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Jing Wu1,2†, Dan-Dan Wang3,4†, Xin-Lou Li4, Sake J de Vlas5, Ya-Qin Yu1, Jian Zhu1, Ying Zhang2, Bo Wang2,
Li Yan1,2, Li-Qun Fang4*, Ya-Wen Liu1* and Wu-Chun Cao3,4*

Abstract

Background: Since the end of the 1990s, the incidence of hemorrhagic fever with renal syndrome (HFRS) has been
increasing dramatically in Changchun, northeastern China. However, it is unknown which, and how, underlying risk
factors have been involved in the reemergence of the disease.

Methods: Data on HFRS cases at the county scale were collected from 1998 to 2012. Data on livestock husbandry
including the numbers of large animals (cattle, horses, donkeys and mules), sheep, and deer, and on climatic and
land cover variables were also collected. Epidemiological features, including the spatial, temporal and human
patterns of disease were characterized. The potential factors related to spatial heterogeneity and temporal trends
were analyzed using standard and time-series Poisson regression analysis, respectively.

Results: Annual incidence varied among the 10 counties. Shuangyang County in southeastern Changchun had the
highest number of cases (1,525 cases; 35.9% of all cases), but its population only accounted for 5.6% of the total
population. Based on seasonal pattern in HFRS incidence, two epidemic phases were identified. One was a single
epidemic peak at the end of each year from 1988 to 1997 and the other consisted of dual epidemic peaks at both
the end and the beginning of each year from 1998 to the end of the study period. HFRS incidence was higher in
males compared to females, and most of the HFRS cases occurred in peasant populations. The results of the
Poisson regression analysis indicated that the spatial distribution and the increasing incidence of HFRS were
significantly associated with livestock husbandry and climate factors, particularly with deer cultivation.

Conclusions: Our results indicate that the re-emergence of HFRS in Changchun has been accompanied by
changing seasonal patterns over the past 25 years. Integrated measures focusing on areas related to local livestock
husbandry could be helpful for the prevention and control of HFRS.

Background
Hemorrhagic fever with renal syndrome (HFRS) is one
of the rodent-borne diseases caused by a hantavirus
(family Bunyaviridae). HFRS mainly includes epidemic
hemorrhagic fever (EHF), which mostly occurs in Asia,
and nephropathis epidemica (NE), which mostly occurs

in Europe [1,2]. The typical clinical symptoms of HFRS
are fever, hemorrhage, headache, back pain, abdominal
pain, acute renal dysfunction, and hypotension. Human
infections result from inhalation of aerosols contami-
nated by hantavirus shed in excreta, saliva, and urine of
infected rodents [3,4]. Approximately 70% to 90% of the
HFRS cases worldwide have been reported in mainland
China [5]. Most of these cases were caused by one of
two hantaviruses, the Hantaan virus (HTNV) and the
Seoul virus (SEOV). HTNV and SEOV are mainly car-
ried by Apodemus agrarius (striped field mouse) and
Rattus norvegicus (Norway rat), respectively [6-8]. For
patients infected with HTNV, the clinical manifestations
are more severe and the fatality rate is usually higher
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compared to SEOV infection [1,9]. A. agrarius are mostly
found in farm field habitats, and R. norvegicus lives in or
around human environments (e.g., residences, warehouses
and stores). HFRS cases caused by HTNV usually peak
during the fall-winter period, and most of the SEOV-
associated HFRS cases are reported during the spring
months [10-12]. During the past decade, the overall HFRS
incidence has declined considerably in mainland China,
from 3.05 per 100,000 population to 0.84 per 100,000
population (>3-fold). However, the proportion of HFRS
resulting from SEOV infections continues to expand
[10,13]. During the four decades after the first HFRS case
was reported in 1955 in Jilin Province, there was a low
level of HFRS endemicity in Jilin. However, the HFRS inci-
dence has increased significantly since the end of the
1990s, especially in Changchun, the capital of the province
[14]. The temporal and spatial patterns and potential fac-
tors underlying the reemergence of the disease remain
unclear. The objectives of our study were to explore the
spatial and seasonal patterns of HFRS distribution for dif-
ferent epidemic phases, and to study the association be-
tween HFRS incidence and livestock husbandry, climate
factors, and land cover.

