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Introduction

Respiratory infections are among the most common

diseases for all age groups, and are an important cause

of morbidity and mortality in children; more than 4

million children die annually from respiratory infections

worldwide [1, 2]. Acute respiratory infections in the

United States reportedly account for 53% of all acute ill-

nesses and 36% of school absences [3]. In Korea, respira-

tory infections account for 17−25% of children admitted

to general hospitals [4−6]. Recently, the frequency of

respiratory infections has increased due to climate

change-related factors such as abnormal temperatures

and environmental pollution [1, 7−9]. In Korea, the fre-

quency and duration of yellow dust and particulate mat-

ter pollution events have increased steadily. As a result,

the number of patients with asthma and lung disease

has also increased, and there is a possibility that viruses

may be introduced through yellow dust [10, 11].

The viruses most commonly found in patients with

viral upper respiratory tract infections include rhinovi-

ruses, coronaviruses, influenza viruses, parainfluenza

viruses, and adenoviruses, with infection by rhinovi-

ruses accounting for more than 50% of all cases [11].

The use of big data may facilitate the recognition and interpretation of causal relationships between dis-

ease occurrence and climatic variables. Considering the immense contribution of rhinoviruses in causing

respiratory infections, in this study, we examined the effects of various climatic variables on the seasonal

epidemiology of rhinovirus infections in the temperate climate of Cheonan, Korea. Trends in rhinovirus

detection were analyzed based on 9,010 tests performed between January 1, 2012, and December 31, 2018, at

Dankook University Hospital, Cheonan, Korea. Seasonal patterns of rhinovirus detection frequency were

compared with the local climatic variables for the same period. Rhinovirus infection was the highest in

children under 10 years of age, and climatic variables influenced the infection rate. Temperature, wind

chill temperature, humidity, and particulate matter significantly affected rhinovirus detection. Tempera-

ture and wind chill temperature were higher on days on which rhinovirus infection was detected than on

which it was not. Conversely, particulate matter was lower on days on which rhinovirus was detected.

Atmospheric pressure and particulate matter showed a negative relationship with rhinovirus detection,

whereas temperature, wind chill temperature, and humidity showed a positive relationship. Rhinovirus

infection was significantly related to climatic factors such as temperature, wind chill temperature, atmo-

spheric pressure, humidity, and particulate matter. To the best of our knowledge, this is the first study to

find a relationship between daily temperatures/wind chill temperatures and rhinovirus infection over an

extended period.
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Therefore, rhinovirus infection may be the most common

acute infection in humans [7, 8, 12−14]. Rhinoviruses

can be classified into picornaviruses (Picornaviridae)

and enteroviruses (Enterovirus). They are the leading

cause of the common cold and runny nose (acute rhinitis),

and more than 100 serotypes are known [2]. In general,

rhinoviruses are the cause of non-thermal upper respira-

tory tract infections [4, 15−17]. Rhinovirus symptoms

typically appear approximately 20 h after infection. A

previous study [18] accounted for the meteorological

parameters 3 days prior to patient visits to the clinic,

and found that the average incubation time before symp-

tom onset was 1.9 days. Currently, there are no commer-

cial vaccines against most respiratory viruses (RVs),

except for influenza A and B [19], and effective preven-

tion and control of viral infections remains difficult.

Therefore, research on various patient populations, cli-

mate factors, and environmental factors will help in the

prevention and treatment of respiratory viral diseases

[20, 21].

Climate change and environmental destruction are

the main factors associated with the increased spread of

new viruses [9, 10]. Therefore, the aim of this study was

to investigate the effects of various climatic variables on

the seasonal epidemiology of respiratory infections, spe-

cifically rhinovirus infections, in a temperate climate. By

anticipating and preparing for an infectious disease epi-

demic according to climatic variables, hospitalization

periods can be shortened through rapid diagnosis and

treatment, and the occurrence of infections can be

reduced by taking preventive measures against the

anticipated infectious diseases, thereby reducing social

and economic costs [22].

Materials and Methods

Sample collection
This was a retrospective study based on respiratory

virus reverse transcription-quantitative PCR (RT-qPCR)

results. All respiratory samples used in the study

were obtained as nasal swabs, throat swabs, and

non-pharyngeal aspirates of patients with suspected

respiratory diseases from January 1, 2012 to December

31, 2018. These samples were sent to the medical labora-

tory at the Dankook University School Hospital in

Cheonan City, Republic of Korea for RT-qPCR analysis.

