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ARTICLE INFO ABSTRACT

Keywords: Background: Epidemiological characteristics of human brucellosis (HB) have changed over the last

Hum?n bruceHOSiS‘ o » decade. In this study, we depicted the spatiotemporal features of HB in Shenyang, China, from

:gatmtemporal epidemiological characteristics 2013 to 2022 and the objective was to visualise spatiotemporal patterns and identify high-risk
enyang

regions with the purpose to provide evidence for HB prevention and control.

Methods: We performed an observational epidemiological study using HB data obtained from the
National Notifiable Disease Reporting System (NNDRS). Joinpoint regression analysis was
employed to determine the changing trends in the annual incidence. A vector boundary map of
Shenyang was used to visualise spatial distribution. Spatial autocorrelation was identified using
both global and local Moran’s autocorrelation coefficients, while hotspot areas were determined
using the Getis-Ord statistic.

Results: A combined sum of 4103 HB cases were analysed, and the average level of annual inci-
dence of HB was 5.52 per 100,000. The incidence of HB showed obvious seasonality, with a
notable peak observed from April to July (summer peak). The annual incidence in Shenyang has
been on the rise since 2013, with an annual percentage change (APC) of 6.39% (95%CI 1.29%,
12.39%). Xinmin County exhibited the most elevated average annual incidence rate, with Faku
County ranking second. The average annual incidence in rural areas exhibited a significantly
greater disparity compared to suburban areas (P < 0.001), whereas the incidence rate in suburban
areas demonstrated a significantly higher contrast when compared to urban areas (P < 0.001). A
clustered distribution of the annual incidence of HB was observed for all years from 2013 to 2022.
Abnormally high values were found in suburban areas, and no abnormally high values were found
after 2017. The low-low clustering areas were found in urban as well as suburban areas from 2013
to 2022. Hotspots (P < 0.05) were located in rural areas, while cold spots (P < 0.05) were found
in both urban and suburban areas. Since 2020, there have been no hotspots in Shenyang.
Conclusions: Rural areas are high-risk areas for HB and may be key to controlling HB epidemics.
Although the annual incidence of HB in rural areas has increased, owing to the stability of spatial
relationships and the disappearance of hotspots, there is little possibility of outbreaks; however,
stricter monitoring should be applied in rural areas to prevent the emergence of new transmission
routes.
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1. Introduction

Brucellosis, as a zoonotic disease, commonly transmits to humans via direct contact with animals that have contracted the
infection, including sheep, cattle, goats, pigs, and dogs. The infection usually occurs when individuals consume unpasteurized milk
products or come into contact with contaminated tissues like aborted placentas without proper protection [1,2]. Individuals who work
with animals, in abattoirs or as veterinarians face an increased likelihood of acquiring the infection [3]. Human brucellosis (HB)
typically presents as a gradual onset of pyrexia, fatigue, nocturnal diaphoresis (accompanied by a distinct and atypical musty odor),
and arthralgias [4]. HB can affect any organ and complications are common [5,6]. These complications may manifest as infections in
one or multiple focal sites, potentially leading to conditions such as osteoarticular disease, genitourinary issues, cardiovascular
problems, pulmonary disorders, dermatologic indications, and adverse outcomes during pregnancy [6]. Most cases can be treated
successfully with a standard regimen. However, relapse and therapeutic failure may occur when intracellular bacteria are not erad-
icated [7,8]. Although HB is rarely fatal, it generally debilitates individuals [6] and causes heavy social and economic burdens [4,6,9].

Annually, around half a million instances of HB are documented globally [10], with an estimated susceptible population of 2.4
billion individuals [11]. The rapid progress in socioeconomic status and growing public health concerns have had a great impact on HB
incidence distribution, and the worldwide geographical pattern of HB shows that developed nations have a lower incidence, while
underdeveloped nations have a higher incidence [12]. The prevalence of HB in Northern Europe, Canada, Australia, and New Zealand
has been effectively controlled or eliminated with an incidence rate of less than 0.2 cases per 100,000 individuals [13,14]. In contrast,
Central and Southwest Asian countries are currently experiencing a significant surge in cases [14]. Syria reports the highest incidence
of HB at 40.6 per 100,000, followed by Iran at 18.6 per 100,000 [15].

