans and can be 

categorized as environmental, pathogen, or host factors (1, 4). Host factors, such as 

immune response, birth rate, and migration patterns, along with pathogen factors, such as 

antigenic shifts, affect the host’s susceptibility to disease and the pathogen’s ability to 

infect the host; while environmental factors, including humidity, temperature, and vector 

abundance, change the pathogen’s survival in the environment and the host’s probability 

of exposure. (1, 4, 5). While there are many influences on the repetitive changes of 

disease over time, ultimately it is the interplay between host susceptibility and the 

transmissibility of the agent on both an individual level and population level that governs 

the seasonal patterns of infectious disease commonly observed (6, 7).  

Seasonality in infectious diarrhea is distinct between viral pathogens, which occur 

more frequently in colder and drier months, and bacterial pathogens, which occur more 

frequently in warmer and wetter months (8-11). The seasonality of parasitic causes of 

diarrhea is not as well studied, although some evidence points towards a winter-time peak 

(12). The most common viral pathogens that cause diarrhea, norovirus and rotavirus, 

typically follow a winter and cold month seasonality, however many low-income and/or 

tropical regions experience year-round disease, possibly due to higher endemic levels of 

disease and a constant influx of susceptible individuals due to high birth rates (13, 14). 

The most common bacterial pathogens that cause diarrhea, shigella spp, campylobacter, 

and pathogenic E. Coli, typically follow a summer and rainy month seasonality, however 
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there are many places where high levels of infection occur year-round due to poor 

sanitation and health (8, 15-17). The seasonal patterns of bacterial and viral pathogens 

result from a complex interaction with factors such as humidity, temperature, and 

salinity, which can have varied effects depending on the pathogen and environment (18). 

Campylobacter incidence in England has been shown to have consistent peaks in late 

Spring, with factors such as temperature, prevalence in animals, and human behaviors 

cited as possible causes (19). 

Diarrhea continues to be a leading cause of morbidity and mortality, especially in 

young children, but steps to reduce the burden have been made (20-22). Diarrhea is the 

eighth leading cause of death among all ages and the fifth among children under 5 years 

of age (21). In China in 2015, there were an estimated 418739.7 daily adjusted life years 

(DALYs) lost due to diarrheal disease, a 58.5% reduction from 2005, and 5851 deaths 

due to diarrheal disease across all age groups(23). A national study of diarrheal pathogens 

in China found that rotavirus was the most common diarrheal pathogen, followed by 

Shigella, caliciviruses such as norovirus or sapovirus, diarrheagenic Escherichia coli, and 

Salmonella (24). Within China the diarrheal disease burden is greater in rural than in 

urban areas, particularly in west China where sanitation conditions are typically worse 

(25). The Chinese government has taken steps to improve water and sanitation health 

(WASH) and while this has greatly reduced incidence of bacterial diarrhea in urban areas 

these improvements have yet to be fully implemented in rural areas; additionally, WASH 

expansion has not had a large effect on viral diarrhea (15, 25-28). Urbanization and 

improvements in WASH help to prevent diarrhea of bacterial causes but not viral, which 
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is often spread through person-to-person contact and may spread more easily in high 

density populations (29-31). 

 Even with the heavy burden of diarrheal disease throughout China, the seasonality 

of infectious diarrhea is not well understood. Historically, the highest incidence of 

diarrhea occurs in late summer, which coincides with the peak of bacterial pathogens, 

while the lowest incidence occurs in early spring, which comes shortly after the winter 

peak of viral pathogens (24, 25, 32). However, the timing of peak incidence may differ 

by age, with children under five more likely to have a fall-winter peak, and adolescents 

and adults displaying a summer peak (33). Additionally, the timing of peak incidence of 

Bacillary Dysentery may differ between provinces, illustrating that there may be 

pathogen-specific spatio-temporal differences at the sub-national level (28).  