We collected a single sample from each patient and did

not include duplicate tests performed on the same date

in our analysis. If the same patient was hospitalized

more than once, all hospitalizations were included in the

examination. Outpatient samples were excluded from

the data analysis. The samples were either tested imme-

diately after collection or were refrigerated at 4℃ (if test-

ing was not immediately available) and tested within

24 h. 

Ethics
This study was approved by the Institutional Review

Board (IRB) of Dankook University (No. 2019-12-007).

Data did not contain personal or identifiable informa-

tion, and therefore the requirement of patient consent

for the use of these data was waived.

RT-qPCR analysis
RNA was extracted from the collected specimens using

QIAamp MinElute Virus Spin Kit (Qiagen GmbH,

Germany). The extracted nucleic acids were amplified

and probed for RVs using the AdvanSure RV real-time

RT-PCR kit (LG Life Science Ltd., Korea) according to

the manufacturer’s instructions.

Climatic variables
Cheonan, Chungcheongnam-do, Korea (36.47°N,

127.13°E) has an area of 636.3 km2 and a typical tem-

perate climate. The weather data for the Cheonan region

from January 1, 2012 to December 31, 2018 were

obtained from the Korea Meteorological Administration,

and particulate matter data were obtained from the

National Institute of Environmental Research; daily-

automated surface observing system (ASOS) data and

particulate matter concentration data were collected.

Climate data, including precipitation (mm), air tempera-

ture (℃), wind chill temperature (℃), daily temperature

range (℃), humidity (%), atmospheric pressure (hPa),

and particulate matter concentration (µg/m³), were used

in the analysis. Wind chill temperature was calculated

using the formula 13.12 + 0.6215 × T – 11.37V0.16 +

0.3965V0.16 × T, where T is the air temperature and V is

the wind speed (km/h) measured at 10 m above the

ground.
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Statistical analysis
SAS version 9.4 (SAS Institute Inc., USA) was used to

perform descriptive statistical analysis, frequency analy-

sis, t-tests, and binomial logistic regression analysis to

investigate the relationship of meteorological variables

and particulate matter concentrations with rhinovirus

infection detection. For all analyses, statistical signifi-

cance was set at p < 0.05. The Shapiro-Wilk test was

used to determine the normality of the data, and two-

tailed tests were performed to test the statistical signifi-

cance.

Results

During the study period, 1,920 rhinovirus results were

obtained, with 36.88% (n = 708) and 52.19% (n = 1,002)

from children under 1 year and 1–9 years of age, respec-

tively (Table 1). The detection rate of rhinovirus was

higher in males (60.16%) than in females (39.84%). In

total, 1,243 patients were infected only with rhinovirus,

and 677 patients were simultaneously infected with

other RVs. Among the targeted age groups, those under

the age of 10 had the highest rate of rhinovirus infection

(89%) during the study period and the most significant

results. Of note, the high rate of infection in those under

the age of 10 affected the results. The number of

patients infected with rhinovirus decreased sharply

during the winter and increased in the spring (April to

June) as the temperature began to rise (Fig. 1). 

Fig. 2 shows the associations of rhinovirus infection

with temperature, wind chill temperature, atmospheric

pressure, and particulate matter concentration. The

concentration of particulate matter was high from

November to May, and the wind chill temperature rose

rapidly during the spring and early summer (Fig. 2). The

air and wind chill temperatures, daily temperature

range, humidity, and particulate matter concentration

differed significantly between the days on which rhi-

novirus infection was detected and those on which no

infection was detected, according to t-tests (Table 2). The

average air and wind chill temperatures were higher on

days on which rhinovirus infections were detected. Both

the average daily temperature range and humidity were

Fig. 1. Temporal distribution of rhinovirus infections from January 2012 to December 2018.

Table 1. Patient demographics.

