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SUMMARY

Haemorrhagic fever with renal syndrome (HFRS) is a type of vector-borne zoonosis sensitive to

climate change. To explore the short-term effect of air temperature and amount of precipitation

on HFRS incidence, a total of 13 722 clinically confirmed HFRS cases from January 1977 to

December 2001 in Junan County, China were included in this study. According to symmetric

bidirectional case-crossover design, the hazard period (the three calendar months preceding the

month when the case was diagnosed) and the control period (the same calendar month of the

year before and the year after the hazard period) matched and conditional logistic regression was

used to examine the effect of monthly mean temperature and precipitation on the risk of HFRS.

The results showed the facilitating climatic conditions for HFRS included: condition with

moderate mean air temperature (10–25 xC) and abundant precipitation (>120 mm) 3 months

before [odds ratio (OR) 1.346, 95% confidence interval (CI) 1.191–1.522] and 2 months before

(OR 1.193, 95% CI 1.063–1.339) ; and condition with temperature >25 xC and abundant

precipitation (>120 mm) 3 months before (OR 1.17, 95% CI 1.004–1.363). Temperature of

10–25 xC and moderate precipitation (10–120 mm) in the current month was the most favourable

condition for HFRS incidence.

Key words : Amount of precipitation, atmospheric temperature, case-crossover study,

haemorrhagic fever with renal syndrome.

INTRODUCTION

Haemorrhagic fever with renal syndrome (HFRS) is a

zoonosis caused by different species of Hantavirus,

characterized by high fever and varying degrees of

renal insufficiency and haemorrhage. It has been re-

ported throughout Europe and Asia with 90% of

cases occurring in China, where HFRS is an ex-

tremely dangerous viral disease second only to viral

hepatitis [1]. The annual incidence of HFRS in China

peaked at 11.06 new cases/100 000 persons in 1986,

declined in the late 1990s, but has rebounded in recent

years. It remains a public health problem with

20 000–50 000 human cases annually in mainland

China [2, 3]. HFRS incidence distinctly shows spatial
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clustering and temporal variability [4, 5]. For

example, annualized average incidence at the county-

level ranged from 0 to 122.117/100 000 during

1994–1998 [4]. In the past decades, HFRS has oc-

curred in about 10-year endemic cycles in east and

northeast China [6].

Various rodent species are natural reservoir hosts

and serve as sources of hantavirus infection. In China,

HFRS is predominantly caused by Hantaan virus and

Seoul virus, for which Apodemus agrarius and Rattus

norvegicus are the leading rodent hosts, respectively

[2]. Transmission of hantaviruses from rodents to

humans is usually through inhalation of aerosols

generated by contaminated excreta, saliva, or urine

and possibly through contaminated food or rodent

bites [1, 3, 7]. Factors related to rodent habitats,

breeding and survival – such as natural environment

including elevation, soil type, vegetation, climate

change and human behaviours including farming,

cultivating and migration – can influence the trans-

mission of hantaviruses and the epidemic process of

HFRS [8]. Large populations of rodents can poten-

tially increase the transmission of hantaviruses to

humans [9, 10]. Excess proliferation of rodent popu-

lations related to climate change is of considerable

international public health concern [11, 12]. Previous

studies have shown that HFRS epidemics are sensitive

to climatic conditions [9, 12, 13]. However, the quan-

titative relationship between climate variation and

HFRS incidence remains to be determined, especially

in high-incidence areas.

A case-crossover design was proposed as an

alternative to spatial-ecological modelling to make

causal inferences in environmental epidemiology [14].

It is a method for studying the effect of a risk factor on

a health event using only cases with the idea of com-

paring a case’s exposure immediately prior to or dur-

ing the case-defining event with that same person’s

exposure at otherwise similar ‘reference’ times [15].

Each case’s exposure values comprise a matched set so

that conditional logistic regression is typically used to

estimate an odds ratio as the measure of association

[16]. Case-crossover design has the advantage of

controlling time-invariant factors because it only

involves cases and each case is compared to him/

herself [17].