Here we utilize China’s real-time national infectious disease reporting system 

(NIDRS) to investigate the seasonality of infectious diarrhea at the county level within 

the Sichuan province of China. The dataset, which spans from 2005-2017 and includes 

records for over 700,000 case reports, allows for the description of seasonal factors, such 

as length of cycle peak interval intensity, and provides an opportunity to explore how 

incidence and seasonal patterns are changing over this time period.  
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Methods 

Data Collection 

The NIDRS is a passive, real-time surveillance system which collects the 

mandated case reports from all hospitals and health clinics of any patient presented with 

symptoms of 39 different diseases (34). Both Bacillary Dysentery (BD), identified by 

tenesmus symptoms, presence of pus or mucus in the stool, watery stool, or loose stool, 

and Other Infectious Diarrhea (OID), defined as infectious diarrhea excluding cholera, 

dysentery, typhoid, and paratyphoid, are class C diseases, require submission of case 

reports within 24 hours (28, 34). Individual case reports of Typhoid, Paratyphoid, 

Hepatitis A, Amoebic Dysentery, BD, and OID from 2005 through 2017 in the Sichuan 

Province of China were received from the China CDC. Other items included in the data 

are date of birth, age, occupation, district code (GBcode) for patient residence and 

reporting facility, case severity categorization, lab confirmation status, symptom onset 

date, diagnosis date, and death date. 

Time Series 

Time series and seasonality analyses were conducted to assess the presence of 

both long-term and distinct seasonal trends of BD and OID. Individual case reports dating 

from January 1, 2005 to December 31, 2017 were aggregated by month for both BD and 

OID. Time series plots were generated to visually graph the monthly incidence of 

reported cases over time (Figure 2).  
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Wavelet Analysis 

A wavelet analysis of BD and OID cases was performed to quantify the 

periodicity of the two time series. The data was first detrended through a simple linear 

regression to isolate the seasonal trends from the general trend. The residuals were output 

and further analysis of the wavelet was completed utilizing the “WaveletComp” R 

package. This package utilizes the Morlet wavelet (35, 36). 

Negative Binomial Regression 

Regression was used to quantify any long-term trends, to assess the effect of 

season on expected monthly case counts, and to determine if the effect of season changed 

over the study period. Preliminary analysis revealed overdispersion in the count data due 

to the large seasonal variance, thus regression utilizing the negative binomial distribution 

was used, allowing for adjustment of the dispersion parameter. Two separate negative 

binomial regression models (Eqn. 1) were fitted for BD and OID, with monthly cases as 

the dependent variable and utilizing season, year, and the interaction between season and 

year as independent variables. The predicted monthly case counts were compared to 

reported data and the residuals were plotted to evaluate model fit and auto-correlation 

respectively. 

Equation 1: 
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Results  

There were 203,463 reported cases of BD and 466,944 reported cases of OID 

from 2005 - 2017 in the Sichuan Province of China (Table 1). For BD, there was a nearly 

80% reduction in median monthly reported cases from 2,305 in 2005 to 484 in 2017. June 

and summer season exhibited the highest median monthly reported cases of BD with 

1,781 and 1,591 respectively. The median values of reported BD gradually decrease after 

peaking in 2006 at 2,648, dropping to the lowest count of 484 in 2017 (Figure 1). For 

OID, there was a nearly 30% reduction in median monthly reported cases from 3,672 in 

2005 to 2,969 in 2017 (Table 1). July and summer season exhibited the highest monthly 

and seasonal median values with 3,961 and 2,834 respectively. The median values slowly 

decrease after the peak at 4,979 in 2006 but increase in 2016 and 2017 (Figure 1). 

Wavelet analysis of the detrended time series for BD revealed a consistent 12-

month seasonal period at a peak power level of 3.8, indicating a high and statistically 

significant amplitude for the 12-month cycle wave pattern (Figure 3a). As the time series 

progresses, the power level of the periodicity drops but the periodicity does not appear to 

shift. Wavelet analysis of the detrended time series for OID showed a pronounced 12-

month periodicity from 2005 to 2013 (Figure 3b). However, the power level of the 12-

month periodicity drops sharply after 2013 and a 6-month periodicity increases in power 

level after 2013. 

