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We aimed to explore the association between the number of primary healthcare workers and
infectious diarrhea morbidity at community levels and to provide evidence-based implications

for optimizing primary healthcare manpower resource allocations. We collected annval infectious
diarrhea morbidity and relevant data of 4321 communities in Sichuan Province, China, from 2017 to
2019. Global and local Moran’s | were calculated to detect the spatial clustering of infectious diarrhea
morbidity and to identify areas where increased primary healthcare manpower resources should

be allocated. The spatial lag fixed effects panel data model was adopted to explore the association
between the number of primary healthcare workers per 1000 residents and infectious diarrhea
morbidity. Significantly high-high and low-low clusters of infectious diarrhea cases were found

to be mainly distributed in underdeveloped and developed areas during the studied period years,
respectively. The infectious diarrhea morbidity was found to be statistically negatively associated
with the number of primary healthcare workers per 1000 residents with a coefficient of -0.172,
indicating that a 0.172 reduction of infectious diarrhea morbidity (1/10,000) was associated with
doubled amounts of primary healthcare workers per 1000 residents. Our findings highlighted the
role of primary healthcare in the process of infectious diarrhea prevention and control, and implied
that constant efforts should be addressed to facilitate infectious diarrhea prevention and control,
especially in the underdeveloped areas.

Diarrhea remains a major threat to public health around the world. According to the Global Burden of Disease,
in 2016, diarrhea ranked as the eighth leading cause of death among all age groups and the fifth leading cause of
death for children less than five years old. Residents mostly affected by diarrhea as a major threat to populational
health, especially for children aged less than five years old were found to be mainly distributed in underdeveloped
regions including Africa, South East Asia and the Eastern Mediterranean®’. Under-five children in developing
countries suffered from an average of 2.9 diarrhea onsets each year?, with approximately one-third of total onsets
being moderate or severe cases*. In China, more than a million diarrhea cases were reported in 2018 alone, with
the morbidity of diarrhea found to be 92 cases per hundred thousand population, making it the second highest
among notifiable diseases in terms of incidence’.

Infectious diarrhea, a gastrointestinal infection, can be caused by a wide range of pathogens, including bacte-
ria, viruses, and parasites®. A critical transmission route of infectious diarrhea is the fecal-oral route, such as the
consumption of fecally contaminated food, drinking water as well as via person-to-person contact due to poor
hygiene’~*. The morbidity and distribution of infectious diarrhea would be affected by various factors, including
sociodemographic factors (age, education, income etc.)!%"1, environmental and sanitation factors (poor access
to a good water source and poor sanitation)'*!*, and climate factors (rainfall, temperature and humidity)">~"".
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Diverse efforts have been made in attempt to reduce the morbidity of infectious diarrhea in a worldwide
range, among which improved water, sanitation, and hygiene (WASH) facilities such as piped water, protected
shallow wells, and non-shared toilets have been widely accepted as cost-effective ways for reducing the morbid-
ity of infectious diarrhea'®?. In China, the rapid socioeconomic development has significantly improved the
nationwide penetration of improved water, sanitation, and hygiene facilities. For example, according to National
Statistical Yearbook, in urban regions, the penetration of piped water increased from 63.9% in 2000 to 98.36%
in 2018%'. However, various factors have posed huge obstacles for Chinese residents in obtaining actual access
to improved WASH?*2. For example, in 2008, 2.81 million disability-adjusted life years (DALYs) and 62,800
deaths were attributed to unsafe water and poor sanitation or hygiene in China. Water pollution in the nation
was found to be inadequately controlled® as 44% of nationwide rural water supplies failed to meet minimum
drinking water quality standards®*. Under such circumstances, it is noteworthy that improved WASH facilities are
not necessarily associated with improved hygiene behaviors such as safe feces disposal or improved handwash-
ing procedures, which has been highlighted by researchers such as Lamichhane?® while has received relatively
inadequate investigation based on previous literature.