This study was aimed at exploring the association

of atmosphere temperature and precipitation with

HFRS incidence in Junan County of Shandong

Province, a region with a high prevalence of HFRS,

by the method of case-crossover analysis.

MATERIALS AND METHODS

Study site

Junan County is located in the southeast of Shandong

Province and on the border with Jiangsu Province,

and has a population of about 970 000 people and a

total area of 1752 km2. It has a warm temperate and

semi-humid continental climate with four distinct

seasons. The average altitude of this county is 200 m

(range 19.9–662.2 m) above sea level. The county re-

ported the highest epidemic strength of HFRS in

Shandong Province with an annual average incidence

reaching 55.20/100 000 over the past decades and

therefore it was selected as one of the 39 national

monitoring spots of HFRS.

The data of the HFRS cases for this study were

from the National Notifiable Disease Surveillance

System. Monthly climatic data of this county were

obtained from the Meteorological Information

Center of Shandong Province.

HFRS surveillance in Junan County

The HFRS surveillance system has been established in

Junan County since 1975 to examine the general situ-

ation of this disease, to monitor its temporal trend,

and to assess the effectiveness of interventions. HFRS

case diagnosis and reporting follow the national pro-

tocols proposed by the Ministry of Health [18].

Briefly, healthcare providers and clinics are required

to report clinically diagnosed/suspected cases of

HFRS to the county’s Center for Disease Control and

Prevention. Upon receipt of a case report, trained

health professionals check the report and review

medical records to confirm the clinical diagnosis.

Blood samples from the case patient might be col-

lected and a positive serum test of specific antibody to

Hantavirus was used to confirm the disease by identi-

fying the Hantavirus type.

Case-crossover design

The latent period from hantavirus infection to the

onset of clinical symptoms ranges from 4 to 45 days,

usually 2–4 weeks [18]. It usually takes about 3 months

for rodents, the reservoirs of hantaviruses, to reach

the adult stage of life from birth [19, 20]. Therefore,

we assumed that for a case the hazard period was

during the most recent 4 months, just before the onset

of disease. We defined an exposure window as a time

interval in which the climatic condition is assessed as
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a potential risk factor for HFRS. In accordance with

the available climatic data for calendar month, we

defined four case exposure windows: the calendar

month when the case was diagnosed (exposure win-

dow 0), and each of the three calendar months pre-

ceding the month when the case was diagnosed

(exposure windows -1, -2, -3, respectively). For ex-

ample, for a HFRS case diagnosed in November

1985, the case exposure windows -3, -2, -1 and 0

would be August, September, October and November

1985, respectively. Symmetric bidirectional case-

crossover design [16] was used in this study in order to

control for confounding due to possible secular trend

that was not related to the climatic conditions of in-

terest. Each case exposure window was matched with

two referent exposure windows symmetric to the case

exposure window, one a year before and the other a

year after the case exposure window. For example, if

the case exposure window was November 1985, then

the referent exposure windows were November 1984

and November 1986. A case exposure window and the

corresponding two referent exposure windows re-

sulted in a 1:2 match set analogous to a case-control

study.

Data analyses

Because the effect of climatic variables on the inci-

dence of diseases is not linear [21], air temperature

and precipitation were transformed to categorical

variables. The mean temperature for each month

was grouped into three levels : low (<10 xC), moder-

ate (10–25 xC), and high (>25 xC). The monthly

amount of precipitation was grouped into <10 mm,

10–120 mm, and >120 mm. Such categorization of

temperature and precipitation was based on the re-

ports of the climatic conditions thought to be suitable

for rodents’ breeding [22, 23].

The climatic conditions of the exposure windows

were compared with the climatic conditions of the

referent windows with the application of conditional

logistic regression. The odds ratio (OR) of HFRS and

its 95% confidence interval (CI) for a climatic con-

dition compared to the referent condition were esti-

mated. All the data analyses were performed using

SAS v. 9.13 (SAS Institute Inc., USA).