Methods
Study area
The research area covered Changchun (43.26° to 45.3°
north latitude, 124.5° to 127.2° east longitude), an inland
prefecture in Jilin Province, northeastern China (Figure 1).
Changchun has 7.6 million residents in 10 counties with a

total land area of 20,660 km2. The counties of Chaoyang,
Lvyuan, Nan’guan, Kuancheng and Erdao are considered to
be urban areas. The other five counties (i.e., Shuangyang,
Jiutai, Nong’an, Yushu and Dehui) are rural areas. Yushu,
Dehui, Jiutai and Nong’an counties are important depots
for rice and corn. Livestock husbandry has an important
economic role in Changchun, especially sika deer (Cervus
nippon) cultivation. The numbers of farms that cultivate
sika deer and other animals have increased in Changchun
since the 1990s.

Data collection and management
HFRS has been a Class B Notifiable Infectious Disease
since the 1950s. A standard protocol developed by the
Chinese Center for Disease Control and Prevention has
been used for reporting of the disease [15]. Prior to 1983,
HFRS cases were clinically diagnosed according to the Na-
tional Guideline [16]. The clinical diagnostic criteria in-
cluded: exposure history (i.e., field work experience and
exposure to rodents and their excreta, saliva, and urine
within 1–6 weeks prior to the onset of illness); acute ill-
ness with at least two of eight (i.e., fever, chill, hemorrhage,
headache, back pain, abdominal pain, acute renal dysfunc-
tion, hypotension) clinical symptoms; congestion, edema,
bleeding tendency and abnormity of blood and urine rou-
tine parameters; and experience or partial experience with
the five phases (i.e. fever, hypopiesis, oliguresis, hyperdiur-
esis, and recovery) of the disease [15]. Since 1983, HFRS
cases have been diagnosed clinically using signs and symp-
toms and also confirmed using antibody-based serological

Figure 1 Thematic map of annual incidence for each county before and since 1998, Changchun. The gradient colors represent HFRS
incidence for each county, and the pie-charts with red and black colors indicate the proportions of HFRS cases for two 6-month study periods
(beginning of the year (February–July) and end of the year (August–January)).
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tests (e.g. MacELISA, IFA), hantavirus isolation, or detec-
tion of hantavirus RNA (e.g. RT-PCR) in serum samples
from the patient [13,15,16].
The first HFRS case was reported in 1959 in Changchun,

which is now a national HFRS surveillance site [15]. Data
that included all 4,251 of the HFRS cases that were re-
ported in Changchun during 1988–2012 were collected
from the ten county centers for disease control and preven-
tion (CDCs). To calculate the annual incidence, annual
demographic data for the 1988 to 2012 period were col-
lected from the Changchun Bureau of Statistics. All per-
sonal data were anonymous, and were publicly available
secondary data.
The study protocols were reviewed and approved by the

research institutional review board (IRB) of Changchun
CDC and the Beijing Institute of Microbiology and Epi-
demiology. Readers interested in further research can con-
tact the corresponding author to obtain the full dataset
used in this study.

Analysis of epidemiologic patterns of human HFRS cases
The thematic maps of annual incidence before and since
1998 were created in gradient colors to display the
spatial distribution of HFRS incidence in each county of
Changchun (ArcGIS 9.3 software, ESRI Inc., Redlands, CA,
USA). To illustrate the seasonal distribution of HFRS cases
for each county, the proportions of HFRS cases for two 6-
month study periods (beginning of the year (February–July)
and end of the year (August–January)) were indicated by
red and black pie charts overlapping the corresponding
counties on the map. The bar charts of monthly HFRS inci-
dence in Shuangyang County (the HFRS epidemic hotspot
in Changchun), and in the other nine counties combined,
over a 25-year period were created to display the seasonal
incidence pattern of HFRS. To consider the different sea-
sonal incidence patterns of HFRS caused by HTNV and
SEOV, the red and black colors were also used to present
the monthly incidence for the periods February–July and
August–January, respectively. Bar charts of average inci-
dence by age and gender, and pie charts of case proportions
by occupation, before and since 1998, were also created.

