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Abstract

COVID-19 is a zoonotic disease caused by SARS-CoV-2. Infections of animals with SARS-CoV-2 have recently been
reported, and an increase of severe lung pathologies in domestic dogs has also been detected by veterinarians in
Spain. Therefore, further descriptions of the pathological processes in those animals that show symptoms similar to
those described in humans affected by COVID-19 would be highly valuable. The potential for companion animals
to contribute to the continued transmission and community spread of this known human-to-human disease is an
urgent issue to be considered. Forty animals with pulmonary pathologies were studied by chest X-ray, ultrasound
analysis, and computed tomography. Nasopharyngeal and rectal swabs were analyzed to detect canine pathogens,
including SARS-CoV-2. An additional twenty healthy dogs living in SARS-CoV-2-positive households were included.
Immunoglobulin detection by several immunoassays was performed. Our findings show that sick dogs presented
severe alveolar or interstitial patterns with pulmonary opacity, parenchymal abnormalities, and bilateral lesions. The
forty sick dogs were negative for SARS-CoV-2 but Mycoplasma spp. was detected in 26 of 33 dogs. Five healthy and
one pathological dog presented IgG against SARS-CoV-2. Here we report that despite detecting dogs with a-SARS-
CoV-2 IgG, we never obtained a positive RT-qPCR for SARS-SoV-2, not even in dogs with severe pulmonary disease;
suggesting that even in the case of canine infection, transmission would be unlikely. Moreover, dogs living in COVID-
19-positive households could have been more highly exposed to infection with SARS-CoV-2.
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Introduction

The year 2020 has seen an international health emer-
gency generated by the emerging zoonotic coronavirus
SARS-CoV-2, which began its expansion in the end of the
2019 in Wuhan (China) and caused a pandemic within
a few months [1, 2]. SARS-CoV-2 infection can lead to
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COVID-19, a pathology with various clinical manifesta-
tions, and in its severest form is mainly associated with
lung injury and pathology similar to macrophage acti-
vation syndrome, such as hyperinflammation and lung
damage by an uncontrolled activation and proliferation
of T lymphocytes and macrophages [3, 4].

Four genera of coronaviruses have been described:
Alphacoronavirus, Betacoronavirus, ~Gammacorona-
virus and Deltacoronavirus (a-CoV, B-CoV, y-CoV and
8-CoV) according to their genetic structure. a-CoV and
B-CoV infect mammals, and in addition to humans,
have been also described in dogs and cats. Mostly, they
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are responsible for respiratory infections in humans and
gastroenteritis in animals. In dogs, canine enteric coro-
navirus (CCoV), an a-CoV, causes an enteritis of variable
severity that is rarely fatal but leads to the development
of immunity. However, some recovered dogs become
carriers with the ability to infect other dogs. However,
canine respiratory coronavirus (CRCoV), which belongs
to the B-CoV (like SARS-CoV-2), causes respiratory
symptoms in dogs, with generally mild clinical signs [5]
and occasionally as a coinfection with other respiratory
pathogens. Recently, the first cases of asymptomatic dogs
infected with SARS-CoV-2 have been described [6].

Due to the zoonotic origin of SARS-CoV-2 and the
described transmission between species, a hypothesis of
the transmission and spread among animals of different
species has become more plausible [7]. Cases of infected
cats, dogs, tigers, lions, minks and ferrets have been
reported during SARS-CoV-2 outbreaks, all of which had
had close contact with infected people [6, 8]. Some data
suggest that transmission from minks to humans, cats
and dogs has occurred on farms.

The World Organization for Animal Health (OIE)
stated that some animals can become infected by being
in permanent contact with infected people, although
they note that there is no evidence pointing to a role
of infected pets in the spread of SARS-CoV-2. To
date, no cases of transmission from domestic animals
to humans have been described [9]. Some researchers
have reported that dogs whose owners were positive
for SARS-CoV-2 showed negative serological results to
SARS-CoV-2, postulating that pets are not virus car-
riers [10]. By contrast, there have been some cases of
companion dogs reported to be positive by quantita-
tive reverse transcription PCR (RT-qPCR)detection [6]
and others that have developed neutralizing antibod-
ies against SARS-CoV-2 [11]. RT-qPCR-positive dogs
have been detected worldwide (Hong Kong, Denmark
and USA, but none in Spain), all of them in close con-
tact with SARS-CoV-2 positive humans [9]. Currently,
28 positive dogs to SARS-CoV-2 have been reported
by RT-qPCR around the world. Less than half of them
were asymptomatic [6, 12]. One presented mild respira-
tory illness, and only one presented also neutralizing
antibodies accompanied with hemolytic anemia [13].
On the other hand, two PCR-negative dogs have devel-
oped neutralizing antibodies. One was asymptomatic
and the other had breathing problems, but it is not clear
if this was related to the infection [13]. Further, molec-
ular testing of 3500 companion dogs, cats and horses
were done by IDEXX Company in USA and Korea and
no positive cases were found [14]. No positive cases
have been reported in dogs exposed to SARS-CoV-2 in
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France [15]. Another recent study in Italy carried out
with pets has shown that none of the 817 animals stud-
ied were positive for SARS-CoV-2 by RT-qPCR test but
13 dogs and 6 cats had neutralizing antibodies [11].

In this report, we show that during the spring
months of the year 2020, coinciding with the pan-
demic, an increase of severe lung pathologies in dogs
was detected by veterinarians in Spain. Therefore, it
is important to determine the infectious agent(s) and
a potential role of SARS-CoV-2 infection. It is neces-
sary also to describe the pathological processes that
could occur in those animals, which could be infected
by SARS-CoV-2 and which show symptoms similar to
humans affected by COVID-19. It is also highly rel-
evant to determine if dogs could become infected in a
home environment where close human-pet interactions
occur. Here, we describe the study of sick and healthy
dogs regarding potential infection with SARS-CoV-2.

