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Human coronaviruses in the ‘One Health’ context
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Introduction

Summary

Seven human coronaviruses have been identified so far; four seasonal coronaviruses (HCoV-229E, HCoV-0(43,
HCoV-NL63, HCoV-HKU1) and three novel coronaviruses (SARS-CoV, MERS-CoV, SARS-CoV-2). While seasonal
coronaviruses cause only mild symptoms, novel coronaviruses cause severe and potentially fatal infections. Al
known coronaviruses originated in animals. Bats are considered as an origin for the majority of coronaviruses
capable of infecting humans; however, rodents are proposed as natural hosts for HCoV-0(43 and HCoV-HKUT.
Different animal species could serve as intermediate hosts including alpacas (HCoV-229E), livestock (HCoV-
0C43), civet cats (SARS-CoV), camels (MERS-CoV), and pangolins (SARS-CoV-2). In Croatia, SARS-CoV-2 was
detected in humans, pet animals, wildlife, and the environment. The COVID-19 pandemic has highlighted the
role of the ‘One Health’approach in the surveillance of zoonotic diseases.

Sazetak
Do sada je otkriveno sedam humanih koronavirusa: Cetiri sezonska koronavirusa (HCoV-229, HCoV-0(43,

HCoV-NL63, HCoV-HKU1) i tri nova koronavirusa (SARS-CoV, MERS-CoV, SARS-CoV-2). Dok sezonski koronavirusi
uzrokuju tek blage infekcije, novi koronavirusi su uzrocnici teskih i potencijalno smrtonosnih infekcija. Svi poznati

ljudi, medutim prirodnim rezervoarima HCoV-0C43 i HCoV-HKU1 se smatraju glodavi. Razlicite Zivotinjske vrste
predstavljaju prijelazne domacine ukljucujuci alpake (HCoV-229E), stoku (HCoV-0(43), cibetke (SARS-CoV), deve
(MERS-CoV) te ljuskaSe (SARS-CoV-2). Na podrucju Hrvatske SARS-CoV-2 je dokazan u ljudi, ku¢nih ljubimaca,
divljih Zivotinja te okolisu. Pandemija COVID-19 naglasava ulogu pristupaJedno zdravlje’ u nadzoru zoonoza.

coronavirus (SARS-CoV), Middle East respiratory

The recent emergence of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) highlights
the continuous threat to human health posed by
coronaviruses. Seven coronaviruses that infect
humans have been identified to date: seasonal human
coronaviruses (HCoV-229E, HCoV-OC43, HCoV-
NL63, HCoV-HKU1), severe acute respiratory syndrome

syndrome coronavirus (MERS-CoV) and SARS-
CoV-2. While seasonal coronaviruses cause only
mild symptoms (common cold), novel coronaviruses
(SARS-CoV, MERS-CoV, and SARS-CoV-2) cause
severe and potentially fatal infections!". The emergence
and spreading of human coronaviruses are presented
in Figure 1.
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FIGURE 1. EMERGENCE AND SPREADING OF HUMAN CORONAVIRUSES
SLIKA 1. POJAVA I SIRENJE HUMANIH KORONAVIRUSA

All known coronaviruses originated in animals (Table 1). This review focuses on human coronavirus infections
in the ‘One Health’ context.

TABLE 1. ZOONOTIC ORIGIN OF HUMAN CORONAVIRUSES
TABLICA 1. ZOONOTSKO PODRIJETLO HUMANIH KORONAVIRUSA

Virus Year of isolation/ Natural host/ Intermediate host/ Geographic distribution/
Godina izolacije | Prirodni domacin | Prijelazni domacdin | Geografska rasprostranjenost
HCoV-229E 1966 v ? Worldwide/
Diljem svijeta
HCoV-0C43 1967 ' “ Worldwide/
, Diljem svijeta
| China/
SARS-CoV 2002 " g n\,
‘ Kina
HCoV-NL63 2004 v ? Worldwide/
Diljem svijeta
HCoV-HKU1 2004 f ? Worldwide/
Diljem svijeta
Middle East/
MERS-CoV 2012 Ny ‘\ﬂ
Sredniji Istok
Worldwide/
SARS-CoV-2 2019 \l’ h
? Diljem svijeta
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Seasonal human coronaviruses (HCoV-229E,
HCoV-NL63, HCoV-OC43 and HCoV-HKU1)