For BD we found that, when compared to winter, case counts for months within the 

summer season are highest (RR = 3.33; 95% CI, 2.72-4.07), followed by months within 

the fall season (RR = 2.51; 95% CI, 2.05-3.06) and months within the Spring season (RR 

= 2.17; 95% CI, 1.77-2.66) (Table 2). We also found that there is a secular decrease in 
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monthly case count per year (RR = 0.88; 95% CI, 0.87-0.89), estimating that the case 

counts in any given month is expected to be 88% that of the same month in the previous 

year. The interaction terms between season and year, treating winter as the referent, were 

estimated to contribute to the largest case reduction for months within the fall season (RR 

= 0.96; 95% CI, 0.93-0.98) followed by summer (RR = 0.97; 95% CI, 0.94-0.99) and 

spring (RR = 0.98; 95% CI, 0.95-1.00). This indicates that each year the seasonal pattern 

shifts towards the winter months, illustrated by the below-null estimates for the other 

seasons. 

The OID negative binomial regression model showed that, when compared to 

winter, months that are within the fall season exhibited the highest case counts (RR = 

2.31; 95% CI, 1.89-2.81) followed by summer season (RR = 2.24; 95% CI, 1.84-2.73) 

and spring season (RR = 1.53; 95% CI, 1.25-1.87) (Table 2). The model showed a slight 

increase in monthly case count each year (RR = 1.02; 95% CI ,1.00-1.04).  The 

interaction terms between season and year, treating winter as the referent, estimated the 

greatest reduction of monthly case count for months within the fall (RR = 0.91; 95% CI, 

0.89-0.93), and similar reduction for spring (RR = 0.93; 95% CI, 0.91-0.96) and the 

summer (RR = 0.93; 95% CI, 0.91-0.95). This indicates that each year the seasonal 

pattern shifts towards the winter months, illustrated by the below-null estimates for the 

other seasons.  
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Discussion 

We have described the seasonality of reported cases of BD and OID in the 

Sichuan Province of China from 2005 to 2017 using national surveillance data. The 

seasonality of OID in Sichuan shifted from a 12-month periodicity with a summer peak 

from 2005-2013 to a 6-month periodicity with summer and winter peaks from 2013-

2017. For BD, there was a nearly 80% decrease in median monthly reported cases from 

2,305 in 2005 to 484 in 2017. As the median monthly reported BD cases decreased, the 

seasonal pattern shifted towards the winter months, potentially indicating a baseline 

endemicity underneath the seasonality.  

The time series analysis, including plotting (Figure 2) and regression modeling 

(Table 2), showed a significant secular reduction in monthly reported cases of BD 

throughout the study period. Additionally, we have shown that BD peaks in the summer 

season and follows a distinct annual pattern. The results of the wavelet analysis showed 

that this pattern stayed consistent even as reported cases of BD continued to decrease 

throughout the study period.  

While we cannot definitively say, the decrease in BD may be attributable to 

improved WASH principles, as China has continued to make this a national priority (37, 

38). A recent study by Luo et al estimated that the Sichuan Province had one of the 

highest rates of improved sanitation (39). We observed a nearly 80% decrease in median 

monthly reported BD cases from 2005-2017 which is well aligned with the previously 

reported 30% decrease in the national average annual incidence rate from 2004 to 2014 