Materials and methods
Clinical study
A prospective study with forty dogs presenting pneu-
monia was performed between April and June 2020 in
Spain. This study was conducted in several hospitals
and clinics, in Madrid and Zaragoza (Spain). The inclu-
sion criteria were to present at least three of the fol-
lowing clinical signs: fever (rectal temperature higher
than 39.5 °C), cough, fatigue, tachypnoea (higher than
30 breaths per min), or crackles on lung auscultation.
Gastrointestinal signs (vomiting and/or diarrhea) and
tachycardia (higher than 130 beats per min) were also
recorded. Dogs without evidence of pneumonia on
imaging tests and dogs presenting signs that suggested
cardiogenic oedema or tumors were excluded. The clin-
ical diagnosis of pneumonia was through various imag-
ing tests, including thoracic ultrasound. For a complete
work-up dorsoventral and laterolateral thoracic radio-
graphs, abdominal ultrasound, and complete hema-
tologic work-up were performed on all dogs that had
owner authorization. A clinical follow-up of all patients
was performed and mortality was also recorded.

Twenty healthy dogs living with people with a SARS-
CoV-2-confirmed infection were included as animals
exposed to the virus. These dogs did not present any
symptoms at the time of sample taking, and therefore
were considered healthy animals. The inclusion crite-
rion was the animals lived in homes where at least one
person had been diagnosed with COVID-19. Exclusion
criteria were pregnant females and dogs diagnosed with
any ongoing pathology or infection.

The study was approved by the Ethical Committee
of the Faculty of Health Sciences, Alfonso X el Sabio
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University and all dog owners gave written informed
consent.

Image analysis

Chest X-ray (CXR) was performed in two projections
(Right Laterolateral (LL)/Dorsoventral (DV)). Thoracic
radiographs and a study ultrasound were performed in
sick dogs using a portable ultrasonographic device (My
Lab Alpha Vet Esaote S.P.A, Barcelona, Spain) equipped
with two multifrequency linear (3—13 MHz) and micro-
convex (8—12 MHz) transducer. The Vet BLUE protocol
was used to study the lungs of each patient, the images
were acquired at 4 acoustic windows on each side of the
thorax at standardized anatomic sites (caudal, perihilar,
middle and cranial), providing a total of 8 sites/patient.
The pathological lung was recognized when the ultra-
sound lung rockets also called B lines were observed
(Figure 1) or by the presence of other pulmonary ultra-
sound findings for consolidation (crushing, tissue, nod-
ule sign) (Figure 1).

Computed tomographic (CT) scans were obtained
using 64-multidetector scanners (Aquilion, Toshiba)
with all dogs positioned in sternal recumbency under
general anaesthesia, the CT scan was performed dur-
ing temporary apnoea induced by hyperventilation. CT
scans were examined by a radiologist. The general dis-
tribution of the lung lesions was classified as general-
ized, focal and uni or bilateral. The presence or absence
of pleural effusion was studied with all techniques.

Immunoglobulins detection by immunoassays

Blood samples were collected in BD vacutainer plasma
separator tubes (BD PST II, Becton Dickinson, Frank-
lin Lakes, NJ, USA), plasma was obtained and frozen
at -20 °C until analysis. As a negative control, samples
from dogs with no known virus exposure were used,
kindly given by Centro de Transfusién Veterinario
(Madrid, Spain).

To determine immunoglobulins (IgG) against
SARS-CoV-2 in dog plasma samples, a highly sensi-
tive SARS-CoV-2 Spike S1 protein ELISA Kit was
used (MyBioSource, San Diego, CA, USA) following
the manufacturer’s instructions. Captured IgG against
SARS-CoV-2 S1 protein were detected by goat anti-
dog IgG (H&L) polyclonal antibody conjugated with
horse radish peroxidase (HRP) (Invitrogen, Carlsbad,
CA, USA). Absorbance was measured at 450 nm using
the Varioskan LUX, ver. 1.00.37 (Thermo Fisher Scien-
tific, Waltham, Massachusetts, USA). Results were cal-
culated using the Skanlt Software 5.0 for Microplate
Readers RE, ver. 5.0.0.42 (Thermo Fisher Scientific).
Values > 2.50D of the negative control were considered
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Figure 1 Imaging with chest radiograph, sonographic images
and CT of three different dogs. A Thoracic radiograph made in
right lateral (left) and dorsoventral (right) showing a generalized
severe interstitial opacity accentuated in the caudodorsal (arrows). B
Sonographic images of two patients with severe dyspnea showing
a diffused B line (left; arrow) and consolidation focal lesions (right;
arrow). C Transverse (left) chest CT images showing bilateral focal
peripheral ground-glass opacities with intralobular and interlobular
smooth septal thickening (arrow); sagittal (right) chest CT images
showing diffuse opacities with consolidation and bronchial wall

thickening (arrow).

as positives, with 2.140D being the cutoff value to
determine IgG against SARS-CoV-2.

To determine antibodies (IgM and IgG) against
canine coronavirus that causes infections in enteric
tract (CCoV), dog plasma samples were analyzed
by two different commercial enzyme immunoassays
(Eurovet veterinaria S.L., Daganzo de Arriba, Madrid,
Spain) following the manufacturer’s instructions. Both
immunoassays recognize two different strains of CCoV,
CCoV type I (CCoV-I) and CCoV type II (CCoV-II).
Absorbance was measured at 450 nm using the Vari-
oskan LUX, ver. 1.00.37 (Thermo Fisher Scientific).
Results were calculated using the Skanlt Software 5.0
for Microplate Readers RE, ver. 5.0.0.42 (Thermo Fisher
Scientific). The S/P ratio was calculated as (ODsam-
ple—MVODNC)/(MVODPC—MVODNC), where MV



Perisé-Barrios et al. Vet Res (2021) 52:22

was mean value, NC was negative control and PC was
positive control. When quantifying IgM, samples with
the S/P ratio > 0.250 were considered positives. When
quantifying IgG, samples with the S/P ratio>0.240
were considered positives.

To determine neutralizing antibodies (IgG) against
canine adenovirus (CAV), canine parvovirus (CPV) and
canine distemper virus (CDV), plasma samples were
analyzed by an ELISA in solid phase (ImmunoComb
Canine VacciCheck, Biogal Galed Laboratories Acs.,
Galed, Israel). The assays were performed following the
manufacturer’s instructions. ImmunoComb images
were digitalized and spot densities were quantified using
Image Lab™ 5.0 Software (Bio-Rad, Hercules, CA, USA).
Arbitrary units were calculated as follows: (sample spot
intensity—sample mean background intensity)—(positive
reference spot intensity—positive reference spot mean
background intensity), and negative/positive criterion
was applied following manufacturer’s instructions.

