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1  |  INTRODUC TION

SARS- CoV- 2 infections in domestic cats and dogs and other animals 
have been reported globally to the World Organisation for Animal 
Health (OIE; OIE, 2021). The United States Department of Agriculture 
maintains an updated list of animal species confirmed positive for 
SARS- CoV- 2 in the United States (USDA, 2021). Seropositivity rates 
in household settings with exposure to human COVID- 19 cases 
range from 4.5% to 43.8% in cats and 11% to 15.4% in dogs (Fritz 
et al., 2020; Goryoka et al., 2021; Hamer, Ghai, et al., 2021; Hamer, 
Pauvolid- Corrêa, et al., 2021; Patterson et al., 2020). Experimental 
infection studies report limited viral shedding in dogs and no evi-
dence of transmission to conspecifics (Bosco- Lauth et al., 2020; Shi 
et al., 2020). However, these studies did not assess relative differences 

in susceptibility, transmissibility or pathogenicity of current and emerg-
ing variants as reported regarding Alpha (B.1.1.7) and Delta (B.1.617.2) 
variants in humans (Fisman & Tuite, 2021). Here, we describe the doc-
umented transmission of SARS- CoV- 2 Delta variant (B.1.617.2) from a 
fully COVID- 19 vaccinated human (CDC, 2021d) to a canine.

2  |  MATERIAL S AND METHODS

2.1  |  Ethics

All procedures involving animals were approved by the Centers for 
Disease Control and Prevention (CDC; Atlanta, GA) Institutional 
Animal Care and Use Committee (IACUC; #3104BARMULX).
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Abstract
SARS- CoV- 2 infection has been described in a wide range of species, including do-
mestic animals such as dogs and cats. Illness in dogs is usually self- limiting, and further 
diagnostics may not be pursued if clinical signs resolve or they respond to empirical 
treatment. As new variants emerge, the clinical presentation and role in transmission 
may vary in animals. This report highlights different clinical presentations and immu-
nological responses in two SARS- CoV- 2 Delta- variant- positive dogs with similar expo-
sure to the same fully vaccinated human with a SARS- CoV- 2 infection and emphasizes 
the need for active surveillance and additional One Health research on SARS- CoV- 2 
variant infections in companion animals and other species.
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2.2  |  SARS- CoV- 2 rRT- PCR testing

Four swab specimens were collected from each dog at two time 
points (n = 16), using sterile plastic- handled, polyester- tipped ap-
plicators. Specimens were placed in 0.5 ml of viral transport media 
(VTM) prepared by CDC's Division of Scientific Resources according 
to the Standard Operating Procedure #DSR- 052– 05 (CDC, 2020). 
Following RNA extraction, all swab specimens were tested using 
the CDC Influenza SARS- CoV- 2 (Flu SC2) Multiplex Assay (Shu 
et al., 2021), a real- time reverse transcription PCR (rRT- PCR) tar-
geting the matrix 1 (M1) gene and non- structural 2 (NS2) gene for 
human influenza A and B, respectively, and the nucleocapsid (N) 
gene for specific detection of SARS- CoV- 2.

2.3  |  Serology

Blood specimens (n = 6) were collected in 5 ml vacutainer serum 
separator tubes from the cephalic vein of both dogs at three time 
points. Serological response against SARS- CoV- 2 was determined 
using a species- independent assay detecting antibody binding to 
the receptor- binding domain (RBD) of the viral spike (S) protein 
(Kainulainen et al., 2021).

3  |  RESULTS

3.1  |  Clinical history and signs of canines exposed 
to a fully vaccinated SARS- CoV- 2- positive owner

A 2- year- old, 31.4 kg (69 lb) neutered male bulldog mix (Dog 1) re-
siding in Georgia, USA, developed a dry, non- productive cough and 
lethargy on 16 July 2021. On physical exam at onset of clinical signs, 
Dog 1 was quiet, alert and responsive. An intermittent mild to mod-
erate dry, non- productive cough was noted but tracheal palpation 
elicited no cough. No other significant findings or history of illness 
or comorbidities were noted. Dog 1 was prescribed prednisone 
(1 mg/kg PO, tapered over 10 days) and doxycycline (5 mg/kg PO 
BID) at onset of clinical signs, continued to exhibit intermittent dry, 
non- productive cough for 5 days, then recovered uneventfully. A co- 
housed 11- year- old, 15.6 kg (34.4 lb) neutered male French bulldog 
(Dog 2) was bright, alert and responsive; he appeared normal with 
respect to his age and known history of severe, chronic atopic der-
matitis, and remained clinically normal.

