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Abstract

Introduction:
The outbreak of new infectious diseases is threatening human survival. Transmission of such diseases is
determined by several factors, with climate being a very important factor. This study was conducted to
assess the correlation between the occurrence of infectious diseases and climatic factors using data
from the Sentinel Surveillance System and meteorological data from Gwangju, Jeollanam-do, Republic of
Korea.

Result
The climate of Gwangju from June to September is humid, with this city having the highest average
temperature, whereas that from December to February is cold and dry. Infection rates of Salmonella
(Temperature: r = 0.710**; Relative humidity: r = 0.669**), E. coli (r = 0.617**; r = 0.626**), Rotavirus
(r=-0.408**; r=-0.618**), Norovirus (r=-0.463**; r=-0.316**), In�uenza virus (r=-0.726**; r=-0.672**),
Coronavirus (r=-0.684**; r=-0.408**), and Coxsackievirus (r = 0.654**; r = 0.548**) have been shown to
have a high correlation with seasonal changes, speci�cally in these meteorological factors.

Discussion & Conclusions:
Pathogens showing distinct seasonality in the occurrence of infection were observed, and there was a
high correlation with the climate characteristics of Gwangju. In particular, viral diseases show strong
seasonality, and further research on this matter is needed. Due to the current COVID-19 pandemic,
quarantine and prevention have become important to block the spread of infectious diseases. For this
purpose, studies that predicts infectivity through various types of data related to infection are important.

Introduction
Currently, the incidence of infectious diseases is decreasing in developed countries, but infectious
diseases are still an important cause of death and disease in underprivileged and developing countries
with poor sanitation (WHO 2007). The transmission of infectious diseases is determined by a number of
factors, such as social, economic, and ecological conditions, access to medical services, and human
innate immunity (Jones et al. 2008). The agents of various infectious diseases and the growth rates of
reservoir species and pathogens are known to be sensitive to climatic conditions (McMichael et al. 2006),
and suitable weather conditions for their survival and reproduction facilitate their spread (WHO 2003).

Discussions on the issue of climate change have been active in recent years, wherein the World Health
Organization (WHO) went so far to state that “Climate change is the greatest challenge of the 21st
century, threatening all aspects of the society in which we live” (Campbell-Lendrum et al. 2018). In
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addition, the US Centre for Disease Control and Prevention (CDC) reports that abnormal weather
phenomena caused by global climate change are damaging, affecting society, economy, and politics, and
have a great impact on the health of humanity, especially in the area of infectious diseases (U.S. CDC
2019).

Therefore, climate change is also a major issue in the health sector. To explain the relationship between
climate change and infectious diseases, many studies have been conducted on the spread of infectious
diseases, reproduction rates, and host migration based on changes in temperature and in the balance of
the ecosystem (Lafferty 2009). Climate change affects the incidence, prevalence, and distribution of
infectious diseases, and the uncertainty is expected to be high. In this regard, we proposed the
construction of an integrated network of environmental and epidemiological data (Semenza and Menne,
2009). In particular, climate change and increased climate variability are more likely to affect vector-borne
diseases (Gage et al., 2008).

Although many studies have explained seasonal �uctuations in speci�c infectious diseases, a few
studies have investigated long-term trends in climate and various disease group involvement. Therefore,
this study aimed to evaluate whether infectious disease outbreaks in Korea and climate change are
related by analyzing data on infectious diseases and meteorological factors that occurred in a region in
Korea.

Materials And Methods

Infectious Disease Data
Infectious disease occurrence data from 2016 to 2019 were obtained from the Gwangju-si, Jeollanam-do,
Republic of Korea sample surveillance infectious disease data, published on the Infectious Disease Portal
of the Korea Disease Control and Prevention Agency. In Table 1, sentinel surveillance infectious disease
refers to an infectious disease that is continuously monitored and its data continuously collected by
designating sample organizations for infectious diseases, designated by the Act on the Prevention and
Management of Infectious Diseases in Korea. Early detection is very important to the monitoring and
analyses of epidemic incidence rates and trends, in order to effectively respond to outbreaks and provide
rapid information about the disease. The Sentinel Surveillance System is an infectious disease
management system. Sentinel surveillance data are used in Gwangju, wherein the collection of data is
based on reports of the competent medical institutions (comprising both laboratory examinations and
physician’s diagnosis) and examination results are collated and analyzed at the Gwangju Research
Institute for Public Health and Environment. When detected, infectious diseases are reported to the
website of the sentinel surveillance infectious diseases (http://is.cdc.go.kr) within 7 days. In addition, this
study was exempted from deliberation in the Dankook University Institutional Review Board (approval
number: DKU 2021-03-060).
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Table 1
Sentinel surveillance infectious disease in Korea