PCR analysis

Nasopharyngeal swabs (all dogs) and rectal swabs (sick
dogs only) were collected and analyzed by Laboklin
GmbH & Co. (Bad Kissingen, Germany) using conven-
tional PCR or real-time PCR (qPCR and RT-qPCR).
Swabs were incubated in 750 pL. MagNA Pure DNA Tis-
sue Lysis Buffer (Roche Diagnostics GmbH, DE-Man-
nheim, Germany) plus 75 pL Proteinase K (Carl Roth
GmbH+ Co. KG, DE-Karlsruhe, Germany) for 1 h at
65 °C. Automated isolation of nucleic acids (RNA and
DNA) was performed with the MagNA Pure 96 system
from Roche Diagnostics GmbH according to manufac-
turer’s instructions. Nasopharyngeal swabs from sick
dogs were tested for canine adenovirus type 2 (CAV-2)
[16], Bordetella bronchiseptica [17], CDV [18], canine
parainfluenza virus (CPIV) (in-house method), canine
influenza A virus (CIV) [19] and canine herpesvirus-1
(Canid alphaherpesvirus-1: CaHV-1) [20] by Tagman
real-time PCR on a LightCycler®96 (Roche Diagnostics,
Basel, Switzerland) and for Mycoplasma spp. [21] by con-
ventional PCR. Swabs from all sick dogs, and swabs from
healthy dogs that presented a-SARS-CoV-2 IgG, were
also tested for SARS-CoV-2 [22] by Tagman real-time
PCR on a LightCycler®96 (Roche Diagnostics).

Histopathology

Lungs of two dogs (SER209 and SER222) were histologi-
cally evaluated after necropsy. The macroscopic exam
evaluated congestion, oedema and the lung injury pat-
tern, evaluating whether there is scattered involvement
by areas or if it is generalized throughout the lungs, as
well as the presence and type of lesions. Lung samples
were fixed in formalin 4% for 24 h, paraffin-embedded
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and 3 pm thick sections were obtained and stained with
hematoxylin—eosin.

Statistical methods

Categorical variables were presented as percentages. For
continuous variables, data distribution normality was
evaluated with the Kolmogorov—Smirnov test. Continu-
ous data were presented as mean with standard deviation
(SD) or median with interquartile range (IQR).

Results

Forty pathologic dogs met the inclusion criteria with the
mean age of 8 years (range: 2 months to 13 years). Fif-
teen breeds were recorded with the most common being
Cross-Breed 22.5% (9/40), Yorkshire terrier 12.5% (5/40),
and German shepherd 10% (4/40). There were 22 females
and 18 males.

The most common clinical signs were crackles on lung
auscultation (100%), followed by cough (92.5%), tachyp-
noea (80%), fatigue (72.5%), tachycardia (60%), fever
(57.5%), vomiting (37.5%) and diarrhoea (35%) (Table 1).
The radiographic findings in the 40 analyzed dogs were
consistent with mild to severe alveolar or interstitial pat-
tern, with pulmonary opacity accentuated in the caudo-
dorsal lung field. In 32.5% (13/40) of dogs a generalized
increase in pulmonary opacity affecting all lung lobes
was noted (Figure 1A). A focal alveolar infiltrate in the
cranioventral lung field was detected in 50% (20/40) of

Table 1 Epidemiologic characteristics, clinical features,
and mortality

Frequency (N=40) Percentage (%)

Epidemiologic characteristics

Gender

Female 22 550
Male 18 45.0
Age (years) 8.0° 34P

(2 months-13 years)
Clinical features

Crackles (lung auscultation) 40 100
Cough 37 92.5
Tachypnoea (>30 breaths per 32 80.0
minute)
Fatigue 29 72.5
Tachycardia (> 130 beats per 24 60.0
minute)
Fever (>39.5 °C) 23 575
Vomiting 15 375
Diarrhoea 14 350
Mortality 17 425
2 Mean

b Standard deviation
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dogs. One or more pathological findings were observed
during the ultrasound examination of the patients.
The main sonographic features were dispersed B-line
and rocket sign (100%; 31/31), partially diffused B-line
(80.65%; 25/31) and pulmonary consolidations focal
lesions (48.39%; 15/31). Complications such as pleural
effusion were rarely seen (4%; 1/25) and pneumothorax
was not detected (Figure 1B). The CT findings were pul-
monary parenchymal abnormalities (Figure 1C) and the
lung lesions were bilateral in all evaluated dogs.

In order to assess the overall status of dogs, and consid-
ering that the number of white blood cells is frequently
altered in an infection, we consider relevant to perform
a hematologic evaluation on twenty-four pathologic
patients. The count of white blood cells (WBC) was
out of normal range in 58.3% of dogs with the number
of neutrophils being abnormal in 75%, lymphocytes in
37.5% and monocytes in 45.8% (Table 2).

Considering the altered immune cell numbers observed
in peripheral blood and the clinical course, we proceeded
to evaluate possible pulmonary pathogens. In order to
determine whether the observed pathologies could be
related to a SARS-CoV-2 infection or to other pathogens,
PCR analysis was performed. All forty dogs were nega-
tive for SARS-CoV-2 (Table 3). Thirty-three dogs were
additionally analyzed for a complete profile including the
most common canine infectious agents. All of them were
negative for CPIV, CIV, and CaHV-1. Mycoplasma spp.
and CDV were detected as a single agent in 57.6% (19/33)
and 3% (1/33), respectively (Table 3).

