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Role of Comparative Pathology in the
vestigation of Zoonoses

Yung-Hsiang Hsu’
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Absiract

Cenerging and re-emenging zoonoses have raised groat concerms i both
himan aned andreal ealth workadwioe in the past 20 years. Nadolph Viechow
peoposed & “one medicine” discipiine and emphasized the importance of
cooperation 150 years ago. In the tace of emengng Hiseats from anpre
dictable roonoses. human medicine and veterinary medscine should not
e separate and independent sciences, Anstomic pathologists who ane
capable of anabysitg and Interpeeting anatomical mandfestations of dis
cases 10 oblaln & definite diagnosis or eaciude a wide vanetly of discases
phay an important role i the diagnostic feam. Although (isease-ansoclsied
micrabxes ane namerous, morphologhc patterms of tssoe reaction Caused
by microbes ae limited. Theredore, the Interactions Bebween microbes
and host determine the histokogical changes in the Lamel Bssues. The
comributions of anatomic pathology, with s use of morphologic simi
larities and special tochnigues, are important in 20onosis Slagnosis This
can be soen I relrospective case studies of recenl foonoses Such as
maitinucleasted syncytial glant cells In severe aoste respliabory syroiome
and mouse hepatitis virus infection, syncytial cetls in Fespatiobrus infes

ton and paramyxosieus. seuronal yacoolsion n bovine
once phadopat vy and variant Croatzfeidl hahol discase, and Srepdococcas
I Tatwan, the Chinese Society for Compearative

SOl o

siels type 3 meningitia

Pathologgy. which was established in 1008, provides for this interacbion
Imeriaborstory cooperation plays an mportant rode in the dagnosis. sor
(Tem Chi
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B R 3 # 3

Coronorvirus SARS MVH

Paramyxovirus Hendra virus and Canine distemper,
Henipah virus infection rinderpest, disease

Prion Kuru, vCID Scrapie, BSE

Streptococcus Streptococcus suis type 2 Streptococcus suis type

suis type 2 infection in human 2 infection in pigs

Leptospirosis Leptospirosis Leptospirosis

Cryptosporidium  Cryptosporidiosis Cryptosporidiosis

parvum

West Nile fever West Nile fever West Nile fever in horse

VEER AR Lyl o
Syncytial cells

Syncytial cells in the epithelium and vascular
endothelium

Vacuolation of neuronal cell bodies and processes,
spongiform change in neuropils, no inflammatory
infiltrates, and astrogliosis

Purulent meningitis

Interstitial nephritis

Organisms lining the epithelial cells

Nonsuppurative meningoencephalitis
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E;H:)?aiob‘_”—:ﬁ (Murine
viral hepatitisd =} :)}%i
5142 ) - Syncytial cells
in the omentum (HE,
100X). (Courtesy of Dr.
CT Liang, NLAC)

g &Mt sy g i ¥
(SARSH =i & 5142 ) .
Syncytial giant cells and
hyaline membranes are
observed in the lungs of
SARS-infected patients
(HE, 100X). (Courtesy of
Dr. C H Hsiao, NTUH)
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J,}‘ai (Virus)

‘m 7] (Bacteria)

® 7 (Fungus)

% & (Protozoa)

= B (Helminth)

i’ B =X %ﬁ' (Rickettsia)
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(Aerosol )
(Oral)
=

#3371 (Direct contact)

« 47 (Reproductive)

A 24 (Fomite)
A4 (Vector-borne)

A% £ (Zoonoses)
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Routes of Disease Transmission e e Cepter bx

Companion Animal Zoonoses

Disease causing agents (or pathogens) can be spread from animal-to-animal or
animal-to-human through a variety of transmission routes.

2 « Aerosol — Droplets containing pathogens travel through
the air and are inhaled by another animal or human.

- Oral — Ingestion of disease causing agents from contaminated
food, water or by licking or chewing contaminated objects
in the environment.

t

- Direct contact — Spread of pathogens through contact with

open wounds, mucous membranes, or abraded skin contacting

an infected animal or its tissues or fluids (e.g., blood, saliva, urine).

Inoculation of pathogens can occur from bites or scratches.

+ Reproductive — A subtype of direct contact that involves

pathogens spread by contact with reproductive fluids
or tissues. In animals, pathogens may be spread during
breeding or between mother and offspring.

é - Fomite — Spread of pathogens through contact with objects or

surfaces contaminated by an infected animal.

A

« Vector-borne — Transfer of a pathogen from an infected animal to
another animal or a human by an insect (e.g., flea, tick, mosquito).

- Zoonoses — Diseases spread between animals and humans.

Environmental contamination must always be taken into consideration.

24



METHODS OF DISEASE TRANSMISSION

There are many ways that diseases can be passed from person to person, and some diseases can be transmitted in more than one way. Sometimes transmission involves direct
contact with an infected person, while other times it only requires being near an infected person. Some diseases are not even spread through contact with people at all,

but through contact with animals.

Direct transmission means that the disease is passed
directly from one infected person or animal to another

person or animal.

1. PERSON-TO-PERSON

Person-to-person trans-
mission can occur any-
time an infected person
touches or exchanges
body fluids with another
person. For example,
kissing can be one
method of person-to-
person transmission.

A pregnant mother can
also pass a disease on to
her unborn child.

cal Transmission
‘I'Ayrtlhods:mear?ous @c w e
Pathogens

INDIRECT

Indirect transmission occurs when a disease is passed

from an infected person to another person, even though

the two people have not had direct contact.

vacron

Vector transmission requires another organism to
transmit a disease from person to person or from animal
to person. This is a type of zoonotic (animal to person)
transmission, but differs from direct zoonosis, in which a
vertebrate animal contracts a disease and passes it
directly to a person, as with rabies.

Some diseases are spread
by coughing or sneezing,
which can cause droplets
containing the infectious
agent to land on nearby

Ly

3. FECAL-ORAL

Fecal-oral transmission
occurs when feces—often
microscopic amounts—
are transmitted from an
infected person or animal
to another person by
mouth. This can happen if
food workers use the
restroom but do not
adequately wash their
hands before preparing
food for customers to eat.

4. AIRBORNE

Sometimes, an infectious
agent enters the air when
an infected person
sneezes, coughs,
laughs—or even just
breathes—and it can
remain in the air foran
extended period of time.
When another person
comes into contact with
the agent, this can lead
to airborne transmission.

@0%0

5. FOMITES

A fomite is an inanimate
object that servesasa
vehicle to pass an
infectious disease from an
infected persontoa
healthy person.

