
ORIGINAL ARTICLE

Association of meteorological factors with childhood viral acute
respiratory infections in subtropical China: an analysis
over 11 years

Zhengrong Chen • Yan Zhu • Yuqing Wang •

Weifang Zhou • Yongdong Yan • Canhong Zhu •

Xuelan Zhang • Huipeng Sun • Wei Ji

Received: 6 June 2013 / Accepted: 18 July 2013 / Published online: 10 October 2013

� Springer-Verlag Wien 2013

Abstract The objective of this study was to obtain a

better understanding of the effects of meteorological fac-

tors on the prevalence and seasonality of common respi-

ratory viruses in China, which has a subtropical climate. A

retrospective study was conducted by identifying children

admitted to a hospital with acute respiratory infections due

to seven common viruses between January 2001 and

December 2011. A total of 42,104 nasopharyngeal samples

were tested for respiratory syncytial virus (RSV), influenza

A and B viruses (IV-A and IV-B), parainfluenza viruses

1-3 (PIV-1, PIV-2, PIV-3), and adenovirus (ADV) by

direct immunofluorescence assay. Meteorological data

were obtained from Suzhou Weather Bureau. Correlations

of viral prevalence with meteorological factors were

evaluated using Spearman rank correlation and partial

correlation. Multivariate time-series analysis including an

autoregressive integrated moving average (ARIMA) model

and generalized linear Poisson models was conducted to

study the effect of meteorological factors on the prevalence

of respiratory virus infection. RSV and IV-A activity

showed distinctive winter peak, whereas PIV-3 and ADV

peaked in the summer. Incidence of RSV was correlated

with low environmental temperature, and PIV-3 only with

high temperature. IV-A activity was correlated with both

low temperature and high relative humidity. ADV activity

was correlated with high total rainfall. In the ARIMA

model, RSV-associated hospitalizations were predictable,

and the monthly number of RSV cases decreased by

11.25 % (95 % CI: 5.34 % to 16.79 %) for every 1 �C

increase in the average temperature. Seasonality of certain

respiratory virus may be explained by meteorological

influences. The impact of meteorological factors on the

prevalence of RSV may be useful for predicting the activity

of this virus.

Introduction

In recent years, the rapid spread of respiratory viruses has

gained great attention among scientists, especially with the

frequent H5N1 outbreaks in 2003 and the H1N1 pandemic

in 2009. How a seasonal epidemic of respiratory viruses

starts and is sustained is not yet clearly known. Factors

such as viral mutation, host susceptibility and seasonal

behavior as well as effects of meteorological factors on the

survival and spread of infectious pathogen in the environ-

ment may contribute to an epidemic and the seasonality of

respiratory viruses [1–3]. Among these factors, meteoro-

logical factors have the greatest potential to play key roles

in epidemics and seasonal respiratory viruses.
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Few studies have investigated the possible relationships

between meteorological factors and respiratory viruses,

especially with respiratory syncytial virus (RSV) [4–6] and

influenza virus [7–9]. In subtropical and temperate climates,

the epidemic of RSV peaks during the winter in both the

northern and southern hemispheres [10], while the epidemic

of influenza has had a clear and consistent seasonality, with

an annual winter peak lasting 5-10 weeks during the

November-March period in the northern hemisphere, and

during May-September in the southern hemisphere [11]. In

tropical climates, RSV can cause infections throughout the

year, with a small peak during the rainy season [4], while

influenza A (IV-A) virus predominates during the months of

November-January and June-July and influenza B (IV-B)

virus peaks during March-April and July-December [12].

These data support the influence of different climates on the

epidemiology of respiratory viruses.

However, there is lack of information on relationships

between respiratory virus activity and meteorological fac-

tors. Moreover, in different countries and geographic

regions, the meteorological factors may also vary. Studies

performed in Hong Kong [13, 14] showed that the inci-

dence of IV-A and RSV increased with high relative

humidity, while that of IV-B decreased with high temper-

atures. Clear information on the relationship between

respiratory virus incidence and meteorological factors such

as temperature, relative humidity, sunshine, rainfall, and

wind velocity in subtropical countries is scarce.

The purpose of this study was to evaluate the effects of

meteorological factors on the prevalence and seasonality of

common respiratory viruses in China, which has a sub-

tropical climate.