In China, research has consistently indicated a rise in the occurrence of HB since the mid-1990s, reaching its peak in 2014 at a rate
of 4.2 cases per 100,000 individuals [16,17]. However, the incidence of HB decreased from 2014 to 2018 and rebounded in 2019 [18,
19]. Recent research in 2021 has shown that the incidence of HB may reach five cases per 100,000 people [20]. The rebound can be
primarily attributed to the resurgence of this disease in the Inner Mongolia Autonomous Region and failure to achieve the control
objectives outlined in the National Brucellosis Prevention and Control Plan (NBPCP), which was implemented between 2016 and 2020
with aims to contain both animal and human transmission across China [21,22]. Spatial autocorrelation analysis showed a
non-random distribution in China, and high-high clusters were observed in northern China, where 95.5% of total cases were cen-
tralised, whereas low-low clusters were found in the southern regions [17,18,20]. Research has also shown that HB has extended from
its traditional pastoral areas in the north to urban areas in the central region [19].

Liaoning Province is located in northeastern China. Research has shown that since 2001, there has been an annual increase in the
incidence of HB [23-25]. Incidence rates from 2020 to 2021 showed that although Liaoning ranks 7th in China (6.8 cases per 100,000
individuals in 2020,12.8 cases per 100,000 individuals in 2021), the increasing amplitude is the second highest in China, reaching
87.8% [20]. In Shenyang, the capital city of Liaoning Province, 15% of the population originates from rural areas where livestock
farming is prevalent. Studies have shown that from 2009 to 2015, the incidence of HB in Shenyang increased annually, especially in
Xinmin, which had the highest incidence [26]. Shenyang borders the Inner Mongolia Autonomous Region, which is renowned for its
elevated prevalence rate in China and frequent livestock trading activities. These factors somewhat increase the risk of acquiring the
disease. Currently, HB epidemics are an important public health concern, particularly in resource-limited regions. Therefore, it is
necessary to investigate the HB epidemics in Shenyang.

In this study, we depicted the spatiotemporal characteristics of HB in Shenyang following the approach employed by Liang et al.
[17]. The aim of this research was to visualise spatiotemporal patterns and identify high-risk regions with the purpose to provide
evidence for HB prevention and control.

2. Methods
2.1. Study area

Shenyang, located in Liaoning province, China (latitude ranging from 41°11’ to 43°02'N and longitude spanning from 122°25' to
123°48F). The city is officially designated as a prefecture-level administrative division and covers an expansive area of 12,860 square
kilometers. It encompasses a total of 13 districts [27], which follows the criteria of distinction between urban and rural areas that is
widely used worldwide [28], Heping, Shenhe, Dadong, Huanggu, and Tiexi districts were defined as urban areas; Sujiatun, Hunnan,
Shenbeixin, and Yuhong districts were defined as suburban areas; Liaozhong, Kangping, Faku, and Xinmin counties were defined as
rural areas, according to their population density and economic development in this study. The average population of Shenyang was 7,
431,458 from 2013 to 2022.

2.2. Data sources

An observational epidemiological study was employed for this study. All reported cases (including time of onset, diagnosis, and
report, as well as the individual’s age, gender, profession, and residential location) of HB in Shenyang, China from January 1, 2013 to
December 31, 2022 were extracted from the Nationwide Notifiable Infectious Diseases Reporting Information System (NIDRIS) which
was utilized under authorized permission and not publicly accessible. All eligible HB cases were identified based on clinical indicators
and laboratory tests, while excluding individuals who did not reside in Shenyang, duplicate reports, and cases of recurrence.
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Population data were retrieved from the Official Website of Shenyang Statistical Bureau (http://tjj.shenyang.gov.cn/). A vector
boundary map of Shenyang was downloaded from the Data Sharing Infrastructure of Earth System Science (http://www.geodata.cn/).

2.3. Case definition

The classification of HB falls under Group B infectious diseases according to the Law on Prevention and Treatment of Infectious
Diseases in the People’s Republic of China [29]. It is the result of infection by Brucella genus and must be reported through the NIDRIS
within 24 h [30]. HB was diagnosed based on the Health Industry Standards for HB established by the National Health Commission of
the People’s Republic of China [31], in which HB was confirmed when bacteria were detected through biochemical techniques or
isolated from various sources such as blood, urine, cerebrospinal fluid, synovial fluid, pleural fluid, bone marrow, or liver biopsy. In
this study, duplicate cases were defined as those in which two or more records existed in a single course of the disease, in which they
had the same onset dates and the interval between them did not exceed one treatment cycle (6 weeks). Recurrent cases were defined as
those that recurred after cure, in which they had different onset dates and the interval between them exceeded one treatment cycle (6
weeks). However, cases of recurrence have not been reported using the NIDRIS.