For example, a water
fountain might become
contaminated by the
saliva of an infected
person and pass that
disease on to another

person who drinks from it.

Other examples of
potential fomites include

6. INSECT BITE

Vector-borne diseases
are most commonly
transmitted by insect
bites. For example,
mosquitoes acquire
malaria parasites by
feeding on infected
humans and then transfer
that infection to other
people when they feed
again. The plague, which
killed tens of millions of
Europeans in the
fourteenth century, was
transmitted from rats to

doorknobs, handrails, and humans through flea
shared computer bites.
HIv Tuberculos:s Chlckenpox Zika Lyme disease keyboards.
e % @ Goe ©0 © NATIONAL

GEOGRAPHIC

Ebola MRSA Measles Influenza Norovirus E. Coli
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Biology, Seventh Edition

Biological size and cell diversity

@ Brooks/Cole = Thomson Learning

CHAPTER 4 Organization of the Cell

L
:: Protein
=
G SO o‘ Smallest
j Ribosomes bacteria
Hl ! R v 'y ¥
1um

0inm  1nm 10 nm

100 nm

Measurements
1 meter

1000 millimeters (mm)
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s FrB AL §F ¥ L (Infectious bronchitis) & % #1931 &
A EE o 21936F HF A ARFEI o

o % 1960-F %8 “h 12 & A 5K },?3—* 0

S RBIMFT R AL S M EgE § B o

e iT# kK F] 5 SARS-CoV (2003), MERS-CoV (2012) % SARS-CoV-2
(2019)314= X SEREE S F R A7 # LB P o

s BT p R A (Mg E B AR SRS
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*  FIGURE 31.2 Coronavirus morphology and structure. (A)
Negative contrast electron microscopy of SARS
coronavirus (SARS-CoV), showing the large petal-shaped
surface projections (spikes, peplomers). (B) Thin-section
electron microscopy of SARS-CoV in cell culture, showing
typical adherence of virions to the plasma membrane of
a cell—virions adhere to infected and uninfected cells. (C)
Thin-section electron microscopy of Middle Eastern
respiratory syndrome virus (MERS-CoV) in cell culture,
showing typical virion assembly in the lumen of the Golgi
membrane system. (D) Model of coronavirus virion
structure, showing the supercoiling of the viral
nucleocapsid under the envelope. (B) From Sandra
Crameri, CSIRO, Geelong, Australia. (C) From Public
Health Image Library, CDC. (D) Reproduced from Stadler,
K., et al., 2003. SARS—beginning to understand a new
virus. Nat. Rev. Microbiol. 1, 209-218. All with permission.

FIGURE 31.2 Coronavirus morphology and structure. (A) Negative contrast electron microscopy of SARS coronavirus (SARS-CoV), showing the
large petal-shaped surface projections (spikes, pepl ). (B) Thin-section electron microscopy of SARS-CoV in cell culture, showing typical adherence
of virions to the plasma membrane of a cell—virions adhere to infected and uninfected cells. (C) Thin-section electron microscopy of Middle Eastern

rocniratary cvndrame vime (IMERQ.CAVY in coll sulture  chawing tunical virian aceomhly in the lumen af the (inlei memhrane cvctom (TN Madel
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three coronavirus particles.

Group 2

CRCOV geov

SARS-CoV Group 3

TCoV

Group 1

FIPV IBV

TGEV

CCoV

Fig. 1. Phylogenetic free based on the partial polymerase gene sequence of coronaviruses.
Gray shaded areas show the separation into groups 1 to 3. CRCoV is situated in group 2
with the most closely related species, BCoV, human coronavirus strain OC43 (HCoV-
OC43), and porcine hemagglutinating encephalomyelitis virus (HEV), in addition to murine
hepadtitis virus (MHY) and rat sialodacryoadenitis virus (SDAY). Group 1 contains enteric
CCoV, porcine transmissible gastroenteritis virus [TGEV), feline infectious peritonitis virus
[FIPV), and human coronavirus strain 229E (HCoV-229E). Group 3 contains the avian corona-
viruses infectious bronchitis virus (IBY) and turkey coronavirus (TCoV). Severe acute respiratory
syndrome (SARS) coronavirus is currently classified as part of group 2 but may be reclassified
as a new group 4 with related bat coronaviruses.
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* Group 1 porcine CoVs: Model for enteric or respiratory CoV disease .
 TGEV and PRCV infections as models for changes in tissue tropism

e Group 1 feline CoV (FCoV): Models for systemic and persistent CoV infection

e Group 2 bovine CoVs (BCoV): Models for pneumoenteric CoV infection
 Calf diarrhea and calf respiratory BCoV infections

* Group 2 BCoVs: Cross-species transmission

~* Group 3 CoVs: Infectious bronchitis virus (IBV)-Model for respiratory CoV mfectlon
W|th other_targettlssues ._ i -.a

(Severe Acute Respiratory Syndrortie”/”/%*
2005, Edi. By Peiris et al.)
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Genus: Alphacoronavirus; type species: Alphacoronavirus
7112][13]

» Species: Alpaca coronavirus, Alohacoronavirus 1, Human
coronavirus 229E, Human Coronavirus NL63,
Miniopterus Bat coronavirus 1, Miniopterus Bat
coronavirus HKUS8, Porcine epidemic diarrhea virus,
Rhinolophus Bat coronavirus HKUZ2, Scotophilus Bat
coronavirus 512

Genus Betacoronavirus; type species: Murine coronavirus

* Species: Betacoronavirus 1, Human coronavirus HKU1,
Murine coronavirus, Pipistrellus Bat coronavirus HKUS,
Rousettus Bat coronavirus HKU9, SARS coronavirus,
Tylonycteris Bat coronavirus HKU4, MERS-CoV, Human
coronavirus OC43, Hedgehog coronavirus 1 (EriCoV),
SARS-Cov -2

Genus Deltacoronavirus; type species: Bulbul coronavirus
HKU11

» Species: Wigeon coronavirus HKU20, Bulbul coronavirus
HKU11, Porcine coronavirus HKU15, Munia coronavirus
HKU13, Thrush coronavirus HKU12

Genus Gammacoronavirus; type species: Infectious bronchitis
virus

» Species: Beluga whale coronavirus SW1, Infectious
bronchitis virus
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Virus References

Host Receptor of Human Coronavirus

Alphacoronaviruses

HCoV-229E [115]
HCoV Types Host receptors HCoV-NL63 (116]
TGEV [117]
HCoV-229E APN ( aminopeptidase N, CD13)) :ll: '[:::
CCoV (120]