(40).  
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The results of the OID analysis suggested a consistent incidence with a shifting 

pattern of seasonality. While we found a statistically significant estimate for an annual 

increase of OID, the estimate was small in magnitude, implying that total incidence of 

reported OID remained more or less the same throughout the study period. We observed 

a distinct late summer and early fall peak incidence from 2005 through 2011 with a clear 

change in pattern occurring from 2012 through 2017. We attempted to further describe 

this trend in the wavelet and regression analyses. Taken together with the results of our 

regression, this presents a compelling case for a shift towards a biannual peak in 

incidence in summer and winter. Our three analyses highlight a consistent finding of a 

shift from a distinct 12-month periodicity from 2005 through 2012 to a 6-month 

periodicity beginning in 2013 and continuing through the study period. Because no 

independent variables other than time were considered, our findings may only be used to 

describe the pattern of seasonality, not to attribute causality. However, external research 

may be used to attempt to explain the patterns described.  

The time series plot for OID not only showed a shift in periodicity, but also 

displayed sharper peaks and troughs after 2013 than earlier in the study period. We 

propose that, as the background incidence of bacterial diarrhea decreased, the pattern of 

viral or other causes of diarrhea became unmasked. So, while it seems that the pattern 

changed, it may be the case that there are truly two consistent seasonal patterns presented 

in the OID categorization. As one pattern has decreased in intensity over time, the second 

pattern is being revealed from behind the noise.  

In the time series for both BD and OID there is a large spike in mid to late 2006. 

This spike may correspond with the emergence of two new GII.4 Norovirus variants that 
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sparked a global increase in Norovirus associated gastroenteritis (41). While this 

contradicts the common perception that Norovirus is associated with winter time peaks, 

there are other factors, such as antigenic shift, that may lead to peaks outside of typical 

seasonality (42). These peaks extraneous to seasonality are often due to a large 

population of susceptible individuals, who may not have immunity to a new viral strain 

after a shift occurs, becoming exposed and quickly spreading the virus to those around 

them. 

Our study utilized passive surveillance data which introduces some limitations. 

First, because the NIDRS is passive, we expect there is an underreporting of disease, thus 

our estimates may be low. Because our study sought to describe seasonality of the time 

series, time-dependent biases are of particular concern. The system, which initially 

received reports by paper, ceased accepting paper forms and mandated digital reporting 

of cases over the internet in 2004. Use of cell-phone-based reporting was integrated in 

2008 in an effort to extend access to remote locations (43). It is possible but unlikely that 

either of these changes had a noticeable effect on the time series, as computer-based 

internet reporting through dial-up or broadband internet has been in place in all townships 

in the Sichuan province since 2004, and there was no obvious step-change in 2008 (43). 

An additional limitation is the design of the OID categorization in the NIDRS. In the 

system, OID serves as a “catch-all” categorization for infectious diarrhea that either did 

not fit the BD definition or did not have a clear pathogen diagnosis. Due to this, OID 

likely contains cases of diarrhea caused by a variety of pathogens including both bacterial 

and viral. We may further postulate that the summer and winter peaks revealed in OID 

may be caused by bacterial and viral pathogens respectively, as it has been shown that in 
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China both classes of pathogen follow the expected seasonal trend (33). This would 

indicate that while bacteria caused diarrhea has decreased in incidence due to 

improvements in WASH principles, shown by the reduction of the summer peak, diarrhea 

caused by viruses has remained constant or even increased, as evidenced by the rising 

winter peak. This would not be a surprising finding, as it has been shown repeatedly that, 

while urbanization and improvements in WASH help to prevent diarrhea of bacterial 

causes, WASH improvements are far less effective against viral pathogens and 

urbanization can lead to increased incidence of viral diarrhea likely due to increased 

person-to-person interaction (29-31).  

Our analysis has described the seasonal pattern of case reports collected by the 

NIDRS in the Sichuan Province of China from 2005 to 2017 of individuals diagnosed as 

having bacillary dysentery and other infectious diarrhea. While we believe our analysis is 

representative of the true seasonal trends, we are limited simply to describing the pattern 

rather than inferring causal factors or true population incidence and prevalence. Here two 

major questions remain. The first is what factors, environmental, pathogenic, or 

otherwise, are leading to the change in seasonality pattern for OID. While we have 

hypothesized that this shift may be due to the reduction of bacterial causes of diarrhea 

and an unmasking of viral, our study does not provide ample evidence to prove this. 