RESULTS

There were 13 722 clinically confirmed cases of HFRS

reported to Junan Center for Disease Control and

Prevention from January 1977 to December 2001.

The yearly incidence varied from 1.59 to 185.93/

100 000 with a mean of 61.72/100 000. The monthly

incidence during the period is shown in Figure 1.

According to the meteorological data, the annual

average temperature and accumulative precipitation

for the period from 1976 to 2002 were 13.24 xC and

787.99 mm, respectively. January had the lowest

temperature with a mean temperature of x0.99 xC

and July was the warmest month with a mean

monthly temperature of 25.79 xC. Average monthly

precipitation from 1976 to 2002 varied from the low-

est of 10.35 mm in December to the highest of

226.32 mm in July (Table 1).

Atmosphere temperature and HFRS risk

The relationship between temperature and HFRS risk

is shown in Table 2. During the previous 3 months of

a HFRS case being diagnosed, a monthly mean tem-

perature level >25 xC, compared to the monthly

mean temperature of 10–25 xC, was significantly as-

sociated with a lower risk of HFRS at any exposure

window consistently. The estimations of ORs were

0.802 (95% CI 0.672–0.958), 0.289 (95% CI

0.233–0.358), and 0.662 (95% CI 0.563–0.779) for

exposure windows 0, -1 and -2, respectively. In con-

trast, there is no consistent relationship of a tem-

perature <10 xC with HFRS risk over the different

exposure windows. The cold weather with mean tem-

perature <10 xC only at exposure window -2 (2

months before the occurrence of HFRS cases) sig-

nificantly decreased the number of cases (OR 0.339,

95% CI 0.183–0.629). The mean temperature of ex-

posure window -3 (3 months before the occurrence of

HFRS cases) was not found to be associated with

HFRS incidence (P=0.4428 and 0.1421 for cold

weather and hot weather, respectively).

Amount of precipitation and HFRS risk

The results of conditional logistic regressions of

HFRS regarding the amount of precipitation assessed

by the different exposure windows are shown in

Table 3. Lack of precipitation (monthly precipitation

<10 mm) and excessive precipitation (monthly pre-

cipitation >120 mm) in the month that the case

occurred were both associated with lower risk of

HFRS compared to a moderate amount of precipi-

tation (monthly precipitation between 10 and

120 mm). The estimated ORs were 0.821 (95% CI
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0.774–0.871) and 0.860 (95% CI 0.774–0.955),

respectively. Other significant associations included

excessive precipitation at exposure windows -2 and -3

with increasing risk of HFRS (OR 1.355, 95%

CI 1.210–1.472 and OR 1.217, 95% CI 1.108–1.336,

respectively), which means that plentiful rain during

the preceding 2–3 months would be a risk factor for

an HFRS epidemic.

Combinations of temperature and precipitation

categories and HFRS risk

In addition to the independent analysis for tempera-

ture and precipitation (Tables 2 and 3), we analysed

how the weather conditions of cross-classification by

temperature and precipitation affected the incidence

of HFRS using conditional logistic regressions. There

were eight cross-groups, excluding the hot and dry

weather condition (mean temperature >25 xC and

Table 1. Mean temperature and precipitation by

calendar month from 1976 to 2002 in Junan County,

China

Calendar

month

Mean
temperature

(xC)

Precipitation

(mm)

Mean
humidity

(%)

January x0.99 15.78 62.20
February 1.30 15.74 61.54

March 6.23 23.23 61.25
April 13.25 32.80 60.96
May 19.05 60.57 65.23
June 23.05 97.86 72.56