2.4. Spatial autocorrelation analysis

The annual incidence rate at the district level was utilized for the spatial autocorrelation analysis. The disease distribution
including clustered, dispersed, or randomly distributed patterns was identified by global spatial autocorrelation (Global Moran’s I)
statistic. If Moran’s I index values are close to +1.0, it represents that positive spatial autocorrelation occurs, which indicates the
similar values cluster together. By contrast, if Moran’s I index values are close to —1.0, it represents that negative spatial autocor-
relation occurs, which indicates the dissimilar values cluster together, in a term of dispersed pattern. If Moran’s I values are close to
zero, it indicates no autocorrelation and is recognized as randomly distributed pattern [17,32]. The formal representation of the
statistic can be written as
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Irepresents the Moran’s I value, where n denotes the overall count of districts. The annual incidences of brucellosis in districts i and
j are denoted by y; and y;, respectively. The average attribute value of all districts is represented as y, while wy; signifies the spatial
weight between districts i and j [17,32].

Local spatial autocorrelation analysis (Anselin local Moran’s I) was applied to recognize the influential observations and outliers
[331, in which, whether the value of an observation and the average of its surroundings were either more similar (high-high (HH) or
low-low (LL)) or dissimilar (high-low (HL), low-high (LH)) than is expected from pure chance which was determined at a given
probability level P < 0.05 using 999 randomisations. The local Moran’s I statistic can be written as [17,32]:
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Here, the symbols convey identical connotations as those found in the formal definition of Global Moran’s I

2.5. Hotspot analysis

The statistical measure for hotspot analysis (Getis-Ord, Gi*) was employed to assess the strength and consistency of clusters in
space, offering a benefit of identifying clusters with high-high value (hot spots) or low-low value (cold spots). If the Z (Gi*) score is
positive and statistically significant, it suggests that a particular district and its surrounding areas experience a relatively high
occurrence of HB incidents, thus considering the area a hotspot. In contrast, if the Z (Gi*) score is found to be both negative and
statistically significant, it indicates that a particular district and its surrounding areas exhibit a comparatively lower occurrence of HB
incidents, thereby being classified as a cold spot. In general, districts with Z-scores greater than 2.58 or Z-scores less than —2.58 were
deemed statistically significant at a confidence level of 99% (P < 0.01). Districts with Z-scores ranging from 1.96 to 2.58 or from —2.58
to —1.96 were considered statistically significant at a confidence level of 95% (P < 0.05). Districts with Z-scores falling within the
range of 1.65-1.96 or —1.96 to —1.65 were deemed statistically significant at a confidence level of 90% (P < 0.10) [34]. The Getis-Ord,
Gi* statistic can be written as
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Table 1
Annual incidence of human brucellosis in different groups in Shenyang from 2013 to 2022.
Group 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Average
N(1/100,000) N(1/100,000) N(1/100,000) N(1/100,000) N(1/100,000) N(1/100,000) N(1/100,000) N(1/100,000) N(1/100,000) N(1/100,000) N(1/100,000)

Total 264(3.64) 321(4.4) 341(4.67) 440(6.01) 369(5.02) 438(5.91) 392(5.22) 454(5.98) 711(9.31) 373(4.87) 410.3(5.52)

