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Background: Enteric fever primarily affects the southwestern and central regions of China. Although the overall incidence rate has declined, certain areas have seen an increase in cases, necessitating further investigation into their geographic distribution, clustering areas, and potential influencing factors.

Methods: City-level data from 2001 to 2020 were analyzed. Spatial clustering was identified, and wavelet transform analysis explored periodic and seasonal characteristics. Determinants were identified using generalized estimating equation and distributed lag non-linear model.

Results: Incidence declined from 2001 to 2008 but leveled off since 2009, shifting eastward. Two clustering areas were identified: Guangxi-Guizhou-Yunnan and Zhejiang. In the Zhejiang, incidence was negatively correlated with GDP per capita and popularization rate of safe drinking water in rural areas. Temperature and relative humidity had delayed effects on incidence in Zhejiang, showing linear or parabolic patterns. In the Guangxi-Guizhou-Yunnan, incidence was positively correlated with the proportion of water bodies. Temperature and relative humidity had delayed effects on incidence in Guangxi-Guizhou-Yunnan, and these effects exhibited fluctuating patterns.

Conclusions: Over the past 20 years, enteric fever incidence in China has shown a rapid early decline but has stabilized more recently. The factors influencing enteric fever prevalence vary between clustering areas, indicating the need for region-specific measures.
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1 Background

Typhoid and paratyphoid fever, also known as enteric fever, are classified as one of Class B notifiable infectious diseases in China. Enteric fever remains a significant important global public health problem (1), with more than a quarter of the population in many low- and middle-income countries (LMICs) at high risk of enteric fever infection (2–5). Without timely intervention, the case–fatality rate of enteric fever remains high in some underdeveloped countries (6).

Human epidemics of enteric fever occur annually in China and have been reported primarily in highly endemic regions such as Yunnan, Guizhou, and Guangxi Provinces in southwestern China, Hunan Province in central China (7, 8), and Xinjiang Uygur Zizhiqu in northwestern China (9, 10). Although the incidence rate of enteric fever in China has been declining since the 1990s, with occasional small-scale rebounds (11), an increase in the number of cases has been observed in some non-priority monitored provinces, and even gradually become new epidemic hotspot areas (12).

Previous studies have explored the main drivers of spatial and temporal patterns of enteric fever, revealing strong correlations between enteric fever risk and suitable climatic factors, which may affect bacterial contamination of food and water and lead to outbreaks of enteric fever (13, 14). Recent studies have also intensely related the effects of socioeconomic factors, such as the level of economic development, sanitation facilities, and living conditions (15, 16). The epidemiological characteristics and influencing factors of enteric fever vary between different regions (17, 18), such as the southeastern coastal regions and the western inland regions (19–22). In southeastern coastal regions, the primary infected population is migrant workers, whereas in inland provinces, local residents are the main victims of enteric fever. The primary influencing factors in the western inland regions are unsafe drinking water and consuming raw vegetables (23), whereas in the southeastern coastal regions, the main influencing factors include unsafe dietary habits such as consuming raw or undercooked seafood (24). However, systematic studies on specific influencing factors in these regions are still limited.

Current research predominantly focuses on enteric fever analysis at provincial or municipal levels, with a notable absence of nationwide studies systematically evaluating the combined effects of climatic, socioeconomic, and sanitary factors on enteric fever. Future investigations should establish differentiated clustering areas and employ multidimensional data integration to elucidate the impacts of these factors, thereby informing targeted prevention strategies. In the present study, utilizing a national database of reported human cases of enteric fever, we explored the geographic distribution, clustering areas, and periodicity of enteric fever. By using a distributed lag non-linear model (DLNM) and generalized estimating equation (GEE), we further identified the determinants associated with the geographical heterogeneity of enteric fever, which are crucial for mitigating risk and guiding the surveillance and prevention of enteric fever.



2 Methods


2.1 Data collection and management

The study data were derived from the China Information System for Disease Control and Prevention (CISDCP), encompassing laboratory-confirmed and clinically diagnosed enteric fever (typhoid and paratyphoid fevers) cases. Through standardized data leansing protocols, duplicate entries (0.45%), reporting inaccuracies (0.55%), and misdiagnosed cases (e.g., pneumonia misclassification, 0.88%) were systematically removed, resulting in exclusion of 4,948 non-compliant records. The collected data encompassed monthly and annual case reports from 2001 to 2020, as well as weekly case reports from 2005 to 2020. The diagnosis of enteric fever was based on the isolation and culture of Salmonella from blood, bone marrow, or other fluid samples or the detection of specific antibodies or a fourfold or greater increase in antibody titers.

