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ABSTRACT 
Coronavirus (CoVs) is a large group of viruses known to affect birds and mammals including humans. This review aims to 

present the types of human coronavirus and animal coronavirus studied and displaying the relationships of these 

coronaviruses to weather, meteorology and climatology. Human coronaviruses (HCoV) in review are namely 229E, NL63, 

OC43 and HKU1 and other HCoV which are Severe Acute Respiratory Syndrome (SARS-CoV), Middle East Respiratory 

Syndrome (MERS-CoV) and COVID-19 (SARS-CoV-2). These HcoV originated as animal infections which then develop and 

ultimately transmitted to humans. CoV can also be found in animals which are Canine Respiratory Coronavirus (CRCoV), 

Murine Coronavirus Rat Hepatitis Virus (MHV), Transmissible Gastroenteritis Virus (TGEV), Bovine Coronavirus (BCoV), 

Feline Coronavirus (FCoV), Canine Coronavirus (CCoV) and Turkey Coronavirus (TCV). CoV has been found to last longer 

in the atmosphere at lower temperatures and lower relative humidity. Thus, some coronavirus outbreaks can mostly be 

attributed to cold and dry climates for more effective CoV transmission. Identified CoV are mostly active when the 

temperature is between 9 °C and 24 °C. Findings in this review can serve as knowledge and guidance for individuals, related 

organizations and governments to be prepared for the CoV threats that is currently occurring and that is likely to re-emerge in 

the coming years. It is also intended to provide useful baseline information for policymakers and the public. 
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1. INTRODUCTION 
Human coronavirus (CoV) history started in 

1965, when a virus called B814 was first identified 
(Tyrrell & Bynoe, 1966). It is believed that since 
around the mid-1960s and subsequent years, only two 
species of human coronavirus namely HCoV-229E and 
HCoV-OC43 have been identified to have infected 
humans. Later, members of the coronavirus family 
novel SARS-CoV were introduced to the human 
population in 2003 (Van Der Hoek et al., 2006). 
Human CoV is considered a virus that only causes the 
common cold and was never considered a serious 
public health threat before 2002 (Ashour et al., 2020). 
However, the emergence of SARS-CoV-1 in 2002 to 
2003 changed that perception because this new CoV 
was the first to infect humans and causes fatality 

(Drosten et al., 2003) (Fig. 1). The Coronaviridae is a 
family of enveloped, positive-strand RNA viruses and 
especially, human coronaviruses (HCoV), were known 
to be responsible for a large portion of common colds 
and upper respiratory tract infections. HCoV is 
involved in most of the more serious respiratory 
diseases paricularly in young children and neonates, the 
elderly and patients with immunosuppression (Geller et 
al., 2012). Coronavirus is a positive RNA genome 
measuring approximately 26-32 kilobases, which is the 
largest genome known for RNA virus (Weiss & Navas-
Martin, 2005). There are four common subtypes of 
coronavirus that have been reported to have infected 

humans since 1960 - 2002, namely two αlpha-

coronaviruses (229E and NL63) and two βeta-
coronaviruses (OC43 and HKU1). All four of these 
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coronaviruses are routinely producing uncomplicated 
infections of the upper and/or lower respiratory tract 
(Geller et al., 2012).  

Besides covid-19 virus causing the current 
pandemic since late 2019, there are several outbreaks 
caused by other coronaviruses such as the severe acute 
respiratory syndrome (SARS) Coronavirus and Middle 
East respiratory syndrome (MERS) Coronavirus. 
SARS-CoV and MERS-CoV are two highly infectious 
and pathogen viruses that appeared in humans in the 
early 21st century (Cui et al., 2019). The first case of 
SARS was identified on November 16, 2002 starting in 
southern China (Foshan in Guangdong) (Zhong et al., 
2003).  SARS has spread rapidly throughout the world 
with 27 countries being affected and the number of 
confirmed cases was 8096 and resulted in 774 deaths 
(World Health Organization, 2004). Ten years later, a 
highly pathogenic Middle East respiratory syndrome 
coronavirus (MERS-CoV) has emerged in the Middle 
Eastern countries (Zaki et al., 2012) including the 
Korean Peninsula (Habib et al., 2019). MERS-CoV 
emerged in Saudi Arabia in 2012 with the first case 
involving one of its citizens in June 2012. The patient 
suffered from pneumonia and kidney failure resulting 
in fatal consequences (Farooq et al., 2020). There are 
approximately 2494 laboratory confirmed cases and 
858 deaths reported in 27 countries until November 
2019 (World Health Organization, 2019).   