Gender
Male 199(5.52) 243(6.72) 256(7.08) 336(9.28) 259(7.14) 319(8.74) 296(8.02) 315(8.45) 521(13.91) 261(6.96) 300.5(8.2)
Female 65(1.78) 78(2.12) 85(2.3) 104(2.81) 110(2.96) 119(3.17) 96(2.52) 139(3.6) 190(4.89) 112(2.87) 109.8(2.92)
x? 69.842 87.521 89.072 127.537 63.987 97.102 108.427 74.471 166.857 65.697 94.445
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Age group(Years)
0-9 6(1.19) 4(0.76) 12(2.22) 10(1.81) 3(0.53) 5(0.86) 7(1.16) 7(1.12) 12(1.91) 6(0.98) 7.2(1.25)
10-19 10(1.86) 10(1.96) 8(1.61) 10(2.05) 2(0.41) 6(1.21) 8(1.6) 8(1.57) 13(2.53) 7(1.33) 8.2(1.62)
20-29 31(3.18) 29(3.06) 29(3.16) 40(4.61) 28(3.49) 36(4.84) 23(3.27) 29(4.3) 24(3.67) 8(1.26) 27.7(3.5)
30-39 40(3.46) 43(3.71) 40(3.43) 60(5.03) 54(4.36) 72(5.65) 61(4.73) 49(3.76) 96(7.43) 43(3.47) 55.8(4.53)
40-49 56(4.16) 88(6.92) 92(7.56) 140(11.9) 105(9.05) 97(8.41) 86(7.46) 119(10.37) 170(14.83) 82(6.98) 103.5(8.66)
50-59 79(5.85) 95(6.8) 104(7.44) 113(8.18) 119(8.84) 128(9.65) 137(10.21) 141(10.39) 238(17.18) 138(9.9) 129.2(9.45)
60-69 30(3.91) 46(5.46) 49(5.3) 60(5.99) 51(4.74) 86(7.51) 58(4.88) 88(7.26) 131(10.82) 75(6.17) 67.4(6.37)
70-79 11(2.64) 6(1.44) 7(1.68) 7(1.67) 7(1.65) 8(1.84) 11(2.39) 12(2.41) 22(4.08) 14(2.4) 10.5(2.28)
80-90 1(0.49) ) ) 0) 0) 0) 1(0.38) 1(0.38) 5(1.89) 0) 0.8(0.33)
x? 94.445 84.427 89.425 140.048 147.319 120.809 131.457 163.769 253.664 162.517 121.946
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

‘o 32 uYyD ‘H
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Here, ¥ represents the average of attribute values across all districts, while s denotes the standard deviation, and the other symbols
convey identical connotations as those found in the formal definition of Global Moran’s I.

2.6. Statistical analysis

The annual incidence from 2013 to 2022 was calculated by dividing the number of new cases by the susceptible population and
then multiplying it by 100,000 to obtain a whole number. The epidemiological attributes across temporal, spatial, and demographic
aspects were analysed using Microsoft Excel 2019. The temporal trends were analysed using version 4.8.0.1 of the Joinpoint
Regression Program, which calculated the annual percentage change (APC) along with corresponding 95% confidence intervals. A
confidence interval of zero indicates no evidence to reject the null hypothesis (i.e., APC = 0), while positive or negative APC values
indicate increasing or decreasing trends, respectively. Additionally, stationary trends were also identified. The criterion for deter-
mining statistical significance was set at a level of P < 0.05. The statistical analysis was conducted using SPSS software, specifically
version 23.0. Measurements that followed a normal distribution were represented by the mean (X) and standard deviation (s). A t-test
was employed to compare the two groups, while analysis of variance (ANOVA) was utilized for group comparisons. Incidence rates
were used to express count data, and the chi-square test was applied for intergroup comparisons. ArcGIS Desktop software (version
10.8; Esri Lnc.; Redlands, California, USA) was used for global and local spatial autocorrelation, hot-spot analysis, visual presentation
of the results, and mapping the spatial distribution of HB incidence in a vector boundary map of Shenyang at the district level for each
year to highlight any spatial changes in risk over time.

3. Results
3.1. Demographic characteristics

A total of 7187 HB cases were reported from to 2013-2022 with the exclusion of 3045 cases due to non-residency in Shenyang by
the patients. In addition, 39 duplicate cases have been reported. Ultimately, the analysis included a total of 4103 cases. The average
level of annual incidence of HB was 5.52 cases per 100,000 individuals. The average level of annual incidence among males (8.20 per
100,000) was found to be significantly greater than that observed in females (2.92 per 100,000) (P < 0.001). The annual average
incidence exhibited a significant difference across different age groups (P < 0.001), with the highest incidence observed among in-
dividuals aged between 50 and 59 years (9.45 per 100,000). The distribution of the annual incidence in sex and age groups from 2013
to 2022 is shown in Table 1. Supplemental Fig. 1 shows that the main population affected by HB was farmers, followed by households,
and unemployed personnel. Farmers accounted for approximately 64.85% of the total cases, ranging from 41.06% to 73.47% from
2013 to 2022, whereas household and unemployed personnel accounted for approximately 26.64% of the total cases, ranging from
20.66% to 45.48% from 2013 to 2022.