The pathologies in our patients were severe with 42.5%
(17/40) dying of pneumonia during follow-up (Table 1),
all from respiratory distress. The patients who survived
had permanent radiographic changes in the lung paren-
chyma, with a predominance of the interstitial pattern, as
well as reduced respiratory capacity. Two of the deceased
dogs were necropsied in order to study lung tissue dam-
age. The macroscopic examinations showed congested,
oedematous, and consolidated lung parenchyma with
patchy involvement in both dogs. Both animals presented
severe interstitial pneumonia with diffuse alveolar dam-
age. Furthermore, one dog (SER209) presented extensive

Table 2 Hematologic peripheral blood analysis
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congestion, haemorrhages (Figure 2A), and fibrin sheaths
in the alveolar lumen with an inflammatory infiltrate of
lymphocytes and macrophages (Figure 2B), with scat-
tered syncytia. Occasionally, alveoli are lined by Type
II pneumocytes (Figure 2B). There was multifocal vas-
culitis with periarteriolar lymphocyte infiltrate and
occasional vascular wall hyalinosis (Figure 2C). Animal
SER222 showed intense autolytic changes with severe
acute alveolar damage, vascular lesions such as conges-
tion, rich-protein alveolar oedema (Figure 2D), and hya-
line membranes that occluded alveolar lumina. Scant and
disperse inflammatory cells, mainly macrophages with
intracytoplasmic brown granular pigment (compatible
with hemosiderin) were observed in alveolar septa. Inter-
estingly, some of these findings, particularly the scattered
syncytia are usually present in some viral infections [23].

After testing for possible pathogens in the diagnosed
dogs and analyzing the evaluated tissues, we set out to
study the immune response against some of these infec-
tious agents in 17 dogs. Further, we also decided to study
20 dogs that lived with people diagnosed with SARS-
CoV-2 infection, as a group of dogs potentially exposed
to the virus, and which did not present symptoms at the
time of sampling. First of all, information about vac-
cination was gathered to determine the immune status
of dogs. Ten sick dogs had been vaccinated routinely
according to recommendations by veterinarians but eight
sick dogs did not receive any vaccine (Additional file 1).
We have not detected any association between the vac-
cination patterns of pathological animals compared to
healthy dogs.

Immunoglobulins G (IgG) against CAV, CPV and
CDV were analyzed in peripheral blood samples from
these sick and healthy dogs (Figure 3 and Additional
file 2). Further, antibodies (IgM and IgG isotypes) against
canine coronavirus that affects the enteric tract (CCoV),
and also IgG against SARS-CoV-2 were studied for both
groups (Figure 3 and Additional file 2). The number of
dogs that presented IgG antibodies against SARS-CoV-2
was higher in the group of healthy dogs in COVID-
19-positive households (25%; 5/20), compared to the
pathological ones (5.88%; 1/17). Interestingly, the sick

Hematologic Out of range parameters Normal range Mean Standard deviation
N=24 (%) (SD)

WBC (x 10%cells/pL) 14 (58.3) 6.0-17.0 205 9.7

Neutrophils (x 10%cells/pL) 18 (75) 3.0-115 16.7 9.1

Lymphocytes (x 10cells/uL) 9(37.5) 1.0-48 1.9° 10-33°

Monocytes (x 103cells/uL) 11 (45.8) 02-14 1.2° 07-17°

WBC White Blood Cells
2 Median

b Interquartile range (IQR)
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Table 3 Infectious pathogens of sick dogs
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CAV-2 Mycoplasma spp.  Bordetella
bronchiseptica

cbv CPIV Cclv CaHV-1 SARS-CoV-2

SER 01 — + +
SER 02 — + -
SER 03 - + -
SER 04 nd nd nd
SER 05 — + -
SER 06 nd nd nd
SER 07 nd nd nd
SER 08 nd nd nd
SER 09 —
SER 10 —
SER 11 —
SER 12 —
SER 13 —
SER 14 —
SER 15 —
SER16 —
SER 17 —
SER 18 —
SER 202 —
SER 204 —
SER 205 -
SER 206 —
SER 207 —
SER 208 —
SER 209 —
SER 210 —
SER 211 — — —
SER 212 — - -
SER 213 — — —
SER 214 + +

SER 217 - +

SER 220 - + -
SER 222 - +

SER 223 - - -

SER 233 - - -

SER 234 - + -

SER 235 - - -

SER 301 nd nd nd
SER 302 nd nd nd
SER 303 nd nd nd

D+ + 4+ + + + + ++
| |

+ 4+ + ++ + o+
|

nd nd nd nd -

nd nd nd nd —
nd nd nd nd -
nd nd nd nd —

nd nd nd nd -
nd nd nd nd -
nd nd nd nd -

CAV-2: canine adenovirus type 2; CDV: canine distemper virus; CPIV: canine parainfluenza virus; CIV: canine influenza A virus; CaHV-1: canine herpesvirus-1; SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2. Presence (+), absence (-), not determined (nd)

dog that presented antibodies against SARS-CoV-2 was
negative for the detection of the virus in swabs studied
by RT-qPCR, however Mycoplasma spp. and CDV were
detected in this patient (Additional file 2 and Table 3).
All five a-SARS-CoV-2 IgG-positive healthy dogs were

negative to SARS-CoV-2 by RT-qPCR. All of them
showed the same pattern of antibodies against some of
the studied pathogens, with positives for a-CAV IgG,
a-CPV IgG and a-CDV IgG (Additional file 2). Never-
theless, two of the five presented a-CCoV IgG while the
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A

Figure 2 Histopathological study of lung tissues in sick dogs. Representative images of hematoxylin and eosin stained necropsy samples are
shown. A Sample showing moderate vasculitis with rich-protein alveolar oedema and haemorrhages. B Lung tissue showing alveolar lined by type
Il pneumocytes and inflammatory infiltrate in the alveolar lumens. C Arteriolar wall hyalinosis is shown. D Diffuse alveolar damage with oedema and
intra-alveolar hyaline membranes are shown. Scale bar: 200 pm (A, D) and 50 um (B, C).
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remaining three were not protected against canine coro-
navirus. Twelve healthy dogs presented a-CCoV IgG with
two of these twelve being positive for a-SARS-CoV-2
IgG (Figure 3 and Additional file 2). Seven pathological
dogs presented a-CCoV IgG, but in this group all were
negative for a-SARS-CoV-2 IgG (Figure 3 and Additional
file 2).

