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Some viral infections display distinct seasonal patterns influenced by factors such as cli-
mate, human behavior, and viral characteristics. In this review, we investigated the season-
ality of 15 viral infections in Korea. We analyzed viruses for which national surveillance data
are available from the Korea Disease Control and Prevention Agency, including influenza vi-
rus, respiratory syncytial virus (RSV), rhinovirus, parainfluenza virus, metapneumovirus, hu-
man bocavirus, seasonal coronaviruses, enterovirus, adenovirus, norovirus, rotavirus, Japa-
nese encephalitis virus, Hantaan virus, varicella-zoster virus, and mumps virus. In temper-
ate climates, such as that in Korea, winter peaks are commonly observed for influenza,
RSV, and norovirus infections, whereas enteroviruses are more prevalent in summer and
early autumn. Parainfluenza viruses exhibit type-specific seasonality (circulating in warmer
months from spring to autumn). During the coronavirus disease 2019 pandemic (2020-
2021), the incidence of most respiratory and gastrointestinal viral infections analyzed in
this study declined substantially owing to non-pharmaceutical interventions, such as social
distancing and mask-wearing. After the preventive measures were relaxed, many viruses
initially exhibited delayed or atypical seasonal peaks. However, by 2024, the seasonality of
most, but not all, viral infections had largely returned to their pre-pandemic patterns. We
also reviewed factors influencing viral seasonality, including climatic conditions, vector ac-
tivity, human behavior, immunity, and viral genetic variation. These findings highlight the dy-
namic nature of viral seasonality and reinforce the importance of timely surveillance and
flexible public health responses tailored to each country’s epidemiological landscape.
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INTRODUCTION

Viral seasonality is a well-established phenomenon with distinct
seasonal patterns in the incidence and transmission of viral in-
fections [1, 2]. The seasonality of viral infections is influenced by
various factors, including environmental conditions, host behav-
ior, and viral characteristics. In temperate regions, many respira-
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tory viruses show distinct winter peaks, whereas in tropical re-
gions these patterns are less pronounced [2]. Korea, a temper-
ate country with cold, dry winters and hot, humid summers,
demonstrates distinct seasonal trends. For example, influenza
and respiratory syncytial virus (RSV) typically peak between De-
cember and February, whereas enteroviruses are more preva-
lent from late summer to early autumn. Understanding these
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seasonal patterns is essential for predicting outbreaks, optimiz-
ing healthcare resource allocation, and implementing timely
preventive measures. These measures include planning influ-
enza vaccination campaigns ahead of the winter peak or sched-
uling RSV prophylaxis for infants at high risk [3].

Several groups have analyzed the seasonal trends of individ-
ual viruses, highlighting fluctuations in their incidence rates [4-
6]. However, few studies have systematically reviewed the sea-
sonal trends of multiple viruses that display seasonal variations.
This lack of integrated research represents a gap in understand-
ing the broader landscape of viral seasonality, which is crucial
for improving public health preparedness and response strate-
gies. Comprehensive reviews of viral seasonality in Korea are
lacking, limiting insights into local patterns and their public
health implications. Viral seasonality varies between regions
and countries, emphasizing the need for country-specific stud-
ies to inform local health policies and interventions [1].

This review provides an integrated description of the season-
ality of common viral infections in Korea before, during, and af-
ter the coronavirus disease 2019 (COVID-19) pandemic. Concur-
rently, we provide a more comprehensive understanding of viral
activity, which can contribute to the development of more effec-
tive disease prevention and control strategies.

COMMON VIRUSES SHOWING SEASONALITY IN
KOREA

Influenza virus

Influenza viruses, belonging to the Orthomyxoviridae family, are
seasonal respiratory pathogens that cause epidemics during
winter and early spring in temperate regions. Multiple strains of
influenza viruses, such as H3N2, HI1N1, and influenza B, can
circulate concurrently within the same season [7]. In most tem-
perate regions, influenza A viruses tend to peak earlier in the
season than influenza B viruses [7]. In the Northern Hemi-
sphere, influenza activity typically peaks between October and
April, with the highest incidence occurring from December to
February, whereas in the Southern Hemisphere, influenza activ-
ity peaks from April to October. However, substantial variation
exists, and the seasonality of influenza viruses varies according
to the region and climate [8]. Subtropical regions show less pro-
nounced seasonality than temperate regions but still tend to
have higher influenza incidences during winter months. In tropi-
cal regions, influenza viruses circulate year-round without sea-
sonality, although viral activity may be higher during the rainy
season. Typically, viral seasonality is more pronounced at higher
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latitudes than at lower latitudes. However, this relationship is
modulated by other geographical and climatological factors,
such as continental climate effects and ocean currents, which
may alter the timing and intensity of seasonal peaks [1, 9]. This
seasonality gradient is closely related to climatic (e.g., tempera-
ture, humidity, and precipitation) and human behavioral (e.g.,
population density and social interaction patterns) factors.