Three days before clinical onset in Dog 1, the owner reported 
having mild COVID- 19 symptoms (Figure 1), including transient my-
algia and a mild headache for 3 days, followed by intermittent sneez-
ing, mild upper respiratory congestion and rhinorrhoea over the 
next 3 days. The owner's upper respiratory symptoms and myalgia 
resolved within 7 days and no headaches were noted after 10 days 
of symptom onset. The owner was considered fully vaccinated with 
two doses of the Moderna (mRNA- 1273) COVID- 19 vaccine as of 
22 February 2021, and tested positive by rRT- PCR for SARS- CoV- 2 

on a nasopharyngeal swab by a commercial laboratory on 17 July 
2021, one day after clinical onset in Dog 1. Both dogs resided in a 
single- family residence with owner- controlled access to a backyard 
surrounded by a 6- foot privacy fence. No other humans or animals 
resided in the household. Routine daily interactions between the 
owner and both dogs included limited contact while playing, walk-
ing on leash, feeding and direct contact through petting. These in-
teractions continued following owner's symptom onset. Interaction 
between dogs was frequent and no attempts were made to isolate 
Dog 1 from Dog 2.

Dog 1 was previously healthy, received annual preventive vet-
erinary care, was up to date on core vaccines, tested negative for 
heartworm antigen on 17 March 2021 and received monthly oral 
heartworm, flea and tick preventatives. He had attended a dog day-
care facility within the 7 days preceding his reported clinical signs. 
Dog 2 had a history of severe, chronic atopic dermatitis controlled 
with medications, and received annual preventive veterinary care 
and dermatology consults as needed. He was up to date on core 
vaccines, tested negative for heartworm antigen on 25 August 
2021 and received monthly oral heartworm and flea preventatives. 
He had no history of contacts with humans or animals outside the 
household within the 18 days prior to his first rRT- PCR test. Dog 
2’s medications included oclacitinib maleate (8 mg) PO SID, 0.5 ml 
allergen- specific immunotherapy SQ weekly and intermittent use 
of oral prednisone (0.75 mg/kg PO SID, tapered over 10 days) for 
breakthrough dermatitis events. Dog 2 also received 10 mg of pred-
nisone PO every other day for a breakthrough dermatitis episode 
when the owner reported experiencing COVID- 19 symptoms(previ-
ous breakthrough dermatatis event in May 2021).

3.2  |  Viral RNA detection and serology in canines

After confirming SARS- CoV- 2 infection in the owner and following 
consultation with state public and animal health officials, both dogs 
were tested for SARS- CoV- 2 through investigations by the CDC in 

Impacts

• First documented transmission of SARS- CoV- 2 Delta 
variant (B.1.617.2) from a fully COVID- 19 vaccinated 
(CDC, 2021d) human to a canine is described.

• Highlights the need for an additional research on SARS- 
CoV- 2 variant infections in companion animals.

• Demonstrates the importance of One Health collabo-
ration during case investigations involving SARS- CoV- 
2- positive animals linked to people, as it improves the 
evaluation of transmission dynamics and determination 
of sources of infection and provides a better descrip-
tion of the clinical course of disease in both animals and 
humans.
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collaboration with state public and animal health officials. At the 
start of the investigation, the owner was referred to CDC’s Animals 
and COVID- 19 website for federal guidance on managing pets with 
SARS- CoV- 2 (CDC, 2021c). Diagnostic nasal, oropharyngeal and 
rectal swabs and non- diagnostic fur swabs were collected from both 
dogs on 21 July and 4 August 2021. On 21 July, nasal, oropharyn-
geal and fur swabs from Dog 1 (cycle threshold (Ct) values 36.65, 
38.30 and 34.08, respectively; cut- off = 40) and Dog 2 (Ct 19.92, 
29.36 and 34.60, respectively) were positive by rRT- PCR for SARS- 
CoV- 2. Rectal swabs from both dogs were negative. On 4 August, 
all swab specimens for both dogs were negative. The owner tested 
negative by rRT- PCR on a nasopharyngeal swab on 5 August.

Serology was performed on blood specimens collected on 4, 
11 and 25 August 2021. Dog 1 was seropositive for SARS- CoV- 2 
with moderate signal strength (82, 53 and 32.9 times over back-
ground, respectively; cut- off 2.5; maximal signal > 1200), and Dog 
2 remained negative at all three time points. To help rule out po-
tential causes of immunodeficiency that may have resulted in the 
absence of detectable antibodies in Dog 2, complete blood count, 
chemistry panel, urinalysis, thyroid panel and immunoglobulin G 
(IgG) titres for canine parvovirus and canine distemper virus were 
performed at a commercial veterinary diagnostic laboratory on 
25 August; all analyses were unremarkable and provided no clin-
ical explanation for the absence of an immunological response to 
SARS- CoV- 2 infection.