Discussion

Dogs are currently considered to be less susceptible hosts
for SARS-CoV-2 than cats or minks, despite the fact that
several positive RT-qPCR test results in dogs have been
reported [6]. Surveillance data from IDEXX laborato-
ries, show no positive results for SARS-CoV-2 in any of
more than 1500 dog specimens submitted for respiratory
PCR panels, suggesting that transmission from human
to pet is very rare. However, veterinarians in Spain have
observed an increase in aggressive lung pathologies in
dogs during the human COVID-19 pandemic that have
not responded to conventional antibiotic treatments.
Moreover, the mortality rate due to respiratory disease is
typically very low (1.2% and only 0.3% due to pneumonia)
[24, 25]. Nevertheless, we found a mortality rate of 42.5%
during follow-up. Dogs with very aggressive lung diseases

showed a very similar appearance to humans presenting
COVID-19 [26]. We cannot rule out the existence of an
acute respiratory distress syndrome (ARDS) that gener-
ates the described pathological patterns. However, these
cases in veterinary medicine are very uncommon and
tend to have known etiology, usually a sequel to bacterial
pneumonia, aspiration pneumonia, sepsis, or shock [27].

Historically, the most common pathogens associated
with complex canine infectious respiratory disease have
been CPIV, CAV-2, Bordetella bronchiseptica, Strepto-
coccus equi subsp. zooepidemicus, Mycoplasma cynos,
CaHV-1, CDV, CIV, and CRCoV [25]. In our study, we
detected eight of 33 analyzed dogs presenting classi-
cal primary respiratory pathogens, and we also detected
IgM for CCoV in four dogs (3/17 pathological dogs and
1/20 healthy dog). However, the presence of CRCoV
is detected more frequently in dogs with mild clinical
signs than in dogs with moderate or severe clinical signs
[5]. Therefore, we can assume that it was not the agent
responsible for the severe respiratory pathologies in these
three dogs.

Interestingly, 26 of 33 analyzed dogs showed a posi-
tive test for Mycoplasma spp. Many Mycoplasma spp.
are commensal organisms that colonize the mucous
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Figure 3 Immune response of sick and healthy dogs. A Quantification of immunoglobulins (Ig) G against canine adenovirus (CAV), canine
parvovirus (CPV) and canine distemper virus (CDV) in sick (red bars; n=17) and healthy (blue bars; n =20) dogs. Mean + standard error of the
mean (SEM) are shown. Mann-Whitney U test; *p < 0.05. Scatter dot plots showing the quantification of IgM (B) and IgG (C) against canine
coronavirus (CCoV) in sick and healthy dogs. Mean £ SEM (bars) and individual values (dots) are shown. Dotted line indicates the range of positives.
D Quantification of IgG against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in sick and healthy dogs. Mean = SEM (bars) and
individual values (dots) are shown. Dotted line indicates the range of positives. a.u.: arbitrary units.

membranes of the respiratory tract, and their role in
canine infectious respiratory disease is not clear. More-
over, Mycoplasma cynos is the only species of the genus
Mycoplasma significantly associated with pneumonia in
dogs but it is still also unclear if M. cynos is a primary or
secondary pathogen in dogs, because it can be cultured
from the lungs of dogs, both with and without other
identifiable infectious agents [28]. In a European study of
dogs with canine infectious respiratory disease, seroprev-
alence of Mycoplasma spp. levels ranged from 20.7 to
61.9% [29], but in another study with healthy dogs, myco-
plasma were isolated from 78 to 93% of throat swabs [25].
Moreover, mycoplasma infections are usually associated
with other infections. It is interesting to note that myco-
plasma coinfections are very common in COVID-19
human patients [30], and it also has been suggested that a
coinfection or activation of latent mycoplasma infection

in COVID-19 disease may be highly significant in deter-
mining a fatal disease course [31, 32].

Normally, the therapy response when treating canine
respiratory tract diseases with drugs (antibiotics, bron-
chodilators, anti-inflammatories, antitussives, decon-
gestants, mucolytics, mucokinetics or expectorants) is
adequate at alleviating the symptoms or reversing the
disease. Nevertheless, our patients did not respond
adequately to the therapeutic protocol. A major com-
mon pathogen has not been detected in our patients, so
at the moment the causative agent of the pathologies is
unknown. Further, the number of deaths was more than
30 times higher than expected without clarified etiol-
ogy and curiously coincidental to a peak of the COVID-
19 pandemic in Spain. When analyzing deceased dogs,
interstitial pneumonia that usually courses with nonspe-
cific lesions was detected. This manifestation has also
been described in canine pathologies, such as canine
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distemper, herbicide poisoning (paraquat) and systemic
processes (principally, septicemia or uremia) [23]. How-
ever, it should be noted that the observed lesions are
similar to those described for humans with COVID-19
[2]. Especially, striking lesions observed in vessels, both
lymphocytic vasculitis and the hyalinosis of the arteri-
olar wall [33]. However, all of them were negative for
RT-qPCR tests for SARS-CoV-2 using nasopharyngeal
and rectal samples. These results agree with a large-scale
study that was recently carried out to assess SARS-CoV-2
infection in 817 companion animals living in northern
Italy, in which similarly none of the animals tested posi-
tive using RT-qPCR [11]. Likewise, it should be consid-
ered that viral particles have been detected in the skin
endothelium of human patients despite the fact that they
were negative when nasopharyngeal swabs were tested by
RT-qPCR. Therefore, it would be useful to analyze SARS-
CoV-2 by immunohistochemistry and/or RT-qPCR in
necropsy samples from our patients [34].

In a previous study on the presence of immunoglobu-
lins against SARS-CoV-2 in peripheral blood of pets, 487
dogs were tested in China. They were serologically nega-
tive for anti-SARS-CoV-2 IgGs. Among them, sera from
15 pet dogs and 99 feral dogs were collected from Wuhan
City, but it should be noted that only one pet dog living
with a confirmed human COVID-19 patient presented
antibodies against SARS-CoV-2 [10]. However, in the
Italian study, 3.4% of 188 dogs (and 3.9% of 63 cats) had
measurable SARS-CoV-2 neutralizing antibody titers.
None of these animals with neutralizing antibodies dis-
played respiratory symptoms at the time of sampling. As
expected, dogs from SARS-CoV-2-positive households
seemed to be significantly more likely to test IgG positive
than those from SARS-CoV-2-negative households [11].
Finally, other researchers have determined that only half
of the dogs artificially inoculated with SARS-CoV-2 sero-
converted [8].