Statistical analysis
To explore risk factors that affected the spatial hetero-
geneity of HFRS incidence in Changchun, annual data
on livestock husbandry that included the numbers of
large animals (cattle, horses, donkeys and mules), sheep,
and deer during 1988–2012 were collected for each
county from the Annual Statistic Report of Changchun.
The annual densities of these animal populations were cal-
culated from the data. Annual climatic data that included
annual mean temperature, total precipitation and mean
relative humidity for the 1988 to 2012 period were col-
lected for each county from the China Meteorological

Data Sharing Service System (http://cdc.cma.gov.cn).
To extract the percent coverage by croplands, forests,
grassland, and built-up lands for each county, data on
Changchun land cover (1990, 1995, 2000, 2005, and
2010) were collected from Chinese data-sharing net-
work of earth-system science (http://www.geodata.cn/)
and the Northeast Institute of Geography and Agroecol-
ogy, Chinese Academy of Sciences [17,18]. To explore
the different epidemic patterns of HFRS incidence be-
fore and since 1998, a separate Poisson regression ana-
lysis was performed for each of the two phases. The
cumulative number of HFRS cases for each county was
set as the outcome variable, and population number was
included as the offset variable. For each county, potential
risk factors for the two phases (e.g., livestock husbandry
(average density of large animals, sheep, and deer), climate
factors (average temperature, precipitation, and relative hu-
midity) and land cover (average percent coverage by crop-
lands, forests, grassland, and built-up lands)) were included
as co-variables in the analysis. The percentage change (PC)
in incidence in response to a change in a variable by a given
amount (100*(exp(coefficient)-1)), 95% confidence intervals
(CIs), and P-values were estimated after correction for
over-dispersion. For PC estimation, a 10 head/km2 differ-
ence was used for monthly livestock husbandry, and 1°C,
1 mm, and 1% differences were used for annual mean
temperature, total precipitation and mean relative humidity,
respectively. A 1% difference was used for land cover. Uni-
variate analyses were performed to examine the effects of
individual variables. Multivariate analyses were then per-
formed using the variables from the univariate analysis with
a P-value < 0.1 as covariates. Correlations between co-
variates were quantitatively assessed and models were
optimized by comparing −2 log likelihood results when
correlated variables were added or removed one by one.
STATA statistical software (Version 10.0, StataCorp LP,
Texas, USA) was used in the analysis.
To explore the factors affecting the reemergence of HFRS

in Changchun, time series Poisson regression analyses were
performed for the 1988–2012 period using the Shuangyang
County data, and the combined data from the other nine
counties, respectively. Time-series Poisson regression deals
with the annual number of HFRS cases. The inclusion of
annual population size as an offset variable allows for an
analysis of incidence. Similar to the approach described
above, multivariate analyses were performed by including
all variables from the univariate analyses with P-values <
0.10. Correlations between covariates were quantitatively
assessed and models were optimized by comparing−2 log
likelihood results when correlated variables were added or
removed one by one. The PCs that represented the associa-
tions between HFRS cases and determinants were derived
from the final model. Each PC estimate included a 95% CI
and a P-value. We also adjusted for the effects of improved
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measures of prevention and control on HFRS incidence
since 2005. STATA statistical software was also used in
this analysis.