As improved hygiene behaviors should be addressed as an indispensable aspect in achieving improved public
health outcomes in addition to the enhancement of WASH facilities, the optimization of health education pro-
grams as well as health service delivery at primary healthcare level should be emphasized as an essential strat-
egy in improving residents’ actual access to improved WASH thus further reducing the incidence of infectious
diarrhea. Specifically, primary healthcare institutions have been playing critical roles in China as gatekeepers
throughout the process of infectious disease prevention and control, including cutting off transmission routes,
protecting vulnerable populations, providing treatment for infected patients as well as providing health educa-
tional programs and assisting in the maintenance of WASH facilities among communities. Under such context,
it is not difficult to imagine that improved WASH maintenance and health education programs at primary
healthcare level are very much likely to achieve the reduction of nationwide infectious diarrhea morbidity via
improving residents’ appropriate use of WASH facilities, minimizing the infection of well water in rural areas
via disinfection procedures as well as monitoring the concentration of bacterial accumulation in water pipes on
a regular surveillance basis.

Despite the significant contributions that primary healthcare institutions have been playing in the process
of infectious diseases prevention and control, studies focused on investigating the roles of primary healthcare
workers in reducing infectious diarrhea morbidity remain limited based on previous literature. Specifically, a
couple of studies?*~? have verified the effectiveness of regular visits conducted by community healthcare workers
(similar with primary healthcare workers) in reducing childhood infectious diarrhea morbidity, while several
other studies®*~* have highlighted the significant role of community healthcare workers in improving residents’
health literacy. However, evidences collected under the context of China’s healthcare system were found to be
very limited in this aspect, while none of the currently existed studies have ever been focused on evaluating
healthcare resource allocation as a determinant for healthcare institutions’ performances in reducing residents’
infectious diarrhea morbidity, especially at primary healthcare level where the distribution of health resource is
mainly reflected by the number of healthcare professionals.

In order to bridge such gap embedded in previous literature, this study has been designed for exploring the
association between the number of primary healthcare workers per 1000 residents and residents’ infectious diar-
rhea morbidity in the community range in order to provide evidence-based suggestions for healthcare manpower
resource allocation at the community level. In addition, our findings were expected to provide practical impli-
cations for other infectious diseases as infectious diarrhea has a list of characteristics typical of communicable
diseases including high incidence, diverse pathogens and transmission routes, as well as would be affected by
sociodemographic factors and the construction of health infrastructures at regional levels. Infectious diarrhea
morbidity and relevant data from 2017 to 2019 in Sichuan Province, China were collected for analysis. The spa-
tial lag fixed effects panel data model was adopted to explore the relationship between the number of primary
healthcare workers per 1000 residents and infectious diarrhea morbidity in the community range. The local
indicators of spatial association (LISA, Local Moran’ I) analysis was used to determine areas where increased
healthcare manpower resources should be allocated.

This study was expected to contribute to the relevant literature in two aspects. First, our study was expected
to bridge the gap embedded in similar studies through exploring the association between the number of pri-
mary healthcare workers and infectious diarrhea morbidity at community levels. Through identifying the role
of primary healthcare manpower resource allocation in infectious diseases prevention and control in China,
our findings were also expected to assist in the formulation of region-specific policies by providing evidences
on specific locations of high incidence clusters. Second, our study was expected to add evidences to previously
published studies in this field which were conducted at county levels via providing new evidences collected at
community levels, which served as a better solution to heterogeneity issue as the spatial variation of disease
morbidity would be detected and analyzed at a smaller health administrative unit.

This paper has been structured to contain the following sections. Specifically, an overview of health authori-
ties as well as their roles in the process of infectious diseases prevention and control was briefly described in the
“Background” section. The study area, data sources and empirical strategies were described in the “Methods”
section, which was followed by “Results” and “Discussions” sections where findings and discussions were pro-
vided, respectively.
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Background

In China, at least 23 departments are involved in the process of infectious diseases prevention and control, which
can be divided into 6 categories based on their functionalities, including governments, Health Commissions,
three kinds of specialist institutions, four kinds of social insurance institutions, thirteen kinds of supportive
departments, and other organizations®*-.