In Korea, seasonal influenza epidemics traditionally occur be-
tween December and April [10]. In the 2018-2019 season, two
distinct peaks occurred in December 2018 and April 2019.
However, the COVID-19 pandemic altered this seasonal pattern.
During the 2020-2021 and 2021-2022 seasons, influenza ac-
tivity remained below the epidemic threshold because of social
distancing and non-pharmaceutical interventions. The typical
winter epidemic pattern returned in the 2022-2023 season,
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Fig. 1. Seasonal patterns of common viral infections in Korea before
the coronavirus disease 2019 pandemic (2015-2019) (https://
dportal.kdca.go.kr/). The horizontal lines indicate the months with
increased incidence during this 5-year period, and the horizontal
boxes represent the months within these periods when peak inci-
dence was observed.

Abbreviations: RSV, respiratory syncytial virus; PIV, parainfluenza virus; HCoV,
human coronavirus; hMPV, human metapneumovirus; JEV, Japanese en-
cephalitis virus; VZV, varicella-zoster virus.
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and the incidence rates were higher in the summer and autumn
than in previous years [10-12]. In other temperate countries,
such as the United States, Japan, and several European coun-
tries, influenza activity also showed atypical seasonal patterns
during the COVID-19-recovery phase, with some countries expe-
riencing off-season peaks in summer or autumn before return-
ing to the usual winter epidemic timing [13].

These seasonal dynamics are illustrated in Fig. 1, which pres-
ents the periods of increased and peak incidence for each virus
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before the COVID-19 pandemic. Table 1 presents a summary of
the seasonal trends before, during, and after the COVID-19 pan-
demic.

RSV

RSV, a member of the Pneumoviridae family, is a major cause of
respiratory infection in infants and young children. Along with in-
fluenza, RSV is one of the most prominent viruses displaying
seasonality [14, 15]. In temperate regions, RSV circulates during

Table 1. Seasonal patterns of common viral infections in Korea before, during, and after the COVID-19 pandemic (https://dportal.kdca.

go.kr/)
: : Primary site of Increased incidence before  Peak incidence before e .
Virus (family) infection COVID-19 COVID-19 Peak incidence during and after COVID-19
Influenza virus Respiratory tract Winter (October-April) Winter (December- 2020-2021: incidence markedly decreased
(Orthomyxoviridae) Influenza A tended to increase in February) 2022: incidence increased in winter and continuously
winter, whereas influenza B Bimodal peak in increased in other seasons
tended to increase from late December 2018 and  2023-2024: increased in winter, returned to pre-pandemic
winter to spring (April). April 2019 pattern
The 2018-2019 season had two
peaks in December 2018 and
April 2019.
RSV (Pneumoviridae)  Respiratory tract Winter (November-March) November-December  2020-2021: incidence markedly decreased
2022: himodal peak in January and October
2023: April peak
2024 incidence returned to pre-pandemic pattern
Rhinovirus Respiratory tract Year-round, with increases in No consistent peak 2020-2022: incidence decreased but present year-round
(Picornaviridae) spring and autumn when school 2023: large peak in April
terms start 2024 incidence returned to pre-pandemic pattern
PIV (Paramyxoviridae)  Respiratory tract April-November May-June 2020: incidence markedly decreased
2021: large peak in October-November
2022: himodal peak in June and November
2023: himodal peak in April and July
2024: returned to pre-pandemic pattern
Bocavirus Respiratory tract, April-August May-June 2020: incidence markedly decreased
(Parvoviridae) gastrointestinal tract 2021: peak in May