Materials and methods

Study design

In this retrospective study, subjects were \14 years in age

and hospitalized for acute respiratory infections (ARIs)

between January 1, 2001 and December 31, 2011 in the

Respiratory Department at the Children’s Hospital affili-

ated to Soochow University. The demographic and clinical

characteristics of all subjects were collected for analysis.

This tertiary teaching hospital in Suzhou is the only hos-

pital that provides special care to pediatric patients. This

study was conducted with the approval of the Institutional

Human Ethical Committee of Soochow University.

Surveillance for common respiratory viruses

Samples of nasopharyngeal aspirates from children hospi-

talized with ARIs were obtained according to a standard

protocol described previously [15]. These samples were

obtained from each patient within 24 h of admission by

introducing a sterile plastic catheter into the lower pharynx

via the nasal cavity. Samples were then analyzed for seven

common viruses, including RSV, IV-A and IV-B, parain-

fluenza viruses 1, 2, 3 (PIV-1, 2, 3), and adenovirus (ADV),

using commercial slide-based assays with virus-specific

fluorescence-labeled monoclonal antibodies (Light Diag-

nostics Respiratory Viral Screen DFA, Chemicon Interna-

tional, USA, from 2001-2005; D3 UltraTM DFA

Respiratory Virus Screening & ID Kit, Diagnostic Hybrids

Inc., USA, from 2006-2011) and ultraviolet light micros-

copy. The direct fluorescence assay has a sensitivity of

86 %, which is higher than that of RT-PCR [16]. The daily

sum of virus-positive cases was routinely collated and

recorded with the monthly rate for each respiratory virus.

Meteorological data

Meteorological data for Suzhou, including daily mean

temperature (�C), mean relative humidity (%), total rain

(mm), total hours of sunshine (h), and mean wind velocity

(m/s), were obtained from Suzhou Weather Bureau, which

is located 8 km away from the hospital. Meteorological

data were obtained hourly, and average daily values were

calculated. Monthly means were calculated using the daily

means for temperature, relative humidity, and wind

velocity. Total rain and hours of sunshine were calculated

as a total measurement for the month.

Statistical analysis

The percentage of samples positive for respiratory viruses

was analyzed for each month. We used monthly series

rather than the weekly series to simplify the amount of data

and to allow the associations between virus prevalence and

climate variables, if any, to be more easily detectable.

Numerical data were compared using the chi-square test.

Correlations of different viral prevalence with meteorolog-

ical factors were evaluated using Spearman rank correlation.

Because of colinearity between meteorological factors,

associations between meteorological factors and viral prev-

alence were also analyzed using partial correlation.

Multiple time series analysis based on autoregressive

integrated moving average (ARIMA) models that predict

the value of the target variable with a linear function of lag

values (autoregressive part) plus an effect from recent

random shock values (moving average part) was carried

out using an expert modeling procedure with SPSS soft-

ware, and this could automatically select the most suitable

ARIMA model for the influence of meteorological factors

on the prevalence of viral ARIs in hospitalized children.

Because of the flexibility of the ARIMA models (Box and
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Jenkins models) for controlling the autocorrelation of time

series data, the Box-Ljung test was used to test the null

hypothesis that the autocorrelations of the residual time

series were equal to zero. For each respiratory virus, an

ARIMA model for monthly prevalence was developed

following the Box-Jenkins method.

For the final goal of predicting the prevalence of RSV

infections on the basis of meteorological data, another

ARIMA model was used for the time period between

January 2001 and December 2006 (estimation period) as

described previously [17], and it was evaluated by com-

paring the predicted versus the observed prevalence of viral

ARIs during the period between January 2007 and

December 2011 (i.e., the evaluation period). The R2 auto-

regression coefficient was calculated for the model. Using a

generalized linear Poisson model based on the monthly

number of RSV cases, we then examined relative risk and

lag effects in greater detail by fitting linear unconstrained

distributed lag models [18] that included temperature terms

at each lag period that could be as long as 8 months.

All statistical tests were 2-tailed, and P-values \0.05

were considered statistically significant. All analyses were

performed using SPSS software, version 17.0 (SPSS, Inc.,

Chicago, IL, USA).