In December 2019, several cases of novel 
Coronavirus (COVID-19) have been identified which 
began in Wuhan, Hubei Province, China caused by a 

novel β-coronavirus. It begins with the discovery of 
several cases of pneumonia of unknown etiology of 
people with a history of exposure to the Huanan 
seafood market (Huang et al., 2020). The cases 
recorded are linked to the Huanan Seafood Wholesale 
Market where it sells fish and various other species of 
live animals including poultry, bats, marmots and 
snakes (Lu et al., 2020). This virus is also known as a 
coronavirus of severe acute respiratory syndrome 
(SARS-CoV-2). The virus can spread very quickly 
from their origin in Wuhan, Hubei Province, China to 
countries around the world (Wang et al., 2020a). The 
Corona virus was said to have spread because of 
massive human movement in China as they returned to 
their hometowns to celebrate the Chinese New Year in 
early 2020.  This massive human movement triggered 
the coronavirus outbreak resulting in a national crisis 
where it started to spread to other Chinese provinces in 
early and mid-January 2020. Although a complete 
travel ban was imposed on all residents of Wuhan on 
January 23, 2020 the virus still spreads very quickly 
(Liu et al., 2020). 

As of October 15, 2020, there are 
approximately 214 countries and territories worldwide 

that have been hit by this virus (Worldometers, 2020). 
Based on data released by the World Health 
Organization (WHO), there are 38,002,699 cases of 
COVID-19 confirmed worldwide until 14 October 
2020 while the number of deaths worldwide reached 
1,083,234 cases. Data released by the WHO also 
indicates that the American region recorded the highest 
number of confirmed cases at 18,090,384 cases, 
followed by the South-East Asia region of 8,127,106 
confirmed cases, Europe has 7,219,501 confirmed 
cases, Eastern Mediterranean region charted 2,660,450 
confirmed cases, African region recorded 1,240,683 
confirmed cases and Western Pacific region has 
663,834 confirmed cases (World Health Organization, 
2020). This virus is known to be very dangerous and is 
one of the deadliest viruses in the world. On January 
30, 2020 a COVID-19 pandemic was declared by the 
WHO as a Public Health Emergency of International 
Concern which poses a high risk to countries with 
vulnerable health systems (Sohrabi et al., 2020). 

 

2.  AN OVERVIEW OF THE HUMAN 
AND ANIMAL CORONAVIRUS TYPES 

Coronaviruses belong to the subfamily 
Coronavirinae within the family of Coronaviridae,  
under the order Nidovirales (Yang et al., 2020). 
According to the International Committee of Virus 
Taxonomy (ICTV), the family Coronaviridae can be 
classified into two small families namely Letovirinae 
and Orthocoronavirinae (King et al., 2018). 

Coronaviruses' size is ranging from 26 to 32 kilobases 
which is the largest known viral RNA genome (Li et 
al., 2020). Virion has nucleocapsid consisting of 
genomic RNA and nucleocapsid protein (N) 
phosphorylation. It is buried in the phospholipid layer 
and is protected by a surge glycoprotein (S). Membrane 
protein (M) which is a type III transmembrane 
glycoprotein located between the S proteins in the viral 
envelope together with envelope protein (E) (Li et al., 
2020). All human CoVs are of animal origin (Huynh, 
2012; Ithete, 2013; Hu et al., 2017; Hu et al., 2015, Cui 
et al., 2019). 