2022: peak in July-August
2023-2024: returned to pre-pandemic pattern

Seasonal coronavirus  Respiratory tract Winter (November-April) November-January 2020-2021: incidence markedly decreased
(Coronaviridae) 2022-2024: increased incidence in winter, with gradual
return to pre-pandemic pattern
hMPV (Pneumoviridae) Respiratory tract Spring (February-June) March-May 2020-2021: incidence markedly decreased
2022: peak in October
2023: peak in June
2024: gradual return to pre-pandemic pattern
Enterovirus Central nervous system,  Late spring to autumn (May- July-September 2020-2021: incidence markedly decreased
(Picornaviridae) skin, myocardium, October) 2022-2024: incidence decreased, with return to
conjunctiva, pre-pandemic pattern
respiratory tract,
gastrointestinal tract
(Continued to the next page)
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' . Primary site of Increased incidence before  Peak incidence before - .
Virus (family) infection COVID-19 COVID-19 Peak incidence during and after COVID-19
Adenovirus Respiratory tract, Year-round No consistent peak 2020-2022: incidence markedly decreased
(Adenoviridae) gastrointestinal tract, 2023: large peak in August
conjunctiva, urinary 2024: decreased incidence of respiratory adenoviral
tract infection, with the pre-pandemic pattern of year-round
occurrence maintained
Norovirus Gastrointestinal tract Winter (November-April) December-January 2020: increased incidence in early 2020 followed by a
(Caliciviridae) rapid decrease
2021: incidence increased in winter
2022: bimodal peak (January and June)
2023-2024: return to pre-pandemic pattern
Rotavirus Gastrointestinal tract Late winter to spring February-April 2020-2023: incidence decreased
(Sedoreoviridae) (December-May) 2023: incidence decreased with gradual return to pre-
pandemic pattern
JEV (Flaviviridae) Central nervous system  Late summer to autumn September-October  Similar to pre-pandemic pattern
(August-Nov)
Hantaan virus Kidney Autumn (October-December) October-November 2020-2021: incidence slightly decreased but increased in
(Hantaviridae) October-December, similar to pre-pandemic pattern
Vv Skin, nervous system Year-round, with bimodal Bimodal peak Year-round
(Orthoherpesviridae) seasonal peaks (April-July and (April-July and
October-December) October-December;
highest in December)
Mumps virus Salivary glands (parotid ~ Year-round May-June Year-round
(Paramyxoviridag) glands)
Measles virus Respiratory tract, skin ~ Rare, with small outbreaks in Continued low incidence
(Paramyxoviridae) 2014 and 2019 2024: slight increase from February-May

Abbreviations: COVID-19, coronavirus disease 2019; RSV, respiratory syncytial virus; PIV, parainfluenza virus; hMPV, human metapneumovirus; JEV, Japanese

encephalitis virus; VZV, varicella-zoster virus.

the winter months, although the timing, extent, and duration of
incidence surges vary annually. In the Northern Hemisphere,
RSV activity begins in early November and persists until early
March of the following year [8]. In contrast, in subtropical and
tropical regions, seasonality is less distinct, and the seasonal
patterns are more diverse. RSV tends to circulate continuously
year-round, with epidemic periods often lasting over 6 months.
RSV activity often increases during the rainy season, peaking
between July and November in some regions [16, 17]. In the
Southern Hemisphere, the RSV epidemic period is opposite that
of the Northern Hemisphere, with increased activity from May to
September. RSV seasonality becomes more pronounced with in-
creasing distance from the equator. However, accurately predict-
ing the timing of RSV epidemics based solely on geographic lo-
cation and climatic factors is challenging. Even within a single
country or region, the incidence of RSV infections may vary sub-
stantially. For example, in Korea, differences in outbreak timing
and peak activity have been reported across regions [18].

https://doi.org/10.3343/alm.2025.0226

Before the COVID-19 pandemic, RSV displayed a distinct sea-
sonal pattern in Korea, with increased incidence during the win-
ter months [10] (Fig. 1). However, this pattern changed during
the COVID-19 pandemic. Non-pharmaceutical interventions,
such as mask-wearing and social distancing during the pan-
demic, disrupted the typical RSV seasonality. During the 2020-
2021 season, no winter RSV epidemics occurred, and atypical
RSV B outbreaks occurred outside the traditional winter season.
Furthermore, during the COVID-19 pandemic, RSV activity
peaked approximately 2 months later than it did before the pan-
demic [18] (Table 1). Similar changes were reported in other
temperate countries, although the magnitude and timing varied
by country [5, 6]. RSV activity shifted to different seasons (e.g.,
summer or autumn) in some countries, while in others it showed
an unusually prolonged seasonal epidemic, and demonstrated a
delayed peak by several months in some, influenced by the tim-
ing and intensity of non-pharmaceutical interventions, travel re-
strictions, and immunity gaps [13]. In other temperate countries,
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such as the United States, Japan, and several European nations,
influenza activity similarly reemerged at atypical times during
the COVID-19-recovery phase, with some countries experiencing
off-season peaks in summer or autumn before returning to the
usual winter epidemic timing.