Further studies would benefit from more detailed diagnostic data regarding the pathogens 

that may cause the symptoms of cases reported into the OID category. The NIDRS does 

not currently collect detailed diagnostic data. The second unanswered question is how the 

described seasonal patterns change spatially within the province. Sichuan contains both 

urban and rural environments which are known to experience different patterns of 
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disease. Each case report within the NIDRS data is identified with the clinic or hospital 

where the patient was reported. This information, combined with population density or 

similar data, could be used to differentiate the disease patterns of urban versus rural 

Sichuan. 

Our findings have important public health implications for the control of 

infectious diarrhea in Sichuan. Firstly, it is important to accrue evidence that current 

efforts have greatly reduced incidence of BD, but not eliminated it. Thus, changes must 

be made to current protocol and new interventions must be put in place if further 

reduction is to be obtained. Secondly, the clear shift in OID seasonality indicates that 

something has changed either in the surveillance system or in the makeup of pathogens 

causing the disease categorization.  Our findings suggest that the remaining burden is 

viral and control measures such as rotavirus vaccination should be targeted accordingly. 

 

 

  



13 
 

 
 

Works Cited 

1. Grassly NC, Fraser C. Seasonal infectious disease epidemiology. Proceedings Biological 
sciences 2006;273(1600):2541-50. 

2. Hethcote HW, Yorke J. Gonorrhea Transmission Dynamics and Control. Springer-Verlag 
Berlin Heidelberg; 1984. 

3. Metcalf CJ, Bjornstad ON, Grenfell BT, et al. Seasonality and comparative dynamics of six 
childhood infections in pre-vaccination Copenhagen. Proc Biol Sci 2009;276(1676):4111-
8. 

4. Metcalf CJE, Walter KS, Wesolowski A, et al. Identifying climate drivers of infectious 
disease dynamics: recent advances and challenges ahead. Proc Biol Sci 2017;284(1860). 

5. Dopico XC, Evangelou M, Ferreira RC, et al. Widespread seasonal gene expression 
reveals annual differences in human immunity and physiology. Nature Communications 
2015;6:7000. 

6. Dowell SF. Seasonal variation in host susceptibility and cycles of certain infectious 
diseases. Emerging infectious diseases 2001;7(3):369-74. 

7. Martinez ME. The calendar of epidemics: Seasonal cycles of infectious diseases. PLOS 
Pathogens 2018;14(11):e1007327. 

8. Ahmed SF, Farheen A, Muzaffar A, et al. Prevalence of Diarrhoeal Disease, its Seasonal 
and Age Variation in under- fives in Kashmir, India. International journal of health 
sciences 2008;2(2):126-33. 

9. Levy K, Smith SM, Carlton EJ. Climate Change Impacts on Waterborne Diseases: Moving 
Toward Designing Interventions. Current Environmental Health Reports 2018;5(2):272-
82. 

10. Levy K, Woster AP, Goldstein RS, et al. Untangling the Impacts of Climate Change on 
Waterborne Diseases: a Systematic Review of Relationships between Diarrheal Diseases 
and Temperature, Rainfall, Flooding, and Drought. Environmental science & technology 
2016;50(10):4905-22. 

11. Mounts AW, Ando T, Koopmans M, et al. Cold Weather Seasonality of Gastroenteritis 
Associated with Norwalk-like Viruses. The Journal of Infectious Diseases 2000;181:S284-
S7. 

12. Boughattas S, Behnke JM, Al-Ansari K, et al. Molecular Analysis of the Enteric Protozoa 
Associated with Acute Diarrhea in Hospitalized Children. Frontiers in cellular and 
infection microbiology 2017;7:343. 