Results

Description of demographic and clinical characteristics

of the children in the study, virus seasonality,

and cyclical periodicity

The demographic and clinical characteristics of the chil-

dren included in this study are shown in Table 1. From

January 2001 to December 2011, the average numbers of

samples tested for common respiratory viruses per month

are shown in Table 2. The number of respiratory samples

received for testing increased following the 2003 severe

acute respiratory syndrome outbreaks. A total of 42,104

nasopharyngeal samples were tested at Suzhou Children’s

Hospital in patients with ARIs. Overall, at least one path-

ogen was identified in 11,785 cases, and 12,603 viruses

were detected using a direct fluorescence assay. RSV was

the most common virus detected (19.9 %), followed by

PIV-3 (3.7 %), IV-A (3.3 %), ADV (1.4 %), PIV-1

(0.9 %), IV-B (0.6 %), and PIV-2 (0.2 %).

With regard to the seasonal pattern for the most com-

mon respiratory viruses, RSV and IV-A activity showed a

distinctive winter peak, ADV showed a spring/summer

peak, and PIV-3 was frequently detected in summer

(Table 3).

In terms of cyclical periodicity, the monthly prevalence

of the four most common respiratory viruses is shown in

Figure 1A-D. RSV activity displayed a biennial pattern

with a larger winter peak alternating with a smaller one

during the following year. IV-A and PIV-3 activity showed

an annually recurring pattern, and ADV activity was

detected throughout the year. Increased RSV and IV-A

activity was observed with low environmental temperature,

and increased PIV-3 activity was observed with high

environmental temperature (Fig. 1).

Description of meteorological data

From 2001 to 2011, the monthly mean temperature was

16.8 ± 8.5 (mean ± standard deviation) �C, humidity was

67.3 ± 4.5 %, total rainfall was 86.2 ± 51.3 mm, total

sunshine was 141.2 ± 50.7 h, and wind velocity was

1.8 ± 0.4 m/s. The monthly mean data for these meteo-

rological variables over the study period are shown in

Figure 2. With regard to the seasonal pattern, all

Table 1 Demographic and clinical characteristics of children

Demographic and clinical characteristics

Age (range) 1 month-14 years

Sex (male-to-female) ratio 1.61:1

Clinical characteristics

Cough 40504 (96.2 %)

Fever 15157 (36.0 %)

Wheeze 11031 (26.2 %)

Running nose 13810 (32.8 %)

Dyspnea 2189 (5.2 %)

Cyanosis 1558 (3.7 %)

Diagnosis

URTI 1642 (3.9 %)

LRTI 37178 (88.3 %)

Asthma exacerbation 3284 (7.8 %)

URTI, upper respiratory tract infection; LRTI, lower respiratory tract

infection

Table 2 Average number of samples tested per month for each year

Year Average number per month Total number

2001 239 2869

2002 211 2533

2003 155 1861

2004 165 1981

2005 186 2233

2006 289 3471

2007 327 3926

2008 389 4670

2009 402 4826

2010 539 6471

2011 605 7263
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Table 3 Seasonality of common respiratory viruses and meteorological factors during 2001-2011

Season RSV IV-A PIV-3 ADV Mean

temperature

(�C) §

Relative

humidity

(%)

Total

rainfall

(mm)

Total

sunshine

(h)

Wind

velocity

(m/s)

Spring 1692 (15.89) 209 (1.96) 512 (4.81) 230 (2.16) 16.1 ± 4.6 67.3 ± 6.8 86 ± 45.2 163.1 ± 38.0 2.5 ± 0.5

Summer 236 (2.63) 186 (2.07) 629 (7) 238 (2.65) 27.8 ± 2.1 74.2 ± 5.4 139.7 ± 86.2 179.2 ± 53.0 2.5 ± 0.5

Autumn 1589 (16.05) 323 (3.26) 247 (2.49) 49 (0.49) 19.4 ± 4.9 70.6 ± 4.0 61.2 ± 41.7 153.7 ± 29.2 2.0 ± 0.6

