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Introduction

Respiratory tract infections are among the most

common human ailments [1]. Lower respiratory tract

infections are a continuing public health issue, with a

mortality rate of 0.036%, resulting in more than two

million deaths per year worldwide [2]. Infections caused

by generic viral pathogens, such as the human mastade-

novirus (HAdVs), respiratory syncytial virus, influenza

A and B viruses, and parainfluenza virus, are leading

causes of lower respiratory tract infections in children

[3, 4]. 

HAdVs is a non-enveloped DNA virus that belongs to

the family Adenoviridae, genus Mastadenovirus, and

species Human mastadenovirus; it is classified into

seven types, denoted by the letters A to G, based on its

DNA homology [6−8]. Currently, more than 80 serotypes

have been identified by applying biochemical and bio-

logical standards [9]. HAdVs infection in immunocom-

promised patients, or those infected with a specific

serotype, manifests in severe illness that may result in

death [9, 10]. HAdVs may cause severe, and often fatal,

pneumonia or bronchiolitis [5]. HAdVs account for

approximately 10% of the lower respiratory tract

infections in children [11]. HAdVs can be transmitted
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through the respiratory system, with the alveolar and

oral paths being the main propagation routes in children

[9].

There are currently no commercial vaccines against

respiratory viruses (RVs), except influenza A and B.

Thus, preventing and effectively controlling viral infec-

tions can present themselves as a heinous task [12].

Therefore, investigations on the viral etiology of respira-

tory infections that occur at various ages and climatic/

seasonal periods are crucial for successfully implement-

ing prevention, control, and treatment strategies [13].

Several theories have been proposed to explain influ-

enza’s seasonal patterns; however, few studies have

examined the relationship between climate and HAdVs

incidence [14]. In the present study, the effects of

weather on the seasonal dynamics of HAdVs under

warm climatic conditions were investigated. Under-

standing the effects of climate on HAdVs infections may

help minimize the requirement for immunization and

enable timely prevention of infections with the develop-

ment of future vaccines. Additionally, the current study

provides basic epidemiological data for establishing

HAdVs infection and prevention measures in the com-

munity.

This would be with a specific focus on the impact of

environmental/weather-related variables on the rate of

spread of HAdVs infection.

Materials and Methods

Sample collection
All respiratory samples used in the study were

obtained as nasal/throat swabs or non-pharyngeal

aspirates from patients with suspected respiratory

diseases from January 1, 2012, to December 31, 2018.

These samples were sent to the Dankook University

School Hospital’s medical laboratory in Cheonan City,

Republic of Korea, for real-time reverse transcriptase-

polymerase chain reaction (RT-PCR) analysis. Each

patient provided a single sample; duplicate tests

performed on the same date were not included in our

analysis. Outpatient samples were also excluded from

the data analysis. Samples were either tested immediately

after being obtained or refrigerated at 4℃ (if not imme-

diately available for testing) and tested within 24 h.

Ethical approval
The present study was approved by the IRB Committee

of the Dankook University (No. 2019-12-007) and was

conducted in accordance with the Declaration of

Helsinki. Due to the retrospective nature of the study,

consent forms were not required.

Real-time RT-PCR
Respiratory samples were processed with the QIAamp

MinElute Virus Spin Kit (Qiagen, Germany) to extract

nucleic acids [26]. Extracted nucleic acids was subse-

quently amplified and tested for RVs using AdvanSure

RV real-time RT-PCR (LG Life Science, Korea) accord-

ing to the manufacturer’s instructions. AdvanSure RV

real-time RT-PCR (LG Life Science) is known to detect

HAdVs types 1, 2, 3, 4, 5, 8, 11, 12, 18, 23, and 35 [27].

Sources of climate data
The National Institute of Environmental Sciences is

managed by the Ministry of Environment in South

Korea, overseeing domestic research and educational

initiatives in relation to the environment. The auto-

mated synoptic observing system (ASOS) is a manned

weather measurement system by which the Korea

Meteorological Agency obtains information on changes

in weather factors. Weather data for the Cheonan region

for the period January 1, 2012 to December 31, 2018,

were obtained by the Korea Meteorological Administra-

tion; particulate matter data were obtained from the

National Institute of Environmental Research. Daily

weather information data were obtained from ASOS.

Variables used in the study included the date, month,

and year during which the samples were obtained, age

and sex of the patients, and climatic variables.