ACEZ2 ( angiotensin-converting Coronaviruses: An Overview of Their Replication

and Pathogenesis

Betacoronaviruses

MHV mCEACAM (121,122
BCoV N-acetyl-9-O-acetylneuraminic acid [123] Anthony R. Fehr and Stanley Periman

HCoV-HKU1 O-ac Sia SARS-CoV ACE2 [124]

MERS-CoV DPP4 [100]

HCoV-NL63
enzyme 2 )

APN aminopeptidase N, ACE2 angiotensin-converting enzyme 2, mCEACAM murine carcinoembryonic antigen

. related adhesion molecule 1, DPP4 dipeptidyl peptidase 4, HCoV human coronavirus, TGEV transmissible gastroenteri
HCoV-0OC43 O-ac Sia tis virus, PEDV porcine epidemic diarrhea virus, FIPV feline infectious peritonitis virus, CCoV’ canine coronavirus,
MHYV murine hepatitis virus, BCoV bovine coronavirus, SARS-CoV severe acute respiratory syndrome coronavirus,
MERS-CoV Middle East respiratory syndrome coronavirus

MERS-CoV DPP4 ( dipeptidyl peptidase 4 )

ACE2 ( angiotensin-converting

SARS-CoV
enzyme 2 )

SARS-CoV-2 ACEZ2 ( angiotensin-converting

enzyme 2 )

Envelope

S-Protein

N-Protein

=

00000 J§e000
w
(%]

. oeec0Dn

M-Protein
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40 il
35
Delta
(days) 30
25
20
15
10
° ‘ l
Meat and Spray
Blood Complete; Meat @ Low Oil @ High Oil  Medium c!;a ‘a Dried Soybean
Meal | Feed | Meal | DDGS | DDGS |OIDDGS " | Porcine Con |~ Meal
Plasma
W TGEV 2.2 3.2 1.0 1.0 08 1.7 1.0 19.2 11.8 419
W PEDV 2.8 11 39 0.7 0.6 7.3 4.9 1.1 2.3 7.5
m PDCoV 1.2 23 2.8 6.2 8.8 38 6.2 33 25.6 420

O PLOS
Environmental persistence of porcine
coronaviruses in feed and feed ingredients
*Michaela P. Trudeau , Harsha Verma ,
Fernando Sampedro, Pedro E. Urriola, Gerald
C. Shurson, Sagar M. Goyal Published: May 24,
2017
*https://doi.org/10.1371/journal.pone.0178094

Figure 1: Days to decrease virus concentrationin 1 log (Delta values) for TGEV, PEDV and
PDCoV in feed ingredients commonly fed to swine.
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https://doi.org/10.1371/journal.pone.0178094

Table 1. Environmental survival of SARS-CoV (modified from [20]

Environment Number of hours
virus infectivity remained detectable

Fluid
Cell culture fluid at 4°C >120
Cell culture fluid at room temperature 60
Autoclaved water 72
Serum 72
Sputum 96
SARS-CoV
Urine <6
2 Fa Tk B - -
| 4 %___ X SR Non-porous environmental surface
A . Glass 60
m ] ‘/-—‘:ﬁ, : Mosaic 60
Metal 72

F]ﬂ- Plastic 60
B

Porous materials

Cloth 72
Filter paper 72
Autoclaved soil (Beijing, China) <6

(Coronaviruses with Special Emphasis on First Insights Concerning SARS 201
ed. by A. Schmidt, M.H. Wolff and O. Weber 7/24/2020
¢ 2005 Birkhauser Verlag Basel/Switzerland)
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Remdesivir (3§ 4% & & ) and chloroquine ( % %) effectively inhibit the recently
emerged novel coronavirus (2019-nCoV) in vitro (Cell Research (2020) 0:1-3;
https://doi.org/10.1038/s41422-020-0282-0
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Figure 4. Photomicrographs of small intestine taken from a two-week-old puppy with
typical lesions of CCoV infection. (A) Severe atrophy of intestinal villi with attenuated low
cuboidal to squamous enterocytes (hematoxylin and eosin stain; 20% original magnification).
(B) Coronavirus antigen is present within the cytoplasm of infected villous enterocytes
(immunohistochemistry; 20x original magnification).
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After 3 weeks of stay at a shelter, almost 100% of dogs tested positive for
antibodies to CRCoV compared with 30% on the day of entry, indicating
that the virus was highly prevalent in the population and was easily transmuit-
ted. It was also found that the presence of antibodies to CRCoV on the day of
entry led to a significantly reduced risk for contracting CIRD, supporting the
hypothesis that CRCoV played a role in the etiology of the disease [9].

b

ELSEVIER
SAUNDERS

Vet Clin Small Anim 38 (2008) 815-825

VETERINARY CLINICS

SMALL ANIMAL PRACTICE

Canine Respiratory Coronavirus:
An Emerging Pathogen

in the Canine Infectious
Respiratory Disease Complex

Kerstin Erles, DrMedVet*,
Joe Brownlie, BVSc, PhD, DSc, FRCPath, FRCVS

Department of Pathology and Infectious Discases, The Royal Veterinary College,

Hawkshead Lane, Hatfield, ALY 7TA, UK

performed at a shelter, clinical signs were graded by veterinary clinicians into
(1) no signs of respiratory disease; (2) mild cough: (3) mild cough and nasal
discharge: (4) cough, nasal discharge, and inappetence: and (5) severe respira-
tory disease with evidence of bronchopneumonia. Because of a small number

7/24/2020
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Detection of canine respiratory coronavirus in clinical samples from dogs

Clinical signs
or histopathologic

No. CRCoV-positive
samples out of

Sample type diagnosis total no. samples (%) Reference
Trachea None 11 of 42 (26.1) [9]
Mild respiratory disease® 10 of 18 [55.6) [9]
Moderate respiratory 9 of 46 (19.6) [9]
disease
Severe respiratory disease 2 of 13 (15.4) [9]
lung None 8 of 42 (19) [9]
Mild respiratory disease 4 0f 18 (22.2) [9]
Moderate respiratory 8 of 46 (17.4) [9]
disease
Severe respiratory disease 0 of 13 [9]
Lung Severe gnsfroeni‘eriﬁsb 1 of 109 (0.92) [26]
lung Bronchitis/bronchiolitis 2 of 126 (1.9) [12]
Oropharyngeal swab ~ Mild respiratory disease 2 of 64 (3.1) [21]
Oropharyngeal swab None 1 of 64 (1.6) [21]
Oral swab Cough 1 of 10 (10) [23]
Oral swab None 1 of 10 (10) [23]
Nasal swab Cough and nasal 1 of 59 (1.7) [22]
discharge
Rectal swab Gastroenteritis® 1 of 65 (1.5) [22]

°Criteria for grading into mild, moderate, and severe respiratory disease are explained in the section

on epidemiology.