Specifically, governments are responsible for providing surveillance on infectious diseases prevention and
control from a holistic perspective via the initiation and management of projects proposed for communicable
disease prevention and control. Specific tasks related to achieving project goals are planned and managed by
Health Commissions, for which social insurance institutions such as health insurance institutions will be respon-
sible for providing support in multiple aspects including funding, human resource and substances needed for
disease prevention and control®. Other supportive departments and organizations in various industries such
as education, academic research, technology and industry will also assist in achieving project goals and deliv-
erables within their own scope of responsibilities. However, it is three kinds of specialist institutions that have
been playing pivotal roles throughout the process of infectious disease prevention and control, namely special-
ized public health institutions (such as Center for Disease Control and Prevention), medical institutions and
primary healthcare institutions. Specifically, technical and surveillance plans in response to disease outbreaks
as well as for disease prevention and control will be proposed and managed by specialized public health institu-
tions throughout both project development and implementation stages®®. Medical institutions are responsible
for providing treatment for patients infected by communicable diseases as well as reporting cases identified,
while primary healthcare institutions serve as the gatekeepers for communicable disease prevention and control
at community levels, which typically include community health service centers, township health centers, and
village clinics in China where all kinds of projects and plans proposed at health administrative levels will be
actually implemented®. Tasks expected to be accomplished at primary healthcare levels can be summarized as
three aspects. First, controlling sources of infection via monitoring, reporting, and treating patients infected
by communicable diseases. Second, cutting off all transmission routes via multiple methods such as water, soil,
air sampling and testing, monitoring accumulated bacterial concentration in water pipes, mosquitoes and flies
control, sterilization, and disinfection. Third, protecting vulnerable populations via the provision of health edu-
cation programs for residents in order to improve their knowledge about appropriate hand washing behaviors,
safe water consumption tips, and appropriate use of hygiene facilities.

At present, the lack of healthcare workers in primary healthcare institutions remains a critical problem in
China. As the consequence, projects proposed for infectious disease prevention and control have been difficult
to be implemented or to achieve expected goals. In Sichuan Province, there were only 22.47 primary healthcare
workers per ten thousand population and only 2.34 health workers per primary healthcare facility in 20197
It was reported by governmental officers from Sichuan Health Commission who had been in charge of com-
municable disease prevention and control that the lack of manpower resources as well as inadequate knowledge
of communicable disease among primary healthcare workers have posed huge obstacles for primary healthcare
providers in achieving desired quality and efficiency of healthcare delivery in spite of their full engagement in
most of the infectious disease cases identified. Taking health education as an example, more than 90 percentage
of the workers engaged in health education were found to be part-time or even multi-tasking®®*’, thus resulting
in 45 percentage of primary healthcare facilities incapable of providing effective health education programs*®*!.
Among primary healthcare institutions where services have been actually provided for health education pur-
poses, residents engaged in health education programs only accounted for 60% of the targeted populations*>*.

Results

Annually, the infectious diarrhea morbidities in Sichuan Province were found to be 4.20, 4.36, and 4.62 per 10,000
people from 2017 to 2019. As shown in Fig. 1, the high morbidity clustered areas were mainly distributed in
western Sichuan, while low morbidity clustered areas were mainly distributed in the middle and eastern regions
in Sichuan where the economic development status and primary healthcare resource allocations were relatively
superior than those in western Sichuan. It can be seen that this kind of trend had become more pronounced
during the changing period of time, with the constant emergence of high infectious diarrhea morbidity com-
munities in western Sichuan.

Infectious diarrhea morbidities at the community level in Sichuan Province from 2017 to 2019 were descripted
in Table 1, with the average morbidity of each year found to be 3.5, 3.8, and 4.4, and the maximum morbidity of
each year found to be 53.0, 71.9, and 149.1, respectively. In addition to infectious diarrhea morbidity, the number
of primary healthcare workers and subsidy per staff also demonstrated significant variation across communities
in Sichuan Province.

Spatial autocorrelation analysis of infectious diarrhea morbidity. As shown in Fig. 2, the values
of global Moran’s I between 2017 and 2019 at community-level were high, ranging from 0.38 to 0.42 with all p
values <0.01. The results identify the positive global autocorrelation of infectious diarrhea morbidity, namely
the communities with high infectious diarrhea morbidity tend to be adjacent to the communities with high
morbidity, and vice versa. LISA analysis revealed four types of spatial clusters in terms communities. As shown
in Fig. 3, the significantly high-high and low-low clusters were mainly concentrated in western and eastern
Sichuan across years, which corresponds to the distribution of the regional economic development and the pri-
mary healthcare resources (eastern Sichuan possess better primary healthcare resources while western Sichuan
is in the opposite situation). Besides, this trend tended to be pronounced as the time went on, with more high-
high clusters appear in western Sichuan.
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Figure 1. The geographical distribution of infectious diarrhea morbidity at community-level from 2017 to
2019. The map was created by ArcGIS software (version 10.0, authorization number: EFL734321752, URL:
https://developers.arcgis.com/).