Data on three socioeconomic factors, three meteorological factors, 19 bioclimatic factors, two hygienic factors and three land cover factors that were potentially associated with enteric fever were collected and processed at the city level (Supplementary Table 1). Among them, city-level socioeconomic data and hygienic data from 2001–2020 were provided by the National Bureau of Statistics and local statistical bureaus. The raster-type maps of daily meteorological indicators with a spatial resolution of 1 kilometer were extrapolated with the inverse distance weighted interpolation technique using approximately 395 sites across China, which were obtained from the National Oceanic and Atmospheric Administration of the United States (https://www.ncei.noaa.gov/). Annual bioclimatic data with a spatial resolution of 1 kilometer were collected from WorldClim (https://www.worldclim.org/). Three categories of land cover with a spatial resolution of 0.3 kilometers were provided by the European Space Agency (https://www.esa.int/) (25). All these raster-type maps overlapped with the vector digital maps at the city level in China, and the related covariates of each city included in our study were computed through the zonal statistical calculation technique, which was performed using ArcGIS 10.7 (Environmental Systems Research Institute Inc., Redlands, CA, USA).



2.2 Analysis of spatiotemporal characteristics for enteric fever

We used geographical distribution maps to display the distribution and clustering characteristics of the enteric fever epidemic. To evaluate the geographical center and temporal variations of the incidence, centroid transfer analysis was employed. Line and bar graphs were used to show the trends of cases and incidence rates over time, while bubble charts revealed the temporal dynamics of deaths caused by enteric fever. The global Moran's index was applied to quantify spatial autocorrelation at a significance level of 0.05. Spatial scan analysis using SaTScan 9.4.1 (M Kulldorff, Information Management Services Inc., Cambridge, Massachusetts) identified spatial clustering areas, which were the basis for further analyses. Line plots illustrated the incidence rate and sequential incidence rate within these clusters. Stream graphs and rose charts depicted variations in case numbers and incidence rates across different age groups (0–4, 5–17, 18–39, 40–59, and ≥60 years). Wavelet transform analysis, conducted with MATLAB R2020b (MathWorks, Natick, Massachusetts), explored the periodic and seasonal characteristics of the epidemic.



2.3 Modeling analysis for influencing factors associated with enteric fever

A GEE was applied to assess all the potential influencing factors associated with the annual city-level incidence rate of enteric fever. The candidate explanatory variables used in this model included three socioeconomic factors, 19 bioclimatic factors, two hygiene factors, and three land cover factors per capita. Variables with P values < 0.05 and variance inflation factors (VIFs) < 10 in the univariate GEE modeling analysis were included in the final multivariate analysis models. Cross-validation was conducted to verify the robustness of the final multivariate GEE model, and forest plots were generated to present the relative risk (RR) and its 95% confidence interval (CI) of each factor influencing the incidence of enteric fever. Models were constructed using R software (version 4.1; R Foundation for Statistical Computing, Vienna, Austria) with the “geeglm” package, where the Poisson distribution was used as the link function. The forest plots of the final model were implemented using the R packages “geepackage” and “forestplot,” respectively.



2.4 Modeling analysis for lag effects of meteorological factors on enteric fever

The lag effect of meteorological factors on enteric fever incidence was assessed with a quasi-Poisson distribution with the DLNM, which was performed in the R package “dlnm” (26). Weekly values of three meteorological factors were calculated for each city within the clustering areas. Given the significant spatial heterogeneity due to the varied exposure scope of the meteorological indicators across different cities, the raw values of temperature (or rainfall, relative humidity) were employed for each city as the input of the city-specific DLNM, and internal knots at the same percentiles in the spline function were adopted for all cities within each clustering area. This approach allowed for the acquisition of percentile-based parameter estimates, which in fact corresponded to different absolute values of temperature (or rainfall or relative humidity). A multivariate meta-analysis using the restricted maximum likelihood method was subsequently conducted to integrate the city-specific estimation of clustering areas for each meteorological factor derived from the DLNM (27, 28), which was implemented in the R package “mvmeta.”