There are two known genetic and serological 
groups of Coronavirus that can infect mammals except 
pigs. The first group consists of the Alphacoronavirus 

(α-CoVs), and Betacoronavirus (β-CoVs) (Monchatre-
Leroy et al., 2017), while the second being the 
Gammacoronavirus (includes viruses of whales and 
birds) and Deltacoronavirus (includes viruses isolated 
from pigs and birds) (Harapan et al., 2020). There are 

two types of α-CoVs which are HCoV‐229E and 

HCoV‐NL63 (Yin & Wunderink, 2018), while, β-CoVs 
can be divided into four lineages namely lineage B 
(SARS-CoV and 2019-nCoV) which has about 200 
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virus sequences published. Lineage C includes MERS-
CoV which has more than 500 viral sequences (Letko 
& Munster, 2020). In the last two decades, two large-
scale outbreaks of SARS and MERS have occurred due 
to CoV (Drosten et al., 2003; Zaki et al., 2012). There 

are β-CoVs in lineage A which are HCoV‐OC43 and 

HCoV‐HKU1 (Yin et al., 2018). SARS-CoV is the 
coronavirus that causes severe acute respiratory 
syndrome.  The 2019-nCoV is the novel coronavirus 
that causes coronavirus disease 2019 known as 
COVID-19, which is now the pandemic, and MERS-
CoV is the coronavirus that causes Middle East 
Respiratory Syndrome. The clinical significance and 
possibility of HCoV outbreaks were unknown until the 
emergence of SARS and MERS outbreaks although 
HCoV has been identified for decades (Drosten et al., 
2003). 

Human coronavirus initially only causes the 
common cold to its patients. However, severe acute 
respiratory syndrome (SARS) in 2003 has clearly 
shown that the emergence of the new human 
coronavirus has been found to be responsible which in 
turn makes this coronavirus more recognizable (Weiss 
et al., 2005). Since the early 1970s, various 
pathological conditions in domestic animals have been 
caused by CoV infection (Durham, 1979). It has been 
identified in a few avian (birds) hosts (Cavanagh, 2007) 
and can also be on a variety of mammals such as 
camels, bats, masked palm foxes, mice, dogs and cats 
(Ismail et al., 2003). Meanwhile, there are a number of 
animal viruses such as canine respiratory coronavirus 
(CRCoV) (Weiss et al., 2005) that cause respiratory 
disease in dogs (Erles et al., 2003), avian infectious 
bronchitis viruses (IBV) (Weiss et al., 2005) that cause 
avian infectious bronchitis in chickens (Cavanagh, 
2007), and Murine coronavirus rat hepatitis virus 
(MHV) (Weiss et al., 2005) which can cause a 
progressive demyelinating encephalitis in mice (Lai & 
Cavanagh, 1997). Apart from this, some of the CoV 
have demonstrated gastrointestinal symptoms such as 
those transmissible by gastroenteritis virus (TGEV) 
(Weiss et al., 2005; Pensaert, 1970), bovine 
coronavirus (BCoV) (Weiss et al., 2005; Bridger et al., 
1978), feline coronavirus (FCoV) (Pedersen et al., 
1984), canine coronavirus (CCoV) (Binn et al., 1974) 
and turkey coronavirus (TCV) (Ismail et al., 2003). 
Coronaviruses are distributed through bat and can also 
be spread by humans and other animals including birds, 
cats, dogs, pigs, rats, horses, and whales (Murphy et al., 
2012). This shows that coronaviruses not only can be 
found on humans but the animals as well particularly 
the mammals and avian (Fig. 2). 

The human coronavirus namely strain 229E 
was discovered in 1966. It was first discovered when 
researchers identified five new agents isolated from the 

human respiratory tract with the common cold (Hamre 
& Procknow, 1966). The HCov-229E N protein has a 
molecular weight of 50 kDa and very basic (pH, 10.0) 
exhibiting a strong hydrophilic nature (Toshio et al., 
1989). Additionally, this HCoV N protein has around 
26%-30% sequence homology with CoV N protein 
from other strains or viruses, such as HCoV-OC43 and 
SARS (Chang et al., 2006). The clinical symptoms of 
HCov-229E have been identified to include general 
malaise, headache, nasal discharge, sneezing, sore 
throat (Tyrrell et al., 1993; Monto, 1974) and, fever and 
cough (Papa et al., 2007).  