mmmonthly incidence

—k-annual incidence

(000°001/1)20UapIoU]
I

Time/Year

Fig. 1. Annual incidence and monthly incidence of human brucellosis in Shenyang, China from 2013-2022. The line chart shows the change trend
of annual incidence of human brucellosis in Shenyang from 2013 to 2022. The bar chart shows the change trend of monthly incidence of human
brucellosis from 2013 to 2022.
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3.2. Temporal pattern

As shown in Fig. 1, the monthly incidence distribution of HB showed clear seasonality in Shenyang. The period from April to July
(summer peak) exhibits a notable surge. From 2013 to 2021, the annual incidence of HB showed an upward trend. After reaching its
peak in 2021, it dropped sharply in 2022. Supplemental Fig. 2 shows the findings from joinpoint regression analysis, which revealed
that the annual incidence of HB in Shenyang has been on the rise since 2013, with an APC of 6.39% (1.29%, 12.39%). At the district/
county level, there has been a consistent upward trend in the annual incidence of HB in both Xinmin and Liaozhong counties since
2013; the APC was 15.49% (6.61%,29.51%) and 9.66% (2.32%.18.89%), respectively. The annual incidence of HB in Yuhong has been
decreasing since 2013, when the APC was —10.51% (—16.75%, —5.13%). There was no significant difference in the change in the
annual incidence since 2013 in other districts/counties.

3.3. Spatial pattern

As shown in Supplemental Table 1 and Fig. 2, there was observed variation in the annual incidence of HB at the district/county
scale in Shenyang between 2013 and 2022. It was found that Xinmin County exhibited the highest average annual incidence, closely
followed by Faku County. Heping, Shenhe, Dadong, Huanggu, and Tiexi districts had the lowest annual average incidences. The annual
average incidence in rural areas (314.4 per 100,000) demonstrated a significantly higher rate compared to suburban areas (64.8 per
100,000) (P < 0.001), while the annual average incidence in suburban areas was notably higher compared to that observed in urban
areas (31.1 per 100,000) (P < 0.001).

3.4. Spatial autocorrelation analysis and hotspot analysis

The district/county level analysis of the annual incidence of HB in Shenyang revealed a spatially clustered distribution pattern, as
indicated by the results of Global Moran’s I (Table 2) for all years between 2013 and 2022. Fig. 3 displays the findings from Anselin
local Moran’s I analysis, which identified abnormally high values were all found in suburban areas. In 2013 and 2016, an abnormally
high value was found in Shenbeixin district. In 2014, abnormally high values were found in Sujiatun and Yuhong district. In 2016,
abnormally high values were found in Hunnan and Shenbeixin district. No abnormalities were found between 2017 and 2022. Low-low
clustering areas were all found in urban and suburban areas. In 2013 and 2016, they were found in all urban areas and two suburban

2013 o 2014 . 2015 - 2016 - 2017

2018 2019

%

012525 50 Miles

Incidence(1/100,000) [ ]0.000-0.999 [ ] 1000-9.999 [IN0N] 10.000-29.999 [ 30.000-49.999 [HE 50.000- 60.000
f

Fig. 2. The spatial distribution of human brucellosis in different districts/counties Shenyang, China from 2013-2022. The annual incidence of
human brucellosis per 100,000 residents in each district/county in Shenyang from 2013 to 2022 are shown in the maps. The annual incidence of
human brucellosis has a positive relationship with color darkness. The darker hues represent higher incidence rates, while the lighter shades indicate
lower rates. These maps were produced by ArcGIS software version 10.8 (ESRI Lnc., Redlands, California, USA). (For interpretation of the references
to color in this figure legend, the reader is referred to the Web version of this article.)



H. Chen et al. Heliyon 10 (2024) 29026

areas (Sujiatun and Hunnan district). In 2014, they were found in all urban areas and two suburban areas (Hunnan and Shenbeixin
district). In 2015, they were found in all urban areas and one suburban area (Sujiatun district). From 2017 to 2022, they were found in
all urban areas and three suburban areas (Sujiatun, Hunnan, and Shenbeixin district). The impact of the annual incidence in rural areas
on the spatial autocorrelation of HB in Shenyang was not significant.