HCoV-229E, HCoV-NL63, HCoV-OC43, and
HCoV-HKU1 are globally distributed pathogens
associated with the common cold in humans. These
viruses have been in perpetual circulation since their
discovery and annually cause a variety of respiratory
symptoms that more frequently involve children than
adults 2!, In temperate climates, the highest infection
rates are observed in winter and early spring months
whereas tropical regions demonstrate year-round
circulation with increased infection rates during certain
months ¢, HCoV-229E, HCoV-NL63, HCoV-OC43
and HCoV-HKU1 account for 1.1-15%¢71, 1-9.39%[26891,
1.3-5%¢1%) and 1-6%!>¢), respectively of all reported
acute respiratory infections. Furthermore, over 90%
of adults show seropositivity for at least one seasonal
human coronavirus while neutralizing (NT) antibodies
to HCoV-NL63 have been found in the absolute
majority of the adult population™'!. Coinfections with
other viruses are relatively common, mainly HCoV-
NL63 and HCoV-HKU1 with respiratory syncytial
virus and influenza viruses>*'?. Bats are considered
an origin for the majority of coronaviruses capable
of infecting humans*’. However, some authors
also propose an association with rodents as natural
hosts”?l. A study from Corman et al.l' (2015) has
found that viruses discovered in fecal specimens of
hipposiderid bats from Ghana are genetically related
to HCoV-229E. In addition, the phylogenetic analysis
identified a close relationship between HCoV-229E
and Alpaca-CoV. These findings suggest that alpacas
(camelids) may be an intermediate host in the bat-
human cycle, however that has yet to be determined
because these species do not share habitats”!*). HCoV-
NL63 is also closely related to bat coronaviruses!”-11%],
A study from Huynh et al® reported that HCoV-
NL63 could replicate in the lung cells of tricolored
bats as well as in primate or human cells. These
observations indicate that bats may also be the origin
of this coronavirus. The potential intermediate host of
HCoV-NL63 is still unknown"¢.. A study from Ghana
evaluated the possible role of domestic livestock
species in the transmission of this virus to humans,
however, none of the animal samples (pigs, sheep,
donkeys, goats, cattle) tested positive!'?l. HCoV-OC43
is considered to have originated from rodents whereas
cattle are widely accepted as an intermediate host in
the human transmission cycle”*.. Furthermore, there
is also an association between rodents and HCoV-
HKU1, however with no known intermediate host”!¢.
The general clinical spectrum of infections related to
HCoVs varies from asymptomatic to common cold-

like symptoms (rhinorrhea, nasal congestion, sore
throat, cough, and fever)**'”). However, some strains
are presumably associated with sporadic but more
severe manifestations like febrile seizures (HCoV-
229E, HCoV-OC43, HCoV-NL63, HCoV-HKUI),
meningitis (HCoV-OC43, HCoV-HKU1), encephalitis
(HCoV-0C43), flaccid paralysis (HCoV-229E, HCoV-
0OC43) and multiple sclerosis (HCoV-OC43, HCoV-
229E)l+7 111217181 - Although all four viruses have been
detected in human fecal specimens, their significance
as enteric pathogens appears to be minor as fecal-oral
transmission has not yet been reported!*”*'7],