Climatic variables
Cheonan, Chungcheongnam-do, Korea, has a typical

temperate climate; its coordinates are 36.47°N,

127.13°E, covering an area of 636.3 km2. Daily ASOS

and particulate matter concentration data were col-

lected. Climate data including date and time of precipi-

tation (mm), air temperature (℃), wind chill

temperature (℃), daily temperature range (℃), monthly

average temperature (℃), relative humidity (%), atmo-

spheric pressure (hPa), and particulate matter concen-
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tration (µg/m³) were used to analyze climate variables.

Rainfall data were not analyzed. Wind chill tempera-

tures were assessed using the formula:

13.12 + 0.6215 x T − 11.37V0.16 + 0.3965V0.16 x T

where T denotes the air temperature (℃) and V denotes

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

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

perform descriptive statistical analysis, frequency analy-

sis, Student’s t-test, and binomial logistic regression

analysis to investigate the correlation of meteorological

and particulate matter concentrations with the human

mastadenovirus detection rate. Continuous data are pre-

sented as the mean, and categorical data are presented

as frequencies and percentages, where appropriate. For

all the analyses, a 2-tailed p-value less than 0.05 was

considered statistically significant.

Results

In 2019, there were approximately 650,000 residents

in Cheonan, Korea. In the present study, samples

obtained from 9,010 patients with respiratory infection

symptoms, who visited the Dankook University Hospital

between January 2012 and December 2018, were

evaluated. A total of 890 patients tested positive for

HAdVs, accounting for 9.88% (890/9,010) of the total

number of individuals with respiratory disease symptoms

who visited the hospital (Table 1). Of these patients,

72.81% (648/890) were aged 1−9 years (Table 1). A

higher detection rate of HAdVs was observed in the 1−9

years age group (72.81%, 648/890) than in the < 1 year

age group (18.90%, 151/890) (Table 1). In addition, a

higher HAdVs detection rate was observed in the male

group (59.10%, 526/890) than in the female group

(40.90%, 364/890) (Table 1). Of the 890 patients who

tested positive for HAdVs, 432 were infected with

HAdVs only, whereas the other 458 patients were simul-

taneously infected with other respiratory viruses.

Patients were observed to have been infected by

HAdVs throughout the year. The highest HAdVs

incidence rate was noted to be in March 2013, with the

second highest rate being recorded in December 2015

(Fig. 1). The Student’s t-test demonstrated that the

Table 1. Demographics of patients enrolled in this study.

Age
HAdVs

N %

<1 151 16.97

1~9 648 72.81

10~19 27 3.03

20~29 5 0.56

30~39 8 0.9

40~49 9 1.01

50~59 10 1.12

60~ 32 3.6

Total 890 100

Sex N %

Male 526 59.1

Female 364 40.9

Total 890 100

Infection amounts N %

1 (only HAdVs) 432 48.54

2 375 42.13

3 79 8.88

4 4 0.45

Total 890 100

Fig. 1. HAdVs-positive cases aggregated by monthly average temperature (2012-2018).
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mean values for temperature, wind chill temperature,

and atmospheric pressure were significantly different

from the corresponding readings on the days when the

HAdVs infection was detected as opposed to when an

infection was not (Table 2). In contrast, no significant

differences were observed in the relative humidity or

particulate matter relative to the infection detection

rate. Of the significant differences, the daily tempera-

ture range presented the smallest difference in mean

while the atmospheric pressure showed the largest

(mean difference 0.10, p = 0.498; -3.2, p < 0.0001, respec-

tively), based on the HAdVs detection rate.

The assessment through binary logistic regression

analysis demonstrated that temperature, wind chill

temperature, and atmospheric pressure were signifi-

cantly associated with HAdVs infection. The odds of

developing mastadenovirus infection were lower per unit

increase in temperature and wind chill, and greater per

unit increase in atmospheric pressure (Table 3).

Discussion

Respiratory infections due to HAdVs pose a formida-

ble challenge to global health. The present study demon-

strated that, in temperate zones, the likelihood of the

incidence of an HAdVs infection increases at a tempera-

ture of 18.2℃, particularly in April through June,

November, and December. During the study period, May

2016 had the average temperature of 18.2℃. Wind chill

temperature and atmospheric pressure presented signif-

Table 2. Daily mean meteorological factors and particulate matter and correlation with HAdVs infection.