Rhinovirus

Human rhinoviruses, belonging to the Picornaviridae family, are
a major cause of upper respiratory tract infections. Rhinovirus
infections can occur year-round but generally display a seasonal
cycle in temperate regions, with two seasonal peaks in spring
and autumn [19, 20]. In contrast, seasonality tends to be less
distinct in subtropical and tropical regions, where temperatures
are relatively high year-round [20]. In Oahu, Hawaii and Ho Chi
Minh City, Vietnam, several rhinovirus peaks occur each year
[24, 22]. Close contact among students appears to facilitate the
rhinovirus transmission, making its incidence associated with
school terms [23].

In Korea, rhinovirus occurs year-round and tends to increase
in spring (March-May) and autumn (September-November)
[10, 24] in association with school reopening and seasonal
changes. This pattern changed during the COVID-19 pandemic.
During 2020-2022, rhinovirus activity decreased but remained
constant year-round. In 2023, a large peak occurred in April
2023, and the incidence subsequently returned to the pre-pan-
demic pattern [10, 25] (Fig. 1, Table 1). Similar patterns were
observed in other temperate countries during the COVID-19 pan-
demic, where rhinovirus circulation persisted year-round and of-
ten increased shortly after the relaxation of non-pharmaceutical
interventions or around school reopening [13].

Human parainfluenza virus (HPIV)

HPIVs, members of the Paramyxoviridae family, are important
respiratory pathogens. The seasonality of HPIVs is not as distinct
as that of influenza viruses or RSV and varies significantly by
HPIV type and region [8]. In temperate regions, such as the
United States, Europe, and Japan, the incidence of HPIV-1 infec-
tion tends to peak every 2 yrs in the autumn, whereas the inci-
dence of HPIV-2 infection tends to peak in the autumn but is
less predictable. HPIV-3 consistently peaks in the spring and
summer, and HPIV-4 typically peaks in late summer and early
autumn [25-28]. However, in China, the incidence of HPIV-4
has peaked in spring and summer in some years, differing from
its typical seasonal pattern in more temperate regions [29]. The
seasonality of HPIV-1, HPIV-2, and HPIV-3 appears to be similar
across hemispheres. For example, in western Australia, PIV-3
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peaks annually around September (corresponding to spring in
the Southern Hemisphere), whereas HPIV-1 peaks in April dur-
ing the autumn [30]. In tropical regjons, the seasonal patterns
are less distinct, and some reports have demonstrated no clear
seasonality [31]. In southeast Asian countries (including Singa-
pore, Malaysia, and Vietnam), the incidences of HPIV-1 and
HPIV-3 generally peak between January and May, with HPIV-3
peaking from February to May and HPIV-1 peaking from March
to May [27].

In Korea, HPIV displays a distinct seasonal pattern, peaking in
late spring and gradually declining, although seasonal peaks
can persist through the summer and autumn [10]. This pattern
appears to reflect the seasonality of HPIV-3, the most frequently
occurring type. As in most temperate regions, HPIV-3 in Korea
shows a distinct peak in the spring and summer, whereas
HPIV-1 and HPIV-2 display less distinct seasonality and tend to
circulate in autumn [25, 32]. The seasonality of HPIV-4 is diffi-
cult to define owing to limited research. During the COVID-19
pandemic, stringent infection-control measures led to a signifi-
cantly lower incidence of HPIV infection in 2020-2021 [18]. In
2021, HPIV-3 demonstrated an autumn peak from October to
November, differing from pre-pandemic patterns [18, 33, 34]. In
2022, HPIV displayed a bimodal peak in June and November
[10]. In 2023, the bimodal peak shifted to April and July. In
2024, the HPIV infections peaked in late spring, similar to the
seasonal pattern observed in the pre-pandemic period (Fig. 1,
Table 1). Similar atypical HPIV seasonality has been reported in
other temperate countries during the COVID-19 pandemic, with
some regions experiencing delayed peaks or extended activity
periods following the relaxation of non-pharmaceutical interven-
tions.

Human bocavirus (HBoV)

HBoV is a member of the Parvoviridae family that primarily
causes respiratory tract infections in children. HBoV infection oc-
curs year-round, with peak timing differing across countries [35].
In temperate climates, a higher incidence has been observed
during the winter months [35, 36], although other reports
showed a higher incidence during the spring or summer months
[37, 38]. Data from a study conducted in Sweden showed that
62% of HBoV1 infections occurred between December and
March, whereas research from Spain indicated that HBoV activ-
ity increased in December and January. However, data from
China, Japan, and Korea showed higher HBoV-positivity rates
during spring and summer [37, 38]. HBoV seasonality is less
pronounced in subtropical and tropical regions. For example, no
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distinct seasonal patterns were observed in Mexico [39].