Here we detected specific anti-SARS-CoV-2 canine
immunoglobulins in one sick dog (1/17) and in 25%
(5/20) of dogs living in COVID-19-positive households,
indicating their susceptibility to SARS-CoV-2 infec-
tion. Seropositivity was significantly greater among pets
from COVID-19-positive households compared to those
with owners of unknown status. In the Italian study they
found 12.8% (6/47) of dogs with anti-SARS-CoV-2 canine
immunoglobulins in COVID-19-positive households,
but only 1.5% (2/133) of dogs living in COVID-19-neg-
ative households. Of note, in our study the influence of
the family environment was not evaluated in the group
of sick dogs. Some owners presented COVID-19 symp-
toms, nevertheless they were not tested for SARS-CoV-2.
Other owners had not presented symptoms during the
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pandemic. Therefore, it was decided to exclude this data
due to a lack of reliable information.

Most people infected with SARS-CoV-2 display an
antibody response between day 10 and day 21 after
infection, and several studies have suggested that previ-
ous antibodies and T cells against endemic human cor-
onavirus may provide some degree of cross-protection
from SARS-CoV-2 infection [35]. Further, there have
been reports of pre-existing memory CD4 + T cells that
are cross-reactive with SARS-CoV-2 and the common
human cold coronaviruses HCoV-OC43, HCoV-229E,
HCoV-NL63, or HCoV-HKUI1 [36]. In our data, we did
not find any correlation between a-CCoV and a-SARS-
CoV-2 IgG-positivity, although the low number of cases
makes it difficult to reach a valid conclusion. Some
viruses as CAV, CPV and CDV cause pathologies affect-
ing puppies with high mortality rates if they are not
treated. Most routine protocols include the vaccination
against these viruses, even before the pup is allowed to
be in contact with other dogs. Since most of the dogs
are vaccinated to this pathology we rule out any corre-
lation with anti-SARS-CoV-2 in our group of study.

In summary, we analyzed dogs affected by severe pul-
monary disease, all of which were negative for SARS-
CoV-2 by RT-qPCR. However, one sick dog (1/17) and
five healthy dogs living in COVID-19-positive house-
holds (5/20) presented a-SARS-CoV-2 IgG. Our results
suggest that even in the case of a canine infection it
would be poorly transmissible. Moreover, dogs with own-
ers positive for SARS-CoV-2 could have been more likely
to be exposed to infection during outbreaks.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513567-021-00897-y.

Additional file 1. Vaccination status from sick and healthy dogs.

Additional file 2. Immune response of sick and healthy dogs.

Abbreviations

a.u.: Arbitrary units; CaHV-1: Canine herpesvirus-1; CAV: Canine adenovirus;
CCoV: Canine enteric coronavirus; CDV: Canine distemper virus; CIV: Canine
influenza A virus; CoV: Coronaviruses; COVID-19: Coronavirus disease 2019;
CPIV: Canine parainfluenza virus; CPV: Canine parvovirus; CRCoV: Canine
respiratory coronavirus; CT: Computed tomographic; CXR: Chest X-ray; DV:
Dorso-Ventral; HRP: Horse radish peroxidase; IgG: Immunoglobulins; IQR: Inter-
quartile range; LL: Latero-Lateral; RT-gPCR: Reverse transcription quantitative
PCR; SARS: Severe acute respiratory syndrome; SD: Standard deviation; WBC:
White blood cells; a-CoV: Alphacoronavirus; 3-CoV: Betacoronavirus; y-CoV:
Gammacoronavirus; §-CoV: Deltacoronavirus.

Acknowledgements

The authors would like to thank the owners of the dogs for their participation,
as well as the veterinary clinics and hospitals that have collaborated in this
study (Veterinary Hospital Vetcare, Veterinary Hospital Madrid Norte, among
others). The authors would like to thank the “Centro de Transfusién Veterinario”
for their donation of samples of virus not-exposed dogs.


https://doi.org/10.1186/s13567-021-00897-y
https://doi.org/10.1186/s13567-021-00897-y

Perisé-Barrios et al. Vet Res (2021) 52:22

Authors’ contributions
Concept and design: AJP-B, JG-C, AB-F and PG-O. Development of meth-
odology: BDT-M, PD-B, PP, PP-C, JG and AM-L. Acquisition of data (provided

animals, acquired and managed patients, provided facilities, etc.): AB-F, MG, PP
and PG-O. Analysis and interpretation of data (e.g,, statistical analysis, biostatis-
tics, computational analysis): AJP-B, GO-D, JG-C and AB-F. Writing, review and/
or revision of the manuscript: AJP-B, JG-C and AB-F. Study supervision: AJP-B,

JG-Cand AB-F. All authors read and approved the final manuscript.

Funding
Study funded by Fundacién Universidad Alfonso X el Sabio (1.011.115 grant

to AJ.P-B; 1.011.101 to A.B-F) and Comunidad de Madrid (COV20/01398 grant
to AJ.P-B.and AB-F). The funders had no role in study design, data collection

and analysis, decision to publish, or preparation of the manuscript.

Ethics approval and consent to participate

The study was approved by the Ethical Committee of the Faculty of Health Sci-
ences, Alfonso X el Sabio University and all dog owners gave written informed

consent.

Competing interests
The authors declare that they have no competing interests.

Author details

! Biomedical Research Unit, Universidad Alfonso X El Sabio, Avda Universidad

1,28691 Villanueva de la Cafiada, Madrid, Spain. 2 Vetcorner, Calle Mosén

José Bosqued 2, 50012 Zaragoza, Spain. 3 ERVET-DIEZ BRU, Calle Tordesillas 4,

28925 Alcorcén, Madrid, Spain.  Micros Veterinaria S.L., Calle Profesor Pedro
Carmenes, 24007 Ledn, Spain. ® Faculty of Veterinary, Universidad Alfonso X
El Sabio, Avda Universidad 1, 28691 Villanueva de la Cafada, Madrid, Spain.
6 Laboklin GmbH & Co. KG, SteubenstraBe 4, 97688 Bad Kissingen, Germany.
7 Cellular Biotechnology Unit, Instituto de Salud Carlos Ill, Ctra Majada-
honda-Pozuelo Km 2, 28220 Majadahonda, Madrid, Spain.