Winter 4847 (38.56) 683 (5.43) 165 (1.31) 79 (0.63) 5.9 ± 2.0 68.8 ± 6.1 63.6 ± 37.8 117.0 ± 30.8 1.9 ± 0.5

v2 2494.72 279.29 554.44 256.17 202.696 9.045 13.882 15.135 10.499

P-value \0.0001 \0.0001 \0.0001 \0.0001 \0.001 \0.0001 \0.0001 \0.0001 \0.0001

Number of samples per season: spring (n = 10642), summer (n = 8986), autumn (n = 9903), winter (n = 12596)

Values in parentheses are in percent

RSV, respiratory syncytial virus; IV-A, influenza A virus; PIV-3, parainfluenza virus 3; ADV, adenovirus

§ P \ 0.05 pairwise comparisons among all seasons

Fig. 1 Monthly distribution of the four most common respiratory

viruses among children hospitalized with acute respiratory infections

from January 2001 to December 2011 in a subtropical area of China.

The relationships between mean temperature and prevalence of

respiratory syncytial virus (RSV; 1A), influenza A (IV-A; 1B),

parainfluenza 3 (PIV-3; 1C) and adenovirus (ADV; 1D) are shown
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meteorological factors were higher in summer and lower in

winter (Table 3, P \ 0.001 for all meteorological factors).

However, statistical significance is shown only for mean

temperature for the each season with pairwise comparisons

(Table 3).

Bivariate relationship of meteorological factors

with viral ARIs

Lower levels of these meteorological factors were

correlated with increased prevalence of RSV infection,

and higher levels were correlated with increased activi-

ties of PIV-3 and ADV (except for relative humidity).

IV-A activity was correlated with low temperature, while

IV-B activity was correlated with high wind velocity

(Table 4).

Using partial correlations, we found that activities of

RSV and PIV-3 were correlated with low and high envi-

ronmental temperatures, respectively. IV-A activity was

correlated with both low environmental temperature and

high wind velocity, and IV-B activity was correlated with

high wind velocity. ADV activity was correlated only with

high rainfall (Table 5).

Multiple time series analysis

The results of time-series analysis using expert modeler

for respiratory viruses are shown in Table 6.

Fig. 2 Monthly mean meteorological data in a subtropical area of China: relative humidity, total rainfall and total sunshine (left axis), mean

temperature and wind velocity (right axis)

Table 4 Associations between meteorological factors and respiratory

virus infections during 2001-2011 (Spearman rank correlation)

Mean

temperature

Relative

humidity

Total

rainfall

Total

sunshine

Wind

velocity

RSV -0.837** -0.195* -0.343** -0.46** -0.2*

IV-A -0.315 ** 0.085 -0.186* -0.071 0.159

IV-B -0.077 -0.004 0.003 0.143 0.255**

PIV-

1

0.063 0.133 0.043 0.007 0.13

PIV-

2

0.022 0.048 -0.062 0.071 0.238**

PIV-

3

0.467** 0.22* 0.264** 0.261** 0.19*

ADV 0.496** 0.081 0.249** 0.411** 0.357**

RSV, respiratory syncytial virus; IV-A, influenza A virus; IV-B,

influenza B virus; PIV-1, 2, 3, parainfluenza virus 1, 2, 3; ADV,

adenovirus

* P \ 0.05

** P \ 0.01

Table 5 Correlations between meteorological factors and respiratory

virus infections during 2001-2011 (partial correlation test)

Mean

temperature

Relative

humidity

Total

rainfall

Total

sunshine

Wind

velocity

RSV -0.623** 0.079 -0.137 -0.009 0.1

IV-A -0.289** 0.205* -0.064 0.154 0.15

IV-B -0.197* -0.108 0.094 0.093 0.305**

PIV-

1

0.027 0.075 -0.070 0.004 0.095

PIV-

2

-0.083 0.169 0.032 0.135 0.136

PIV-

3

0.207* 0.084 0.117 0.086 -0.066

ADV 0.134 -0.045 0.298** 0.153 0.113

RSV, respiratory syncytial virus; IV-A, influenza A virus; IV-B,

influenza B virus; PIV-1, 2, 3, parainfluenza virus 1, 2, 3; ADV,

adenovirus

* P \ 0.05

** P \ 0.01
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Environmental temperature had an impact on RSV, PIV-3

and ADV activity. RSV prevalence increased with low

environmental temperature and PIV-3 and ADV preva-

lence increased with high environmental temperatures

(Fig. 1).