In Korea, HBoV displays distinct seasonal patterns, with peak
incidence during the spring and summer months (April-August)
[10, 38, 40]. However, recent data suggest that the COVID-19
pandemic influenced the seasonality of respiratory viruses. The
incidence of HBoV infection decreased markedly in 2020;
peaked in May of 2021, July-August of 2022; and returned to
the pre-pandemic seasonal pattern in 2023-2024 [10] (Fig. 1,
Table 1).

Seasonal human coronaviruses (HCoVs: 229E, NL63,
0C43, and HKU1)

Seasonal HCoVs 229E, NL63, 0C43, and HKU1, members of
the Coronaviridae family, primarily cause upper respiratory infec-
tions. These four common HCoVs display clear seasonal pat-
terns, particularly in temperate regions [41]. Before the CO-
VID-19 pandemic, these coronaviruses typically circulated from
October to April, peaking in January or February, with activity
waning by late spring [41]. This pattern is similar to that of other
respiratory viruses, such as influenza virus and RSV, suggesting
a strong association with colder and drier conditions, which fa-
Vor coronavirus persistence and transmission [42, 43]. Although
most HCoVs (including NL63) peak in winter, NL63 shows
greater seasonal variability than that of other seasonal coronavi-
ruses. In some temperate countries, NL63 peaks in late sum-
mer to early autumn, diverging from the winter trend [44]. In
tropical and subtropical regions, such as Hong Kong and Zam-
bia, HCoV seasonality is less distinct [45, 46], suggesting that
higher temperatures and humidity in tropical climates contribute
to more variable and less predictable HCoV seasonality.

In Korea, HCoV seasonality is similar to that in other temper-
ate regions, with peaks in winter and early spring (December-
March) [10, 47]. HCoVs 229E, 0C43, and NL63 are detected
predominantly in winter, although specific data on the seasonal-
ity of HKU1 in Korea remain unavailable. Because HKU1 was
first identified in 2004, global data are relatively limited, and in-
formation from Korea is scarce. In 2020-2021, during the CO-
VID-19 pandemic, the circulation of HCoVs markedly decreased
owing to the implementation of stringent public health mea-
sures to control the spread [10]. However, from 2022 to 2024,
the incidence of HCoV infection increased during the winter
months and gradually returned to the pre-pandemic seasonal
pattern (Fig. 1, Table 1).

Human metapneumovirus (hMPV)
hMPV, a member of the Pneumoviridae family, primarily causes
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respiratory infections. In temperate regions, the incidence of
hMPV infection typically increases from late winter to spring, al-
though its seasonality may vary slightly from year to year and ac-
cording to the circulating strains and regions [8, 48]. However, in
subtropical and tropical regions, hMPV seasonality is less pro-
nounced, displaying diverse patterns depending on the location.
For example, in countries such as Vietham and Bangladesh,
hMPV circulates year-round [49, 50]. In Kuala Lumpur, Malaysia,
hMPV activity increases during the monsoon season from No-
vember to April, similar to the patterns observed in temperate
regions [51]. In Senegal, hMPV activity is associated with the
rainy season [52].

In Korea, the incidence of hMPV infection shows a distinct
seasonal pattern, with an increased incidence in late winter and
spring (February-June), peaking in March-May [10, 53]; how-
ever, the seasonality of hMPV infection changed significantly
during the COVID-19 pandemic [54]. During the 2020-2021 pe-
riod, the incidence of hMPV infection decreased markedly. In
2022, the incidence peaked in October, deviating from the pre-
pandemic pattern. In 2023, the incidence peaked in June. By
2024, the occurrence of hMPV returned to its pre-pandemic
seasonal pattern (Fig. 1, Table 1).

Enterovirus

Enteroviruses, members of the Picornaviridae family, are associ-
ated with a wide spectrum of clinical manifestations, including
respiratory infections, meningitis, encephalitis, hand-foot-and-
mouth disease, and myocarditis. According to the International
Committee on Taxonomy of Viruses (https://ictv.global/taxonomy),
the Enterovirus genus comprises 15 species, including enterovi-
rus A-L and rhinovirus A-C, and over 100 different types that
can infect humans. Each type causes distinct infections, and the
clinical manifestations can differ [4, 55]. However, comprehen-
sive studies have not been conducted that describe the dis-
eases and seasonality of all types collectively, owing to the large
number of enterovirus types. In practice, enterovirus typing is
not performed routinely in most laboratories. Because enterovi-
ruses and rhinoviruses share high genetic similarity, many com-
mercial assays detect them together as “enterovirus/rhinovirus,”
without differentiating between them. Consequently, most stud-
ies evaluating enterovirus seasonality rely on aggregated data,
and not all genotypes are detected simultaneously.