3 Results


3.1 Epidemic dynamics of enteric fever in the last 20 years and geographical clustering

From 2001–2020, 258,087 cases of enteric fever were reported across 293 cities in mainland China, with a significant decline in both cases and incidence rates, particularly between 2004 and 2008. Since 2009, the epidemic has stabilized and deaths have remained relatively low at around four to eight per year (Figure 1A). Approximately 25.86% of cities reported over 1,000 cases, and 35.52% had an incidence rate exceeding 16 per 100,000 people, with notable severity in Guizhou, Yunnan, and Guangxi. High incidence rates were also observed in parts of Zhejiang and Xinjiang, while most cities reported low or no deaths (Figures 1B, C). The distribution of enteric fever in China is uneven, with higher incidence rates primarily in the southern regions. An enteric fever zone, consisting of 131 cities mostly south of the Qin Mountain–Huai River Line, has been identified, contributing to over 90% of the national cumulative cases and incidence rates. From 2001 to 2015, the centroid of incidence was located in western China, but it has shifted eastward since 2016 (Figure 1C). Spatial analysis revealed significant spatial clustering, particularly in the Guangxi–Guizhou–Yunnan and Zhejiang regions, indicating high spatial autocorrelation in these areas (Figure 2A; Supplementary Table 2).
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FIGURE 1
 Distribution of enteric fever. (A) Number of cases, number of deaths and incidence rate of enteric fever in China from 2001 to 2020; (B) number of cases and number of deaths of enteric fever in Chinese cities from 2001 to 2020; (C) incidence rate of enteric fever, enteric fever zone, and centroid transfer of incidence rates in Chinese cities from 2001 to 2020.
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FIGURE 2
 Spatial and age-group patterns of enteric fever in China from 2001 to 2020. (A) Spatial clustering of enteric fever in China from 2001 to 2020. (B) Number of enteric fever cases by age group in Zhejiang. (C) Number of enteric fever cases by age group in Guangxi-Guizhou-Yunnan. (D) Incidence of enteric fever by age group in Zhejiang. (E) Incidence of enteric fever by age group in Guangxi-Guizhou-Yunnan.


The two clustering areas, Zhejiang and Guangxi–Guizhou–Yunnan, differed in climate and latitude, influencing their incidence rates (Supplementary Table 2). From 2001 to 2005, both clustering areas had stable incidence rates, which then declined, with Guangxi–Guizhou–Yunnan showing a more substantial decrease despite occasional rebounds (Supplementary Figure 1). By 2020, both clustering areas exhibited stabilized case numbers and incidence rates across all age groups, with the disparity between them narrowing over time (Figures 2B–E).



3.2 Periodicity and seasonal differences in enteric fever between the two clustering areas

The two clustering areas showed distinct seasonality patterns for enteric fever: in Zhejiang, it peaked between July and August, while in Guangxi–Guizhou–Yunnan, it extended from May to October. Zhejiang exhibited significant 19-month and 61-month periodic changes, with the 19-month cycle being more stable, whereas Guangxi–Guizhou–Yunnan displayed dominant 18-month and 30-month periodic patterns, with the 18-month cycle lasting about seven cycles (Supplementary Figure 2).



3.3 Associations of heterogeneous factors with enteric fever incidence rates across the two clustering areas

In Zhejiang and Guangxi–Guizhou–Yunnan, different epidemic patterns were observed, with 27 variables evaluated using GEE analysis. In Zhejiang, GDP per capita, precipitation in the wettest month, and the popularization rate of safe drinking water in rural areas were negatively correlated with enteric fever incidence, while precipitation seasonality and precipitation in the coldest quarter were positively correlated; in Guangxi–Guizhou–Yunnan, the precipitation of the coldest quarter was negatively correlated, but the proportion of water bodies showed a positive correlation with enteric fever incidence (Figure 3; Supplementary Tables 3–6).


[image: Figure 3]
FIGURE 3
 Analysis of influencing factors on enteric fever. (A) Potential influencing factors associated with enteric fever in Zhejiang. (B) Potential influencing factors associated with enteric fever in Guangxi-Guizhou-Yunnan.




3.4 Lag effects of meteorological factors on enteric fever incidence

In the Zhejiang, a positive effect from the weekly temperature was observed on the incidence of enteric fever, with a 1-week lag effect; when the temperature was below the median level, the effect weakened and even reversed as the lag duration increased (Figure 4A). In the Guangxi–Guizhou–Yunnan, temperature effects were fluctuating, with the risk of enteric fever first decreasing, then increasing, and finally decreasing with increasing temperature over lags of 2–3 weeks (Figure 4B). Elevated relative humidity had negative impacts on enteric fever incidence in both clustering areas across the three lag periods; under low relative humidity conditions, the effect was negative in Zhejiang but positive in Guangxi–Guizhou–Yunnan. No significant lag effect of precipitation on enteric fever incidence was detected in the Zhejiang, whereas in the Guangxi–Guizhou–Yunnan, low precipitation had a weakly positive effect on enteric fever incidence with a lag of 1–3 weeks.
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FIGURE 4
 Pooled exposure-response curves for meteorological factors and weekly enteric fever cases with lag times. (A) The pooled exposure-response curves between meteorological factors (temperature, relative humidity, percipitation) percentiles and weekly cases of enteric fever with a lag time of 1–3 weeks in Zhejiang. (B) The pooled exposure-response curves between meteorological factors (temperature, relative humidity, percipitation) percentiles and weekly cases of enteric fever with a lag time of 1–3 weeks in Guangxi-Guizhou-Yunnan.