HCoV-NL63 has the potential to infect 
children, the elderly or the infirm and these vulnerable 
groups will always need hospital treatment due to 
severe respiratory symptoms (Van Der Hoek et al., 
2006). HCoV-NL63 was first isolated in a seven-
month-old child who was diagnosed with 
nasopharyngeal aspiration in 2004 in Amsterdam. The 
child shows some symptoms that indicate a respiratory 
tract infection, and an X-ray of his chest shows the 
characteristic features of bronchiolitis (Abdul-Rasool & 
Fielding, 2010). HCoV-NL63 occurring in tropical and 
subtropical regions is highly unlikely to be affected by 
seasonal differences in its distribution and is not limited 
only to during winter (Van Der Hoek et al., 2006). This 
is because, HCoV-NL63 is reported to occur during the 
spring-summer season in Hong Kong (Chiu et al., 
2005) and during the winter in several other countries. 
HCoV-NL63 was found to be more dominant to spread 
during winter based on studies in Australia (Arden et 
al., 2005), Canada (Bastien et al., 2005), Japan (Ebihara 
et al., 2005), Belgium (Moës et al., 2005), France 
(Vabret et al., 2005), the Netherlands (Pyrc et al., 2004) 
and Germany (Van Der Hoek et al., 2005). Children 
under the age of 1 year and adults with 
immunocompromised are more likely to suffer from 
acute respiratory disease caused by HCoV-NL63 (Pyrc 
et al., 2004).  

HCoV-OC43 was first identified in 1967 
(McIntosh et al., 1967a; McIntosh et al., 1967b), and it 
can cause severe respiratory tract disease in children 
(Jean et al., 2013). HcoV-OC43 RNA has been 
repeatedly detected in the human brain (Murray et al., 
1992). Therefore, HCoV-OC43 has ability in causing 
persistent infection in human neural cells (Arbour et al., 
1999), infect neurons and cause encephalitis (Talbot et 
al., 2011). Furthermore, HCoV-OC43 could infect 
human astrocytes and microglia in primary cultures 
(Bonavia, et al., 1997). HCoV-OC43 RNA was found 
to be in the cerebrospinal fluid of a child with acute 
disseminated encephalomyelitis (Yeh et al., 2004). 
Based on a study conducted by Vabret et al. in 2003, it 
was found that HCoV-OC43 was detected in patients of 
all age groups with several clinical symptoms such as 
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fever, digestive problems, rhinitis, pharyngitis, 
laryngitis, otitis, bronchitis, bronchiolitis, and 
pneumonia. In addition, the same study also showed 
that outbreak of HCoV-OC43 respiratory infection was 
responsible for the symptoms of the lower respiratory 
tract observed in nearly one-third of patients identified 
by active surveillance for coronavirus infections 
(Vabret et al., 2003). 

HCoV-HKU1 was identified in Hong Kong in 
2005 (Esper et al., 2006; Woo et al., 2005a) when 71-
year-old patient had been hospitalized with pneumonia 
and bronchiolitis (Woo et al., 2005a). Patients with 
HCoV-HKU1 infection have been identified as having 
respiratory symptoms with dyspnea, cough, and 
rhinorrhea being the most common (Kanwar et al., 
2017). Those who are most at risk of infection by 
HCoV-HKU1 is the children under the age of 2 years 
which contributes significantly to the microbial burden 
among patients with respiratory tract disease during the 
colder months (Sloots et al., 2006). Mostly, HCoV-
HKU1 patients will typically develop fever, runny 
nose, and cough for upper respiratory tract infections, 
whereas fever, productive cough, and dyspnea are 
common symptoms for lower respiratory tract 
infections (Woo et al., 2009). HCoV-HKU1 which is 
mostly self-limiting infection, with only two deaths 
were reported in patients with pneumonia caused by 
this virus (Woo et al., 2005b). CoV-HKU1 infection 
mainly occurs in autumn and winter and shows that 
febrile and breakthrough seizures are more common 
(Lau et al., 2006). 