In temperate climates, enterovirus infections occur predomi-
nantly during summer and early autumn, typically between June
and October [4, 55]. In the United States, the peak incidence oc-
curs between July and September [56]. This seasonal pattern
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aligns with increases in temperature and humidity, which facili-
tate viral transmission. In tropical and subtropical climates, en-
terovirus seasonality is less pronounced. In southern China
(which has a subtropical climate), two distinct peaks in enterovi-
rus infections have been observed and are commonly associ-
ated with EV-A71 and CV-A16, the primary causes of hand-foot-
and-mouth disease [57]. No distinct seasonal pattern has been
reported in tropical Asian countries.

In Korea, enterovirus infections follow seasonal patterns typi-
cal of those found in temperate regions, with an increased inci-
dence from summer to early autumn (May-October) [10, 58,
59]. The incidence typically peaks between July and September.
During the COVID-19 pandemic, no seasonal peak of enterovirus
was observed in 2020-2021; however, this absence should be
interpreted with caution, as it likely reflects overall low circula-
tion due to extensive social distancing and public health mea-
sures, rather than a true loss of seasonality. Since 2022, the
typical summer peak has returned, resembling the pre-pan-
demic pattern [10] (Fig. 1, Table 1).

Adenovirus

Human adenoviruses are members of the Adenoviridae family
and cause various diseases, including respiratory infections,
conjunctivitis, and gastroenteritis. They consist of seven species
(A-G) and over 100 genotypes (http://hadvwg.gmu.edu/), with
overlapping clinical manifestations across species [60]. Unlike
influenza and RSV infections, respiratory adenovirus infections
generally do not exhibit strong seasonality [61]. Although adeno-
viruses tend to circulate year-round without distinct seasonal
peaks, some reports have shown small seasonal variations in
their prevalence. For example, in temperate climates, a slight in-
crease in incidence during winter and early spring has been re-
ported [62, 63]. Pharyngoconjunctival fever, often associated
with swimming pools, is more prevalent in summer [64]. Adeno-
viral gastroenteritis does not exhibit a specific seasonal pattern
[65, 66].

In Korea, respiratory adenoviruses circulate year-round, with
small peaks commonly observed in spring and autumn [10, 67,
68]. During the COVID-19 pandemic (2020-2022), the inci-
dence of respiratory adenovirus infections decreased markedly
owing to the implementation of stringent public health mea-
sures to control the spread of COVID-19 [68]. However, in 2023,
an atypical summer peak of respiratory adenoviral infection oc-
curred, with detection rates peaking at 42.2% in late August,
driven primarily by an increased incidence of HAdV-B3 infection
[68]. By 2024, the incidence of respiratory adenoviral infections
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was lower than that in 2023 and had returned to the pre-pan-
demic pattern of year-round circulation (Fig. 1, Table 1).

Norovirus

Norovirus, a member of the Caliciviridae family, is a leading
cause of acute viral gastroenteritis. Norovirus seasonality peaks
during winter in temperate regions (December-February in the
Northern Hemisphere and June-August in the Southern Hemi-
sphere) [69, 70]. In the United States, the norovirus season oc-
curs between October and May, with more pronounced winter
seasonality in the eastern United States [70]. In subtropical and
tropical climates, such as those in Bangladesh, Vietham, and In-
dia, norovirus displays less distinct seasonality and occurs year-
round, with incidence rates tending to increase during the rainy
season [69, 71, 72]. The incidence of norovirus infection is
higher at low temperatures and relative humidity levels [73, 74].
However, the results of one study conducted in western India
showed that norovirus detection peaked in March, when humid-
ity and rainfall were low, but temperatures were relatively high
[75].

In Korea, the incidence of norovirus infection increases during
winter (November-April), peaking in December and January [10].
During the COVID-19 pandemic (2020-2021), the relative pro-
portion of cases occurring in winter remained higher than that in
other seasons; however, the absolute incidence was lower than
that during the pre-pandemic period. In 2022, a bimodal peak
occurred in January and June, with a summer peak from May to
July, driven primarily by the Gll.4 genotype. Since 2023, norovi-
rus activity has returned to its pre-pandemic pattern, with a win-
ter peak (Fig. 1, Table 1).