Surveillance
System

Division Infectious disease name

Sentinel
Surveillance
System

Group 3 In�uenza (A,B)

Group 5 Ascariasis, Trichuriasis, Enterobiasis, Clonorchiasis,
 Paragonimiasis, Metagonimiasis

Designated
infectious disease

Hand, foot, and mouth disease

Sexually transmitted
diseases

Gonorrhea, Chlamydial
infection

Chancroid, Genital herpes

Condyloma acuminata

Health care-associated
infections

VRE

MRSA

MRPA

MRAB

Sentinels in infections
surveillance

Gastrointestinal
infections

Acute respiratory
infections

Imported parasitic
infections

Enterovirus Infection

Supplementary
Surveillance

    Ophthalmologic Disease

Climate data
The climate data for the Gwangju region used in this study were provided by the weather data opening
portal of the Korea Meteorological Administration. Meteorological factors used were the monthly average
temperature, relative humidity (RH), amount of precipitation, and particulate matter concentration.

Classi�cation and de�nition of infections
The period between January 2016 to December 2019 was subject to the reporting of gastrointestinal
infections, acute respiratory infections, and enterovirus infections in the Gwangju Research Institute for
Public Health and Environment sentinel surveillance of infectious diseases. Gastrointestinal infections
are classi�ed into bacterial gastroenteritis (8,671 cases) and viral gastroenteritis (8,668 cases), while
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acute respiratory infections are classi�ed as viral respiratory infections (9,823 cases) and enterovirus
infections (3,715 cases).

Study method
Cross-analysis with pathogenic disease data was performed using the infectious disease occurrence data
(monthly and yearly) and meteorological data from the same period obtained from the Korea
Meteorological Administration. A correlation analysis was conducted to determine the relationship
between meteorological factors and disease occurrence. The appropriate sample size for this study was
calculated using G*Power version 3.1, and the size that was calculated was 588 with a power of 0.95.
Given that the total sample size of this study was 30,877, we believe that the sample size to be
satisfactory. The Kolmogorov-Smirnov test was used to assess the normality of distribution of
continuous variables, and statistical analysis was performed at a signi�cance level of 0.05, using SPSS
version 21.0 (SPSS Inc., Chicago, IL, USA).

Result

General characteristics of the infectious disease outbreak
Table 2 shows the distribution of infectious diseases and meteorological factors from 2016 to 2019, with
30,877 suspected cases of infectious diseases and 9,051 detected pathogens. Among the 8,671 cases
(28.1%) suspected of bacterial gastroenteritis, 1,561 cases (17.2%) were detected by examining the
sample specimen (stool, rectal smear, etc.), and the most frequently detected pathogens were Salmonella
(non-typhoidal, 525 cases, 33.6%), E. coli (502 cases, 32.2%), C. jejuni (215 cases, 13.8%), and S. aureus
(200 cases, 12.8%). Of the 8,668 cases (28.1%) suspected of viral gastroenteritis, 2,264 cases (25.0%)
were detected by examining the sample specimen (stool, rectal smear, etc.), and norovirus (955 cases,
42.2%) and rotavirus (797 cases, 35.2%) were the most frequently detected pathogens.
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Table 2
General characteristics of the sentinel surveillance infectious disease

Classi�cation Year Total

2016 2017 2018 2019

Number of tests for bacterial
gastroenteritis

1630
(18.8*)

2220
(25.6)

2525
(29.1)

2296
(26.5)

8671
(28.1)

Number of detections 343
(22.0)

412
(26.4)