Received: 11 November 2020 Accepted: 5 January 2021
Published online: 15 February 2021

References

1. LiQ Guan X,Wu P,Wang X, Zhou L, Tong Y, Ren R, Leung KSM, Lau EHY,
Wong JY, Xing X, Xiang N, Wu Y, Li C, Chen Q, Li D, LiuT, Zhao J, Liu M,
TuW, Chen C, Jin L, Yang R, Wang Q, Zhou S, Wang R, Liu H, Luo Y, Liu Y,

Shao G et al (2020) Early transmission dynamics in Wuhan, China, of novel

coronavirus-infected pneumonia. N Engl J Med 382:1199-1207
2. Zhou P,Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu'Y, Li B,

Huang CL, Chen HD, Chen J, LuoY, Guo H, Jiang RD, Liu MQ, ChenY, Shen

XR, Wang X, Zheng XS, Zhao K, Chen QJ, Deng F, Liu LL, Yan B, Zhan FX,

Wang YY, Xiao GF, Shi ZL (2020) A pneumonia outbreak associated with a

new coronavirus of probable bat origin. Nature 579:270-273

3. Huang C,Wang,Li X, Ren L, Zhao J, HuY, Zhang L, Fan G, Xu J, Gu X,
Cheng Z,YuT, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H,
Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q Wang J, Cao B (2020) Clinical
features of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet 395:497-506

4. McGonagle D, Sharif K, O'Regan A, Bridgewood C (2020) The role of
cytokines including interleukin-6 in COVID-19 induced pneumonia
and macrophage activation syndrome-like disease. Autoimmun Rev
19:102537

5. Erles K, Brownlie J (2008) Canine respiratory coronavirus: an emerging

pathogen in the canine infectious respiratory disease complex. Vet Clin

North Am Small Anim Pract 38:815-825

6.  SitTHC, Brackman CJ, Ip SM, Tam KWS, Law PYT, To EMW, Yu VYT, Sims LD,
Tsang DNC, Chu DKW, Perera RAPM, Poon LLM, Peiris M (2020) Infection

of dogs with SARS-CoV-2. Nature 586:776-778

7. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF (2020) The
proximal origin of SARS-CoV-2. Nat Med 26:450-452

8. ShiJ,Wen Z, Zhong G, Yang H, Wang C, Huang B, Liu R, He X, Shuai L,

Sun Z, Zhao'Y, Liu P, Liang L, Cui P Wang J, Zhang X, Guan Y, Tan W, Wu G,

Chen H, Bu Z, Bu Z (2020) Susceptibility of ferrets, cats, dogs, and other
domesticated animals to SARS-coronavirus 2. Science 368:1016-1020

9.

20.

21.

22.

23.

24.

25.

26.

Page 10 of 11

Bosco-Lauth AM, Hartwig AE, Porter SM, Gordy PW, Nehring M, Byas AD,
VandeWoude S, Ragan IK, Maison RM, Bowen RA (2020) Experimental
infection of domestic dogs and cats with SARS-CoV-2: pathogenesis,
transmission, and response to reexposure in cats. Proc Natl Acad Sci U S A
117:26382-26388

Deng J, JinY, LiuY, Sun J, Hao L, Bai J, Huang T, Lin D, Jin Y, Tian K (2020)
Serological survey of SARS-CoV-2 for experimental, domestic, companion
and wild animals excludes intermediate hosts of 35 different species of
animals. Transbound Emerg Dis 67:1745-1749

. Patterson El, Elia G, Grassi A, Giordano A, Desario C, Medardo M, Smith

SL, Anderson ER, Prince T, Patterson GT, Lorusso E, Lucente MS, Lanave G,
Lauzi S, Bonfanti U, Stranieri A, Martella V, Basano FS, Barrs VR, Radford AD,
Agrimi U, Hughes GL, Paltrinieri S, Decaro N (2020) Evidence of exposure
to SARS-CoV-2 in cats and dogs from households in Italy. Nat Comm
11:6231

Sit T (2020) Follow-up report No. 3 (Final report). In: Agric. Fish. Conserv.
Dep. Hong Kong Spec. Adm. Reg. Gov. OIE-World Organ. Anim. Heal.
(WAHIS); 2020. https://www.oie.int/wahis_2/public/wahid.php/Revie
wreport/Review?reportid=33762. Accessed 12 Jan 2021

Davidson M (2020) Follow-up report No. 22. In: Dep. Agric. Washington,
United States Am. OIE-World Organ. Anim. Heal. (WAHIS); 2020. https://
www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?page_
refer=MapFullEventReport&reportid=36151. Accessed 12 Jan 2021
IDEXX SARS-CoV-2 (COVID-19) RealPCR Test. https://www.idexx.com/en/
veterinary/reference-laboratories/overview-idexx-sars-cov-2-covid-19-
realpcr-test/. Accessed 11 Jan 2021

Temmam S, Barbarino A, Maso D, Behillil S, EnoufV, Huon C, Jaraud A,
Chevallier L, Backovic M, Pérot P, Verwaerde P, Tiret L, van der Werf S, Eloit
M (2020) Absence of SARS-CoV-2 infection in cats and dogs in close
contact with a cluster of COVID-19 patients in a veterinary campus. One
Heal 10:100164

Dowgier G, MariV, Losurdo M, Larocca V, Colaianni ML, Cirone F, Lucente
MS, Martella V, Buonavoglia C, Decaro N (2016) A duplex real-time PCR
assay based on TagMan technology for simultaneous detection and dif-
ferentiation of canine adenovirus types 1 and 2. J Virol Methods 234:1-6
Register KB, Nicholson TL (2007) Misidentification of Bordetella bron-
chiseptica as Bordetella pertussis using a newly described real-time PCR
targeting the pertactin gene. J Med Microbiol 56:1608-1610

Elia G, Decaro N, Martella V, Cirone F, Lucente MS, Lorusso E, Di Trani L,
Buonavoglia C (2006) Detection of canine distemper virus in dogs by
real-time RT-PCR. J Virol Methods 136:171-176

Hoffmann B, Harder T, Lange E, Kalthoff D, Reimann I, Grund C, Oehme R,
Vahlenkamp TW, Beer M (2010) New real-time reverse transcriptase poly-
merase chain reactions facilitate detection and differentiation of novel A/
H1NT1 influenza virus in porcine and human samples. Berl Munch Tierarztl
Wochenschr 123:286-292