Spatial panel analysis. We initially conducted several model specification tests to obtain the appropriate
model. Hausman test robust to spatial autocorrelation was firstly employed to determine whether a fixed effect
or a random effect model should be chosen. As a result, a significant fixed effect of each community was found.
Subsequently, based on a fixed effect model, we conducted Lagrange multiplier tests to identify whether a spatial
lag effect or a spatial error effect model should be selected. The results showed that the spatial lag effect was more
significant than the spatial error effect. Therefore, we finally used the spatial lag fixed effects panel data model to
examine the associations between infectious diarrhea morbidity and the number of primary healthcare workers
per 1000 residents (Table 2).

Based on Eq. (1), the empirical model was fitted at the community-level. The results in Table 3 show that after
controlling for subsidy per staff and GDP per capita, the relationship between number of primary healthcare
workers per 1000 residents and the infectious diarrhea morbidity was significantly negative. The coeflicient of
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2017 2018 2019

Variables Mean +SD Maximum | Minimum | Mean+SD Maximum | Minimum | Mean+SD Maximum | Minimum
Morbidity

(1/10,000) 35+53 53.0 0 3.8+5.9 71.9 0 44468 149.1 0
Number

of primary | 34,585 | 4150 1.0 2494294 | 460.0 1.0 259+30.5 | 481.0 1.0

care health

workers

ft‘";‘;lf‘dy PeT 1 103.4+69.8 | 1673.8 0 61.7£105.8 | 976.6 0 103.7£57.9 | 8562 0
Population | 153.3+161.8 | 2675.0 6.1 153.74£162.7 | 2689.2 6.0 154.1+163.7 | 27248 6.1

Table 1. Descriptive statistics of key variables at community-level in Sichuan Province, China, from 2017 to
2019. The unit of subsidy per staff is thousand Yuan; the unit of population is a hundred person.

the number of primary care health workers was —0.172, indicating the infectious diarrhea morbidity (1/10,000)
would decrease 0.172 when doubling the number of primary care health workers. Besides, the coeflicient of
subsidy per staff was —0.304, representing the infectious diarrhea morbidity (1/10,000) would decrease 0.304
when doubling the subsidy per staff. The spatial autocorrelation coefficient was 0.435 and statistically significant,
meaning that a spatial spillover phenomenon existed.

Robust tests. In order test the robustness of the analysis at community level using datasets with missed
information from a couple of communities, we further employed the data pooled at the county level for analysis.
Table 4 reports the results of the robust tests. The results at county level (column 1-3) were found to be similar
with the results at community level in terms of the signs, effect size, and the statistical significance.

The results of the distribution and LISA significance and cluster map of infectious diarrhea morbidity at
county-level are encompassed in the Appendix, shown in Fig. S1 to S3. It is noteworthy that the infectious diar-
rhea morbidity of communities within each county could have significant heterogeneity, i.e. a few communities
have high morbidity. The community-level analysis conducted in our study was capable of dealing with the
heterogeneity issue which couldn’t be solved by county-level analysis conducted in previous studies.

Discussions

In this study, the number of healthcare workers per 1000 residents was adopted as an indicator reflective of
healthcare resource allocations among different primary healthcare institutions, which serves as an essential
determinant of healthcare institutions’ performances in providing health services at the primary healthcare level.
Moran’s I and its corresponding graphic tools were used to detect as well as visualize the global and local spatial
autocorrelation of annual infectious diarrhea morbidities among different communities, based on which areas
where increased healthcare manpower resources could be allocated were identified. The spatial lag fixed effects
panel data model was then employed to explore the relationship between the number of primary healthcare work-
ers per 1000 residents and the morbidity of infectious diarrhea at the community level. The Moran’s I analysis
revealed the positive global autocorrelation of infectious diarrhea morbidity and identified high-high clusters
to be mainly concentrated in regions with relative fewer amounts of primary healthcare workers. As indicated
by the regression outcomes, a negative relationship was identified between the number of primary healthcare
workers per 1000 residents and the morbidity of infectious diarrhea, with a 0.172 reduction of infectious diar-
rhea morbidity (1/10,000) associated with doubled amounts of primary healthcare workers per 1000 residents.