4 Discussion

Over the past 20 years in China, a decreasing trend in the prevalence of enteric fever epidemics nationwide has been observed, and socioeconomic and sanitary improvements may play important roles (29). Although these efforts are evident to people, cities in regions of high prevalence still face a continuous threat from enteric fever, which may require stronger targeted measures to contain the epidemic of the disease in these areas. In this study, Guangxi-Guizhou-Yunnan and Zhejiang were identified as two clustering areas for enteric fever, with distinct underlying mechanisms potentially driving the observed epidemiological patterns: The elevated incidence in Guangxi-Guizhou-Yunnan predominantly stems from persistent groundwater contamination due to karst topography, inadequate sanitation infrastructure, and transient interprovincial population aggregation during ethnic festivals (e.g., the March Fair) (10, 13, 19). Conversely, Zhejiang's high incidence correlates strongly with water source pollution from stagnant zones in coastal alluvial plains, sustained transmission chains through cyclical migration of migrant workers (“Spring Festival repatriation + dry season return”), and delayed expansion of health services relative to rapid urbanization demands (11, 12, 15, 18, 30–32). The high-incidence period of enteric fever in Zhejiang clustering area was predominantly concentrated in the summer, resembling a “torrential scouring effect”—intense rainfall during the monsoon season triggers floods that rapidly introduce contaminants from open drainage systems into drinking water supplies, significantly increasing the risk of waterborne transmission. The relationship between the incidence of enteric fever and popularization rate of safe drinking water in rural areas in Zhejiang further supports this observation. In contrast, small-scale outbreaks in the spring were associated with human-to-human transmission caused by social gatherings and dining out during the Chinese New Year (33). In sharp contrast, the high-incidence period in the Guangxi-Guizhou-Yunnan clustering area spans both spring and autumn. This is primarily attributed to the unique “slow filtration” mechanism of karst topography, where porous rock formations allow polluted water to continuously infiltrate underground water systems. Combined with the mild and humid climate during spring and autumn, this facilitates a prolonged cycle of pathogen transmission between groundwater and surface water systems (34). These environmentally driven regional differences highlight the need for tailored prevention strategies: in Zhejiang, efforts should focus on safeguarding drinking water systems during the rainy season, while in the southwestern regions, interventions must address the chronic transmission cycle caused by geological characteristics and the persistent contamination of subterranean water systems. Studies also indicate that the seasonality of enteric fever varies across different latitudes, which aligns with our research findings (35). In-depth periodic analysis revealed that in the Zhejiang clustering area, the 19-month short-term cycle may stem from synergistic effects of El Niño oscillations, peak irrigation demands in rice cultivation systems, and migrant worker mobility patterns, with its statistical prominence underscoring the dominant role of climatic drivers. The 61-month long-term cycle likely reflects dynamic interactions between periodic fluctuations in public health infrastructure efficacy (e.g., phased water supply/sanitation modifications under Five-Year Plans) and Salmonella serovar antigenic drift. In contrast, the Guangxi-Guizhou-Yunnan clustering area exhibited an 18-month short-term cycle potentially linked to biennial intensification of monsoon precipitation and recurrent ethnic festival gatherings, which collectively impose rhythmic environmental-social stresses. The 30-month long-term cycle showed temporal correspondence with fly population dynamics, suggesting possible vector-mediated transmission amplification during demographic resurgence phases of dipteran species. With respect to the discrepancy in enteric fever incidence across age groups, people aged 18–39 years were the main population affected by the enteric fever, which may be related to an increase in their exposure risk attributed to their more frequent social and economic activities (8). A slight increase in the incidence among people aged 5–17 years was observed in the Guangxi–Guizhou–Yunnan from 2016 to 2018, suggesting that the specific risk factors for this age group as well as the necessity of adjustment in vaccine coverage still need to be investigated. The age-specific distribution and spatiotemporal trends of enteric fever exhibit distinct characteristics: individuals aged 18–39 years consistently represent the highest-risk group, with elevated incidence rates strongly associated with frequent socio-economic activities and heightened exposure risks to contaminated water or food sources (8). The decline in incidence observed post-2010 in both studied regions demonstrates the effectiveness of public health interventions, particularly water quality improvement and food safety management. Notably, a marginal increase in incidence among the 5–17 age group was identified in the Guangxi-Guizhou-Yunnan cluster during 2016–2018, suggesting potential unidentified risk factors or insufficient vaccination coverage within this demographic that necessitates targeted investigation. Although lower incidence rates in children and older adult populations may reflect immunization benefits or reduced environmental exposure, persistent vigilance against localized transmission risks remains critical. Future prevention strategies should prioritize high-risk groups (18–39 years) through enhanced vaccination campaigns, health education, and rural water infrastructure upgrades, while maintaining cross-sectoral surveillance to sustain long-term control achievements.