Results
The distribution patterns of HFRS incidence in space,
season, and human populations
A total of 4,251 HFRS cases were reported during
1988–2012. Cases were distributed throughout the 10
counties of Changchun. The annual incidences varied
greatly among the ten counties. Shuangyang County in
southeastern Changchun had the highest annual incidence,
both before and since 1998 (Figure 1). The Shuangyang
County cases accounted for 35.9% (1,525/4,251) of all cases
in the entire city during the 25-year period, but the popula-
tion of the county only accounted for 5.6% of the total
Changchun population. There were also seasonal changes
in the proportion of HFRS cases in most counties (Figure 1).
Based on seasonal shifts in HFRS incidence in 1997, the
temporal pattern of HFRS incidence could be characterized
by two phases. The Phase I pattern occurred in 1988 to
1997, with a typical peak in incidence at the end of each
year (black bar, Figure 2). This pattern represented a sea-
sonal characteristic of HTNV transmission. The Phase II
pattern occurred in 1998 to 2012, with an emerging peak in
incidence at the beginning of each year (red bar, Figure 2)
that reflected a pattern characteristic of SEOV transmis-
sion. As incidence rapidly increased since 1998, the peak in
incidence at the beginning of each year became dominant.
In Shuangyang County, dual peaks of incidence were clearly

evident during phase II. A rapid increase (of approximately
10 times) in HFRS incidence occurred at the beginning of
each year and a smaller increase in incidence occurred at
the end of each year (Figure 2). After 10 years of age, inci-
dence was higher in males compared with females for each
age group. In phase I and phase II, 85.96% and 68.91%, re-
spectively, of the patients were from the peasant popula-
tion. The proportion of patients from the migrant laborer
population increased from 1.71% to 6.80% during the two
phases (Figure 3).

Factors relating to spatial heterogeneity in HFRS incidence
The results of the univariate analyses indicated that during
phase I, the spatial distribution of HFRS incidence was as-
sociated with annual precipitation and average relative hu-
midity (P < 0.05), and HFRS incidence was related although
not significantly also to deer density (P = 0.057). The results
of multivariate analysis indicated that HFRS incidence was
associated only with average relative humidity, the two vari-
ables increasing together. Univariate analysis revealed that
during phase II, the spatial distribution of HFRS incidence
was associated with deer density and annual precipitation
(P < 0.05), but HFRS incidence was associated only with
deer density in the multivariate analysis. The incidence in-
creased as the deer density increased. HFRS incidence was
not significantly associated with land cover in either phase
(Table 1).

Factors affecting temporal trends in HFRS incidence
For Shuangyang County, the results of the univariate
time-series Poisson analysis revealed that the HFRS inci-
dence was associated with the density of large animals
(cattle, horses, donkeys and mules), sheep density, deer
density, and with average temperature, annual precipita-
tion, and average relative humidity. The multivariate
analysis revealed that as the deer density increased by 10
head per km2, the HFRS incidences increased by 70.7%
(P < 0.001). In the combined other nine counties, the re-
sults of univariate analysis indicated that the HFRS inci-
dence was significantly associated with the densities of
large animals (cattle, horses, donkeys and mules), sheep,
and deer, and with average relative humidity values. The
multivariate analysis revealed that as the deer density
increased by 10 head per km2, the HFRS incidences in-
creased by 90.4% (P < 0.001). As the average relative hu-
midity increased by 1%, the HFRS incidences increased
by 7.1% (P < 0.001) (Table 2).

Discussion
Since 1998, the HFRS incidence in Changchun has in-
creased dramatically. The HFRS hotspot has been located
at Shuangyang County in southeastern Changchun. Two
epidemic phases were identified by examining the seasonal
pattern of HFRS incidence. One phase was characterized