SARS-CoV-1 appeared in 2002–2003 which 
was also the first deadly CoV to infect humans 
(Drosten et al., 2003). There is a similarity of 86% for 
the entire SARS-CoV-2 genome occurring in 2019 with 
SARS-CoV (Chan et al., 2020). Among the similarities 
are which they are both isolated in bats, originating 
from a live animal market close to a large and densely 
human populated area, and has the same main 
transmission pathway which is through respiratory 
droplets viral shedding via feces (Wilder-Smith et al., 
2020). The median incubation period of SARS-CoV-1 
is between 4 and 5 days, and a mean of 4 to 6 days 
(World Health Organization, 2003). Fever, cough, 
dyspnea (shortness of breath) and occasionally watery 
diarrhea are the common symptoms of SARS (De Wit 
et al., 2016). SARS-CoV belongs to the genus 
Coronavirus in the family Coronaviridae. SARS-CoV 
also has a large and positive RNA genome of 27.9 kb 
(De Wit et al., 2016). Clinical manifestations of SARS-
CoV-1 are high fever of > 38°C, tuberculosis, and rapid 
progression to respiratory failure (Lee et al., 2003; 
Booth et al., 2003). 

Just as SARS-CoV, the Middle East 
respiratory syndrome coronavirus (MERS-CoV) also 

belongs to the genus Coronavirus family 
Coronaviridae. This MERS-CoV has a slightly larger 
and positive RNA genome of 30.1 kb (De Wit et al., 
2016) compared to SARS-CoV. MERS-CoV is a novel 
human pathogen associated with severe respiratory 
symptoms and renal failure (Bermingham et al., 2012; 
Zaki et al., 2012). MERS-CoV infection in humans is 
spread through close contact with infected camels 
(Memish et al., 2014; Alagaili et al., 2014; Azhar et al., 
2014a; Azhar et al., 2014b; Raj et al., 2014), and 
MERS is caused by human-to-human infection (Assiri 
et al., 2013). Fig. 3 shows graphic representation of 
SARS-CoV and MERS-CoV structure and replication. 
The results of phylogenetic analysis indicate that 

MERS-CoV belongs to the bat-associated clade 2c β-
coronavirus (Zaki et al., 2012; Van Boheemen et al., 
2012). Dromedary camel is the intermediate host for 
MERS-CoV with the mortality rate of 37% (Perlman, 
2020). Since the detection of MERS-CoV in 2012, it 
has not been found to have mutated substantially to 
enhance human infectivity (Forni et al., 2017). MERS-
CoV belongs to Merbecovirus (Zhu et al., 2020). 
According to Cui et al. (2019), MERS-CoV may have 
been present in camels for a long time, perhaps at least 
30 years ago. Their findings were confirmed by studies 
conducted by Müller et al. (2014) where camel serum 
samples collected in 1983 detected MERS-CoV 
infection.  

The β-coronavirus novel identified to occur at 
the end of 2019 (2019-nCoV or the COVID-19) 
indicated an  outbreak reminiscent of severe acute 

respiratory syndrome SARS-2003 caused by another β-
coronavirus about 17 years ago (Yi-Chia et al., 2020). 
COVID-19 has some association with SARS-CoV but 
it is more aggressive than SARS, MERS, or seasonal 
influenza (Wang et al., 2020a). Studies by Zhou et al. 
(2020), Ji et al. (202), and Zhang et al. (2020), stated 
that animals such as bats, snakes and pangolins can be 
the host for SARS-CoV-2 (Covid-19). Children 
infected with SARS-CoV-2 mostly showed mild 
clinical manifestations and recover within 1 to 2 weeks 
after the disease begins (Shen et al., 2020), while 98% 
of COVID-19 adult patients, developed fever (Huang et 
al., 2020). SARS-CoV-2 (Covid-19) is characterized by 