Hotspot analysis (Getis-Ord, Gi*) of the annual incidence of HB at the district/county scale in Shenyang from 2013 to 2022 are
shown in Fig. 4. From 2013 to 2019, all hotspots (P < 0.05) were located in rural areas. Xinmin county was a hotspot in 2013 and
2017-2019, Kangping and Faku county were hotspots in 2014-2016, and no hotspots were found in 2020-2022. No hotspots had been
found in urban and suburban areas since 2013. Cold spots (P < 0.05) were found in both urban and suburban areas from 2013 to 2022,
and all urban areas and two suburban areas (Sujiatun and Handong district) were cold spots from 2013 to 2022. Shenbeixin district was
also a cold spot in 2014 and 2022, and no cold spots were found in rural areas since 2013.

4. Discussion

In this study, the average level of annual incidence of HB was observed to be 5.52 per 100,000 individuals in Shenyang, Liaoning
Province, which was higher than that in China [16-20] and in Xian, Shanxi Province [35], but lower than that in Shanxi Province [36,
371, the Inner Mongolia Autonomous Region [38,39], and Liaoning Province [24,25]. Shenyang, the capital city of Liaoning Province
and Xian, the capital city of Shanxi Province, exhibit a higher degree of urbanization compared to other cities in their respective
provinces. This urbanization is accompanied by relatively less developed livestock husbandry. Consequently, it can be inferred that the
lower incidence of HB in provincial capital cities as compared to the entire province may be attributed to these factors. In addition, in
this study, we also found that the annual incidence rate peaked in 2021 since 2013, which aligned with the outcomes of prior studies
[40,41]. Studies showed that the increase in both the population of sheep and individuals involved in animal husbandry brought out
this momentum [20,41]. However, our finding may have a connection with that: i) the joint prevention and control mechanism of HB
interrupted owing to the impact of the COVID-19, and the inadequate implementation of quarantine measures caused an increase of
infectors [42]; ii) in 2020, people’s travel had been restricted, as well as the insufficient laboratory test in hospitals because of the
impact of COVID-19, leading to failing of detection. However, after the normalization management in 2021, the restriction of traffic
lifted and the patients fully diagnosed, resulting in a sharp increase in the annual incidence [43].

In this study, we found that male farmers aged 40-59 years were the most affected by HB, which was consistent with previous
research findings [23-25,36,44]. This may be related to the fact that this group was the main labour force in rural areas, and they
earned their livelihood through the rearing of sheep, goats, and cattle. Studies have shown that the main endemic strain in Shenyang is
the sheep strain [23-25]. It is common for farmers to engage in the handling of aborted placentas, shearing of wool, as well as the
processing and trading of various meat products without utilizing personal protective gear like gloves, aprons, or masks [45,46], and
these feeding methods increase the potential risk of infection by infected livestock where Brucella is reserved [47,48]. In addition, our
study also found that households and unemployed personnel accounted for approximately 26.64% of the total cases, ranging from
20.66% to 45.48% from 2013 to 2022. These individuals were not engaged in livestock husbandry and did not participate in animal
feeding but may have consumed unpasteurized milk products and unquarantined meat products [24]. This indicates that foodborne
transmission is also an important route to acquire HB, and HB knowledge dissemination should continue to be strengthened to increase
awareness of prevention and control so that residents do not buy unsterilised milk products and unquarantined meat products. Thus it
can be seen that as a zoonotic disease, a potential threat to human’s health located in livestock. However, human’s life is closely
connected with livestock and their products. In the past few years, some researchers have proposed the concept of One Health, which
emphasized the close linkage and interdependence between the health of humans, animals, and the environment [49]. Therefore, the
importance of One Health concept should also be fully recognized to tackle HB in the future.

The HB epidemic showed clear seasonal patterns, with its highest levels observed during the late spring and early summer periods
[23-26,36,37,50]. Our study found that the monthly incidence distribution of HB had obvious seasonality in Shenyang, and a large
peak occurred between April and July, which was consistent with previous findings. This period coincides with the lambing season (e.
g. lamb delivery and breeding), potentially leading to increased chances of encountering Brucella [51].

Examining the spatial distribution of a disease proves advantageous in providing guidance for modifying and executing preventive

Table 2
Global spatial autocorrelation analysis (Global Moran’s I) of the annual incidence of human brucellosis at districts/counties level in Shenyang,
China,2013-2022.