13. Ahmed SM, Lopman BA, Levy K. A Systematic Review and Meta-Analysis of the Global 
Seasonality of Norovirus. PloS one 2013;8(10):e75922. 

14. Patel MM, Pitzer VE, Alonso WJ, et al. Global seasonality of rotavirus disease. The 
Pediatric infectious disease journal 2013;32(4):e134-47. 

15. Carlton EJ, Liang S, McDowell JZ, et al. Regional disparities in the burden of disease 
attributable to unsafe water and poor sanitation in China. Bulletin of the World Health 
Organization 2012;90(8):578-87. 

16. Cheng AC, McDonald JR, Thielman NM. Infectious Diarrhea in Developed and Developing 
Countries. Journal of Clinical Gastroenterology 2005;39(9):757-73. 

17. Goodman L, Segreti J. Infectious diarrhea. Disease-a-month : DM 1999;45(7):268-99. 
18. Pascual M, Bouma MJ, Dobson AP. Cholera and climate: revisiting the quantitative 

evidence. Microbes and Infection 2002;4(2):237-45. 



14 
 

 
 

19. Tam CC, Rodrigues LC, O'Brien SJ, et al. Temperature dependence of reported 
Campylobacter infection in England, 1989-1999. Epidemiol Infect 2006;134(1):119-25. 

20. Liu L, Oza S, Hogan D, et al. Global, regional, and national causes of child mortality in 
2000&#x2013;13, with projections to inform post-2015 priorities: an updated systematic 
analysis. The Lancet 2015;385(9966):430-40. 

21. Troeger C, Blacker BF, Khalil IA, et al. Estimates of the global, regional, and national 
morbidity, mortality, and aetiologies of diarrhoea in 195 countries: a systematic analysis 
for the Global Burden of Disease Study 2016. The Lancet Infectious Diseases 
2018;18(11):1211-28. 

22. Walker CL, Black RE. Diarrhoea morbidity and mortality in older children, adolescents, 
and adults. Epidemiol Infect 2010;138(9):1215-26. 

23. Collaborators GBDDD. Estimates of global, regional, and national morbidity, mortality, 
and aetiologies of diarrhoeal diseases: a systematic analysis for the Global Burden of 
Disease Study 2015. The Lancet Infectious diseases 2017;17(9):909-48. 

24. Hao R, Li P, Wang Y, et al. Diversity of pathogens responsible for acute diarrheal disease 
in China. Clinical infectious diseases : an official publication of the Infectious Diseases 
Society of America 2013;57(12):1788-90. 

25. Cui P, Li J, Liu N, et al. Incidence of acute diarrheal illness in Chinese communities: a 
meta-analysis. BMC gastroenterology 2018;18(1):114. 

26. Fu C, Dong Z, Shen J, et al. Rotavirus gastroenteritis infection among children vaccinated 
and unvaccinated with rotavirus vaccine in southern china: A population-based 
assessment. JAMA Network Open 2018;1(4):e181382. 

27. Walker CLF, Rudan I, Liu L, et al. Global burden of childhood pneumonia and diarrhoea. 
Lancet (London, England) 2013;381(9875):1405-16. 

28. Xu Z, Hu W, Zhang Y, et al. Spatiotemporal Pattern of Bacillary Dysentery in China from 
1990 to 2009: What Is the Driver Behind? PloS one 2014;9(8):e104329. 

29. Berendes D, Leon J, Kirby A, et al. Household sanitation is associated with lower risk of 
bacterial and protozoal enteric infections, but not viral infections and diarrhoea, in a 
cohort study in a low-income urban neighbourhood in Vellore, India. Tropical medicine 
& international health : TM & IH 2017;22(9):1119-29. 

30. Brown J, Cumming O, Bartram J, et al. A controlled, before-and-after trial of an urban 
sanitation intervention to reduce enteric infections in children: research protocol for the 
Maputo Sanitation (MapSan) study, Mozambique. BMJ open 2015;5(6):e008215-e. 