Furthermore, by using GEE models, we assessed and compared the potential influencing factors with enteric fever incidence rates in the two clustering areas. The proportion of water bodies was positively correlated with the incidence rate of enteric fever in the Guangxi–Guizhou–Yunnan. It has been suggested that larger water bodies have more complex drainage networks, causing the accumulation of pollutants along their length and the enrichment of bacteria (25), thus resulting in a greater risk of pathogen exposure and an increased incidence in human populations (36). The GDP per capita in the Zhejiang had a negative impact on the incidence rate of enteric fever, which coincided with another study that reported a positive correlation between the incidence rate of enteric fever and urban poverty, suggesting that economic progress can contribute to the containment of enteric fever transmission (37). Limited sanitation conditions and the use of untreated water or surface water can increase the likelihood of enteric fever transmission, and improved water, sanitation and hygiene (WASH) can provide substantial protection against enteric fever (38, 39). In the Zhejiang, the implementation of the “Thousands of Villages Demonstration, Tens of Thousands of Villages Renovation” and the “Beautiful Countryside” initiatives has increased the use of safe drinking water, likely leading to a reduction in the incidence of enteric fever. These measures have improved infrastructure and the environment, thereby enhancing GDP per capita and the popularization rate of safe drinking water, which in turn have had a negative impact on the incidence of enteric fever (40–42). In the Zhejiang, precipitation during the cold season increased the incidence of enteric fever due to urbanization and topographical features that prolonged water retention time, leading to more severe river pollution (43, 44). Conversely, in the Guangxi–Guizhou–Yunnan, cold season precipitation decreased the incidence of enteric fever because the mountainous and hilly terrain allowed surface runoff to quickly remove pollutants, thus reducing the risk of water source contamination (45). In this study, we found that high temperatures usually positively affected the risk of enteric fever. High temperatures may indirectly promote the occurrence of enteric fever by increasing the reproduction rate of S. Typhi, and making people more likely to drink untreated water, while excessive water intake may impair the bactericidal function of gastric acid (34, 46). For precipitation, there appears to be a negligible effect of precipitation on the incidence rates of enteric fever in the two clustering areas, with the exception of conditions characterized by extremely low precipitation, which was aligned with the findings of previous studies (46, 47). There has been considerable controversy regarding whether relative humidity affects the incidence of enteric fever. Our study revealed different effects of low relative humidity on enteric fever incidence in the two clustering areas, with lower relative humidity related to a decreased risk of enteric fever in the Zhejiang and an increased risk in the Guangxi–Guizhou–Yunnan. Some studies have presented conflicting findings concerning the impact of relative humidity on enteric fever (48, 49). Since 2004, China has improved enteric fever monitoring and intervention through the CISDCP and national surveillance sites, although economic development and geographic conditions can impact these efforts (10, 50).

There are several limitations in our study that should be acknowledged. First, the factors influencing the incidence rate of enteric fever may not be fully considered due to the lack of data; for example, changes in behavioral habits related to food safety and public education about enteric fever were not included due to unavailability, which would inevitably introduce a potential bias in the estimation of the relative risk for these factors identified in our study. Second, although our GEE model has advantages in analyzing annual data and potential influencing factors, it has certain limitations; for example, the model may not fully capture short-term temporal changes and complex interactions, which limits the precision of our causal analysis.



5 Conclusions

In summary, although the incidence rate of enteric fever has steadily declined over the past 20 years, the rate of decline has significantly slowed since 2009, indicating the onset of a low-level endemic plateau phase. Our findings reveal that the two clustering areas are influenced by distinct risk factors, which exert varying impacts across regions. To address these challenges, we recommend conducting precise, region-specific factor analyses to tailor interventions, particularly in high-incidence regions. Based on the identified risk factors, targeted public health strategies should include: (1) strengthening sanitation infrastructure to reduce fecal-oral transmission (e.g., expanding sewage systems and promoting safe waste disposal); (2) enhancing access to clean water through localized water quality monitoring and household-level treatment solutions. These measures should be integrated into cross-sectoral collaborations involving health authorities, local governments, and community leaders to ensure sustainable impact. By prioritizing context-driven, evidence-based actions, policymakers can accelerate progress toward eradicating enteric fever in high-risk regions.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

SH: Writing – original draft, Writing – review & editing. YT: Writing – review & editing. MY: Writing – review & editing. C-LL: Writing – review & editing. L-QF: Writing – review & editing. BK: Writing – review & editing.



Funding

The author(s) declare financial support was received for the research and/or publication of this article. This work was supported by the following projects: 1. Molecular serotyping of Salmonella via PCR technology (Grant Number: KFYJ-2021-027). 2. The Major Project of the Thirteenth Five-Year Special for Infectious Diseases of China (Grant Number: 2018ZX10101002).



Acknowledgments

We thank all healthcare workers and facilities at different levels and areas for their contribution to notifiable infectious diseases, as well as the Chinese Center for Disease Control and Prevention for sharing the data.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1550904/full#supplementary-material



Abbreviations

CISDCP, China Information System for Disease Control and Prevention; DLNM, Distributed lag non-linear model; GEE, Generalized estimating equation; RR, Relative risk; CI, Confidence interval.