Virus
Meteorological factor and 

Particulate Matter 
HAdVs-
positive

HAdVs-
negative

Difference in 
means

95% CI
p-value

Lower Upper

HAdVs

Temperature (℃) 13.10 11.38 1.73 0.980 2.474 <0.0001

Wind chill Temperature (℃) 12.61 10.79 1.82 1.032 2.616 <0.0001

Relative Humidity (%) 68.01 67.35 0.67 -0.30 1.63 0.176

Atmospheric Pressure (hPa) 1004.7 1008.1 -3.4 -4.455 -2.308 <0.0001

Particulate Matter (µg/m³) 52.14 50.49 1.65 -0.489 3.789 0.131

Virus
Meteorological factor and

 Particulate Matter 
HAdVs-
positive

HAdVs-
negative

Difference in 
means

95% CI
p-value

Lower Upper

HAdVs

Temperature (℃) 13.10 11.38 1.73 0.980 2.474 <0.0001

Wind chill Temperature (℃) 12.61 10.79 1.82 1.032 2.616 <0.0001

Relative Humidity (%) 68.01 67.35 0.67 -0.30 1.63 0.176

Atmospheric Pressure (hPa) 1004.7 1008.1 -3.4 -4.455 -2.308 <0.0001

Particulate Matter (µg/m³) 52.14 50.49 1.65 -0.489 3.789 0.131

Significant p-values are shown in bold. 
Confidence interval (CI) is a type of estimate computed from the statistics of the observed data. 

Table 3. Significant correlation between meteorological factors and particulate matter and HAdVs.

Virus
Meteorological factor and

 Particulate matter 
P-value Odds ratio

95% CI for odds ratio

Lower Upper

HAdVs

Temperature (℃) <0.0001 0.772 0.679 0.878

Wind-chill temperature (℃) <0.001 0.803 0.705 0.913

Relative humidity (%) 0.072 0.889 0.781 1.011

Atmospheric pressure (hPa) <0.0001 1.476 1.297 1.680

Particulate matter (μg/m³) 0.217 0.921 0.809 1.049

Significant p-values are shown in bold.
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icant effects on HAdVs infection rates. Relatively few

studies have examined the relationship between viral

infections and wind chill. Herein, the effects of tempera-

ture, wind chill, and atmospheric pressure were shown

to negatively impact HAdVs infection.

Although the seasonal nature of certain viruses in

temperate climates is well known, the relationship

between different climatic variables and virus infection

remains unclear [15]. Particulate matter is divided into

two different categories based on particle size: PM10,

fine dust with a diameter of less than 10 µm; and PM2.5,

fine dust with a diameter of less than 2.5 µm [16].

Several studies have investigated the relationship

between particle sizes of PM10 and airborne respiratory

viruses; however, the findings were inconclusive because

of technical limitations [17−22]. The size and composi-

tion of fine dust particles are quite complex and diverse

[23]. Our observations confirmed no correlation between

increased rates of HAdVs infection and the presence of

particulate matter.

The objective of the present study was to relate medi-

cal and weather data on specific respiratory virus infec-

tions in the same region over 7 years to produce a basis

for future research. The development of HAdVs infec-

tions was lower per unit increase in temperature and

wind chill; conversely, infections were greater per unit

increase in atmospheric pressure.

There were certain limitations to the present study.

First, a 7-year investigation in only one city is compara-

tively short; therefore, the results may be limited and

biased. Some of the samples tested may have been

obtained from patients who do not reside in the studied

area because the sample data were processed anony-

mously, and the residence of the patient was not speci-

fied. However, all samples obtained over the test period

were analyzed and considered representative of the pop-

ulation. Second, biological standards have been identi-

fied for more than 80 serotypes of HAdVs [20]. However,

in the present study, the HAdVs serotype was not ana-

lyzed separately. Therefore, further studies are needed

to identify HAdVs subtypes. Additionally, the asymp-

tomatic prevalence and pathogenicity of HAdVs should

be evaluated [24]. Finally, multiple factors may affect

viral infectious diseases [25]; in addition to the climate

data analysis, several other climatic factors may impact

them. Our results may, therefore, be insufficient to

arrive at a final interpretation. Further research is war-

ranted on the correlation between HAdVs and additional

climatic factors such as ozone concentrations and fine

particulate matter.

Despite these limitations, the obtained findings

improve our understanding of how seasons modulate

virus infection distributions, allowing public health offi-

cials to develop effective prevention strategies. A more

comprehensive, systematic medical treatment strategy

for respiratory infection-sensitive people, which is

directly climate-related, may be implemented. Linking

medical data with additional individual information will

provide a specific disease prevalence rate and patient-

specific patterns of behavior, leading to improved overall

healthcare standards in the region.
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