PEvidence of bronchopneumonia at postmortem examination, canine parvovirus, and CCoV also

detected.
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Fig. 2. Kidney of a dog with pantropic CCoV infection. Extensive hemorrhagic areas in the
cortex.

Fig. 1. Lung of a dog with pantropic CCoV infection. Pneumonia in the caudal lobe.

Canine Coronavirus: Not
Only an Enteric Pathogen

Nicola Decaro, pwi, prp*, Canio Buonavoglia, bvv

KEYWORDS

* Canine coronavirus ¢ Alphacoronavirus-1 « Pantropic GCoV
* Experimental infection e Molecular virology

Canine coronavirus (CCoV) is strictly related to coronaviruses of cats and pigs, with
which it is now included in a unique viral species.’ To date, two different canine
coronavirus genotypes are known, which have been designated types | and II,? and
canine/porcine recombinant strains have been also identified in recent years.>* CCoV
is generally recognized as the etiologic agent of self-limiting infections of the small
intestine, which can lead to mild gastroenteritis.> However, a few years ago a highly
virulent strain (pantropic CCoV) was isolated that was responsible for an outbreak of
fatal, systemic disease in pups.® Such a strain displayed some genetic changes with
respect to extant strains circulating in the dog population. The disease induced by the
strain isolated from the natural outbreak was reproduced under experimental condi-
tions.”® This article reviews the currently available literature on pantropic CCoV,
providing a meaningful update on the virologic, epidemiologic, clinical, diagnostic,
and prophylactic aspects of the infections caused by this emerging pathogen of dogs.

AN OVERVIEW OF CANINE CORONAVIRUSES
Coronavirus Structure, Genome, and Taxonomy

Coronaviruses (family Coronaviridae, order Nidovirales) are enveloped viruses asso-
ciated mainly with enteric and respiratory diseases in mammals and birds. The round
and sometimes pleomorphic coronavirion, 80 to 120 nm in diameter, contains a linear,
positive-strand RNA molecule, which is complexed with the highly basic nucleocap-
sid phosphoprotein (N) to form a helical capsid found within the viral envelope. The
coronavirus membranes contain at least three viral proteins: the spike (S), envelope
(E), and membrane (M) proteins. The S glycoprotein mediates viral attachment to
specific cell receptors and fusion between the envelope and plasma membrane and
it is the main inducer of virus-neutralizing antibodies. The E protein plays an important
role in viral envelope assembly, but it is not essential for virus propagation. The M
protein, the most abundant structural component, is a type Il glycoprotein consisting

Department of Veterinary Public Health, Faculty of Veterinary Medicine of Bari, Strada per
Casamassima Km 3, 70010 Valenzano, Bari, ltaly

* Corresponding author.

E-mail address: n.decaro@veterinaria.uniba.it

Vet Clin Small Anim 41 (2011) 1121-1132
doi:10.1016/j.cvsm.2011.07.005 vetsmall.theclinics.com
0195-5616/11/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
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Fig. 4. Photomicrograph of the liver of a dog with pantropic CCoV infection. Diffuse Fig. 5. Photomicrograph of the kidney of a dog with pantropic CCoV infection. Coagulative

hepatocyte degeneration and microvacuolar fatty change (H&E). (Courtesy of Prof. M. necrosis associated with marked hyperemia (H&E). (Courtesy of Prof. M. Castagnaro, University of
Castagnaro, University of Padua.) Padua.)

Fig. 3. Photomicrograph of the lung of a dog with pantropic CCoV infection. Densely cellular Fig. 6. Immunohistochemical staining with monoclonal anti-CCoV antibody of a lung section
fibrinopurulent exudates, septae disruption, and diffuse edema (H&E). (Courtesy of Prof. M. from a dog with pantropic CCoV infection. CCoV-infected cells are brown stained. (Courtesy
Castagnard/ 2412826ty of Padua.) of Prof. M. Castagnaro, University of Padua.) 85



TABLE 1 Survey for pantropic CCoV in European countries

No. CCoV
positive

No. of dogs Internal  No. of dogs
Country sampled Dogs  organs CCoV-Ila positive

France 92 57 11
Hungary 75 18 7
[taly 69 12

Greece 87 22

The Netherlands

Belgium

Bulgaria

Total
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* (Zhou P et al. Fatal swine acute diarrhoea syndrome caused
by anHKU2-related coronavirus of bat origin . 12 APril 2018
| Vol 556 | Nature | 255)

F* RARERR (EH=X) o

a. ¥RE7z% (Jejunum)

b. Bffd%ezH

C.¥ PR 2% % cytokeratin o £ * £ 4 ¢ (&

¢)
d. #4385 2 SADS-CoV N protein & & i+ &

Fig. 3 | Inmunohistopathology of SADS-CoV infected tissues.

a-d, Sections of jejunum tissue from control (a, ¢) and infected (b, d) farm .
piglets four days after inoculation were stained with haematoxylin and 24, 3 ( & 3 )
eosin (a, b) or rabbit anti-SADSr-CoV N serum (red), DAPI (blue) and / Sr—

mouse antibodies against epithelial cell markers cytokeratin 8, 18 and 19
(green) in (¢, d). SADS-CoV N protein is evident in epithelial cells and
deeper in the tissue of infected piglets, which exhibit villus shortening.
Scale bars, 200 pm (a, b) and 50 pm (¢, d). The experiment was conducted
three times independently with similar results.
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syndromes, SARS ) (2003 # )

> v A R R R F %ﬂi%ﬂ*/}‘a‘ai & Z4 & (Middle East respiratory
syndrome coronavirus, MERS-CoV) (2012 # )
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Table 1. Major Pathological Findings in Various Organs and Tissue