31. Knee J, Sumner T, Adriano Z, et al. Risk factors for childhood enteric infection in urban 
Maputo, Mozambique: A cross-sectional study. PLoS neglected tropical diseases 
2018;12(11):e0006956-e. 

32. Jia L, Lin C, Gao Z, et al. Prevalence and factors associated with different pathogens of 
acute diarrhea in adults in Beijing, China. Journal of infection in developing countries 
2016;10(11):1200-7. 

33. Xu Z, Hu W, Zhang Y, et al. Exploration of diarrhoea seasonality and its drivers in China. 
Scientific Reports 2015;5:8241. 

34. Liang S, Yang C, Zhong B, et al. Surveillance systems for neglected tropical diseases: 
global lessons from China's evolving schistosomiasis reporting systems, 1949-2014. 
Emerging themes in epidemiology 2014;11:19-. 

35. Cazelles B, Chavez M, Magny GCd, et al. Time-dependent spectral analysis of 
epidemiological time-series with wavelets. Journal of the Royal Society, Interface 
2007;4(15):625-36. 



15 
 

 
 

36. Schmidbauer H, Roesch A. WaveletComp 1.1: A guided tour through the R package. 
2018. 

37. Yang H, Wright JA, Gundry SW. Improve access to sanitation in China. Nature 
2012;488:32. 

38. Zhang J, Mauzerall DL, Zhu T, et al. Environmental health in China: progress towards 
clean air and safe water. The Lancet 2010;375(9720):1110-9. 

39. Luo Q, Zhang M, Yao W, et al. A Spatio-Temporal Pattern and Socio-Economic Factors 
Analysis of Improved Sanitation in China, 2006–2015. International Journal of 
Environmental Research and Public Health 2018;15(11). 

40. Chang Z, Zhang J, Ran L, et al. The changing epidemiology of bacillary dysentery and 
characteristics of antimicrobial resistance of Shigella isolated in China from 2004-2014. 
BMC infectious diseases 2016;16(1):685-. 

41. Tu ET-V, Bull RA, Greening GE, et al. Epidemics of Gastroenteritis during 2006 Were 
Associated with the Spread of Norovirus GII.4 Variants 2006a and 2006b. Clinical 
Infectious Diseases 2008;46(3):413-20. 

42. Tu ETV, Nguyen T, Lee P, et al. Norovirus GII.4 strains and outbreaks, Australia. Emerging 
infectious diseases 2007;13(7):1128-30. 

43. Yang C, Yang J, Luo X, et al. Use of mobile phones in an emergency reporting system for 
infectious disease surveillance after the Sichuan earthquake in China. Bulletin of the 
World Health Organization 2009;87(8):619-23. 

 

  



16 
 

 
 

Tables 

 