Similar with previous studies'®*~%, a positive correlation in the values of infectious diarrhea morbidities
was found between different regions, indicating that the distribution of infectious diarrhea cases across Sichuan
Province demonstrated obvious spatial clusters instead of being random. Through LISA analysis, significantly
high-high and low-low clusters were found to be mainly distributed in western and eastern Sichuan during the
studied period, which demonstrated consistency with regional economic development status as well as primary
healthcare manpower resource allocations among different regions. It should be noted that these findings might
have been induced by various factors such as regional economic development status, the penetration of WASH
facilities, meteorological factors as well as primary healthcare resource allocations among different regions, thus
should not be considered as evidences potent enough for indicating the direct association between the number
of primary healthcare workers and infectious diarrhea morbidity at community levels. However, based on our
findings as shown in Fig. 3, with an increased amount of high-high clusters emerging during the studied period,
the prevention and control of infectious diarrhea cases in western Sichuan remains a critical issue that should
be constantly addressed at both governmental and health administrative levels. It’s worth noting that most of
low-high were near high-high clusters, indicating that in regions with high epidemics, some communities still
demonstrated good work in the prevention and control of infectious diseases and had low infectious diarrhea
morbidity.

The Spatial autocorrelation analysis suggested that a spatial statistical model instead of the classical linear
regression should be adopted as a more appropriate method for exploring the relationship between the number
of primary healthcare workers per 1000 residents and infectious diarrhea morbidities at the ecological level®. As
the result, a spatial lag fixed effects panel data model was adopted in this study which was capable of taking both

spatial autocorrelation and individual effects into consideration thus leading to higher statistical efficiency*”*.
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Figure 2. Moran scatter plot for the annual infectious diarrhea morbidity at community-level from 2017 to
2019.

Specifically, biased outcomes produced by unmeasured potential confounders would be reduced by the adop-
tion of spatial individual effects while the spatial correlation would be taken into account via the incorporation

of a spatial weight matrix*.
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Figure 3. LISA significance map and cluster map for infectious diarrhea morbidity at community-level in
Sichuan Province, China, 2017-2019. The map was created by ArcGIS software (version 10.0, authorization
number: EFL734321752, URL: https://developers.arcgis.com/).

Tests Test statistics | df | p value
Hausman test robust to spatial autocorrelation 65.78 3 <0.001
LM test for spatial lag dependence 1830.48 1 <0.001
LM test for spatial error dependence 1825.80 1 <0.001
Locally robust LM test for spatial lag dependence sub spatial error 1.870 1 0.171
Locally robust LM test for spatial error dependence sub spatial lag 0.834 1 0.361

Table 2. Results of model specification. (1) The number of healthcare workers per 1000 residents, subsidy per
staff, and GDP per capita were included as covariates in the test models. (2) Lagrange multiplier (LM) tests
were conducted based on fixed effect models.

Based on the regression results, a negative relationship was found between the number of primary healthcare
workers per 1000 residents and infectious diarrhea morbidity at community levels, with a 0.172 reduction of
infectious diarrhea morbidity (1/10,000) associated with doubled amounts of primary healthcare workers per
1000 residents. Our findings highlighted the pivotal role of primary healthcare workers allocation in the process
of nationwide infectious diseases prevention and control in China. As previously mentioned in the Background
section, the lack of primary healthcare workers in China has posed huge obstacles for primary healthcare insti-
tutions in achieving desired quality and efficiency of health service delivery in the process of infectious disease
prevention and control. As the result, it is not difficult to predict that an increased amount of healthcare provid-
ers at primary healthcare level would significantly contribute to the reduction of nationwide infectious diarrhea
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Variables (1) ) 3)

Number of healthcare workers per 1000 residents —0.151% (0.080) —0.172** (0.081)
Subsidy per staff —0.227%(0.134) | —0.304** (0.015)
GDP per capita 1.194%%* (0.303) | 1.186*** (0.303) | 1.184*** (0.303)
Year Yes Yes Yes

P 0.435%** (0.011) | 0.435%** (0.011) | 0.435*** (0.011)
N 12,963 12,963 12,963

Table 3. Results of spatial lag fixed effects panel data model for the infectious diarrhea morbidity (1/10,000).
(1) Number of healthcare workers, subsidy per staff, and population are natural log transformed in regression
analysis; there are 18 observations of subsidy per staff equaling to 0 and thus transformed to 1 before nature
log transformed. (2) GDP per capita represents county economic development. (3) The unit of subsidy per
staff and population are 1000 Yuan and 10,000 person, respectively. (4) p represents spatial autocorrelation
coeflicient. (5) Standard errors are shown in parentheses. (6) The variable of year was included in the models as
an indicator variable. (7) *p <0.1, **p<0.05, and ***p <0.01.