Number
Organs/tissue Pathology of cases
Respiratory tract Diffuse alveolar damage with varying degrees of acute 63
exudative features including edema and hyaline
membranes, organization, and fibrosis. Macrophagic or
mixed cellular infiltration, multinuclear giant cells, atypical
reactive pneumocytes, and vascular injury. Positive in situ
hybridization signals in pneumocytes, lymphocytes, and
macrophages
Spleen and lymph nodes  Lymphocyte depletion in spleen and lymph nodes with 25
architectural disruption. Splenic white pulp atrophy. Positive
in situ hybridization signals in immune cells
Digestive tract Intestines: no obvious pathological changes/ nonspecific 19
changes. Depletion of mucosal lymphoid tissue. Positive in
situ hybridization signals in mucosal epithelial cells
Liver: no specific pathological changes. In some cases, 20
necrosis and evidence of apoptosis
Urogenital tract Kidneys: acute tubular necrosis, in varying degrees and other 21
nonspecific features. Positive in situ hybridization signals in
the epithelial cells of the distal tubules
Central nervous system Edema and degeneration of neurons, several neurons in situ 12
hybridization-positive
Bone marrow In some cases, reactive hemophagocytosis 9
Skeletal Muscles Myofiber necrosis and atrophy, few regenerative myofibers 13
Adrenal gland Necrosis and infiltration of monocytes and lymphocytes 14
Thyroid gland Destruction of follicular epithelial cells, several apoptotic cells 5
Testes Germ cell destruction, apoptotic spermatogenetic cells 7
Heart Edema and atrophy of myocardial fibers 22

SARS % #&

\“.—-‘

PP

128



Clinical Presentation of the Disease in Adults 25 ; . .
f Viral Diagnosis of SARS 65
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Figure 9.1 RT-PCR % positive in nasopharyngeal aspirates (NPA), nose and throat swabs (NS/TS), stool and

<H Chan et al 2004; with permission of Emerging Infectious Diseases.)

Figure 3.3 Biopsy of the colon in a SARS patients with diarrhoea. (Reproduced from Gastroenterology 2003; P e i r i S et al )
Leung WK, ToKF, Chan PKS, Chan HLY, Wu A, Lee N, Yuen KY, Sung )JY, Enteric involvement of Severe Acute "
Respiratory Synd « irus Infection; pages 101117, with permission from the American

Jrine at different days post-onset of disease in patients with serologically confirmed SARS. (Re-printed from

(Severe Acute Respiratory Syndrome. 2005, Edi. by
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Direct viral cytopathic effect,

including induction of apoptosis

4

//7\',.; ,4/ ,.’
| v

—
Py X
7
Infection of tracheobronchial

and alveolar epithelial cells

SARS-CoV l

Infection of
immune cells §

Disseminations to
~
other organs o

Down-regulation of ACE2

Adaptive immune system:
Auto-antibodies

Innate immune system:
@ insufficient interferon response

@ excessive expression/secretion of
chemokines and cytokines

!

Excessive recruitment of
immune cells

Depletion of immune cells

Severe lung injury

A

Genetic aspects

§ Macrophages/ monocytes, lymphocytes and dendritic cells
< Intestines, kidneys and brain

TGF-g1 and MCP-1

®© Auto-antibodies against pulmonary epithelium and endothelium
»*¢ including MIP-1 a, RANTES, IP-10, IL-1, IL-6, IL-8, TNF-a,

v¢ Mainly monocytes, neutrophils and activated T-lymphocytes

/A Genotypes associated with low or deficient MBL serum levels,
certain haplotypes are associated with increased susceptibility
to SARS-CoV infection and/ or increased severity of disease.
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Disease names may NOT include: Examples to be avoided

Geographic locations:
Cities, countries, regions, continents

Middle East Respiratory Syndrome, Spanish Flu, Rift
Valley fever, Lyme disease, Crimean Congo
hemorrhagic fever, Japanese encephalitis
Creutzfeldt-Jakob disease, Chagas disease
Swine flu, bird flu, monkey pox, equine
encephalitis, paralytic shellfish poisoning
Cultural, population, industry or occupational | Occupational, legionnaires, miners, butchers, cooks,
references nurses
Terms that incite undue fear Unknown, death, fatal, epidemic
*Superscripts indicate those terms further described below

People’s names
Species/class of animal or food

A. “Severe” is appropriate to use for diseases with a very high initial case fatality rate (CFR),
recognising that the CFR may decrease as an event progresses.

B. “Novel” can be used to indicate a new pathogen of a previously known type, recognising
that this term will become obsolete if other new pathogens of that type are identified.

C. A date (year, or month and year) may be used when it is necessary to differentiate
between similar events that happened in different years

© World Health Organization 2015. All rights reserved.
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201955 5 & 115
(COVID-19)

e 2020/1/30 WHO® ¥ & T J??«T]
s i ERES f*-,‘; BX 3: AR

.-/\l\.»

(Public Health Emergency of
International Concern, PHEIC)

g M 43t M (F4 25 FRACE 2

receptori 4c ?)

= & % %] 3% (receptor and
epithelial differentiation?)

(2020/7/22)
0/2/17, CDC)

Situation in numbers (by WHO Region)

Total (new cases in last 24 hours)

Globally 14765 256 cases (202 726) 612 054 deaths (4 286)

Africa 623 851 cases (12 666) 10 157 deaths (259)

Americas 7 811127 cases (109 052) 313 809 deaths (2 240)

Eastern Mediterranean 1414 462 cases (13 918) 35 628 deaths (483)

Europe 3124701 cases (21 047) 208 469 deaths (524)

South-East Asia 1520 780 cases (42 639) 35891 deaths (770)
s

Western Pacific 269 594 cases (3 404) 8 087 deaths (10)

igure 1. Number of confirmed* COVID-19 cases reported in the last seven days by country, territory or area, 16 July to 22 July **

Cases reported in the last 7 days

1-100
101 - 1000
1001 - 10 000
I 10001 - 100 000

>100 000
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20.

COVID-19g 4 ~ Bl % ik & 24 B (2B
Interpreting Diagnostic Tests for SARS-CoV-2

Before symptom onset After symptom onset

( Detection unlikely?@ )

PCR - Likely positive

)( PCR - Likely negative® )

SARS-CoV-2
exposure

Increasing prob;bility of detection —I>

Antibody detection )

1
Week -2

1 1
Week -1 Week 1

T T
Week 2 Week 3

T T T
Week 4 Week 5 Week 6

Symptom onset
Nasopharyngeal swab PCR Bronchoalveolar lavage/sputum PCR ======. |gM antibody
Virus isolation from respiratory tract = StoolPCR = eecceces. IgG antibody

JAMA June 9, 2020 Volume 323, Number 22
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Endothelial cell infection
and endotheliitis in
COVID-19

Cardiovascular complications are
rapidly emerging as a key threat in
coronavirus disease 2019 (COVID-19)
in addition to respiratory disease.
The mechanisms underlying the
disproportionate effect of severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2) infection on patients
with cardiovascular comorbid-
ities, however, remain incompletely
understood.*

SARS-CoV-2 infects the host using
the angiotensin converting enzyme 2
(ACE2) receptor, which is expressed in
several organs, including the lung, heart,
kidney, and intestine. ACE2 receptors
are also expressed by endothelial cells.?
Whether vascular derangements in
COVID-19 are due to endothelial cell
involvement by the virus is currently
unknown. Intriauinalv. SARS-CoV-2