July 25.79 226.32 83.27
August 25.35 156.16 82.40
September 21.03 72.34 74.23

October 15.16 42.93 69.21
November 7.64 25.60 66.01
December 1.24 10.35 64.42

Year-round 13.24 779.68 68.67
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Fig. 1. (a) Monthly haemorrhagic fever with renal syndrome (HFRS) incidence (1/100 000) in Junan County from January
1977 to December 2001. (b) Annual HFRS incidence rate (1/100 000) in Junan County from 1977 to 2001.
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monthly precipitation <10 mm) classified since no

month during the study period had hot and dry

weather. The condition with appropriate temperature

(10–25 xC) and moderate precipitation (10–120 mm)

was treated as the referent group, odds ratios and

their confidence intervals are displayed for other

conditions of the four respective exposure windows

(see Table 4). This shows that compared to the

referent climatic condition, any combination with

mean temperature and monthly precipitation beyond

Table 3. Monthly precipitation levels at different exposure windows and HFRS risk: results of conditional

logistic regression

Exposure
window*

Precipitation
(mm)

Number of HFRS cases

OR (95% CI) P value
Hazard
period

Control
period 1#

Control
period 2$

0 10–120 8210 7828 7812 1.000 — —
<10 3772 3992 4196 0.821 (0.774–0.871) <0.0001

>120 1740 1902 1714 0.860 (0.774–0.955) 0.0049
-1 10–120 8629 8849 8513 1.000 — —

<10 3711 3526 3817 1.024 (0.965–1.087) 0.3990

>120 1382 1347 1392 1.027 (0.926–1.140) 0.6124
-2 10–120 8843 8956 8736 1.000 — —

<10 3191 3173 3574 0.889 (0.835–0.947) 0.0007

>120 1688 1593 1412 1.335 (1.210–1.472) <0.0001
-3 10–120 8031 8354 7886 1.000 — —

<10 3128 2872 3468 0.981 (0.919–1.048) 0.5711

>120 2563 2496 2368 1.215 (1.107–1.334) <0.0001

HFRS, Haemorrhagic fever with renal syndrome; OR, odds ratio ; CI, confidence interval.
* Exposure windows 0, -1, -2, -3 represent the calendar month when the case was diagnosed and the three calendar months
preceding the month when the case was diagnosed.
# The same calendar month of the year before the hazard period.

$ The same calendar month of the year after the hazard period.

Table 2. Monthly mean temperature levels at different exposure windows and HFRS risk: results of conditional

logistic regression

Exposure
window*

Mean air
temperature (xC)

Number of HFRS cases

OR (95% CI) P value
Hazard
period

Control
period 1#

Control
period 2$

0 10–25 5394 5355 5334 1.000 — —

<10 7221 7233 7227 0.725 (0.462–1.138) 0.1623
>25 1107 1134 1161 0.802 (0.672–0.958) 0.0147

-1 10–25 6814 6656 6650 1.000 — —

<10 6345 6347 6339 1.064 (0.697–1.624) 0.7744
>25 563 719 733 0.289 (0.233–0.358) <0.0001

-2 10–25 6882 6757 6793 1.000 — —

<10 5840 5853 5860 0.339 (0.18–0.629) 0.0006
>25 1000 1112 1069 0.662 (0.563–0.779) <0.0001

-3 10–25 5929 5852 5918 1.000 — —
<10 5662 5668 5665 0.823 (0.501–1.353) 0.4428

>25 2131 2202 2139 0.922 (0.826–1.028) 0.1421

HFRS, Haemorrhagic fever with renal syndrome; OR, odds ratio ; CI, confidence interval.
* Exposure windows 0, -1, -2, -3 represent the calendar month when the case was diagnosed and the three calendar months
preceding the month when the case was diagnosed.

# The same calendar month of the year before the hazard period.
$ The same calendar month of the year after the hazard period.
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its appropriate range in the preceding 2 months (ex-

posure windows 0 and -1) tended to be associated with

a lower risk of HFRS (all ORs<1), which means that

appropriate temperature and moderate precipitation

is the most favourable condition for occurrence of

HFRS. On the contrary, abundant precipitation com-

bined with appropriate air temperature 2 or 3 months

before was a risk factor for HFRS. The estimated

ORs of precipitation >120 mm with mean tempera-

ture between 10 xC and 25 xC were 1.193 (95% CI

1.063–1.339) and 1.348 (95% CI 1.193–1.524) at ex-

posure windows -2 and -3, respectively. The estimated

OR of precipitation >120 mm with mean tempera-

ture >25 xC was 1.171 (95% CI 1.005–1.334).