County level
Variables (1) ) 3)
Number of healthcare workers per 1000 residents —1.723% (1.338) —3.791** (1.384)
Subsidy per staff —2.468%%* (0.525) | —2.788%** (0.547)
GDP per capita 5.579%** (1.602) | 5.486*** (1.597) 5.458*** (1.458)
Year Yes Yes Yes
p 0.249%* (0.055) | 0.232*%* (0.055) | 0.233*** (0.055)
N 549 549 549

Table 4. Robust test results. Note: (1) Number of healthcare workers, subsidy per staff, GDP per capita, and
population are natural log transformed in regression analysis. (2) The unit of subsidy per staff is 1000 Yuan. (3)
p represents spatial autocorrelation coefficient. (4) Standard errors are shown in parentheses. (5) The variable
of year was included in the models as an indicator variable. (6) *p<0.1, **p <0.05, and ***p <0.01.

morbidity via substantially improving the quality and efficiency of primary healthcare delivery. On the one hand,
an increased amount of primary healthcare workers would made it more feasible for primary healthcare institu-
tions to improve the whole team’s productivity and efficiency via assigning different tasks to particular staffs such
as mosquitoes and flies control, sterilization, and disinfection. All kinds of tasks related to infectious disease
prevention and control are more likely to be accomplished in a more efficient manner under more clearly defined
jobs and responsibilities for different primary healthcare workers. On the other hand, it is not difficult to imagine
that staffs assigned to specific tasks in a long-term are more likely to accomplish those tasks with improved quality
and efficiency as they have obtained better knowledge through rich work experiences in those particular fields
than general primary healthcare workers. Besides, from a general perspective, an increased amount of primary
healthcare workers would substantially reduce the workload imposed on each individual staff thus improving
the productivity and efficiency of the whole team. As previously presumed, a negative relationship was identified
between subsidy per staff and infectious diarrhea morbidity, for which a reasonable explanation is that reduced
subsidy is significantly associated with decreased motivation and productivity thus leading to higher infectious
diarrhea morbidity as the result of poor disease prevention and control.

Through respectively comparing Fig. 1 with Fig. S1, Fig. 2 with Fig. S2 and Fig. 3 with Fig. S3, it can be
concluded that significant heterogeneity might be embedded in community-level infectious diarrhea morbidi-
ties within each county. While infectious diarrhea morbidity was found to be low in most of the communities,
a couple of communities demonstrated high infectious diarrhea morbidities. It is beyond controversy that the
county-level analysis conducted in previous studies were not capable of identifying this issue thus leading to
biased outcomes. However, it should be noted that biased outcomes would also be induced by community-level
analysis due to increased amount of missing data if those data were not missing completely at random. In attempt
to find an optimum solution for dealing with both heterogeneity and missing data issues, results produced at
community levels were considered as the referential outcomes while county-level outcomes were used for robust
analysis. Similar results were produced by these two kinds of analysis in terms of the signs, effect size, and the
statistical significance, which indicated the rationality of our study.

Several limitations should be noted in this study. First, the study established a correlation rather than causality.
As the result, biased regression outcomes might have been induced by endogenous problems potentially embed-
ded in the established associations. For example, a reversed causality might exist between infectious diarrhea
morbidity and the number of primary healthcare workers per 1000 residents. Specifically, an increased amount
of primary healthcare workers might be allocated in areas with higher incidences of infectious diarrhea after
disease outbreaks by governments, thus leading to underestimated impacts of primary healthcare workforce on
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infectious diarrhea morbidity. Second, as the sociodemographic variables cannot be obtained at the community
level, our regression model only controlled for county GDP per capita instead. Although these factors would
typically change very slowly across years and fixed effect has been handled in the regression model, the out-
comes could still have been biased to some extent. Third, the infectious diarrhea cases could be underreported
in underdeveloped regions, which could not be examined based on our dataset and would lead our regression
estimates to be biased. Nevertheless, we do not think that the potential bias would make a big difference to the
conclusions derived from the results of regression models as the actual higher infectious diarrhea morbidity
would be in the underdeveloped regions, which would result in the sign of the regression estimates unaffected
and the absolute values of the estimates underestimated.