Year Moran’s I Z Score P Value Aggregation
2013 0.226 3.623 0.001 YES
2014 0.292 4.585 0.000 YES
2015 0.135 2.579 0.009 YES
2016 0.166 2.943 0.003 YES
2017 0.176 2.935 0.003 YES
2018 0.169 2.881 0.004 YES
2019 0.160 2.722 0.006 YES
2020 0.171 2.869 0.004 YES
2021 0.201 3.253 0.001 YES
2022 0.261 4.051 0.000 YES
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Fig. 3. Local spatial autocorrelation analysis(Anselin local Moran’s I) of the annual incidence of human brucellosis at districts/counties level in
Shenyang, China, 2013-2022. Bright red indicates a High-Low correlation, light red indicates a High-High correlation, light blue indicates a Low-
Low correlation, and brown indicates no correlation. These maps were produced by ArcGIS software version 10.8 (ESRI Lnc., Redlands, California,
USA). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

and control strategies. In our study, disease mapping and time-pattern analysis were utilized to illustrate the spatial distribution and
variation characteristics of HB incidence. Spatial distribution revealed a concentration of HB cases in rural areas with a lower economic
development level and a more developed livestock industry. The incidence of HB was considerably elevated in rural areas as opposed
to suburban and urban areas. Urban areas had the lowest annual incidence. This finding suggests that the incidence of HB is related to
economic development. In addition, temporal pattern analysis showed an increasing trend since 2013 in Xinmin County and Liaozhong
County; however, a downward trend was found in Yuhong district. As defined in this study, Xinmin and Liaozhong County belonged to
rural areas and Yuhong District belonged to suburban areas, indicating that rural areas were the hardest hit areas of HB, and the
situation was worsening; therefore, more attention should be paid to rural areas for the prevention and control of HB. As an inter-
mediate area between urban and rural areas, the annual incidence of HB in partially suburban areas showed a moderating status,
suggesting that there are fewer opportunities for residents living in suburban areas to contact infected animals and to increase personal
hygiene awareness. However, this study also showed a relatively higher annual incidence in suburban areas, suggesting that effective
measures for preventing and controlling HB in suburban areas, such as strict animal product quarantine and health education, should
continue.

Spatial autocorrelation and hotspot analyses were employed to explore the spatial relationships of HB in different districts/
counties. The analysis of global autocorrelation for the Global Moran’s I value revealed a significant clustering pattern in the spatial
distribution of HB in Shenyang from 2013 to 2022. This means that there existed a positive correlation between districts/counties,
indicating high-high-value clustering or low-low-value clustering between adjacent districts/counties. The analysis of Local spatial
autocorrelation (Anselin local Moran’s I) showed abnormally high values and low-low clustering. Interestingly, i) the abnormally high
values were all located in suburban areas, and no abnormally high values have been found since 2017; ii) the low-low clustering areas
were all located in urban areas and partial suburban areas, and the spatial pattern has remained stable since 2017; iii) no kind of local
clustering occurred in rural areas. These suggested that: i) the sudden increase of the incidence in suburban areas may be the key to the
variation of spatial relationship; ii) some distinct influencing factors which were different from that in urban areas and rural areas may
exist in suburban areas before 2017, but the effect of this influence declined after 2017, which may be related to the fact that, with the
acceleration of urbanization, the lifestyle, health awareness and behaviour between residents in suburban areas and urban areas are
becoming more similar; iii) the transmission routes of HB in rural areas were relatively fixed, such as the relatively fixed livestock
feeding areas, the relatively fixed livestock feeding groups and patterns, as well as the relatively fixed livestock trading which was
spontaneous between residents in Shenyang and the Inner Mongolia Autonomous Region, and had not yet emerged new routes strong
enough to significantly increase the incidence of HB in the region. To maintain the stability of the spatial relationship of HB, it was
crucial to prioritize the prevention of rebound incidents in suburban regions and implement more stricter monitoring in rural areas to
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Fig. 4. Hotspot analysis (Getis-Ord, Gi*) of the annual incidence of human brucellosis at districts/counties level in Shenyang, China, 2013-2022.
Color depth indicates different Z-scores ranges. Districts with Z-scores >2.58 or Z-scores < —2.58 were considered to be significant at 99% con-
fidence level (P < 0.01), and districts with Z-scores between 1.96 and 2.58 or Z-scores between —2.58 ~ —1.96 were considered to be significant at
95% confidence level (P < 0.05), and districts with Z-scores between 1.65 and 1.96 or Z-scores between —1.96 ~ —1.65 were considered to be
significant at 90% confidence level (P < 0.10), and districts with Z-scores between —1.65-1.65 were considered to be no significant. These maps
were produced by ArcGIS software version 10.8 (ESRI Lnc., Redlands, California, USA). (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)

prevent the emergence of new transmission routes.