Decaro N, Amorisco F, Desario C, Lorusso E, Camero M, Bellacicco AL, Sci-
arretta R, Lucente MS, Martella V, Buonavoglia C (2010) Development and
validation of a real-time PCR assay for specific and sensitive detection of
canid herpesvirus 1. J Virol Methods 169:176-180

Spergser J, Rosengarten R (2007) Identification and differentiation of
canine Mycoplasma isolates by 165-23S rDNA PCR-RFLP. Vet Microbiol
125:170-174

Protocol: Real-time RT-PCR assays for the detection of SARS-CoV-2. https
//www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assay
s-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662f
cb6_2. Accessed 11 Jan 2021

Maxie MG (2015) Jubb, Kennedy, and Palmer’s pathology of domestic
animals, 6th ed. Elsevier; 2015

Adams VJ, Evans KM, Sampson J, Wood JLN (2010) Methods and mortality
results of a health survey of purebred dogs in the UK. J Small Anim Pract
51:512-524

Day MJ, Carey S, Clercx C, Kohn B, Marsillo F, Thiry E, Freyburger L, Schulz
B, Walker DJ (2020) Aetiology of canine infectious respiratory disease
complex and prevalence of its pathogens in Europe. J Comp Pathol
176:86-108

Smith MJ, Hayward SA, Innes SM, Miller ASC (2020) Point-of-care lung
ultrasound in patients with COVID-19 - a narrative review. Anaesthesia
75:1096-1104


https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?reportid=33762
https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?reportid=33762
https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?page_refer=MapFullEventReport&reportid=36151
https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?page_refer=MapFullEventReport&reportid=36151
https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?page_refer=MapFullEventReport&reportid=36151
https://www.idexx.com/en/veterinary/reference-laboratories/overview-idexx-sars-cov-2-covid-19-realpcr-test/
https://www.idexx.com/en/veterinary/reference-laboratories/overview-idexx-sars-cov-2-covid-19-realpcr-test/
https://www.idexx.com/en/veterinary/reference-laboratories/overview-idexx-sars-cov-2-covid-19-realpcr-test/
https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2
https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2
https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2
https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2

Perisé-Barrios et al. Vet Res

27.

28.

29.

30.

31

32.

33.

(2021) 52:22

Boiron L, Hopper K, Borchers A (2019) Risk factors, characteristics, and
outcomes of acute respiratory distress syndrome in dogs and cats: 54
cases. J Vet Emerg Crit Care 29:173-179

Reagan KL, Sykes JE (2020) Canine infectious respiratory disease. Vet Clin
North Am Small Anim Pract 50:405-418

Mitchell JA, Cardwell JM, Leach H, Walker CA, Le Poder S, Decaro N, Rusvai
M, Egberink H, Rottier P, Fernandez M, Fragkiadaki E, Shields S, Brownlie
J(2017) European surveillance of emerging pathogens associated with
canine infectious respiratory disease. Vet Microbiol 212:31-38

Xing Q, Li GJ, Xing YH, Chen T, LiWJ, Ni W, Deng K, Gao R, Chen C, Gao Y,
LiQ YuG,Tong J, LiW,Hao G, Sun'Y, Zhang A, Wu Q, Li Z, Pan S (2020) Pre-
cautions are needed for COVID-19 patients with coinfection of common
respiratory pathogens. SSRN Electronic J 30:37-59

Nicolson GL, de Mattos GF (2020) COVID-19 Coronavirus: Is Infection
Along with Mycoplasma or other Bacteria Linked to Progression to a
Lethal Outcome? Int J Clin Med 11:282-302

Zhong H,WangY, Shi Z, Zhang L, Ren H, He W, Zhang Z, Zhu A, Zhao

J, Xiao F,Yang F, Liang T, Ye F, Zhong B, Ruan S, Gan M, Zhu J, Li F, Li F,
Wang D, Li J,Ren P, Zhu S, Yang H, Wang J, Kristiansen K, Tun H, Chen W,
Zhong N, Xu X, et al (2020) Characterization of microbial co-infections

in the respiratory tract of hospitalized COVID-19 patients. medRxiv
2020:2020.07.02.20143032

Zhou B, Zhao W, Feng R, Zhang X, Li X, Zhou Y, Peng L, Li Y, Zhang J, Luo J,
LiL, Wu J,Yang C, Wang M, Zhao Y, Wang K, Yu H, Peng Q, Jiang N (2020)

34.

35.

36.

Page 11 of 11

The pathological autopsy of coronavirus disease 2019 (COVID-2019) in
China: a review. Pathog Dis 78:1-9

Colmenero |, Santonja C, Alonso-Riano M, Noguera-Morel L, Hernandez-
Martin A, Andina D, Wiesner T, Rodriguez-Peralto JL, Requena L, Torrelo

A (2020) SARS-CoV-2 endothelial infection causes COVID-19 chilblains:
histopathological, immunohistochemical and ultrastructural study of
seven paediatric cases. Br J Dermatol 183:729-737

Grifoni A, Weiskopf D, Ramirez SI, Mateus J, Dan JM, Moderbacher CR,
Rawlings SA, Sutherland A, Premkumar L, Jadi RS, Marrama D, de Silva AM,
Frazier A, Carlin AF, Greenbaum JA, Peters B, Krammer F, Smith DM, Crotty
S, Sette A (2020) Targets of T cell responses to SARS-CoV-2 coronavirus

in humans with COVID-19 disease and unexposed individuals. Cell
181:1489-1501.e15

Mateus J, Grifoni A, Tarke A, Sidney J, Ramirez SI, Dan JM, Burger ZC, Rawl-
ings SA, Smith DM, Phillips E, Mallal S, Lammers M, Rubiro P, Quiambao

L, Sutherland A, Yu ED, da Silva AR, Greenbaum J, Frazier A, Markmann

AJ, Premkumar L, de Silva A, Peters B, Crotty S, Sette A, Weiskopf D (2020)
Selective and cross-reactive SARS-CoV-2 T cell epitopes in unexposed
humans. Science 370:89-94

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Humoral responses to SARS-CoV-2 by healthy and sick dogs during the COVID-19 pandemic in Spain
	Abstract 
	Introduction
	Materials and methods
	Clinical study
	Image analysis
	Immunoglobulins detection by immunoassays
	PCR analysis
	Histopathology
	Statistical methods

	Results
	Discussion
	Acknowledgements
	References