References

 1. GBD 2017 Typhoid and Paratyphoid Collaborators. The global burden of typhoid and paratyphoid fevers: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Infect Dis. (2019) 19:369–81. doi: 10.1016/S1473-3099(18)30685-6

 2. Mogasale V, Maskery B, Ochiai RL, Lee JS, Mogasale VV, Ramani E, et al. Burden of typhoid fever in low-income and middle-income countries: a systematic, literature-based update with risk-factor adjustment. Lancet Glob Health. (2014) 2:e570–80. doi: 10.1016/S2214-109X(14)70301-8

 3. Buckle GC, Walker CL, Black RE. Typhoid fever and paratyphoid fever: Systematic review to estimate global morbidity and mortality for 2010. J Glob Health. (2012) 2:010401. doi: 10.7189/jogh.01.010401

 4. Antillón M, Warren JL, Crawford FW, Weinberger DM, Kürüm E, Pak GD, et al. The burden of typhoid fever in low- and middle-income countries: a meta-regression approach. PLoS Negl Trop Dis. (2017) 11:e0005376. doi: 10.1371/journal.pntd.0005376

 5. Kim JH, Mogasale V, Im J, Ramani E, Marks F. Updated estimates of typhoid fever burden in sub-Saharan Africa. Lancet Glob Health. (2017) 5:e969. doi: 10.1016/S2214-109X(17)30328-5

 6. Crump JA, Luby SP, Mintz ED. The global burden of typhoid fever. Bull World Health Organ. (2004) 82:346–53. doi: 10.1590/S0042-96862004000500008

 7. Liu Z, Lao J, Zhang Y, Liu Y, Zhang J, Wang H, et al. Association between floods and typhoid fever in Yongzhou, China: Effects and vulnerable groups. Environ Res. (2018) 167:718–24. doi: 10.1016/j.envres.2018.08.030

 8. Ren X, Zhang S, Luo P, Zhao J, Kuang W, Ni H, et al. Spatial heterogeneity of socio-economic determinants of typhoid/paratyphoid fever in one province in central China from 2015 to 2019. BMC Public Health. (2023) 23:927. doi: 10.1186/s12889-023-15738-0

 9. Muheyati H, Xia YW, Gu B. Epidemiological characteristics of typhoid and paratyphoid fever in Xinjiang, 2004-2013 [J]. Mod Prev Med. (2015) 42:3. doi: 10.11847/zgggws2015-42-15-004

 10. Gao XY, Tang QY, Liu FF, Song Y, Zhang ZJ, Chang ZR. Epidemiological characteristics of typhoid fever and paratyphoid fever in China, 2004-2020. Zhonghua Liu Xing Bing Xue Za Zhi. (2023) 44:743–50.

 11. Chang ZR, Zhang WD, Yan MY, Wang ZJ, Zhang J, Sun JL, et al. Surveillance analysis of typhoid and paratyphoid fever in China, 2009. Dis Surveill. (2011) 26:5. doi: 10.3784/j.issn.1003-9961.2011.04.003

 12. Yang B, Liao QH, Kan B, Yan M. Epidemiological characteristics and spatial clustering analysis of typhoid/paratyphoid fever in five southwestern provinces of China, 2014 [J]. Dis Surveill. (2018) 33:5. doi: 10.3784/j.issn.1003-9961.2018.12.010

 13. Iyer V, Sharma A, Nair D, Solanki B, Umrigar P, Murtugudde R, et al. Role of extreme weather events and El Niño Southern Oscillation on incidence of Enteric Fever in Ahmedabad and Surat, Gujarat, India. Environ Res. (2021) 196:110417. doi: 10.1016/j.envres.2020.110417

 14. Uzoka F-ME, Akwaowo C, Nwafor-Okoli C, Ekpin V, Nwokoro C, Hussein ME, et al. Risk factors for some tropical diseases in an African country. BMC Public Health. (2021) 21:2261. doi: 10.1186/s12889-021-12286-3

 15. Zhu Z, Feng Y, Gu L, Guan X, Liu N, Zhu X, et al. Spatio-temporal pattern and associate factors of intestinal infectious diseases in Zhejiang Province, China, 2008-2021: a Bayesian modeling study. BMC Public Health. (2023) 23:1652. doi: 10.1186/s12889-023-16552-4

 16. Wang J-F, Wang Y, Zhang J, Christakos G, Sun J-L, Liu X, et al. Spatiotemporal transmission and determinants of typhoid and paratyphoid fever in Hongta District, Yunnan Province, China. PLoS Negl Trop Dis. (2013) 7:e2112. doi: 10.1371/journal.pntd.0002112

 17. Tang GW. Discussion on the epidemic trend and control measures of typhoid and paratyphoid fever in Linyi City. J Commun Med. (2008) 09:21–2. doi: 10.3969/j.issn.1672-4208.2008.09.013

 18. Tian Y, Jia L, Qian H. Epidemiological characteristics of typhoid and paratyphoid fever cases in Beijing from 2004 to 2015. Capital J Public Health. (2016) 10:4.