SARS-CoV

The first known case of SARS-CoV was reported in
November 2002 in the Guangdong Province, China;
however, the detection of the virus occurred in April
2003™). More than one-third of early cases were in
food handlers®.. By July 2003, SARS-CoV had spread
to over 30 countries, resulting in more than 8098
confirmed cases, including 774 deaths®!l. After that,
no cases were detected, and the SARS-CoV pandemic
was declared over on 5th July 2003. Reported cases
in all other countries have acquired the infection
through travel to endemic areas, and only limited local
transmission through close contact was reported®.
The virus was first isolated from Himalayan palm
civets!'l. A number of pet animals (cats, dogs) whose
owners were diagnosed with SARS-CoV tested
reverse-transcription polymerase chain reaction (RT-
PCR) positive. Rats, mice, poultry, pigs, and rabbits
seem resistant to infection”. In addition to palm
civets, six wildlife species were found to be positive
by either RT-PCR and/or serology-the raccoon dog,
the Chinese ferret badger, cynomolgus macaques, fruit
bats, snakes, and wild pigs®?"*.. SARS-CoV is thought
to be transmitted most readily by respiratory droplets
in close person-to-person contact, but also through
contaminated surfaces or objects?!l. Clinical symptoms
of SARS-CoV infection are rather non-specific and
may mimic influenza or atypical pneumonia®!. In
10%-20% of patients, respiratory illness is severe and
requires mechanical ventilation'??!. The case fatality for
SARS is 3%-15%*; however, it may be as high as 45%
in patients older than 60 years, particularly those with
pre-existing comorbidity!?.

MERS-CoV

MERS-CoV was first reported in a patient who
died from severe acute respiratory syndrome in a
hospital in Jeddah, Saudi Arabia in 20127, Since
then, many outbreaks have been reported on the
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Arabian Peninsula®. In total, 27 countries have
reported MERS-CoV cases since 2012, leading to
more than 2580 cases and 858 known deaths due
to the infection and related complications®. The
origin of MERS-CoV has been widely discussed.
Initially, it was believed that MERS-CoV, like many
other coronaviruses, originated in bats based on the
phylogenetic similarity of certain bat coronaviruses
with MERS-CoV™.. Dromedary camels were lately
introduced as possible virus reservoirs. The first
evidence to link the virus to dromedary camels came
from a serological study on multiple animal species
including dromedary camels, cattle, sheep, goats, water
buffalo, and various other camelid species. MERS-
CoV NT antibodies were only found in dromedary
camelsP!. Equids (horses, donkeys, mules) were also
screened for MERS-CoV antibodies, but evidence
for equid infections has not been confirmed®®. The
virus is endemic in camel populations of East Africa
and the Middle East and camels seem to be the only
animal host responsible for the spillover of human
infections®). Humans become infected from direct
or indirect contact with dromedary camels; however,
human-to-human transmission is also possible among
household contacts and in healthcare settings. MERS-
CoV can cause severe disease and has been fatal in
approximately 35% of patients®.

SARS-CoV-2

SARS-CoV-2 is a novel coronavirus that emerged
in Wuhan, China in December 2019. In January 2020,
the World Health Organization (WHO) declared it a
public health emergency of international concern and
on March 11th, a global pandemic was declared®*. The
discovery of diverse bat coronaviruses closely related to
SARS-CoV-2 indicates that bats are possible reservoirs
of SARS-CoV-2. Pangolins are another wildlife host
probably linked with SARS-CoV-2l. However, unlike
bats, the infected pangolins showed clinical signs
and histopathological changes, including interstitial
pneumonia and inflammatory cell infiltration in diverse
organs suggesting pangolins are unlikely to be the
reservoir of SARS-CoV-2 but more likely acquired the
virus after spillover from the natural hosts®. Several
animal species in zoological facilities have tested positive
for SARS-CoV-2 including large cats (lions, tigers, snow
leopards, cougars) and gorillas. At this time, there is no
evidence that animals play a significant role in spreading
of the SARS-CoV-2. However, reports from infected
mink farms suggest that in these environments there is
the possibility for the spread of SARS-CoV-2 from mink
to humans. Recent experimental studies have shown
that cats, dogs, ferrets, hamsters, and tree shrews can
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become infected and spread the virus to other animals
of the same species in laboratory settings®”). In addition,
SARS-CoV-2 has been detected in naturally infected
cats and dogs, most of whom were living in close contact
with infected humans®®. Human-to-human SARS-
CoV-2 transmission can occur through direct, indirect,
or close contact with infected persons through infected
secretions such as saliva and respiratory secretions
or respiratory droplets. Asymptomatic persons can
also transmit the virus®). The clinical spectrum of
symptomatic SARS-CoV infection ranges from mild
to critical. In addition, asymptomatic infections have
been well documented. The overall case fatality rate was
reported to be 2.3%"%,