rapid human‐to‐human transmission (Yu et al., 2020; 
Huang et al., 2020; Paules et al., 2020; Lu et al., 2020; 
Hui et al., 2020). It was also found that patients who 
had undergone surgery in the month before being 
infected with SARS-CoV-2 may be exposed to a higher 
risk of suffering from clinical severe events than those 
who did not undergo surgery (Liang et al., 2020). Most 
deaths caused by Covid-19 are due to multiple organ 
dysfunction syndrome rather than respiratory failure 
(Wang et al., 2020a). Normally, SARS-CoV has an 
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incubation period of between 2 to 10 days while its 
median incubation period is between 4 to 7 days (Yang 
et al., 2020). However, the incubation period for 
SARS-CoV-2 (Covid-19) appears to be longer, mostly 
within 14 days, but the median incubation period is 
shorter at 3 to 4 days (Yang et al., 2020) (Fig. 4). 

 
3. THE GEOGRAPHY OF COVID-19 
AND OTHER CORONAVIRUSES 
OUTBREAK:  Meteorology and 
Climatology 

Meteorological factors play an important role 
in the survival or sustainability of viruses and the 
transmission process of viruses (Tosepu et al., 2020; 
Braga et al., 2001; Liu et al., 2014; Zanobetti et al., 
2002; Fraser et al., 2004; De Almeida Brito et al.,2019; 
Sagripanti & Lytle, 2007). Dalziel et al., (2018) & 
Wang et al., (2020b), believed that temperature, 
humidity, and population density can influence viruses’ 
transmissions. Several studies were conducted to prove 
if there was any significant relationship between 
temperature and transmission of the virus to severe 
acute respiratory syndrome (SARS) occurred. 
According to Yuan et al. (2006), Tan et al. (2005), and 
Chan et al. (2011), transmission of SARS may occur 
with the presence of several key factors such as 
temperature, humidity, and wind speed. A study by 
Bull in 1980 stated that weather change is highly 
significantly correlated with changes in mortality due 
to pneumonia. Similarly, COVID-19 transmission is 
also significantly related to the influence of 
temperature and air humidity conditions (Chen et al., 
2020). Wang et al., (2020a), also proved that the 
spreading of COVID-19 was lower in warm and humid 
regions of China. Meanwhile, MERS is more likely to 
occur when the climate is rather cold and dry (Gardner 
et al., 2019).  

In mid-March 2020, some researchers from 
China have stated that there is a link between 
meteorological factors and the COVID-19 outbreak that 
is plaguing (Oliveiros et al., 2020; Wang et al., 2020b). 
It is also supported in studies conducted by Fareed et 
al., (2020), Iqbal et al. (2020) and Tosepu et al. (2020), 
which stated that COVID-19 has correlations with 
temperature, air quality, and other weather conditions. 
Air quality index (AQI) such as CO (carbon monoxide) 
and SO2 (sulfur dioxide) in the air and COVID-19 
outbreaks were found to have a positive correlation 
with the total number of infections. If the air quality is 
poor, then there will be more deaths. The study 
involved three countries namely Italy, the US, and 
China (Pansini & Fornacca, 2020). There is a 
statistically significant relationship between absolute 
humidity and average temperature on the spread of 

COVID-19 between China territories (Luo et al., 2020). 
Additionally, the infections of the respiratory 
pathogens, including the coronavirus is transmitted 
when rainfall is lower and therefore the relative 
humidity decreases (Bi et al., 2007). This is because, 
coronavirus is probably most active when the 
temperature is between 9 °C and 24 °C. This is further 
supported by Zhou et al. (2004) that there is possibility 
for SARS to decrease in average daily temperature 
during summer where temperature is higher than 24 °C. 