2020/7/24

X5 @Tk

Published Online

April 17,2020
https://doi.org/10.1016/
S0140-6736(20)30937-5

Figure: Pathology of endothelial cell dysfunction in COVID-19

(A, B) Electron microscopy of kidney tissue shows viral inclusion bodies in a peritubular space and viral
particles in endothelial cells of the glomerular capillary loops. Aggregates of viral particles (arrow) appear with
dense circular surface and lucid centre. The asterisk in panel B marks peritubular space consistent with capillary
containing viral particles. The inset in panel B shows the glomerular basement membrane with endothelial
cell and a viral particle (arrow; about 150 nm in diameter). (C) Small bowel resection specimen of patient 3,
stained with haematoxylin and eosin. Arrows point to dominant mononuclear cell infiltrates within the
intima along the lumen of many vessels. The inset of panel C shows an immunohistochemical staining of
caspase 3 in small bowel specimens from serial section of tissue described in panel D. Staining patterns were
consistent with apoptosis of endothelial cells and mononuclear cells observed in the haematoxylin-eosin-
stained sections, indicating that apoptosis is induced in a substantial proportion of these cells. (D) Post-
mortem lung specimen stained with haematoxylin and eosin showed thickened lung septa, including a large
arterial vessel with mononuclear and neutrophilic infiltration (arrow in upper inset). The lower inset shows an
immunohistochemical staining of caspase 3 on the same lung specimen; these staining patterns were

consistent with apoptosis of endothelial cells and mononuclear cells observed in the haematoxylin-eosin-
ctainad cartinne COAVIN_10_rAaranaiinic dicaaca IN10
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Fig. 4 Gross and microscopic examination of the placenta. a The macroscopic lesions of perivillous fibrin deposition with infarction, as irregular strands ¢
pale yellow-white induration (arrow). b Microscopic lesions of intervillositis characterized by an infiltrate of the intervillous spaces made of neutrophils an
histiocytes (arrow) (HES stain, original magnification x400). ¢ The intervillositis with several CD68-positive histiocytes (arrow); neutrophils are negativ
with this anti-macrophage antibody (anti-CD68 immunohistochemistry, original magnification x400).

Fig. 5 Placental immunostaining for SARS-CoV-2 N-protein (anti-N immunohistochemistry, original magnification x800). a The intense brown
cytoplasmic positivity of peri-villous trophoblastic cells in the placenta of our case (arrows). b, € Two negative controls (primary antibody, two SARS-CoV
2 negative placentas).

OPEN
Transplacental transmission of SARS-CoV-2
infection

Alexandre J. Vivanti® "8, Christelle Vauloup-Fellous?®, Sophie Prevot?, Veronique Zupan®, Cecile Suffee®,
Jeremy Do Cao(® ©, Alexandra Benachi® ' & Daniele De Luca@® *7™

SARS-CoV-2 outbreak is the first pandemic of the century. SARS-CoV-2 infection is trans-
mitted through droplets; other transmission routes are hypothesized but not confirmed. So
far, it is unclear whether and how SARS-CoV-2 can be transmitted from the mother to the
fetus. We demonstrate the transplacental transmission of SARS-CoV-2 in a neonate born to
a mother infected in the last trimester and presenting with neurological compromise. The
transmission is confirmed by comprehensive virological and pathological investigations. In
detail, SARS-CoV-2 causes: (1) maternal viremia, (2) placental infection demonstrated by
immunohistochemistry and very high viral load; placental inflammation, as shown by histo-
logical examination and immunohistochemistry, and (3) neonatal viremia following placental
infection. The neonate is studied clinically, through imaging, and followed up. The neonate
presented with neurological manifestations, similar to those described in adult patients.




Histopathology and ultrastructural findings of fatal @x®
COVID-19 infections in Washington State: a case series N

Benjamin T Bradley*, Heather Maioli*, Robert Johnston, Irfan Chaudhry, Susan L Fink, Haodong Xu, Behzad Najafian, Gail Deutsch,
J Matthew Lacy, Timothy Williams, Nicole Yarid, Desiree A Marshall

Summary

Background Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the cause of an ongoing pandemic, published online

with increasing deaths worldwide. To date, documentation of the histopathological features in fatal cases of the July16,2020
disease caused by SARS-CoV-2 (COVID-19) has been scarce due to sparse autopsy performance and incomplete organ :;T:Ji::g:g’;;:;;:’z
sampling, We aimed to provide a clinicopathological report of severe COVID-19 cases by documenting histopathological

. + N *Contributed equall
changes and evidence of SARS-CoV-2 tissue tropism. e
Department of Pathology
. . . . - . (BT Bradley MD, H Maicli MD,
Methods In this case series, patients with a positive antemortem or post-mortem SARS-CoV-2 result were considered  prof 4 xu MD, B Najafian MD,

eligible for enrolment. Post-mortem examinations were done on 14 people who died with COVID-19 at the King Prof Deutsch MD,
County Medical Examiner's Office (Seattle, WA, USA) and Snohomish County Medical Examiner's Office (Everett, Z:M“"“”Mr”l’:;“’
WA, USA) in negalive-pressure isolation suiles during February and March, 2020. Clinical and laboratory data were ME:::ZT:TDR, w‘:;"ory
reviewed. Tissue examination was done by light microscopy, immunohistochemistry, electron microscopy, and s Fink M), University of

quantitative RT-PCR. Washingtan, Seattle, WA, USA;
King County Medical

Findings The median age of our cohort was 73.5 years (range 42-84; IQR 67.5-77.25). All patients had clinically penryonron

significant comorbidities, the most common being hypertension, chronic kidney disease, obstructive sleep apnoea,  ichaudhry Mo, TWilliams MD,
and metabolic disease including diabetes and obesity. The major pulmonary finding was diffuse alveolar damage in  NYarid MD); and Snohomish
the acute or organising phases, with five patients showing focal pulmonary microthrombi. Coronavirus-like particles gﬁ’:&t’:':ﬁ“:;’:"s
were detected in the respiratory system, kidney, and gastrointestinal tract. Lymphocytic myocarditis was observed in /,ooypy

one patient with viral RNA detected in the tissue. Correspondance to:

Dr Benjamin Bradley,
Interpretation The primary pathology observed in our cohort was diffuse alveolar damage, with virus located in the Department of Patholagy,
pneumocytes and tracheal epithelium. Microthrombi, where observed, were scarce and endotheliitis was not ?QQ:.T:'\Z’:;E'E;T
identified. Although other non-pulmonary organs showed susceptibility to infection, their contribution to the 0 "
pathogenesis of SARS-CoV-2 infection requires further examination.