428
(27.4)

378
(24.2)

1561
(17.2)

Salmonella 104
(30.3)

157
(38.1)

136
(31.8)

128
(33.9)

525
(33.6)

E. coli 96 (28.0) 130
(31.6)

135
(31.5)

141
(37.3)

502
(32.2)

Shigella spp 5 (1.5) 0 (0.0) 3 (0.7) 1 (0.3) 9 (0.6)

Vibrio parahemolyticus 0 (0.0) 1 (0.2) 2 (0.5) 3 (0.8) 6 (0.4)

Campylobacter jejuni, C. coli 34 (9.9) 44 (10.7) 87 (20.3) 50 (13.2) 215
(13.8)

Staphylococcus aureus 79 (23.0) 47 (11.4) 41 (9.6) 33 (8.7) 200
(12.8)

Yersinia enterocolitica 2 (0.6) 7 (1.7) 0 (0.0) 7 (1.9) 16 (1.0)

Bacillus cereus 17 (5.0) 20 (4.9) 20 (4.7) 11 (2.9) 68 (4.4)

Clostridium perfringens 6 (1.7) 5 (1.2) 4 (0.9) 4 (1.0) 19 (1.2)

Listeria monocytogenes 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.0)

Number of tests for viral
gastroenteritis

1630
(18.8)

2220
(25.6)

2522
(29.1)

2296
(26.5)

8668
(28.1)

Number of detections 422
(18.6)

696
(30.7)

592
(26.1)

554
(24.5)

2264
(25.0)

Rotavirus 77 (17.4) 176
(25.3)

169
(28.5)

375
(67.7)

797
(35.2)

Adenovirus 52 (11.8) 47 (6.8) 49 (8.3) 109
(19.6)

257
(11.3)

Astrovirus 29 (6.6) 55 (7.9) 76 (12.8) 10 (1.8) 170 (7.5)

Norovirus 247
(55.9)

404
(58.0)

277
(46.8)

27 (4.9) 955
(42.2)

Sapovirus 17 (3.8) 14 (2.0) 21 (3.6) 33 (6.0) 85 (3.8)

* mean
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Classi�cation Year Total

2016 2017 2018 2019

Number of tests for viral respiratory
infections

2130
(21.7)

3306
(33.7)

2842
(28.9)

1545
(15.7)

9823
(31.8)

Number of detections 734
(19.2)

1166
(30.5)

932
(24.4)

992
(25.9)

3824
(42.3)

In�uenza virus 206
(28.0)

236
(20.3)

143
(15.4)

169
(17.0)

754
(19.7)

Adenovirus 71 (9.7) 126
(10.8)

165
(17.7)

215
(21.7)

577
(15.1)

PIV 66 (9.0) 161
(13.8)

93 (10.0) 104
(10.5)

424
(11.1)

RSV 57 (7.8) 127
(10.9)

83 (8.9) 71 (7.2) 338 (8.8)

Coronavirus 77 (10.5) 69 (5.9) 89 (9.5) 47 (4.7) 282 (7.4)

Rhinovirus 165
(22.5)

281
(24.1)

234
(25.1)

249
(25.1)

929
(24.3)

HBoV 27 (3.7) 40 (3.4) 27 (2.9) 43 (4.3) 137 (3.6)

HMPV 65 (8.8) 126
(10.8)

98 (10.5) 94 (9.5) 383
(10.0)

Number of tests for enterovirus
infections

861
(23.2)

967
(26.0)

1113
(30.0)

774
(20.8)

3715
(12.0)

Number of detections 464
(33.1)

298
(21.2)

370
(26.4)

270
(19.3)

1402
(15.5)

Echovirus 171
(36.9)

16 (5.4) 126
(34.0)

58 (21.5) 371
(26.5)

Coxsackievirus 107
(23.1)

167
(56.0)

146
(39.5)

0 (0.0) 420
(30.0)

Enterovirus 3 (0.6) 6 (2.0) 13 (3.5) 76 (28.1) 98 (7.0)

Poliovirus 0 (0.0) 0 (0.0) 0 (0.0) 50 (18.5) 50 (3.5)

untypable 183
(39.4)