Rhinovirus cases

Age (years) N %

< 1 708 36.88

1–9 1,002 52.19

10–19 99 5.16

20–29 9 0.47

30–39 6 0.31

40–49 3 0.16

50–59 13 0.68

60 and above 80 4.17

Sex

Male 1,155 60.16

Female 765 39.84

No. of viruses detected

1 (only rhinovirus) 1,243 64.74

2 585 30.47

3 88 4.58

4 4 0.21
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also significantly higher on the days on which viral infec-

tion was detected than on those on which it was not. In

contrast, the average particulate matter concentration

was significantly lower on days on which viral infection

was detected. No significant differences in mean precipi-

tation and atmospheric pressure were found.

In the binomial logistic regression analysis, air and

wind chill temperatures, atmospheric pressure, and par-

ticulate matter concentrations were significantly associ-

ated with rhinovirus infection (Table 3). Air and wind

chill temperatures showed positive effects on rhinovirus

infection, whereas atmospheric pressure and particulate

matter concentrations demonstrated negative effects;

that is, a higher number of rhinovirus infections

occurred with higher air and wind chill temperatures,

and with lower atmospheric pressure and particulate

matter concentrations (Table 3).

Discussion

During the study period, rhinovirus infection was the

highest in patients under the age of 10 years (>89%),

Fig. 2. Associations of temperature (A), wind chill temperature (B), particulate matter (C), and atmospheric pressure (D), with
the rhinovirus detection rate.

Table 2. Difference in climatic variables according to days on which rhinovirus infection was detected. 

Virus Climatic variables
Mean climatic values on days 

rhinovirus was Difference in 
means

95% CI
p-valuea

Detected Not detected Lower Upper

Rhinovirus Precipitation (mm) 3.10 2.60 0.50 -0.04 1.04 0.067

Air temperature (℃) 14.27 10.23 4.05 3.54 4.56 <0.0001

Wind chill temperature (℃) 13.89 9.53 4.36 3.82 4.90 <0.0001

Daily temperature range (℃) 11.54 11.31 0.23 0.02 0.44 0.029

Relative humidity (%) 68.18 66.70 1.47 0.82 2.13 <0.0001

Atmospheric pressure (hPa) 1007.2 1007.9 -0.7 -1.4 0.1 0.073

Particulate matter (μg/m³) 48.54 51.83 -3.29 -4.76 -1.81 <0.0001
aSignificant p values are indicated in bold. 
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and infection rates increased each year during the tran-

sition from winter to spring and summer to fall. Many

viruses demonstrate pronounced seasonality in temper-

ate climates, and various studies have been conducted to

determine the underlying cause; however, the relation-

ship between climate and virus infection is not clear.

Rhinovirus is the most common cause of colds and has

recently been recognized as the most common exacerba-

tor of asthma, a disease that affects approximately 10%

of the population in the United States of America [3, 12].

Rhinoviruses multiply in the nasal cavity, which is rela-

tively colder than the lungs that are equipped with

enhanced antiviral defenses [23−26]. Differences in indi-

vidual immunity because of changes in the weather may

also have a significant effect on rhinovirus infection and

severity, and on co-infection with other diseases [27−29].

Further research is needed to analyze the relationship

between the incidences of influenza virus, respiratory

syncytial virus, and rhinovirus.

Since rhinovirus symptoms begin to appear approxi-

mately 20 h after infection, the climatic variables on the

day of the test may be unsuitable or inappropriate for

use in comparisons to or correlations with the test

results. Indeed, climatic changes were reported to occur

prior to outbreaks of human rhinovirus infection [18].

However, the study was conducted in polar regions, and

thus the timing relationships may differ from those in

temperate climates.

Even with the same rhinovirus, the incubation period

determined can vary depending on the research method

used or the virus subtype. The Cheonan region did not

display a sharp decrease in temperature during the win-

ter, and the amplitude of the positive rate of detection

was not large. Hence, we decided to explore possible

associations between the detection of rhinovirus and

specific climate variables. Therefore, establishing the

viral incubation period requires various analyses in con-

sideration of regional climatic conditions.

In this study, virus detection was significantly related

to climatic variables such as atmospheric pressure, par-

ticulate matter, temperature, and wind chill tempera-

ture. The average atmospheric pressure and particulate

matter concentrations were lower on days on which

infection was detected than on days on which it was not.