Changes in weather conditions are said to 
affect the viability and persistence of the virus in the 
environment and the transmission of MERS itself 
(Dowell & Ho, 2004; Lowen et al., 2007). Coronavirus 
SARS tends to be active in low temperatures and low 
humidity environments in subtropical regions such as 
Hong Kong. While, in the tropics that have a high 
temperature and high relative humidity environment 
such as in Malaysia, Indonesia, or Thailand causing 
coronavirus (SARS) to be less active (Chan et al., 
2011). SARS disappeared in the warm weather at the 
end of July (Wallis & Nerlich, 2005). Since SARS and 
COVID-19 belonged to the same family and there is 
likelihood of a similar behavior may occur to COVID-
19 as well (Wilder-Smith et al., 2020). Bu et al., (2020) 
stated that constant warm and dry weather is conducive 
for 2019-nCoV survival. Yuan et al., (2006), showed 
that biological interactions between SARS viruses and 
humans also can be caused by variations in temperature 
and air quality. Therefore, temperature is an important 
factor in reducing human coronavirus infectivity 
(Lamarre & Talbot, 1989). As emphasized by 
Casanova et al., (2010), the SARS corona virus can 
survive longer on the surface with relative low 
humidity and at room temperatures i.e. with air 
conditioning. Moreover, Chan et al., (2011) found that 
this SARS corona virus is also able to survive longer on 
smooth surfaces at higher relative humidity. 

Hot and sunny weather will increase the 
temperature and increase air circulation in the 
environment. This condition can lead to a reduction in 
air pollution. Consequently, COVID-19 transmission 
will also decrease (Kim et al., 1996; Talbot et al., 2005; 
Medina Ramón et al., 2006; Ko et al., 2007; Wei et al., 
2020). This air pollution is associated with excessive 
respiratory and cardiovascular morbidity (Wong et al., 
1999; Atkinson et al., 2001; Wong et al., 2001; 
Dominici et al., 2006; Medina Ramón et al., 2006; 
Wellenius et al., 2006; Fusco et al., 2001) and mortality 
(Wong et al., 2002; Fischer et al., 2003; Ostro et al., 
2006; Kan & Chen, 2003; Pope III et al., 2004). 
However, it was also found that sunny days and 
summer caused the population to produce higher 
vitamin D production. The production of vitamin D can 
strengthen and improve the function of the immune 
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system to overcome Coronavirus infection and other 
diseases (Oh et al., 2010). Coronavirus can also be 
associated with the virus that occur seasonally. For 
instance, bovine coronavirus has an association with 
winter dysentery of calves (Tråvén et al., 2001; Cho, 
2000). Canine coronavirus (CCoV) survival is longer in 
infected dog feces during the winter months 
(Carmichael & Binn, 1981) which may be due to the 
influence of lower ambient temperatures (Tennant et 
al., 1994). 

 
4. CONCLUSION 

There is a correlation between coronaviruses 
outbreak with weather, climatology, and meteorology. 
Thus, the inactivation of CoV can be influenced by 
factors such as temperature and humidity that occur due 
to seasonal differences and climate for an area. Based 
on all the findings, it is found that rainfall is related to 
CoV transmissions, where infections of the respiratory 
pathogens are transmitted when rainfall is lower. 
Therefore, climatology and meteorology are important 
factors in determining the incidence rate of 
coronaviruses outbreak worldwide. With this 
knowledge, the government of every country and the 
medical teams can probably utilize this knowledge base 
as input in its strategy in suppressing the coronavirus 
pandemic which may likely to re-emerge in the coming 
years. It is also intended to provide useful baseline 
information for policymakers and the public. 
Knowledge related to the relationship between weather 
and coronavirus outbreak is also very important 
considering it can be used to help classify geographic 
areas at risk in various countries. This is because, every 
geographical area of countries around the world is 
different especially in terms of temperature, weather, 
climate, amount of rain and number of sunny days. 
Consequently, the number and speed of spread of 
coronavirus cases in each country is different.  
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Fig. 3. SARS-CoV and MERS-CoV structure and replication (De Wit et al., 2016) 

 

 
Fig. 4. Similarities and differences of SARS-CoV-1 (SARS-CoV), MERS-CoV, and SARS-CoV-2 

(Covid-19) (Ashour et al., 2020) 
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