109
(36.6)

85 (23.0) 86 (31.9) 463
(33.0)

Total number of tests 6251
(20.2)

8713
(28.2)

9002
(29.2)

6911
(22.4)

30877

Total number of detection 1963
(21.7)

2572
(28.4)

2322
(25.7)

2194
(24.2)

9051

* mean
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Classi�cation Year Total

2016 2017 2018 2019

Meteorological factor  

Temperature (℃) 15.0 14.6 14.6 14.7 14.7

Atmospheric Pressure (hPa) 1008.1 1008.4 1008.3 1008.0 1008.2

Relative Humidity (%) 71.9 68.7 70.6 69.2 70.1

Precipitation (mm) 123.5 78.1 119.0 90.5 102.8

Wind chill Temperature (℃) 14.6 14.2 14.2 14.3 14.4

Particulate Matter ( /m³) 36.2 34.1 29.0 29.8 32.2

* mean

Viral respiratory infections were detected most frequently during the study period. Of the 9,823 suspected
viral respiratory infection cases (31.8%), 1,561 cases (42.3%) were detected pathogens, and rhinovirus
(929 cases, 24.3%), in�uenza virus (754 cases, 19.7%), and adenovirus (577 cases, 15.1%) were the most
frequently detected pathogens. Among the 3,715 cases (12.0%) suspected of enterovirus infections, 1,402
cases (15.5%) were detected as viruses, wherein Coxsackievirus (420 cases, 30.0%) and echovirus (371
cases, 26.5%) were the most frequently detected. There were also 463 (33.0%) cases of viruses of
unknown type. Looking at the meteorological factors during the same period, temperature was 14.6 ~ 
15.0°C, RH (%) was 68.7 ~ 71.9%, precipitation was 78.1 ~ 123.5 mm, and particulate matter
concentration was observed to be 29.0 ~ 36.2 µg/m3.

Characteristics of seasonal meteorological factors and
changes in infectious disease occurrence
In Fig. 1, meteorological factors and infectious disease epidemic characteristics are shown for each
season, with the average temperature, RH, and precipitation being highest from July (27.1°C, 84%, 210.0
mm, respectively) to August (27.6℃, 80%, 205.9 mm, respectively). During this period, Salmonella
(75,125 cases), E. coli (78,134 cases), C. jejuni and C. coli (4,141 cases), and Coxsackievirus (110,100
cases) were found to have the highest incidence than in any other period. The coldest and driest months,
along with low precipitation, were December (3.7°C, 64.3%, 34.4 mm, respectively), January (1.1°C, 65.3%,
29.2 mm, respectively), and February (2.9℃, 58.0%, 36.5 mm, respectively). During this period,
Salmonella (December: 11 cases, January: 16 cases, and February: 18 cases), E. coli (31, 14, 16 cases), C.
jejuni and C. coli (12, 10, 17 cases), and Coxsackievirus (9, 1, 2 cases) showed low detection rates.
However, there were also infectious disease pathogens observed to be prevalent in winter, such as
rotavirus, norovirus, in�uenza virus, and coronavirus. Rotavirus was detected at low levels from July to
November, with the lowest detection rate in August (four cases) and the highest detection rate in March
(188 cases). Norovirus was prevalent from November to May of the following year, with the lowest
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detection rate in July (25 cases) and the highest detection rate in December (229 cases). Similarly,
in�uenza virus (164 cases) and coronavirus (62 cases) were also detected with the highest number of
pathogens in December and in�uenza virus detection rates were low from June to October (4, 3, 1, 1, and
1 cases, respectively). Coronavirus detection rates were low from June to July (2, 3 cases, respectively).