 19. Yang B, Zhang J, Liu F, Kan B, Yan M. 2015-2016 National and high-incidence provincial epidemiological analysis of typhoid and paratyphoid fever in China [J]. Dis Surveillance. (2018) 33:407–12.

 20. Keller A, Frey M, Schmid H, Steffen R, Walker T, Schlagenhauf P. Imported typhoid fever in Switzerland, 1993 to 2004. J Travel Med. (2008) 15:248–51. doi: 10.1111/j.1708-8305.2008.00216.x

 21. Ekdahl K, de Jong B, Andersson Y. Risk of travel-associated typhoid and paratyphoid fevers in various regions. J Travel Med. (2005) 12:197–204. doi: 10.2310/7060.2005.12405

 22. Luby SP, Faizan MK, Fisher-Hoch SP, Syed A, Mintz ED, Bhutta ZA, et al. Risk factors for typhoid fever in an endemic setting, Karachi, Pakistan. Epidemiol Infect. (1998) 120:129–38. doi: 10.1017/S0950268897008558

 23. Tao Q, He P, Xie Y, Pan J. Epidemiological analysis of typhoid and paratyphoid fever in Guizhou Province, 1951-2001 [J]. Chinese J Public Health. (2003) 19:2. doi: 10.11847/zgggws2003-19-09-90

 24. Anonymous. Analysis of typhoid and paratyphoid fever epidemics and surveillance results in coastal areas of Zhejiang Province from 2004 to 2006. Chinese J Prev Med. (2008) 9:3.

 25. Dewan AM, Corner R, Hashizume M, Ongee ET. Typhoid Fever and its association with environmental factors in the Dhaka Metropolitan Area of Bangladesh: a spatial and time-series approach. PLoS Negl Trop Dis. (2013) 7:e1998. doi: 10.1371/journal.pntd.0001998

 26. Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-linear models. Stat Med. (2010) 29:2224–34. doi: 10.1002/sim.3940

 27. O'Brien E, Masselot P, Sera F, et al. Short-term association between sulfur dioxide and mortality: a multicountry analysis in 399 cities. Environ Health Perspect. (2023) 131:37002. doi: 10.1289/EHP11112

 28. Du P, Sun B, Pan LJ, Cheng YB, Li TT, Wang XL, et al. Achievements and prospects of environmental sanitation and health engineering in China over the past 70 years. Chinese J Prev Med. (2019) 53:865–70. doi: 10.3760/cma.j.issn.0253-9624.2019.09.001

 29. Li X, Wang C, Zhang G, Xiao L, Dixon J. Urbanisation and human health in China: spatial features and a systemic perspective. Environ Sci Pollut Res Int. (2012) 19:1375–84. doi: 10.1007/s11356-011-0718-7

 30. Gong P, Liang S, Carlton EJ, Jiang Q, Wu J, Wang L, et al. Urbanisation and health in China. Lancet. (2012) 379:843–52. doi: 10.1016/S0140-6736(11)61878-3

 31. Tong MX, Hansen A, Hanson-Easey S, Cameron S, Xiang J, Liu Q, et al. Infectious diseases, urbanization and climate change: challenges in future China. Int J Environ Res Public Health. (2015) 12:11025–36. doi: 10.3390/ijerph120911025

 32. Saad NJ, Lynch VD, Antillón M, Yang C, Crump JA, Pitzer VE. Seasonal dynamics of typhoid and paratyphoid fever. Sci Rep. (2018) 8:6870. doi: 10.1038/s41598-018-25234-w

 33. Gao Q, Liu Z, Xiang J, Zhang Y, Tong MX, Wang S, et al. Impact of temperature and rainfall on typhoid/paratyphoid fever in taizhou, china: effect estimation and vulnerable group identification. Am J Trop Med Hyg. (2021) 106:532–42. doi: 10.4269/ajtmh.20-1457

 34. Sedgwick WT. Statistical studies on the seasonal prevalence of typhoid fever in various countries and its relation to seasonal temperature. Memoirs Am Acad Arts Sci. (1902) 12:467–571. doi: 10.2307/25058074

 35. Prasad N, Jenkins AP, Naucukidi L, Rosa V, Sahu-Khan A, Kama M, et al. Epidemiology and risk factors for typhoid fever in Central Division, Fiji, 2014-2017: a case-control study. PLoS Negl Trop Dis. (2018) 12:e0006571. doi: 10.1371/journal.pntd.0006571

 36. Kelly-Hope LA, Alonso WJ, Thiem VD, Anh DD, Canh DG, Lee H, et al. Geographical distribution and risk factors associated with enteric diseases in Vietnam. Am J Trop Med Hyg. (2007) 76:706–12. doi: 10.4269/ajtmh.2007.76.706