Rotavirus

Rotavirus, a member of the Sedoreoviridae family, is a major
cause of severe gastroenteritis in infants and young children. In
temperate regions, the incidence of rotavirus infection is higher
during winter and spring, although the peak incidence varies
widely from autumn to spring, depending on the geographical lo-
cation [76]. This seasonal pattern persisted after the introduc-
tion of rotavirus vaccines; however, the reduction in incidence
rates made the peaks less pronounced. [76] In subtropical and
tropical climates, the seasonality of rotavirus is less distinct, and
infection can occur year-round; however, the incidence is gener-
ally higher during the dry season or periods of lower tempera-
tures [76, 77]. Increased temperature, precipitation, and relative
humidity are associated with a lower incidence of rotavirus infec-
tion [77].
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In Korea, rotavirus outbreaks peaked primarily during winter
but have shifted toward early spring in recent years, with inci-
dence rates decreasing following the introduction of rotavirus
vaccines [78, 79]. Similar shifts in peaks from winter to early
spring have been reported in other countries, such as Japan and
the United States. These changes may be attributable to climate
change or vaccine-induced changes in the transmission dynam-
ics. During the COVID-19 pandemic (2020-2022), the incidence
of rotavirus infection decreased markedly, with a gradual return
to the pre-pandemic seasonal patterns [10] (Fig. 1, Table 1).

Other viruses

Japanese encephalitis virus infections occur predominantly from
late summer to autumn (August-October), suggesting a tempo-
ral association with the activity of mosquito vectors in Korea [10,
80]. Hantavirus infections, which cause hemorrhagic fever with
renal syndrome, show a clear autumn predominance, with most
cases occurring between October and December, peaking in Oc-
tober and November [10, 81]. This timing aligns with increased
human-rodent interactions during the harvest season, and the
incubation period of approximately 2-4 weeks aligns with the
seasonal link between environmental exposure and disease on-
set. Varicella-zoster virus occurs year-round, with bimodal peaks
from April to July and October to December [10, 82]. Mumps oc-
curred year-round, showing two peaks in May-June and Novem-
ber-December during 2010-2014, whereas in 2015-2019 the
highest incidence was observed in May-June. [10, 83, 84] (Fig.
1, Table 1).

FACTORS INFLUENCING THE SEASONALITY OF
VIRUSES

Climate factors: temperature, humidity, and precipitation

The seasonality of viruses is primarily influenced by climatic fac-
tors such as temperature, humidity, and precipitation. For exam-
ple, low temperature and low absolute humidity enhance the
stability and transmission of the influenza virus, a representa-
tive winter-predominant respiratory virus [2, 85]. These condi-
tions also impair mucociliary clearance and the interferon re-
sponse, reduce vitamin D synthesis due to limited sunlight, and
thereby increase host susceptibility [86-88]. Cold weather fur-
ther drives people indoors, facilitating droplet and aerosol
spread. In contrast, enteroviruses causing respiratory infections,
hand-foot-and-mouth disease, and meningoencephalitis spread
predominantly during the summer months, as higher tempera-
tures and humidity favor their stability and transmission. Pub-
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lished studies demonstrated that enteroviruses persist in warm
and humid environments [4, 89]. The incidence of norovirus in-
fection, a major cause of gastroenteritis that occurs mainly in
winter, is higher under conditions of low temperature and low
relative humidity [73, 74]. Precipitation also influences virus
prevalence. For example, although RSV, influenza, and norovirus
infections occur year-round in tropical regions, their incidence
tends to be higher during the rainy season [2, 75, 90].

Vectors and transmission factors

Vector-borne and environmental factors play significant roles in
the seasonality of viral infections. Mosquito-borne diseases,
such as dengue fever and Japanese encephalitis, occur pre-
dominantly in summer when mosquito populations are most ac-
tive [91]. Increased mosquito activity during warmer and wetter
summers creates favorable conditions for virus transmission
[92]. Tick-borne severe fever with thrombocytopenia syndrome
(SFTS), caused by the SFTS virus and transmitted primarily by
Haemaphysalis longicornis, occurs mainly between May and Oc-
tober in Korea, with a peak incidence in summer to early au-
tumn, reflecting the seasonal activity of the tick vector [93]. In
contrast, hantavirus infections, which are transmitted by ro-
dents, tend to peak in autumn, when rodent activity is highest
[94].

Environmental factors also contribute to the seasonal pat-
terns of viral transmission. For example, increased participation
in recreational indoor and outdoor water activities during sum-
mer can lead to outbreaks of adenovirus-associated conjunctivi-
tis [60]. Conversely, norovirus infections tend to peak in winter
and may be associated with the consumption of raw or under-
cooked shellfish, such as oysters [95].