Conclusions

In summary, our study revealed the positive global autocorrelation of infectious diarrhea morbidity and identified
high-high clusters to be mainly concentrated in regions with relative fewer amounts of primary healthcare work-
ers. Besides, a negative relationship was also identified between the number of primary healthcare workers per
1000 residents and the morbidity of infectious diarrhea, with a 0.172 reduction of infectious diarrhea morbidity
(1/10,000) associated with doubled amounts of primary healthcare workers per 1000 residents. Such findings
were expected to provide evidence-based implications for policy-makers in the formulation of region-specific
policies and strategies aimed at improving infectious diseases prevention and control in China.

Methods

Study area. Our study was based on Sichuan Province, a southwestern province in China, covering 183
counties and 4687 communities in the geographic regions of 97° 21’ to 108° 33’ east longitude and 26° 03' to
34° 19’ north latitude. The land area and GDP per capita of Sichuan Province respectively ranked fifth and
nineteen among 31 provinces of Mainland China, with a population of 83.41 million reported in 2018>'. The
socioeconomic and topographical characteristics vary significantly across the province, where eastern Sichuan
is characterized by plains, dense population, and high-level economic development, while western Sichuan is
in the opposite situation®. The resources of primary health care shows the same variation with the economic
development in Sichuan®'.

Data sources. Data retrieved from Sichuan Center for Disease Control and Prevention provided detailed
information on both county-level and community-level yearly infectious diarrhea cases between January 1, 2017
and December 31, 2019. According to National Health and Family Planning Commission®?, diarrhea is defined
as a group of infectious diseases caused by various pathogens including bacteria, viruses, and parasites, with
diarrhea as the typical symptom. In our study, diarrhea cases induced by dysentery, cholera, paratyphoid, and
typhoid were not included due to data inaccessibility. As a notifiable infectious disease in China, all diarrhea
cases should be reported via an online standardized form within 24 h of diagnosis®. The infectious diarrhea
cases surveillance and information feedback loop is presented in the Fig. 4. More details of this loop can be
found in this policy document™.

Data related to primary healthcare institutions from 2017 to 2019 were administrative data extracted from
annual reports published by primary healthcare institutions and provided by Health Commission of Sichuan
Province, which included the number of health workers and subsidy per staff. The number of health workers
is calculated as the sum of the number of physicians, nurses, pharmacists, and clinical laboratory technicians.
The subsidy per staff was adjusted for inflation rates, and was measured in 2019 RMB. We pooled these values
at community-level according to the unique community code.

Information on the county GDP per capita was obtained from Sichuan Statistical Yearbook. The number of
population at community-level in 2016 was obtained from Bureau of Statistics of Sichuan Province. We further
inferred the values from 2017 to 2019 through multiplying the population weights (obtained from the number
of population at community-level in 2016 divided by corresponding county-level population in 2016) by the
number of population at county-level between 2017 and 2019.

We then used the unique community code to match the three kinds of sources of data. However, 366 com-
munities were missed due to the different statistical gauge, accounting for 7.8% of total communities.

This study was approved by the Ethics Committee of Sichuan Center for Disease Control and Prevention.
All methods were carried out in accordance with relevant guidelines and regulations. No confidential informa-
tion was included because analyses were performed at the aggregate level. All data employed in this study were
deidentified prior to analysis and anonymized confidentiality, thus informed consent was not required.