DISCUSSION

HFRS is epidemic in many provinces with high

incidence in mainland China, although integrated

intervention measures including rodent control, en-

vironment management and vaccination have been

implemented for more than 10 years [24]. Geogra-

phical distribution of HFRS cases in mainland China

show that HFRS mainly occurs in areas where the

annual average temperature is <20 xC, the annual

average relative humidity is 50–80%, and the annual

total rainfall is 400–1600 mm [25]. Although the

endemic areas are mainly in zones with mild tem-

perature, HFRS is epidemic from the northernmost

Table 4. Associations of weather conditions and HFRS incidence: results of conditional logistic regression

Exposure
window

Mean
temperature
(xC)

Monthly
precipitation
(mm) OR (95% CI) P value

0 10–25 10–120 1.000 — —
10–25 <10 0.569 (0.499–0.647) <0.0001
10–25 >120 0.734 (0.649–0.83) <0.0001

<10 10–120 0.427 (0.267–0.684) 0.0004
<10 <10 0.383 (0.239–0.613) <0.0001
<10 >120 0.275 (0.151–0.502) <0.0001
>25 10–120 0.402 (0.302–0.534) <0.0001

>25 >120 0.724 (0.591–0.888) 0.0019
-1 10–25 10–120 1.000 — —

10–25 <10 0.636 (0.561–0.721) <0.0001

10–25 >120 0.929 (0.826–1.044) 0.2135
<10 10–120 0.640 (0.411–0.996) 0.0479
<10 <10 0.761 (0.488–1.186) 0.2279

<10 >120 0.503 (0.275–0.918) 0.0251
>25 10–120 0.125 (0.087–0.181) <0.0001
>25 >120 0.316 (0.249–0.402) <0.0001

-2 10–25 10–120 1.000 — —

10–25 <10 0.954 (0.841–1.083) 0.4669
10–25 >120 1.193 (1.063–1.339) 0.0026

<10 10–120 0.341 (0.181–0.641) 0.0008

<10 <10 0.299 (0.159–0.563) 0.0002
<10 >120 1.073 (0.517–2.224) 0.8502
>25 10–120 0.599 (0.485–0.739) <0.0001

>25 >120 0.864 (0.708–1.054) 0.1495
-3 10–25 10–120 1.000 — —

10–25 <10 0.696 (0.594–0.815) <0.0001

10–25 >120 1.348 (1.193–1.524) <0.0001

<10 10–120 0.564 (0.335–0.951) 0.0318
<10 <10 0.590 (0.349–0.996) 0.0483
<10 >120 0.484 (0.267–0.881) 0.0175

>25 10–120 1.074 (0.916–1.259) 0.3821
>25 >120 1.171 (1.005–1.364) 0.0430

HFRS, Haemorrhagic fever with renal syndrome; OR, odds ratio ; CI, confidence interval.
Bold values indicate the higher risk weather condition for HFRS incidence compared to the moderate weather condition

(temperature of 10–25 xC combined with precipitation of 10–20 mm).
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provinces to the southernmost provinces in east

China. In contrast, there was no case reported in west

China with an average altitude >2000 m, where pre-

cipitation was so rare that the relative humidity was

usually<50% and rainy days were fewer than 60 each

year [26]. Therefore, most researchers believe that

precipitation, followed by air temperature, are the

most important elements among all the influencing

meteorological factors [27]. This is why we focused on

these two variables in order to investigate the effects

of meteorological factors on the occurrence of HFRS.

Although humidity was also found to be associated

with HFRS incidence in previous studies, it was not

included in the present study because of the strong

correlation between monthly mean humidity and

monthly accumulative precipitation during the study

period (r=0.70, n=324, P<0.0001).