Correlation between infectious disease prevalence and
meteorological factors
Table 3 shows the correlation between monthly meteorological factors and disease-causing pathogens
using Pearson’s correlation coe�cient. Salmonella (Temperature: r = 0.710, p < 0.01; RH: r = 0.669, p < 0.01;
precipitation: r = 0.659, p < 0.01; particulate matter: r=-0.508, p < 0.01), E. coli (r = 0.617, p < 0.01; r = 0.626,
p < 0.01; r = 0.593, p < 0.01; r=-0.672, p < 0.01), and Campylobacter jejuni and C. coli (r = 0.458, p < 0.01; r = 
0.304, p < 0.05; r = 0.431, p < 0.01; r=-0.330, p < 0.05), among other bacterial gastroenteritis pathogens,
were observed to have a positive correlation with meteorological factors (temperature, RH, and
precipitation).
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Table 3
Correlations between incidences of the infectious diseases and monthly mean values of meteorological

factors
Classi�cation Temperature

(℃)
Relative
Humidity (%)

Precipitation
(mm)

Particulate Matter
( /m³)

Salmonella 0.710** 0.669** 0.659** -0.508**

E. coli 0.617** 0.626** 0.593** -0.672**

Shigella spp 0.164 0.212 0.378** -0.192

Vibrio
parahemolyticus

0.081 0.140 0.102 -0.222

Campylobacter jejuni,
C. coli

0.458** 0.304* 0.431** -0.330*

Staphylococcus
aureus

0.245 0.249 0.371** 0.032

Yersinia enterocolitica -0.020 -0.132 -0.182 0.007

Bacillus cereus 0.399** 0.276 0.153 -0.283

Clostridium
perfringens

0.156 0.095 0.090 -0.085

Listeria
monocytogenes

0.006 -0.168 -0.070 0.193

Rotavirus -0.408** -0.618** -0.336* 0.321*

Adenovirus -0.042 -0.068 -0.038 -0.111

Astrovirus 0.269 0.250 0.376** -0.273

Norovirus -0.463** -0.316* -0.351* 0.191

Sapovirus 0.348* 0.379** 0.262 -0.308*

In�uenza virus -0.726** -0.672** -0.498** 0.478**

Adenovirus -0.130 -0.140 -0.285 -0.021

Parain�uenza virus 0.473** 0.125 0.220 0.183

RSV -0.440** -0.219 -0.357* 0.037

Coronavirus -0.684** -0.408** -0.395** 0.287

Rhinovirus -0.096 -0.311* -0.163 0.368*

The value is the Pearson’s correlation coe�cient between the number of infectious disease
occurrences and the monthly mean value of meteorological factors.

* P < 0.05, **P < 0.01, Signi�cant p values in bold.
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Classi�cation Temperature
(℃)

Relative
Humidity (%)

Precipitation
(mm)

Particulate Matter
( /m³)

HBoV 0.297* -0.125 0.061 0.366*

Human
metaneumovirus

-0.279 -0.537** -0.277 0.511**

Echovirus 0.478** 0.402** 0.389** -0.331*

Coxsachievirus 0.654** 0.548** 0.426** -0.386**

Enterovirus 0.377** 0.395** 0.294* -0.329*

Poliovirus 0.227 0.248 0.014 -0.250

untypable 0.598** 0.529** 0.513** -0.335*

The value is the Pearson’s correlation coe�cient between the number of infectious disease
occurrences and the monthly mean value of meteorological factors.

* P < 0.05, **P < 0.01, Signi�cant p values in bold.

Viral gastroenteritis pathogens showed opposite correlations with bacterial gastroenteritis pathogens.
Rotavirus (r=-0.408, p < 0.01; r=-0.618, p < 0.01; r=-0.336, p < 0.05; r = 0.321, p < 0.05) and norovirus
(r=-0.463, p < 0.01; r=-0.316, p < 0.05; r=-0.351, p < 0.01; r = 191, p > 0.05) were observed to have a negative
correlation with meteorological factors. However, sapovirus showed a weak positive correlation (r = 0.348,
p < 0.05; r = 0.379, p < 0.01; r = 0.262, p > 0.05; r=-0.308, p < 0.05). In�uenza virus (r=-0.726, p < 0.01;
r=-0.672, p < 0.01; r=-0.498, p < 0.01; r = 0.478, p < 0.01), coronavirus (r=-0.684, p < 0.01; r=-0.408, p < 0.01;
r=-0.395, p < 0.05; r = 0.287, p > 0.05), and the pathogens of respiratory infections were prevalent mainly in
winter, showing a negative correlation with the meteorological factors. However, parain�uenza virus (PIV)
(Temperature: r = 0.473, p < 0.01) was positively correlated with temperature, with PIV observed to be
prevalent during the high temperature season. Enterovirus pathogens were prevalent in the warm season,
and Coxsackievirus showed the highest correlation (r = 0.654, p < 0.01; r = 0.548, p < 0.01; r = 0.426, p < 
0.01; r=-0.386, p < 0.01)