‘iaure 1: Luna with subseamental nulmonarv embolism (indicated bv arrowheads) in patient 12

Figure 2: Lung pathology of fatal COVID-19 infections

(A) Hyaline membranes in patient 4. Haematoxylin and eosin; magnification x100. (B) Diffuse alveolar damage, organising phase, in patient 2. Arrowheads indica
fibroblast proliferations. Haematoxylin and eosin; magnification x100. (C) Multinucleated giant cells and pleomorphic, reactive pneumocytes in patient 5.
Haematoxylin and eosin; magnification x400. (D) Pleomorphic multinucleated giant cells stained positive for pneumocyte marker TTF-1 and negative for
macrophage marker CD68 by immunohistochemistry in patient 5. Magnification x600. (E) Perivascular lymphocytic inflammation in patient 10. Haematoxylin ar
eosin; magnification x200. (F) Reactive airway cells and bronchial epithelium (indicated by arrowheads) positive for SARS-CoV-2 spike protein in patient 10.
Haematoxylin and eosin; magnification x400. (G) Pneumocytes and alveolar macrophages positive for SARS-CoV-2 spike protein by immunohistochemistry in
patient 10. Magnification x200. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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Abstract

An ongoing pandemic of coronavirus disease (COVID-19) is caused by infection with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Characterization of the histopathology and cellular
localization of SARS-CoV-2 in the tissues of patients with fatal COVID-19 is critical to further understand
its pathogenesis and transmission and for public health prevention measures. We report
clinicopathologic, immunohistochemical, and electron microscopic findings in tissues from 8 fatal
laboratory-confirmed cases of SARS-CoV-2 infection in the United States. All cases except 1 were in
residents of long-term care facilities. In these patients, SARS-CoV-2 infected epithelium of the upper
and lower airways with diffuse alveolar damage as the predominant pulmonary pathology. SARS-CoV-2
was detectable by immunohistochemistry and electron microscopy in conducting airways,
pneumocytes, alveolar macrophages, and a hilar lymph node but was not identified in other

extrapulmonary tissues. Respiratory viral co-infections were identified in 3 cases; 3 cases had evidence
of bacterial co-infection.
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Figure 1. Pulmonary histopathology in fatal
coronavirus disease cases caused by severe acute
respiratory syndrome coronavirus 2 infection. A)
Patient no. 5: tracheitis characterized by moderate
mononuclear inflammation within the submucosa
(original magnification x10). B) Patient no. 3:
extensive denudation of tracheal epithelium;
submucosal congestion, mild edema, and
mononuclear inflammation (original magnification
x10). C) Patient no. 4: exudative phase of diffuse
alveolar damage characterized by abundant hyaline
membranes lining alveolar spaces (arrow) (original
magnification x20). D) Patient no. 8: proliferative
phase of diffuse alveolar damage characterized by
proliferation of type Il pneumocytes (arrow) (original
magnification x20). E) Patient no. 1: atypical
pneumocytes with enlarged and multiple nuclei, and
expanded cytoplasm in a case with proliferative
DAD (original magnification x40). F) Patient no. 7:
bronchopneumonia with filling of alveolar spaces by
neutrophils and patchy hemorrhage (arrow) (original
magnification x10).
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Figure 2. Histopathologic findings associated with
underlying conditions in fatal coronavirus disease. A)
Patient no. 2: lung, hemosiderin-laden macrophages
(brown pigment, bottom left), and anthracosis (black
pigment, top right) in a patient with congestive heart
failure (original magnification x20). B) Patient no. 3: lung,
emphysema in a patient with chronic obstructive
pulmonary disease (original magnification x5). C) Patient
no. 7: lung, pulmonary microthrombosis (arrow) (original
magnification x20). D) Patient no. 2: kidney, extensive
glomerulosclerosis in a patient with renal disease (original
magnification x10). E) Patient no. 3: liver, steatosis in a
patient with morbid obesity (original magnification x20). F)
Patient no. 2: heart, myocardial fibrosis and mild
cardiomyocyte hypertrophy in a patient with cardiomegaly
(original magnification x5).
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#® 3. Immunostaining of severe acute respiratory syndrome
coronavirus 2 in pulmonary tissues from fatal coronavirus disease
cases. A) Patient no. 5: scattered immunostaining of tracheal
epithelial cells (original magnification x40). B) Patient no. 5: higher
magnification shows immunostaining of ciliated cells (original
magnification x63). C) Patient no. 8: immunostaining of
desquamated type | pneumocyte in an alveolar lumen (original
magnification x63). D) Patient no. 4: colocalization of SARS-CoV-2
viral antigen (red) with type |l pneumocyte stained by surfactant
(brown; arrow) (original magnification x63). E) Patient no. 4:
colocalization of SARS-CoV-2 viral antigen (red) with macrophages
stained by CD163 (brown; arrows); virus immunostaining within
type Il pneumocytes is also seen (arrowheads) (original
magnification x40). F) Patient no. 4: extensive immunostaining of
hyaline membranes in a region of exudative DAD (original
magnification x20). G) Patient no. 3: scattered immunostaining
within macrophage in hilar lymph node; anthracosis is also present
(original magnification x63).
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Figure 4. Ultrastructural features of severe acute respiratory
syndrome coronavirus 2 lung infection in fatal coronavirus disease. A)
Top: alveolar space containing extracellular virions (arrows) with
prominent surface projections. Bottom: cluster of virions in the
alveolar space. Scale bars indicate 200 nm. B) Extracellular virions
(arrow) associated with ciliated cells of the upper airway. Scale bar
indicates 200 nm. C) Membrane-bound vacuoles (arrows) containing
viral particles within the cytoplasm of an infected type Il pneumocyte;
surfactant (lamellated material) indicted by arrowheads. Scale bar
indicates 1 um. D) Membrane-bound vacuole (double-headed arrow
in panel C) containing virus particles (arrows) with the characteristic
black dots that are cross-sections through the viral nucleocapsid.
Arrowheads indicate vacuolar membrane. Scale bar indicates 200 nm.
E) Viral particles (arrow) within a phagosome of an alveolar
macrophage. Scale bar: 200 nm. F) Viral particles within a portion of a
hyaline membrane. Scale bar indicates 800 nm. Inset: Higher

magnification of virus particles indicated by arrow; scale bar indicates
200 nm.
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Figure 5. Ultrastructural features of severe acute respiratory
syndrome coronavirus 2 infection within the upper airway of a fatal
coronavirus disease case from formalin-fixed paraffin-embedded
(FFPE) tissue. Viral particles associated with the cilia of ciliated cells
(A, C, and D) and the cytoplasm of respiratory epithelial cells (B) in
the upper airway are indicted by arrows. Images in panels A and C
were obtained from FFPE tissue removed from a paraffin block
using a 2-mm biopsy punch. Images in panels B and D were
collected from a 3 um section of FFPE tissue affixed to a glass slide.
Viral particles visualized in FFPE samples were smaller than those
observed from fresh tissue; extracellular viral particles in fresh tissue
samples were 105 nm in diameter and those from FFPE tissues were
75 nm in diameter. Scale bars indicate 1 um (panel A), 800 nm
(panel B), and 200 nm (panels C and D).
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Morbidity and Mortality Weekly Report