3.3  |  Viral relatedness between canine and 
human specimens

To investigate the viral relatedness between human and canine 
SARS- CoV- 2 positive specimens, sequences from four specimens 

(two per dog) were compared to sequence data from the owner's 
specimen generated by a commercial laboratory under contract 
with CDC. Dog 2's nasal and oropharyngeal specimens were pro-
cessed for whole genome sequencing by Illumina MiSeq follow-
ing previously published methods (Paden et al., 2020; Shepard 
et al., 2016); 98% (nasal) and 100% (oropharyngeal) of the full 
genome sequences were recovered. The owner's specimen was 
sequenced by Illumina NovaSeq using the Illumina COVIDSeq 
test, recovering 98% of the full genome sequence. All three 
genome sequences were assigned to lineage AY.25 (a subline-
age of B.1.617.2, the Delta variant) using Pangolin (3.1.11) with 
pangoLEARN version 2021– 08– 24 (Rambaut et al., 2020). Dog 
1's nasal, oropharyngeal and fur specimens had high rRT- PCR Ct 
values (>34), so they were processed for S gene sequencing by 
nested PCR followed by Sanger sequencing. Partial sequences 
from the nasal and fur specimens for Dog 1 covered positions 
21,218– 22,080, within the 3,822- nucleotide S gene. Available 
sequences for the five specimens representing Dogs 1 and 2 and 
the owner were identical, except for ambiguous bases (R = A or 
G; Y = T or C). All five sequences shared multiple Delta- variant 
signature mutations in the S gene, including E156- , F157-  and 
R158G, compared to the SARS- CoV- 2 reference genome (strain 
Wuhan- Hu- 1: NC_045512.2). The other two signature mutations 
(T19R and G142D) in the S gene were identified in four genomes 
each; status of the fifth genome for each mutation was unclear 
due to a sequencing gap (Dog 2 nasal swab and human sample; 
Table 1). From 1 July through 21 July, only 14% of human speci-
mens sequenced in Georgia and uploaded to GISAID (https://
www.gisaid.org/; accessed 17 January 2022) were identified as 
Delta- variant lineage AY.25. Sequence analysis and the date of 
clinical onset in Dog 1 indicate a human- to- canine transmission 
event in this household.

F I G U R E  1  Duration of clinical signs and diagnostic and serological results in the owner and two household dogs tested positive for the 
SARS- CoV- 2 Delta variant (B.1.617.2). The owner tested positive by rRT- PCR on 17 July 2021; oropharyngeal and/or nasal swab specimens 
from Dogs 1 and 2 were found to be positive by rRT- PCR on 21 July 2021. Serological analysis detected anti- receptor binding domain (anti- 
RBD) antibodies in Dog 1 at all three of the subsequent serum collection time points up to 4 weeks following the detection of viral RNA, 
whereas Dog 2 was serologically non- reactive

https://www.gisaid.org/
https://www.gisaid.org/
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4  |  DISCUSSION

Currently, little is known regarding the incidence, spectrum and 
severity of disease signs caused by new variant strains in com-
panion animals compared to parental SARS- CoV- 2 strains circu-
lating earlier in the pandemic. Infection with the Delta variant in 
companion animals has not yet been described experimentally, 
and data from natural infections are limited. Several studies in-
vestigated serological responses in both experimental and natural 
infection of domestic animal species; of those reviewed, dogs with 
natural or experimental exposures that tested positive for SARS- 
CoV- 2 by rRT- PCR and were screened for SARS- CoV- 2 antibodies 
all had congruent antibody titre results (Bosco- Lauth et al., 2020; 
Calvet et al., 2021; Hamer, Ghai, et al., 2021; Hamer, Pauvolid- 
Corrêa, et al., 2021; van der Leij et al., 2021). Here, Dog 2 was 
positive for SARS- CoV- 2 by rRT- PCR, but antibodies were not de-
tected. Possible explanations include a long- term history of oral 
oclacitinib maleate administration, mutations in the RBD altering 
assay sensitivity for Delta or a true absence of antibodies despite 
infection. Evidence of immunocompetence in Dog 2 and detec-
tion of a moderate serological response in Dog 1 suggests that im-
munosuppression or assay limitations are less likely and that this 
case may represent undetectable SARS- CoV- 2 antibody titres, as 
reported in asymptomatic SARS- CoV- 2 infections in people (Chan 
et al., 2020; Marchi et al., 2021).