Hotspot analysis helps in risk identification for early interventions to prevent outbreaks [52]. Our study indicated that the hotspot
area exhibiting a significant high-high positive spatial association of HB incidence was situated around rural areas (Kangping, Faku,
and Xinmin County), and the cold spot area exhibiting a significant low-low positive spatial association of HB incidence was observed
in urban areas (Heping, Shenhe, Huanggu, Dadong, Tiexi District) and partial suburban areas (Handong, Sujiatun, Shenbeixin District),
prompting us again that HB easily aggregated in rural areas. Interestingly, no hotspots were found in Shenyang during the three years
of the COVID-19 epidemic from 2020 to 2022, even when the incidence of HB in rural areas, especially in Xinmin and Faku counties,
increased significantly by 2021. In addition, the spatial relationship of HB in 2022 shows that all urban and suburban areas are cold
spots, except for Yuhong District. This suggests that the spatial relationship of HB in Shenyang tended to be stable which aligns with
our findings from the local spatial autocorrelation analysis, and that the outbreak risk of HB may be low.

In this study, the data from January 1, 2013 to December 31, 2022 were extracted from NIDRIS for the purpose of analysing the
epidemic characteristics of reported HB in Shenyang, China. In our study, approximately 42% (3045/7187) of cases were excluded due
to the patients residing outside of Shenyang. Further analysis revealed that the majority of the excluded cases came from surrounding
cities in Liaoning province, such as Jinzhou (928 cases), Tieling (465 cases), Liaoyang (229 cases), Fuxin (200 cases), Anshan (179
cases), Chaoyang (171cases), Huludao (160 cases), Yingkou (151 cases), Fushun (106 cases), Benxi (96 cases), Dandong (67 cases),
Dalian (44 cases), and Panjin (33 cases). In addition, of the excluded cases, 98 were from the Inner Mongolia Autonomous Region, with
62 cases in Tongliao and 24 cases in Chifeng, all of which bordered Shenyang. This showed that Shenyang, especially the Sixth People’s
Hospital of Shenyang (reported 2020 cases of excluded cases), played a significant part in the diagnosis and treatment of HB not only
for local cases but also for imported cases from surrounding cities. Additionally, 39 duplicate cases were found, accounting for
approximately 9.4/1000 (39/4142) of the total reported cases, indicating that the reporting mechanism of HB should further stan-
dardise management.

Finally, in this study, we visualized the spatial pattern of HB in Shenyang and identified high-risk regions, as well as proposed
targeted directions for tackling HB in the future. However, despite the findings mentioned above, it is important to acknowledge the
limitations of this study. Firstly, it should be noted that not all cases of HB were reported to the NIDRIS system. Therefore, while our
analysis based on NIDRIS data provides insights into reported cases in Shenyang, it may not fully represent the actual incidence of HB
in the local population. Secondly, our study revealed a higher likelihood of HB occurrence in rural areas and among farmers. This
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observation suggests a potential link between the development of rural livestock husbandry and increased exposure to infected animals
among farmers. To gain a deeper understanding of why there is a high incidence of HB among rural farmers, further investigation is
warranted. For instance, a case-control study conducted in Shenyang aimed to explore possible factors contributing to this elevated risk
among rural farmers.
5. Conclusions

Farmers in rural areas are the main population affected by HB, and more attention and resources should be allocated to protect this
labour force. Rural areas were the hardest hit areas of HB, with notable worsening of incidence; therefore, it is crucial to enhance
preventive and control measures for HB that specifically target rural areas. Suburban areas are where abnormally high values may
occur, and measures for preventing the rebound of HB incidence in suburban areas should continue to be maintained. Although the
annual incidence of HB in rural areas has increased, owing to the stability of spatial relationships and the disappearance of hotspots,
there is little possibility of outbreaks; however, stricter monitoring should be applied in rural areas to prevent the emergence of new
transmission routes. In addition, human’s life is closely connected with livestock and their products, the concept of One Health should
be fully recognized to tackle HB in the future.
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