First Reported Cases of SARS-CoV-2 Infection in Companion Animals —
New York, March-April 2020

Alexandra Newman DVM!; David Smith, DVM?; Ria R. Ghai, PhD?%; Ryan M. Wallace, DVM34; Mia Kim Torchetti, DVM, PhD?; Christina Loiacono,
DVM, PhD3; Laura S. Murrell, MA34; Ann Carpenter, DVM34; Scotr Moroff, VMDE; Jane A. Rooney DVM7; Casey Barton Behravesh, DVM, DrPH34

On June 8, 2020, this report was posted as an MMWR Early
Release on the MMWR website (https://www.cde.govimmuwr).

On April 22, CDC and the U.S. Department of Agriculture
(USDA) reported cases of two domestic cats with confirmed
infection with SARS-CoV-2, the virus that causes coronavi-
rus disease 2019 (COVID-19). These are the first reported
companion animals (including pets and service animals) with
SARS-CoV-2 infection in the United States, and among the
first findings of SARS-CoV-2 symptomatic companion animals
reported worldwide. These feline cases originated from separate
households and were epidemiologically linked to suspected
or confirmed human COVID-19 cases in their respective
households. Notification of presumptive positive animal test
results triggered a One Health* investigation by state and
federal partners, who determined that no further transmission
events to other animals or persons had occurred. Both cats fully
recovered. Although there is currently no evidence that animals
play a substantial role in spreading COVID-19, CDC advis,
persons with suspected or confirmed COVID-19 to restr

overweight, with a normal body temperature (101.4°F [38.6°C]).
Nasal, oropharyngeal, and ocular swabs were collected by
veterinary staff members and submitted to a private diagnostic
laboratory (laboratory A) for a routine feline respiratory
polymerase chain reaction (PCR) panel designed to detect
Mycoplasma felis, Bordetella bronchiseptica, feline calicivirus,
Chlamydophila felis, feline herpesvirus, and influenza A
HINIlpdm. A broad-spectrum cephalosporin class antibiotic
(cefovecin; 52 mg) was administered subcutaneously, and the cat
was returned home, where it fully recovered by April 3. Results
of the routine feline respiratory panel were negative for all
pathogens and the specimen was tested using a SARS-CoV-2
reverse transcription PCR (RT-PCR) diagnostic assay as part
of laboratory A’s passive COVID-19 pet surveillance program.
On Apri : ounty, New YOIK,
evon Rex (cat B), developed respiratory illness includ-
ng sneezing, coughing, watery nasal and ocular discharge, loss
of appetite, and lethargy. On April 6, the owner, an employee
at a Connecticut veterinary clinic, collected conjunctival,

contact with} animals during their illness and to monitor any
animals with confirmed SARS-CoV-2 infection and separate
them from ¢ther persons and animals at home (7).
SARS-ColV-2 is a zoonotic coronavirus that likely originated
in bats (2). A small number of animals worldwide, including
dogs, cats, zpo tigers and lions, and farmed mink, have been
infected nafurally with SARS-CoV-2, mostly through sus-

mental studies in ferrets, golden Syrian hamsters, Egyptian fruit
bats, and cats show that these species can transmit infection
to cohoused animals of the same species (4-7).

SARS-CoV-2 Clinical Presentation in Domestic Cats
On March 24, in Nassau County, New York, a 4-year-old
male domestic shorthair (cat A), developed respiratory illness
characterized by sneezing, clear ocular discharge, and mild
lethargy (Figure). On April 1, the cat was taken to a veterinary

clinic; on physical examination the cat was found to be

*One Health is a collaborative, multisectoral, and transdisciplinary approach,
working at the local, regional, national, and global levels, with the goal of
achieving optimal health outcomes recognizing the interconnection between
humans, animals, plants, and their shared environment.

theeps://www.oie.int/scientific-expertise/specific-information-and-

gt ~ 9

rec | 2019novel-coronavirus/.
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nhsal, deep oral, and fecal specimens from cat B in the home
uking sterile culturettes. These specimens also were sent to
Idboratory A and tested using the feline respiratory PCR
phnel. Cat B fully recovered by April 8 without treatment. At
Idboratory A, the feline respiratory PCR panel had a positive
sult for Mycoplasma felis and negative results for other com-
on feline respiratory pathogens. The specimens from cat B
so were tested by laboratory A for SARS-CoV-2.

On April 14, laboratory A reported a positive SARS-CoV-2
RT-PCR result for cat A to the USDA National Veterinary
Services Laboratories (NVSL), veterinary clinic, and New
York state veterinarian, who immediately notified the New
York State Department of Health (NYSDH). The same day,
laboratory A notified NVSL and Connecticut state animal
health officials of the positive SARS-CoV-2 RT-PCR result for
cat B. After determining that cat B resided in New York, the
New York state veterinarian was informed, and the NYSDH
was immediately notified. RNA from the positive respiratory
specimens from both cat A and cat B were forwarded from
laboratory A to NVSL for confirmatory testing.

Public Health Response
On April 14, following notification of presumptive
positive SARS-CoV-2 test results for cats A and B, state and

US Department of Health and Human Services/Centers for Disease Control and Prevention

SARS-CoV-2 is a zoonotic coronavirus that likely originated
in bats (2). A small number of animals worldwide, including
dogs, cats, zoo tigers and lions, and farmed mink, have been
infected naturally with SARS-CoV-2, mostly through sus-
pected human-to-animal transmission® (3). In addition, experi-
mental studies in ferrets, golden Syrian hamsters, Egyptian fruit
bats, and cats show that these species can transmit infection
to cohoused animals of the same species (4-7).
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What protects against CO\
infection or transmission?

Intervention Chance of infection or transmission
Without intervention With intervention
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