The average temperature, wind chill temperature, and

humidity were higher on days on which the virus was

detected than on days on which it was not. Temperature

and wind chill temperature showed a positive effect on

virus detection, whereas atmospheric pressure and par-

ticulate matter had a negative effect. There have been

no studies to date on the relationship between viral

infection and wind chill temperature; however, previous

studies have reported that viral infection rates are pro-

portionally related to humidity and that temperature is

inversely proportional to humidity. In this study, infec-

tion rate, temperature, and humidity showed propor-

tional relationships: wind chill temperature, which is

affected by temperature, wind speed, and humidity, had

a significant effect on virus detection, and the viral

detection rate was high during seasonal changes. The

different results for relative humidity among studies

may be due to variation in the incidence of rhinovirus in

winter among different regions. 

In this study, the particulate matter concentration

was high when the rhinovirus detection rate was rapidly

increasing. The incidence of respiratory diseases in med-

ical institutions has been shown to increase when the

concentration of particulate matter (PM10) increases

[30−33]. Greater concentrations of particulate matter

increase the hospitalization rates for patients with

asthma and chronic obstructive pulmonary disease [34,

35]; worsen symptoms and reduce lung function in indi-

viduals with pre-existing respiratory conditions; increase

the rate of influenza infection [36]; increase mortality

from pneumonia, influenza [37], cardiovascular, and

lung disease; increase the rates of hospitalization owing

to cardiovascular complications among patients with

diabetes [38]; and increase the number of hospital outpa-

Table 3. Correlations between climatic factors and rhinovirus
infections.

Climatic Variables
Odds 
Ratioa

95% CI for odds ratio

Lower Upper

Precipitation (mm) 0.989 0.887 1.102

Air temperature (℃) 1.575 1.443 1.720

Wind chill temperature (℃) 1.412 1.294 1.542

Daily temperature range (℃) 1.077 0.987 1.175

Relative humidity (%) 1.073 0.983 1.171

Atmospheric pressure (hPa) 0.732 0.671 0.799

Particulate matter (μg/m³) 0.824 0.754 0.900
a Values with significant correlations are indicated in bold.  
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tient visits by children [30]. Most previous studies on the

relationship between PM10 and respiratory viruses in

the atmosphere did not detect significant relationships

due to technical limitations. Although there are studies

on the relationship between PM10 and respiratory viral

infections [31−33, 37], there have been few such studies

in Korea [39]. In this study, rhinovirus detection was

found to be lower when the concentration of particulate

matter was higher. A previous study showed that in

nasal epithelial cells exposed to PM10 in vitro [40], the

rhinovirus infection rate increased as the concentration

of PM10 increased. However, another study had incon-

sistent findings [39]. The distribution of PM10 varies

greatly by region and over time; therefore, it is necessary

to analyze the differences by region, rather than compre-

hensively. Further studies are needed to clarify the rela-

tionship between PM10 and rhinovirus infection.

There were some limitations to this study. First, the

duration of the investigation and its focus on a single

city could lead to a bias in the viral etiology. Second, as

the data were anonymous, it was not possible to deter-

mine whether an individual was a visitor or a resident of

the area; therefore, the tested samples may have

included samples from patients who did not live in the

collection area. However, given that a large number of

samples was tested over a six-year period, the samples

are considered representative.

There is no specific treatment for rhinovirus, but con-

sidering the high social cost of rhinovirus infection, it is

essential to develop an antiviral agent that can reduce

the treatment duration. As part of the Korea Center for

Disease Control and Prevention strategies, research has

been conducted to analyze and monitor the characteris-

tics of viral upper respiratory tract infections and severe

respiratory infections in children. Research and develop-

ment into viral agents are also underway. Thus, under-

standing the epidemiology of rhinoviruses and their

severity will provide essential information for the devel-

opment of future treatments. 

This study can be used as a basis for future research

using a combination of medical data and meteorological

data for specific respiratory viral infections. This study

is the first to examine the relationship of rhinovirus

detection with particulate matter and wind chill tem-

perature in a specific region and confirms that the inci-

dence of rhinovirus infection may increase with

continuing climate change. Combining various types of

climate change data with the accumulated medical data

for specific respiratory viral infections can help predict

respiratory viral outbreaks, and these predictions could

be used for prevention and appropriate treatment. By

linking medical data with weather and meteorological

data, it may be possible to predict disease infection rates

based on region and patient demographics. Ultimately,

our results will assist in providing improved health care

and treatment for respiratory viral infections.
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