Figure 2 Temporal distribution of monthly HFRS incidence in
Shuangyang County and of the combined monthly incidence
totals for the other nine counties in Changchun. The upper and
lower panels represent the monthly incidence in Shuangyang County
and the combined total monthly incidence for other nine counties,
respectively. Red and black colors indicate monthly incidence for the
February–July and August–January periods, respectively.
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by a single epidemic peak at the end of each year during
1988–1997. The other phase had two separate epidemic
peaks, which occurred at the end and the beginning of
each year since 1998. The peak at the beginning of each
year could be associated with the emergence of SEOV.
The transmission of hantaviruses through A. agrarius
mice peaks during the fall-winter period, while R. norve-
gicus rat-associated infections mainly occur in spring
[11,12,16,19]. Given the well-documented evidence, and
the two-phase pattern observed in the present study, we
infer that the HFRS phase I (1988–1997) pattern was
primarily caused by HTNV infections. HFRS phase II
(since 1998) pattern was caused by both HTNV and
SEOV infections. Noticeably, the newly established and
re-emerging HFRS endemic areas in mainland China
since the 1990s that included Beijing City, Shandong
Province, Huludao City, and Changchun, could be asso-
ciated with SEOV (e.g. peridomestic rodents-associated)
infections indicated by a characteristic spring peak in
human cases [10,16,20]. In mainland China, antigen-
positive A. agrarius, Apodemus peninsulae, and R. nor-
vegicus rats are predominant in rural, forest, and urban
areas, respectively [12]. The results suggest that priori-
tizing control efforts on peridomestic rodent popula-
tions in residential areas in spring and on sylvatic
rodent populations in late autumn and early winter

might provide an effective means of targeting the spe-
cific hantaviruses that cause HFRS.
The Poisson regression analysis revealed that livestock

husbandry, especially deer cultivation, was significantly as-
sociated with spatial and temporal distributions of HFRS
incidence. Hantaviruses are primarily transmitted from ro-
dent hosts to humans by aerosols generated from contam-
inated excreta (e.g., urine and feces) of rodents, and to a
lesser extent by contaminated food or rodent bites [7].
The incidence of HFRS is mainly determined by infection
rate and distribution of rodent hosts; host distribution is
affected by the natural habitat structure (e.g., human
buildings, landscape composition, landscape configuration,
annual mean temperature, and seasonal variation) [21,22].
Environmental changes that include climate, human agri-
culture, and social-economic conditions can lead to a
change in virus transmission risk from infected rodents
to humans [3,23]. The results of a study in Elunchun
and Molidawahaner counties of Inner Mongolia indicated
that climate variability (including rainfall, land surface
temperature, relative humidity and the multivariate El Niño
Southern Oscillation index) had a significant role in HFRS
transmission in northeastern China [24]. The results of
a study on hantavirus pulmonary syndrome in the Four
Corners region of United States revealed that environmen-
tal factors (e.g., the dramatic increase in precipitation

Figure 3 Age, gender, and occupational distribution of reported HFRS cases. (A) Average incidence over age groups and sex during two
epidemiological phases (1988–1997 and 1998–2012). (B) Occupational proportions for HFRS cases during the two phases. Peasants indicate
people engaged in farming or livestock breeding; workers indicate people who work in manufacturing; students are grade school pupils, high
school students, and undergraduates; public servants are teachers, doctors, civil servants, and individuals retired from these occupations; migrant
laborers are migrant workers, restaurant servers, shop workers and housekeepers; preschool child indicates children < 7 years of age.
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associated with the 1992 to 1993 El Niño) could indir-
ectly increase the risk for Sin Nombre virus exposure
[25]. Furthermore, heterogeneity in the effects of envir-
onmental factors on hantavirus diseases between differ-
ent areas could result from differences in biotopes,
climatic conditions, viruses, and the rodent reservoirs
[26]. In this study, time-series Poisson regression ana-
lysis was used to account for the complex associations
between HFRS incidence and influencing factors during
a long period of time. Compared with climatic factors,
livestock husbandry (mainly deer density) seemed to
have a greater effect on HFRS incidence. The analysis of
the factors relating to spatial heterogeneity of HFRS in-
cidence also indicated that deer density could play a role
in the distribution of HFRS cases, especially for the
SEOV-dominated HFRS that occurred from 1998 to

2012. Livestock husbandry has been one of key driving
forces of emerging infectious diseases and has also modi-
fied the transmission of endemic infections [27,28]. Trad-
itional livestock husbandry was reinstituted at the end of
the 1980s and extended into the mid-1990s in Changchun.
Deer cultivation and production of deer-related products
has been prominent in northeastern China, especially in
Changchun. As the numbers of livestock increased, more
farms were established and more feed was needed. This
additional feed has provided habitats and food for rodents.
Farming activities that are related to livestock husbandry
can also increase the probability of exposure to infective
rodents [12,29]. The authors of a case–control study in
Sichuan Province in China suggested that farming activ-
ities related to livestock husbandry (e.g., having haystacks
for livestock in the yard or indoors in barns) can increase