 37. Brockett S, Wolfe MK, Hamot A, Appiah GD, Mintz ED, Lantagne D. Associations among water, sanitation, and hygiene, and food exposures and typhoid fever in case-control studies: a systematic review and meta-analysis. Am J Trop Med Hyg. (2020) 103:1020–31. doi: 10.4269/ajtmh.19-0479

 38. Srikantiah P, Vafokulov S, Luby SP, Ishmail T, Earhart K, Khodjaev N, et al. Epidemiology and risk factors for endemic typhoid fever in Uzbekistan. Trop Med Int Health. (2007) 12:838–47. doi: 10.1111/j.1365-3156.2007.01853.x

 39. Sun J. Challenges and countermeasures in the planning of new rural construction: a case study of Zhejiang province's “ten thousand villages project”. J Small Town Constr. (2007) 8:69–71. doi: 10.3969/j.issn.1002-8439.2007.08.021

 40. Zhao XB, Yan L. Construction and development of the drinking water project for ten million farmers in Zhejiang Province. China Rural Water and Hydropower. (2009) 12:16.

 41. Ma RF, Jin YX, Zhao YR. Zhejiang's exploration of the laws of rural revitalization. East China Econ Manag. (2018) 32:13–9. doi: 10.19629/j.cnki.34-1014/f.180614018

 42. Guan BH, Li J, Zeng AB, Deng JS, Zhang J. The impact of urban land use on river water quality in Hangzhou. Resour Sci. (2008) 30:7.

 43. Zhou F, Li HX, Sheng HF. Water allocation in Xiaoshaoning Plain based on the Eastern Zhejiang Water Diversion Project. Water Resour Protect. (2016) 32:6. doi: 10.3880/j.issn.1004-6933.2016.04.005

 44. Hu HB. Study on Watershed Land use Changes and their Impact on River Water Quality Under the Background of Urbanization [D]. Nanjing Normal University (2013). doi: 10.7666/d.Y2374799

 45. Cui L, Shi J. Urbanization and its environmental effects in Shanghai, China. Urban Climate. (2012) 2:1–15. doi: 10.1016/j.uclim.2012.10.008

 46. Thindwa D, Chipeta MG, Henrion MYR, Gordon MA. Distinct climate influences on the risk of typhoid compared to invasive non-typhoid Salmonella disease in Blantyre, Malawi. Sci Rep. (2019) 9:20310. doi: 10.1038/s41598-019-56688-1

 47. Zhang X, Zulihumair Ainiwar, Liu ZD, Ma SL, He J. Exploring the correlation between typhoid and paratyphoid fever and meteorological factors based on the theory of Yunqi and establishing a prediction model. J Beijing Univ Tradit Chin Med. (2013) 36:5. doi: 10.3969/j.issn.1006-2157.2013.12.001

 48. Wang L-X, Li X-J, Fang L-Q, Wang D-C, Cao W-C, Kan B. Association between the incidence of typhoid and paratyphoid fever and meteorological variables in Guizhou, China. Chinese Med J. (2012) 125:455–60. doi: 10.3760/cma.j.issn.0366-6999.2012.03.010

 49. National Health Commission of the People's Republic of China. National typhoid and paratyphoid surveillance program [EB/OL]. Available online at: http://www.nhc.gov.cn/wjw/zcjd/201304/922afa579e614fe3b929ac3e82af7faf.shtm (accessed June 9, 2015).

 50. Wang Y, Rao Y, Wu X, Zhao H, Chen J. A method for screening climate change-sensitive infectious diseases. Int J Environ Res Public Health. (2015) 12:767–83. doi: 10.3390/ijerph120100767

Copyright
 © 2025 Huang, Tian, Yan, Lv, Fang and Kan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-13-1550904-g003.gif





OPS/images/fpubh-13-1550904-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Spatiotemporal distribution and influencing factors of enteric fever in China: a cluster analysis based on data from 2001 to 2020



		1 Background



		2 Methods



		2.1 Data collection and management



		2.2 Analysis of spatiotemporal characteristics for enteric fever



		2.3 Modeling analysis for influencing factors associated with enteric fever



		2.4 Modeling analysis for lag effects of meteorological factors on enteric fever







		3 Results



		3.1 Epidemic dynamics of enteric fever in the last 20 years and geographical clustering



		3.2 Periodicity and seasonal differences in enteric fever between the two clustering areas



		3.3 Associations of heterogeneous factors with enteric fever incidence rates across the two clustering areas



		3.4 Lag effects of meteorological factors on enteric fever incidence







		4 Discussion



		5 Conclusions



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		Abbreviations



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Spatiotemporal distribution and
influencing factors of enteric
fever in China: a cluster analysis
based on data from 2001 to 2020





OPS/images/fpubh-13-1550904-g001.gif
b=

”\I\rnTl‘n’l‘l“rrrm i L






OPS/images/fpubh-13-1550904-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