The prevalence of RSV in hospitalized children was

then predicted using the ARIMA model. Temperature was

the only independent covariant significantly associated

with the prevalence of RSV infection in the multiple time

series analysis (b = -0.998, P = 0.002) (Fig. 3). The

stationary R2 value was 0.612 for the ARIMA model

automatically selected by the expert modeling procedure.

No meteorological factors were included in the multiple

time series analysis based on the ARIMA model for other

respiratory viruses. The effect of temperature was signifi-

cant at the lag periods of 2, 4, 5 and 7 months using the

distributed lag model. Little effect was observed for the

other lag periods (Fig. 4). Considerations were made for

interpretational difficulty due to very long lag periods; we

considered lag periods (delays in effect) of up to 3 months

for the influence of temperature on the number of RSV

cases. Eventually, notable significance (P = 0.0004) was

found with lag periods of 2 months, with the same result

when the analysis was done by ARIMA. For a 1 �C

increase in the average monthly temperature, the number of

RSV cases decreased by 11.25 % (95 % CI: 5.34 % to

16.79 %).

Discussion

Infections caused by respiratory viruses have definite sea-

sonality, but the reasons for seasonal variation are not

clearly understood. A combination of immunological,

epidemiological, and virological factors have been

explained for this phenomenon [19]. Besides host and virus

specific factors, meteorological factors are considered to

contribute to this seasonality.

Our data demonstrated a complex interaction between

common respiratory viruses and climatic factors including

temperature, humidity, rainfall, sunshine and wind veloc-

ity. A complete understanding on how meteorological

factors affect the transmission of the respiratory viruses

would help with effectively predicting the spread of these

viruses in humans. Although this may never be achieved,

our study has increased the knowledge in this field.

In this study, environmental temperature was identified

to be the most important meteorological factor associated

with respiratory virus variations, especially for RSV, IV-A,

and PIV-3. Monthly temperature was inversely correlated to

RSV and IV-A activity, and positively correlated to PIV-3

activity, while IV-B activity correlated with both mean

temperature and wind velocity. Total rainfall was positively

correlated with ADV activity using partial correlations.

RSV was identified as to be the most common virus in

hospitalized children with ARIs. Nevertheless, the seasonal

Table 6 Multivariate time-series models for respiratory syncytial virus (RSV), parainfluenza virus type 3 (PIV-3), and adenovirus (ADV) from

January 2001 to December 2011

Pathogen Parameter Lag time Model 1: without meteorological factors Model 2: with meteorological factors

Estimate S.E. P-value Estimate S.E. P-value

RSV AR Lag 1 0.621 0.053 \0.001 0.706 0.070 \0.001

AR Lag 2 -0.877 0.046 \0.001 - - -

MA Lag 1 0.600 0.094 \0.001 - - -

Temperature Lag 0 -0.152 0.183 \0.001

Lag 1 0.538 0.053 \0.001

Lag 2 -0.829 0.054 \0.001

PIV-3 AR Lag 1 0.570 0.072 \0.001 0.460 0.081 \0.001

MA Lag 6 0.202 0.088 0.024 - - -

Temperature Lag 0 0.158 0.036 \0.001

ADV AR Lag 1 0.544 0.090 \0.001 - - -

AR Lag 2 -0.653 0.069 \0.001 - - -

MA Lag 1 0.883 0.091 \0.001 -0.543 0.086 \0.001

Temperature Lag 0 0.100 0.011 \0.001

RSV (Model 1: R-square = 0.775; Model 2: R-square = 0.837)

PIV-3 (Model 1: R-square = 0.360; Model 2: R-square = 0.477)

ADV (Model 1: R-square = 0.427; Model 2: R-square = 0.446)