Discussion
This study was conducted to determine the correlation between the infectious disease outbreak and the
climate in Gwangju, Jeollanam-do, Republic of Korea. The four seasons in Korea have distinct
characteristics of climate and meteorological factors. Therefore, the climate characteristics of Korea are
considered suitable conditions for studying the correlation of pathogens and meteorological factors.

In this study, the highly correlated pathogens were Salmonella, E. coli, Campylobacter jejuni and C. coli,
rotavirus, norovirus, in�uenza virus, coronavirus, and Coxsackievirus. Salmonella, E. coli, and
Campylobacter jejuni were observed to have a high incidence during the summer (July-September),
wherein the number of infections increased from April and the highest number of cases occurred in
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August. Among the earlier studies that found an association between Salmonella infection and
meteorological factors, very high temperatures were found to be a risk factor for contracting Salmonella
infection, with more than a six-fold higher risk than that at low temperatures and two-fold higher risk at
very high humidity relative to moderate humidity (Wang Pin et al. 2018). In this study, the same result was
obtained, with the lowest detection rate of Salmonella in March with eight cases in 4 years, while the
most number of detected cases of Salmonella were seen in the month of August with 125 cases yearly
(totaling 525 cases). Comparing the meteorological factors between these months, March (temperature
8.6℃, RH 62.5%) and August (27.6℃, 80%) were statistically different (t-test result, p < 0.01). E. coli
showed a high correlation with meteorological factors; it was detected the most in August (134 cases,
26.7%), and the detection rate was low from November to June (160 cases in 8 months, 31.9%). Of the
total number of E. coli cases detected (502), 68.1% (342 cases) were detected from July to October. In the
study of survival and reproduction of E. coli, it was seen that, during the summer season, the temperature
rises due to the increase in sunshine, which may promote the growth and aid in the survival of E. coli
(Perencevich, et al. 2008). Increased water and raw food intake due to high temperatures can also
promote bacterial or viral transmission if said food and water is contaminated (D’Souza et al. 2004).
Numerous studies have also suggested that precipitation (Gagliardi and Karns 2000; Auld et al. 2004)
and relative humidity (Cox 1966) is associated with E. coli outbreaks. Campylobacter jejuni and C. coli
showed twice the number of detections in July and August (41 and 41 cases, respectively) compared to
other periods, with July and August having much higher rainfall. An earlier study examining the
seasonality of C. jejuni and C. coli has shown that increased precipitation is associated with an increased
incidence of campylobacteriosis (Febriani et al. 2010).

Viral gastroenteritis caused by rotavirus (December – May) and norovirus (November – May) occurred
more frequently in the dry and cold seasons, with 703 out of 797 cases (88.2%) of rotavirus and 768 out
of 955 cases (77.2%) of norovirus being detected during this season. Thus, the results of this study
suggest that rotavirus infection increases as temperature, humidity, and rainfall decrease (Sumi et al.
2013). Additionally, norovirus outbreaks exhibit a clear seasonality with a peak in winter and a trough in
summer (winter being Dec-Feb in the Northern Hemisphere, Jun-Aug in the Southern Hemisphere) (Ahmed
et al. 2013).