The results of our study show that the risk of HFRS

cases increasing is positively associated with the

amount of precipitation in the preceding 2–3 months,

while moderate precipitation during the preceding

1–2 months might be necessary to facilitate the

prevalence of HFRS. Plenty of rainfall is beneficial

for growth of vegetation, which provides abundant

food for rodents. Meanwhile, atmospheric moisture

makes the food soft which encourages the rodents to

consume more [27]. On the contrary, drought usually

results in the number of rodents decreasing, which has

a detrimental effect on the prevalence of HFRS

[28]. For example, a severe drought lasting for three

seasons from October 1994 in Xi’an City, China re-

sulted in an obvious decline in HFRS incidence by

1995, falling to the lowest level in 1996 [29]. It is

natural that the effect on variation of HFRS incidence

lags behind climate change since the growth of veg-

etation, rodents’ breeding and virus transmission are

a series of processes. The lag period of rainfall for

HFRS was about 2–3 months as shown by the results

of this study. Nevertheless, excessive rain might work

against an HFRS epidemic probably through curtail-

ing the activities of rodents and humans, thereby

reducing their contact opportunities. This is sup-

ported by our result that accumulative precipitation

>120 mm in the same month, compared to moderate

precipitation of 10–120 mm, was a disadvantage for

occurrence of HFRS.

Regarding atmosphere temperature, our results

show that extremes of weather (too cold or too hot)

do not favour HFRS prevalence, while the most ap-

propriate mean temperature was shown to be between

10 xC and 25 xC. It was reported that both Apodemus

agrarius and Rattus norvegicus have their highest

breeding rate at temperatures between 10 xC and

25 xC, while the breeding rate decreased with tem-

peratures <10 xC or >25 xC [22, 23, 30].

The results of the combinations of temperature and

precipitation suggest that the study factors appear to

be associated with higher numbers of HFRS cases,

which will be valuable for predicting increasing

incidence. For example, abundance of precipitation

>120 mm or moderate precipitation and hot weather

with average temperature >25 xC might indicate an

epidemic of HFRS in 3 months. Therefore, taking

preventive measures in advance, e.g. deratization,

avoiding contaminated food or water, intensifying

individual protection would be necessary if such

climatic conditions occurred.

In this study, a case-crossover design was used to

analyse the effect of mean air temperature and pre-

cipitation on the risk of HFRS onset. This has ad-

vantages in controlling time-invariant confounding

factors, e.g. geographical and geological factors,

socioeconomic factors, and people’s lifestyle [31].

Moreover, the time lag of the effect was effectively

detected through setting different matching groups

month by month and the nonlinear problem was

avoided by defining dichotomous dummy variables in

conditional logistic regressions. Compared to com-

plex methods such as a generalized additive Poisson

regression model in time-series analyses, the data

analysis based on the case-crossover design is much

easier to perform and the results are more explicable

for epidemiologists.

Nevertheless, there are still limitations of this study.

First, the long-term effect of climate on the epidemic

trend of HFRS was not investigated since the case-

crossover design is used to estimate the risk of a rare

event associated with a short-term exposure. Second,

the potential interaction effect of other meteorological

variables, e.g. humidity, duration of sunshine, and

atmospheric pressure was not considered. Therefore,

further investigation of modelling the associations

between climate and occurrence of HFRS is war-

ranted.

CONCLUSIONS

Atmospheric temperature and amount of precipi-

tation during the preceding 3 months can impact the

endemic intensity of HFRS. The climatic conditions

with relatively high risk for a HFRS epidemic in-

cluded: conditionwithmoderatemean air temperature

Association of HFRS and weather factors 703



(10–25 xC) and abundant precipitation (>120 mm) 3

months before (OR 1.348, 95% CI 1.193–1.524) or 2

months before (OR 1.193, 95% CI 1.063–1.339);

condition with temperature >25 xC and abundant

precipitation (>120 mm) 3 months before (OR 1.171,

95% CI 1.005–1.364); condition with appropriate

temperature (10–25 xC) and moderate precipitation

(10–120 mm) during the same month. A case-cross-

over study is an alternative method for analysing the

time-series data of meteorological epidemiology.
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