SARS-CoV-2 in Croatia in the
‘One Health’ context

The COVID-19 pandemic in Croatia is part of
the worldwide pandemic. Four epidemic waves have
been recorded with a total of 1,073,386 cases and
15,336 deaths due to COVID-19 reported up to 14th
March 202211, Several seroprevalence studies were
conducted after the first and second waves in different
population groups showing significant differences in
the seropositivity rates (Table 2). The seropositivity
rates detected by enzyme-linked immunosorbent assay
varied from 2% to 11.1% and 8.8% to 25.1% after the
first and second waves, respectively. The prevalence of
NT antibodies was 2.2-5.5% after the first wave and 2.6-
18.2% after the second pandemic wave!**], In a meta-
analysis by Rostami et al* (2020) on SARS-CoV-2
seroprevalence worldwide, almost 400,000 people from
23 countries were included with seroprevalence rates
in the general population ranging from 0.37% to 22.1%
(pooled estimate of 3.38%). On a more regional level,
the estimated overall seroprevalence in Western Europe
was 3.17% (95%CI 1.96-4.38%), in Southern Europe,
including Croatia, was 4.41% (95%CI 2.20-6.61%),
in Eastern Europe was 0.66% (95%CI 0.51-0.83%),
and in Northern Europe was 5.27% (3.97-6.57%). In
their recent meta-analysis (2022), the Iranian group of
authors®! reported the estimated overall SARS-CoV-2
seroprevalence in Europe of 5% (95%CI 4-6%). The
highest seroprevalence rates were in England (20%),
Switzerland (8%), Germany (7%), and Spain (6%),
while the lowest seroprevalence rates were detected in
Lithuania (1%), Greece (1%), Hungary (1%), and Croatia
(1%). One systematic review reported seroprevalence
rates among selected population subgroups®. In
healthcare workers, the lowest seroprevalence was
detected in Italy (0.7%) and the highest (45.3%) in
England. The blood donors possessed the lowest
seroprevalence in Germany (0.91%), and the highest
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TABLE 2. SEROPREVALENCE OF SARS-CoV-2 IN CROATIA (APRIL 2020 - DECEMBER 2021)

TABLICA 2. SEROPREVALENCIJA SARS-C0oV-2 NA PODRUCJU HRVATSKE (TRAVAN]J 2020.- PROSINAC 2021.)

‘ Tested/
Testirani

Tested group/
Testirana skupina

Testing period/
Razdoblje testiranja

Healthcare workers/ April-May/Travanj-

Zdravstveni radnici svibanj 2020 592
May/Svibanj 2020 240
Children and adolescents/
Djeca i adolescenti October-November/ 308
Listopad-studeni 2020
Hemodialysis patients/ e
Bolesnici na hemodijalizi May/Svibanj 2020 136
Veterinary personnel/ May/Svibanj 2020 122
Veterinari Mar/Ozujak 2021 121
Professional football players/ May-July/ 305
Profesionalni nogometasi Svibanj-srpanj 2020
May-Jul/
Svibanj-srpanj 2020 1088
Dec/Prosinac 2020- 1436
General population/ Feb/Veljaca 2021
Op¢a populacija Jun-July/ 354
Lipanj-srpanj 2021**
Dec/Prosinac 2021** 406
Professional athletes/ L
Profesionalni sportasi Jun/Lipanj 2020 %0
Solid organ transplant recipients/ Sep-Nov/Rujan- 512

Primatelji solidnih organa studeni 2020

‘ SARS CoV-2 IgG ELISA ‘ SARS-CoV-2 VNT ‘

o o References/
Positive/ | gsgcp | Positivel | gsocp | Literatura
Pozitivni Pozitivni
16 (2.7%) 1.5-4.3 9 (1.5%) 0.7-2.9 [43]