Median 25th 75th Median 25th 75th

Month

January 659 363 862 2,321 2,109 2,432

February 619 383 879 1,827 1,715 2,074

March 859 481 1,259 2,283 2,149 2,354

April 1,049 661 1,690 2,335 1,873 2,747

May 1,600 832 2,479 2,990 2,396 3,826

June 1,781 873 2,661 3,333 2,829 4,231

July 1,591 919 2,537 3,961 2,963 4,211

August 1,548 841 2,375 3,671 3,228 4,306

September 1,263 764 2,081 3,538 2,498 3,878

October 1,003 686 1,800 3,112 2,197 3,765

November 803 482 1,288 3,302 2,283 3,641

December 714 387 978 3,430 3,280 3,637

Season

Winter (Dec-Feb) 621 381 921 2,411 1,948 3,323

Spring (Mar-May) 1,049 701 1,687 2,354 1,983 2,767

Summer (Jun-Aug) 1,591 857 2,599 3,671 2,834 4,269

Fall (Sep-Nov) 998 646 1,891 3,302 2,273 3,741

Year

2005 2,305 1,359 3,528 3,672 2,393 4,080

2006 2,648 1,594 3,698 3,952 2,674 4,979

2007 1,965 1,264 2,664 3,852 2,937 4,181

2008 1,671 1,103 2,401 3,723 2,717 3,979

2009 1,574 968 2,004 3,071 2,658 3,682

2010 1,356 918 1,990 3,317 2,254 3,826

2011 1,026 781 1,559 3,501 2,497 3,689

2012 885 650 1,283 2,896 2,332 3,142

2013 805 565 1,048 2,341 2,185 2,819

2014 674 443 834 2,120 1,777 2,265

2015 550 394 676 2,234 1,881 2,361

2016 494 337 689 2,324 1,906 2,750

2017 484 330 688 2,969 2,389 3,658

b
Defined as infectious diarrhea excluding cholera, dysentery, typhoid, and paratyphoid

a
Only cases reported to the National Infectious Disease Reporting System were elligible

Monthly Reported Cases of 

Dysentery, Bacillary

Monthly Reported Cases of 

Other Infectious Diarrheab

Table 1. Summary statistics for monthly reported incidence of Bacillary Dysentery and 

Other Infectious Diarrhea in China, from 2005-2017a
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Estimate 95% CI P-Value Estimate 95% CI P-Value

Season

Winter (Dec-Feb) Referent - - Referent - -

Spring (Mar-May) 2.17 (1.77, 2.66) <0.001 1.53 (1.25, 1.87) <0.001

Summer (Jun-Aug) 3.33 (2.72, 4.07) <0.001 2.24 (1.84, 2.73) <0.001

Fall (Sep-Nov) 2.51 (2.05, 3.06) <0.001 2.31 (1.89, 2.81) <0.001

Year 0.88 (0.87, 0.90) <0.001 1.02 (1.00, 1.04) 0.017

Season-Year Interaction

Winter (Dec-Feb) Referent - - Referent - -

Spring (Mar-May) 0.98 (0.95, 1.00) 0.081 0.93 (0.91, 0.96) <0.001

Summer (Jun-Aug) 0.97 (0.94, 0.99) 0.010 0.93 (0.91, 0.95) <0.001

Fall (Sep-Nov) 0.96 (0.93, 0.98) <0.001 0.91 (0.89, 0.93) <0.001

Table 2. Exponentiated Estimates, 95% Confidence Intervals, and P-values of the Negative Binomial 

Regressions for Dysentery and Other Infectious Diarrhea

Dysentery Model Other Infectious Diarrhea Model
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Figures 

 

Figure 1. The distribution of monthly reported incidence of BD (red) across 

month (a), season (b), and year (c), and OID (blue) across month (d), season (e), 

and year (f) in Sichuan China from 2005-2017. BD identified by tenesmus 

symptoms, presence of pus or mucus in the stool, watery stool, or loose stool. 

OID defined as any infectious diarrhea excluding cholera, dysentery, typhoid, 

and paratyphoid. Seasons defined as winter (December – February), spring 

(March – May), summer (June – August), and fall (September – November). 



19 
 

 
 

Figure 2. Time series plots of monthly reported incidence of BD (red) and OID 

(blue) in Sichuan China from 2005-2017. BD identified by tenesmus symptoms, 

presence of pus or mucus in the stool, watery stool, or loose stool. OID defined 

as any infectious diarrhea excluding cholera, dysentery, typhoid, and 

paratyphoid. 
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Figure 3a. Average wavelet power of the time series of reported incidence of 

BD in Sichuan China from 2005-2017. White line indicates statistical 

significance. Black line highlights the ridge of the wavelet power, indicating the 

highest level of power in the spectrum. 
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Figure 3b. Average wavelet power of the time series of reported incidence of 

OID in Sichuan China from 2005-2017. White line indicates statistical 

significance. Black line highlights the ridge of the wavelet power, indicating 

the highest level of power in the spectrum. 

 

 