Statistical analysis. Spatial autocorrelation analysis method. To capture the spatial distribution of in-
fectious diarrhea morbidity and thus provide evidence-based implications for optimizing primary healthcare
manpower resource allocations, Moran’s I and corresponding graphic tools are used to detect and visualize the
global and local spatial autocorrelation of the annual infectious diarrhea morbidity®*. In this study, we employed
the row standardized first-order contiguity Rook neighbors as the criterion to identify neighbors. Given the rule,
if regions i and j are adjacent, the spatial matrix w;;=1, otherwise, w;;=0. The global Moran I, ranging from 1
to — 1, was used to the overall spatial autocorrelation of all communities in Sichuan Province. Positive spatial
autocorrelation values indicate regions with similar (low-low or high-high) infectious diarrhea morbidity are
clustered together, while negative values indicate the opposite (cluster of dissimilar morbidity, low-high and
high-low). Monte Carlo randomization (9999 permutations) was used to assess the statistical significance of
Moranss I, with the null hypothesis being that the distribution of infectious diarrhea morbidity in Sichuan prov-
ince is completely random distributed®. Subsequently, local indicator of spatial association (LISA, local Moran’s
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Figure 4. Infectious diarrhea cases surveillance and information feedback loop. The information is from
Management of infectious disease information report, 2015 edition (http://www.gov.cn/xinwen/2015-11/11/
content_2964135.htm).

I) and Moran scatterplots were used to detect the spatial autocorrelation of each communities in Sichuan Prov-
ince and to identify the clusters’ location®. Statistically significant spatial clusters (high-low, region with high
morbidity surrounded by region with low morbidity; and vice versa for low-low, low-high, high-high) were
visualized using univariate LISA cluster map with community boundaries.

Spatial panel analysis method. 1In the study, annual infectious diarrhea morbidity and annual primary care
facilities’ data pooled at community-level were used to explore the relationship between the number of primary
healthcare workers per 1000 residents and the morbidity of infectious diarrhea. Because infectious diarrhea is
a kind of infectious disease, the spatial heterogeneity and spatial dependence of the morbidity in different com-
munities need to be captured in the analysis model®®*. A spatial panel data model is able to deal with the spatial
heterogeneity and spatial dependence simultaneously, which is typically used to fit data containing repeated
observations in different spatial units***%. Spatial panel data possesses significant advantages compared to
traditional cross-sectional or time series models, i.e. containing more variation and less collinearity among
variables*”%!, thus leading to the increase in estimation efficiency**°. Given the results of model specification
(shown in Table 2), the spatial lag fixed effects panel data model was ultimately employed to explore the rela-
tionship between the number of primary healthcare workers per 1000 residents and the morbidity of infectious
diarrhea at community-level. The formula was set as follows:

N
Yi=pY wi¥ye+BHi+y Sp+ui+n+er, i=1..,N, t=1.,T (1)
=1

where Y, denotes the infectious diarrhea morbidity for community i at year t. The parameter p is the spatial
autoregression coefficient, indicating the impact degree of spatial factors on the dependent variable. W;; represents
the element of a (N x N) spatial weighting matrix. As previously mentioned, row standardized first-order contigu-
ity Rook neighbours was employed to define the spatial weighting matrix. H;, indicates the number of primary
care health workers per 1000 residents, which was pooled at community-level. S; is the covariates representing the
subsidy per staff and GDP per capita. The former variable is defined as the subsidy from governmental finance,
superior departments, and other sources, divided by the number of staff in each primary care facility. To a cer-
tain degree, these subsidies can be used independently, and are typically used to purchase equipment, carry out
public health programs, and pay staffs for bonus et al. This variable could be tightly related to the performance
of primary healthcare workers in the prevention and control of infectious diarrhea, thus we included it in the
model to better control for the potential confounding effect. The term u; is the community specific effect and #,
represents time specific effect. ¢;, is the error term and is assumed to be i.i.d. N(0, ¢*) distribution.

All analyses were conducted using ArcGis 10.2 and R 3.6.3. p <0.05 is used to determine statistical significance.

Ethics approval and consent to participate. This study was approved by the Ethics Committee of
Sichuan Center for Disease Control and Prevention. All methods were carried out in accordance with relevant
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guidelines and regulations. No confidential information was included because analyses were performed at the
aggregate level. All data employed in this study were deidentified prior to analysis and anonymized confidential-
ity, thus informed consent was not required.

Data availability

The data that support the findings of this study are available from the Center for Disease Control and Prevention
and Health Commission of Sichuan Province, but restrictions apply to the availability of these data. Data are
can be made available from the authors upon reasonable request and with permission of the Center for Disease
Control and Prevention and Health Commission of Sichuan Province.
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