Viral respiratory infections showed high seasonality (Table 3), among which, in�uenza virus showed the
highest correlation and number of seasonal detections (Fig. 1). Seasonal epidemics of the in�uenza virus
are well documented, with in�uenza virus prevalence and average temperature having a negative
correlation. On the other hand, PM10 has a positive correlation with in�uenza cases (Li et al. 2020), and
numerous other studies have reported negative correlations between temperature and the prevalence of
the in�uenza virus (Cao et al. 2010; Xu et al. 2013; Wang et al. 2017). In addition, coronaviruses also
show a characteristic seasonality, which occurs mostly in winter and spring, according to a study
conducted in adults (Hendley et al. 1972), and human coronavirus 229E in aerosol form is generally less
stable at high humidity (Ijaz et al. 1985). Coronavirus infection risk has been reported even in tropical
regions due to humidity, and in the well-equipped air-conditioned environment, such as hotels and
hospitals, there was observed to be an epidemic risk of increased incidence of SARS (KUNLin et al. 2006).
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Likewise, in our study, it was observed that the outbreak of in�uenza virus showed a negative correlation
in response to precipitation and humidity.

Enteroviruses belong to the family Picornaviridae, and is classi�ed into approximately 70 species
according to their serotype. Polioviruses are classi�ed into poliovirus and non-poliovirus because of its
clinical importance, and can be subdivided into Coxsackie virus group A, group B, echovirus, and
enterovirus of various serotypes (Bennett et al. 2000). The targets of the Sentinel Surveillance System are
Enterovirus infections, speci�cally those causing hand, foot, and mouth disease; poliovirus is constantly
monitored as a statutory infectious disease. In this study, in the correlation analysis, enteroviruses
showed a positive correlation with meteorological factors, excluding particulate matter. In particular, the
Coxsackie virus was prevalent with 373 detected cases (88.8%) between May and September, with an
average monthly temperature of 19.6°C or higher, and a high correlation being observed. For comparison,
the month when the detection of Coxsackie virus was less than 10 was from November to April, with an
average temperature of 10°C or less. Enterovirus occurs frequently from summer to early autumn and
shows the highest incidence rate in August, showing remarkable seasonality (Abedi et al. 2018). The
summer-fall seasonality in Coxsackie virus detection was more prominent than for most other serotypes
(Khetsuriani et al. 2006), and the mean relative humidity and mean temperature were the only factors
found to be independently associated with EV71 infection (Chang et al. 2012). Enterovirus seasonality,
which was observed in our study, has also been reported in numerous studies.

In this study, published data were used and had certain limitations: adenovirus, human respiratory
syncytial virus (RSV), human rhinovirus (HRV), human metapneumovirus (HMPV), parain�uenza virus
(PIV), and human bocavirus (HBoV) were associated with some meteorological factors, but no distinct
seasonality was observed. The earlier studies published on these pathogens stated the following:
Adenovirus has a high survival rate at high humidity and at a temperature of about 9℃, making it
di�cult to detect seasonality. PIV increases at 9.4℃ and low humidity (Price et al. 2019), and, as for HRV,
HRV-A was found steadily throughout the year in the sputum intensive test, HRV-B was found mainly in
summer, and HRV-C was found mainly in winter (Ikäheimo et al. 2016). HMPV peaks in early spring, when
the infection prevalence is low, and the epidemic occurs every other year in some European countries
(Price et al. 2019). HBoV has a seasonality that is prevalent in the cold season (Manning et al. 2006;
Jacques et al. 2008), but no distinct seasonality of HBoV was seen in subtropical and tropical (India)
climates (Bharaj et al. 2010; Xu et al. 2012). We analyzed the reason for the difference in results of
previous studies; we found a possibility of an interference factor (e.g., increased mask wearing rate owing
to �ne dust) or this difference might have been due to events unknown during the analysis period (e.g.,
large population infection).

Conclusion
Our study suggests that some gastroenteritis cases (bacteria and viruses), viral respiratory infections, and
enterovirus infections have seasonal pathogens due to meteorological factors. In particular, viral diseases
show prominent seasonality, and further studies are needed to con�rm this phenomenon. Due to the
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current pandemic of COVID-19, quarantine and prevention have become important in blocking the spread
of infectious diseases. For this purpose, research that analyzes and predicts infectivity through various
types of data related to infection is important. We are creating a quarantine model that responds to the
current pandemic and new infectious diseases that may occur in the future. As in this study, a study to
understand the characteristics of infectious diseases depending on meteorological factors is considered
necessary as basic data.
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Figure 1

Variations in meteorological factor and detection rates of major pathogens (2016–2019)