MA, moving average; AR, autoregressive
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prevalence of RSV infection varies between the tropical

equatorial regions and the more temperate regions of the

northern and southern hemispheres. In the geographical

areas near the equator, such as Singapore, where the tem-

perature is constantly high and rainfall is usually heavy,

RSV activity was found throughout the year with a peak

during March-August [12]. In Hawaii and Saudi Arabia,

with temperate climate around a latitude 24� to 29�, RSV

activity peaks during December-January, the wet winter

season [20, 21]. In our study, we observed that RSV

activity was consistent with that in Hawaii and Saudi

Arabia, likely due to the similar climate, with a latitude of

approximately 31�. Some temperature-based hypotheses

center on human physiology in response to less sunlight

and cold temperatures. A popular theory states reduced

vitamin D production in winter in temperate climatic

regions compromises the immune system, thus increasing

host susceptibility to seasonal viruses [17]. People are more

likely to spend time in a crowded, air-conditioned envi-

ronment in winter, which favors the easy transmission of

viruses from one individual to another as the environment

favors survival of air-borne viruses [22]. Cold weather not

Fig. 3 Prediction of the

incidence of respiratory

syncytial virus (RSV) infection

on the basis of an autoregressive

integrated moving average

model (0,1,2), with mean

temperature as the covariate.

Good agreement was found

between observed and predicted

RSV incidence. LCL, lower

confidence interval; UCL, upper

confidence interval

Fig. 4 Percent change (and

95 % CI) in the number of RSV

cases per �C increase in

temperature at each lag

(unconstrained distributed lag

models)
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only reduces the frequency of cilia beats that can help clear

pathogens from uninfected individuals but also increases

viral shedding from infected individuals [3, 23, 24]. In

present study, RSV-associated hospitalizations were pre-

dictable, and the monthly number of RSV cases decreased

by 11.25 % for every 1 �C increase in the average tem-

perature with a lag effect.

For IV-A, there were no meteorological factors signifi-

cantly associated in this study except for ambient temper-

ature. The weekly incidence of influenza increased with

lower environmental temperature and relative humidity in

Japan [7]. A Hong Kong study reported increased inci-

dence of IV-A with higher relative humidity [14]. Two

studies conducted in a subtropical climate similar to ours

showed differing results. One reason for this difference

may be the relatively lower incidence of IV-A in Suzhou

than in Japan and Hong Kong. The other reason may be

that Suzhou is not a coastal but an inland city, in contrast to

Hong Kong, and has a mean relative humidity of 68 % with

a coefficient of variation of 8 %, which is much lower than

that in Hong Kong. In this subtropical area, however,

influenza B has a very low prevalence (0.6 %) throughout

the year compared to influenza A (3.3 %), and the asso-

ciations would not be obvious in this study.

In our study, PIV-3 activity demonstrated a clear annual

epidemic cycle with a peak usually in late spring or sum-

mer, whereas PIV-1 and PIV-2 activity did not demonstrate

any specific seasonality peaks. This finding is similar to a

22-year study conducted in England and Wales [25]. Hsieh

et al. reported clusters of PIV-3 infections in Taiwan

mainly in the spring and early summer over a 3-year study

period [26]. PIV-3 activity in the present study had a

positive association with monthly mean temperature. At the

molecular level, temperature is known to influence the

fusion of lipid-enveloped viruses such as PIV-3 with the

cellular membrane, allowing cell entry and replication to

occur. Viruses cannot effectively fuse with a cell and inject

genetic material at low temperature [27, 28].

Our data on predicting respiratory virus activity could

provide assistance in geographical areas where detection of

respiratory virus activity may never be possible. The lim-

itation of our study is that the data analysis alone may not

serve as a conclusive interpretation, since any of the rela-

tionships with meteorological factors may be an indication

of other social or environmental factors that also vary with

the seasons. Furthermore, the question remains whether the

incidence of virus in hospitalized children corresponds to

that of the general community. It should also be noted that

our study was based on a single center for data, which

might have potential biases because of the age structure

and vaccination coverage of the catchment population. In

addition, the changing susceptibility of the population

through physiological reactions to a certain climate could

also be a factor, and transmission of respiratory viruses

through physiological reactions and host behavior under

certain climate conditions may also affect the interpretation

of data [14, 19, 29–32].

Despite these limitations, further understanding of the

impact of environmental factors on the prevalence of

common respiratory viruses can be useful and important in

predicting seasonality of respiratory virus infections. Dif-

ferent respiratory viruses show different correlations to

certain meteorological factors. The ARIMA model pre-

dicted the prevalence of RSV infections on the basis of the

influence of temperature and its own pattern.
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