Table 1 Factors affecting spatial heterogeneity in HFRS incidence in Changchun

Period Variable (unit) Univariate analysis Multivariate analysis

PC (95% CI) P-value PC (95% CI) P-value

1988-1997 Livestock husbandry

Large animals (10 h/km2) 60.5 (−68.9, 729.4) 0.572 - -

Sheep density (10 h/km2) −41.3 (−81.6, 87.4) 0.368 - -

Deer density (10 h/km2) 154.6 (−2.6, 565.4) 0.057 NS. NS.

Climate factors

Temperature (1°C) −74.6 (−95.6, 48.0) 0.128 - -

Precipitation (1 mm) 26.7 (2.3, 56.9) 0.030 NS. NS.

Relative humidity (%) 243.1 (136.3, 398.1) < 0.001 243.1 (136.3, 398.1) < 0.001

Land cover

Irrigated cropland (1%) 16.7 (−2.0, 38.9) 0.084 NS. NS.

Rainfed cropland (1%) −2.8 (−11.8, 7.0) 0.564 - -

Forest (1%) 4.5 (−4.4, 14.3) 0.332 - -

Grassland (1%) −28.8 (−63.9, 40.4) 0.327 - -

Built-up lands (1%) −25.2 (−54.0, 21.6) 0.242 - -

1998-2012 Livestock husbandry

Large animals (10 h/km2) 2.1 (−21.2, 32.3) 0.874 - -

Sheep density (10 h/km2) −12.1 (−43.8, 37.4) 0.571 - -

Deer density (10 h/km2) 41.4 (30.2, 53.5) < 0.001 41.4 (30.2, 53.5) < 0.001

Climate factors

Temperature (1°C) 7.7 (−87.6, 836.5) 0.947 - -

Precipitation (1 mm) 28.6 (7.8, 53.4) 0.005 NS. NS.

Relative humidity (%) 46.3 (−19.5, 165.7) 0.211 - -

Land cover

Irrigated cropland (1%) 6.4 (−7.7, 22.6) 0.392 - -

Rainfed cropland (1%) −2.4 (−10.6, 6.5) 0.580 - -

Forest (1%) 4.4 (−4.4, 14.0) 0.342 - -

Grassland (1%) −17.1 (−52.6, 45.0) 0.511 - -

Built-up lands (1%) −3.5 (−15.2, 9.8) 0.591 - -

Poisson regression analysis results after correction for over-dispersion.
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the risk of HFRS transmission [29]. Rodents on pig and
chicken farms are considered to be a potential threat to
human and animal health, and at least 20 pathogens (e.g.,
hantaviruses and Leptospira species) can be found on the
rodents caught on pig or chicken farms and in the sur-
rounding area [30]. Livestock husbandry could have an
intermediate role in HFRS incidence by affecting rodent
populations and increasing human exposure to aerosols
and secretions from infected rodents. The observed asso-
ciation between HFRS incidence and deer cultivation was
statistically significant, but it does not prove causality. Fur-
ther field investigations on rodent population density and
hantavirus infection status in rodents living around live-
stock farms are needed to improve our understanding of
the underlying mechanism.
The results of this study indicated that the HFRS inci-

dence was associated with yearly average relative humid-
ity. Rodent population size increase rapidly in response
to favorable weather conditions [31]. The relationship
between rodent population dynamics and meteorological
factors is complex, and varies by rodent species and cli-
mate regions [10,24,32]. These complicated relationships
may have different effects on disease transmission, and
usually display nonlinear patterns between diseases and
climate factors in a large geographical area. The associ-
ation between HFRS and relative humidity that was found
in this study was consistent with the result reported for a
nearby area of Changchun [24]. Higher humidity levels
affect the infectivity and stability of the virus in the ex vivo