Social distancing, environment, and immunity

The timing of school reopening is associated with the spread of
various viruses [2]. For example, in Korea, increases in rhinovi-
rus activity in spring and autumn appear to coincide with the
timing of the start of the school term; however, these peaks are
also observed at other times of the year, unrelated to school
terms, suggesting that other climatic or behavioral factors may
contribute. Additionally, travel can facilitate the spread of vi-
ruses, with outbreaks occurring in densely populated environ-
ments, such as cruise ships [9]. Outbreaks on cruise ships are
considered event-driven transmissions and do not reflect the
true seasonal patterns of viruses. Similarly, during winter, lower
temperatures and higher indoor crowding contribute to in-
creased viral transmissions [2].
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Conversely, reduced exposure opportunities may lead to de-
creased antibody levels over time and a lack of immune boost-
ing due to reduced exposure, resulting in sudden outbreaks of
certain viruses. Before the COVID-19 pandemic, temperature
was considered as the most critical determinant in the season-
ality of viral infections. Subsequent research has demonstrated
that for certain respiratory viruses, such as influenza, low abso-
lute humidity, rather than relative humidity, plays a more impor-
tant role in enhancing viral stability and transmission [85]. How-
ever, during the COVID-19 pandemic, social distancing mea-
sures implemented during 2020 and 2021 drastically reduced
the incidence of both respiratory and gastrointestinal infections,
indicating that behavioral factors play important roles in deter-
mining seasonality [96]. Even after these measures were lifted,
the seasonality of several viral infections differed from the pre-
COVID-19 pattern. This phenomenon could be attributable to
prolonged social distancing, which led to reduced immunity (in-
cluding lower antibody levels), causing sudden spikes in viral in-
fections or outbreaks outside their typical seasonal patterns.

Vaccination and immunity

Vaccination can significantly reduce the incidence of viral infec-
tions and the distinct seasonality of certain viral infections. For
example, the incidence of measles, which displayed a peak inci-
dence from late winter to spring in temperate climates, has dra-
matically decreased due to widespread vaccination. In Korea,
following the introduction of the measles vaccine in 1965 and
its inclusion in the national immunization program in 1983, the
number of cases decreased significantly. Measles currently oc-
curs sporadically, making it difficult to discern a clear seasonal
pattern [97].

Genetic variation of viruses

The emergence of new genetic variations of existing viruses can
trigger new pandemics. For example, influenza viruses and noro-
viruses undergo seasonal antigenic drift, which can result in the
emergence of new variants that evade immunity, leading to out-
breaks [98, 99]. Furthermore, novel coronaviruses, such as the
Middle East respiratory syndrome coronavirus (MERS-CoV) and
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
may exhibit seasonal patterns that differ from those of endemic
seasonal HCoVs, such as HCoV 229E, NL63, 0C43, and HKU1.
Although the emergence of MERS-CoV and SARS-CoV-2 is best
explained by species jumps or zoonotic spillover events, these
processes are ultimately based on underlying genetic variations.
These novel variants can potentially disrupt the established sea-
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sonal patterns of other viruses, as demonstrated during the CO-
VID-19 pandemic (Table 1).

CONCLUSION

The emergence of SARS-CoV-2 in 2019 and the subsequent CO-
VID-19 pandemic significantly disrupted the previously estab-
lished seasonal patterns of viral infections. Between 2020 and
2021, social distancing measures led to marked declines in the
rates of multiple viral infections. However, starting in 2022, the
incidence of some viral infections rebounded, and some viruses
showed shifts in their seasonal patterns. By 2024, most viral in-
fections had returned to their pre-pandemic seasonal patterns.
These findings suggest that the seasonality of viral infections is
not solely influenced by environmental factors, such as tempera-
ture and humidity, but is also affected by factors, such as social
distancing and reduced immunity. Continuous surveillance of vi-
ral diseases is essential for understanding and responding to
these evolving patterns effectively. These findings also under-
score important public health implications, particularly for the
timely allocation of healthcare resources and the optimization of
vaccination schedules in anticipation of seasonal surges. Future
studies should focus on long-term monitoring of viral seasonal-
ity, evaluating the effects of climate change and shifts in the im-
mune landscape, and applying advanced modeling tools to bet-
ter predict emerging seasonal trends. Although this review is
centered on Korea, its insights are broadly relevant, offering a
framework for understanding global viral seasonality and sup-
porting international preparedness efforts.
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