9 (3.9%) 1.7-7.0 7 (2.9%) 1.2-5.9
[44]
27 (8.8) 50-12.5 | 26 (8.4%) = 5.6-12.1
9 (6.6%) 3.1-12.1 0 (0%) 0-2.7* [46, 48]
6 (4.9%) 1.8-10.4 0 (0%) 0-2.9*
[46]
22(182%) = 11.8-262 | 11(9.1%) = 4.6-15.7
6 (2%) 0.9-4.2 NT NA [49]
24 (2.2%) 1.4-3.2 2 (0.2%) 0-0.6
[45]
360 (25.1%) | 22.8-27.4 268 16.7-20.8
(18.7%)
170 (48.0%) | 42.7-53.4 NT NA
CIPH;
unpublished
196 (48.3%)  43.3-53.3 NT NA data
10 (11.1%) 5.5-19.5 5 (5.5%) 1.8-12.5 [48]
103 (20.1%) = 16.7-23.8 | 16 (3.1%) = 1.8-5.0 [47]

*One-sided 97.5%CI; **Adult general population; CIPH=Croatian Institute of Public Health; NT=Not tested; NA=Not applicable

in Italy (23.3%), whereas students and teachers in
Germany, had the lowest (0.6%) and in England the
highest seroprevalence rates (11.7%). Galanis et al.>
(2021) conducted a meta-analysis on the seroprevalence
of SARS-CoV-2 antibodies among healthcare workers.
The authors demonstrated the estimated overall
seroprevalence of 8.7% (95%CI 6.7-10.9%), whereas
the seroprevalence was higher in reports from North
America (12.7%), compared to those from Europe
(8.5%), Africa (8.2%), and Asia (4%).

Higher seropositivity rates were detected after the
third and fourth pandemic waves (48.0 and 48.3%,
respectively using ELISA). It is important to note that
COVID-19 vaccination started at the end of December
2020 which may at least partly influence the obtained
seroprevalence results in 2021 and 2022. A very
recently published study (systematic review and meta-
analysis of standardized population-based studies)
observed that global SARS-CoV-2 seroprevalence has
risen considerably over time. Similar to the Croatian

results, the seroprevalence in Europe high-income
countries has increased to 50% in 2021 (Q2, April-
July) with a further steady increase to 95.9% in 2022
(Q1, January-March).

In addition to human cases, SARS-CoV-2 was
detected in pet animals. The first large-scale serosurvey
of SARS-CoV-2 in dogs and cats from Zagreb and the
Split region was conducted from February to June 2020.
A small number of seropositive animals (dogs 0.31%,
cats 0.76%) with a low neutralizing antibody titer
after the first wave suggest infections are rare and are
following human infections®. The second study (July-
December 2020) included two dog populations from
Zagreb: dogs from households with confirmed human
COVID-19 cases and dogs admitted to the Veterinary
Teaching Hospital (Faculty of Veterinary Medicine,
University of Zagreb) for any given reason (general
population). In COVID-19-infected households,
25.64% of dogs had detectable NT antibodies compared
to 2.20% in the general population®®. In addition,
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SARS-CoV-2 IgG antibodies were detected in 13.8% of
cat serum samples collected in the Veterinary Teaching
Hospital in December 20208,

The presence of SARS-CoV-2 was also analyzed in
the wildlife (June 2020-February 2021). Blood, muscle
extract, and fecal samples of free-living wild boars (Sus
scrofa), red foxes (Vulpes vulpes) and jackals (Canis
aureus), and blood and cloacal swabs of yellow-legged
gulls (Larus michahellis) were tested. Using ELISA,
SARS-CoV-2 antibodies were detected in 2.9% of red
foxes, 3.9% of wild boars, and 4.6% of jackals; however,
surrogate NT antibodies as well as SARS-CoV-2 RNA
were not detected””.

Conclusions

The COVID-19 pandemic has highlighted the role
of the ‘One Health' approach in the surveillance of
zoonoses®®. In addition to human cases, SARS-CoV-2
infections were confirmed in pet animals and wildlife.
The detection of SARS-CoV-2 in humans, animals,
and the environment implies that the ‘One Health’
approach is crucial to controlling COVID-19 and
future pandemics!*®).
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