environment [33,34]. However, the underlying mecha-
nisms for the positive correlations between HFRS inci-
dence and relative humidity are not yet clear. Our study
results indicated that livestock cultivation rather than cli-
matic factors likely has a more important role in the emer-
gence of HFRS outbreaks in Changchun. In addition, we
have not found significant associations between the spatial
distribution of HFRS incidence and land cover. It is likely
that the land cover differences between counties in this
study area were not significant.
The reemergence of HFRS was also affected by multiple

factors including prevention measures, and other human
activities [35-37]. As the official documents preserved in
Changchun CDC indicate, enhanced measures that include
epidemiological surveillance, deratization, vaccination and
health education have been implemented for prevention
and control of the disease since incidence increased at the
end of 1990s. These measures were improved further in
2005. The vaccine mostly used was a univalent HTNV vac-
cine. It was used in Shuangyang, Jiutai, and Yushu from
1999 to 2004, in the town populations with high HFRS inci-
dence (>5/100,000 population). A bivalent purified inacti-
vated vaccine against HTNV and SEOV infections has been
used in these areas since 2005. A significant decline in
HFRS incidence has occurred since 2006 (Figure 2). One
limitation of this study was that we did not examine vaccin-
ation efficacy, but this omission was the result of a lack of
detailed information. Another study limitation was that we
could not confirm the shifts in virus transmission because

Table 2 Factors affecting temporal trends in HFRS incidence for Shuangyang County, and for the combined other nine
counties, Changchun

County Variable (unit) Univariate analysis Multivariate analysis

PC (95% CI) P-value PC (95% CI) P-value

Shuangyang Livestock husbandry

Large animals (10 h/km2) 45.0 (42.2, 47.8) < 0.001 - -

Sheep density (10 h/km2) 1154.0 (978.0, 1358.8) < 0.001 - -

Deer density (10 h/km2) 70.7 (65.8, 75.7) < 0.001 70.7 (65.8, 75.7) < 0.001

Climate factors

Temperature (1°C) 61.9 (49.9, 74.8) < 0.001 - -

Precipitation (1 mm) −35.2 (−37.8, −32.4) < 0.001

Relative humidity (%) −3.2 (−3.8, −2.5) < 0.001 - -

Other nine counties Livestock husbandry

Large animals (10 h/km2) 26.8 (24.9, 28.8) < 0.001 - -

Sheep density (10 h/km2) 68.6 (63.0, 74.5) < 0.001 - -

Deer density (1 h/km2) 76.4 (69.0, 84.1) < 0.001 90.4 (81.6, 99.6) < 0.001

Climate factors

Temperature (1°C) 4.8 (0.02, 9.7) 0. 049 - -

Precipitation (1 mm) −1.1 (−1.6, −0.7) < 0.001 - -

Relative humidity (%) −6.1 (−7.6, −4.5) < 0.001 7.1 (5.1, 9.0) < 0.001

Time-series Poisson regression analysis results.
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the information on the classification of hantaviruses in
HFRS patients and infected rodents was missing. Future
studies on the classification of hantaviruses are needed. The
results of this study indicated that prevention and control
of HFRS in Changchun will benefit from targeting control
measures at R. norvegicus populations, especially at live-
stock husbandry sites. The need for vaccination of farmers
involved in livestock husbandry in early spring should also
be emphasized.

Conclusions
HFRS incidence has significantly increased in Changchun
since 1998. This increase included a seasonal shift in
HFRS incidence from one epidemic peak in the end of the
year to dual epidemic peaks in the beginning and in the
end of the year. The increase in incidence was significantly
associated with livestock husbandry and climate factors,
but was especially associated with deer cultivation. Our re-
sults indicated that the spatial and temporal variations in
HFRS incidence could be associated with local livestock
husbandry. These findings will be helpful for the preven-
tion of HFRS, because they indicate that prevention and
control measures should be targeted at the sites related
with livestock husbandry.
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