Delta variant is associated with increased transmission rates in 
humans (CDC, 2021b; Li et al., 2022); the estimated average repro-
duction number (R0), or the expected number of secondary cases 
from one primary case in a susceptible population, is 5.1, signifi-
cantly higher than early pandemic strains (estimated R0 2.79; Liu & 
Rocklöv, 2021). Whether the genomic changes facilitating transmis-
sion in humans also result in increased spread within other species is 
unknown but as SARS- CoV- 2 variants emerge in human populations, 
these variants are expected to be identified in animals (Hamer, Ghai, 
et al., 2021; Hamer, Pauvolid- Corrêa, et al., 2021; Yaglom et al., 2021).

The greatest risk of SARS- CoV- 2 transmission remains among 
unvaccinated people who are more likely to become infected and 

transmit the virus (CDC, 2021b). Currently, there is no evidence that 
animals play a significant role in spreading SARS- CoV- 2 to people 
(CDC, 2021a). However, if emerging variants continue to become 
more transmissible, SARS- CoV- 2- susceptible animal species will 
remain a risk for animal reservoirs, spillback infections to humans 
and development of species- specific mutations or variants (Díaz 
et al., 2021), despite increasing COVID- 19 vaccination rates in hu-
mans. Active surveillance for SARS- CoV- 2 in susceptible animal 
species (including companion animals that have close and frequent 
contact with people) and subsequent genomic comparative analysis, 
along with additional experimental research, are needed to further 
characterize infections and determine putative evolving roles in 
transmission considering novel SARS- CoV- 2 variants with differing 
viral kinetics and host dynamics. Applying a One Health approach 
when conducting epidemiological investigations involving SARS- 
CoV- 2 infections in animals is critically needed to better understand 
the impact of animals on public health, to protect human and animal 
health and to determine the role of spillover events in the course of 
the COVID- 19 pandemic.

ACKNOWLEDG EMENTS
The authors thank the Georgia Department of Public Health (Sayna 
Patel MPH, Audrey Kunkes MPH, Katelin Reishus MPH and Skyler 
Brennan MPH), the Georgia Department of Agriculture, and Tatyana 
Klimova for assistance with editing the manuscript.

CONFLIC T OF INTERE S T
The authors declare that there were no conflicts of interest.

DISCL AIMER
The findings and conclusions in this report are those of the authors 
and do not necessarily represent the views of the CDC.

DATA AVAIL ABILIT Y S TATEMENT
Complete or near- complete genome sequences of SARS- CoV- 2 ob-
tained in this investigation are available at GenBank (accession nos. 
OK174325, OK174326 and MZ741014).

TA B L E  1  Summary of SARS- CoV- 2 sequence analysis from owner and two household dogs positive for SARS- CoV- 2 Delta variant 
(B.1.617.2)

Case Lineage Specimen Type Ct S Gene (4K nt) B.1.617.2 Signature S Gene Mutations/Deletions

Owner AY.25 Nasopharyngeal NR Near complete T19R - - E156- F157- R158G

Dog 1 NA Nasal 36.65 800s nt T19R G142D E156- F157- R158G

Dog 1 NA Fur 34.08 800s nt T19R G142D E156- F157- R158G

Dog 2 AY.25 Oropharyngeal 29.36 Complete T19R G142D E156- F157- R158G

Dog 2 AY.25 Nasal 19.92 Near complete - - G142D E156- F157- R158G

Sequencing unsuccessful or not attempted on the following specimens:

Dog 1 NA Oropharyngeal 38.30 NA NA

Dog 2 NA Fur 34.60 NA NA

Abbreviations: −, indicates a deletion; - - , sequence data not obtained in region indicated; Ct, cycle threshold;NA, not applicable; NR, not reported.

info:x-wiley/peptideatlas/OK174325
info:x-wiley/peptideatlas/OK174326
info:x-wiley/peptideatlas/MZ741014


    |  591WENDLING Et aL.

ORCID
Natalie M. Wendling  https://orcid.org/0000-0002-5738-2738 
Ann Carpenter  https://orcid.org/0000-0003-0118-2726 
Amanda Liew  https://orcid.org/0000-0001-6984-1797 
Kate Varela  https://orcid.org/0000-0002-3885-4496 
Jessica R. Spengler  https://orcid.org/0000-0002-5383-0513 
Casey Barton Behravesh  https://orcid.
org/0000-0003-2270-5573 

R E FE R E N C E S
Bosco- Lauth, A. M., Hartwig, A. E., Porter, S. M., Gordy, P. W., Nehring, 

M., Byas, A. D., VandeWoude, S., Ragan, I. K., Maison, R. M., & 
Bowen, R. A. (2020). Experimental insfection of domestic dogs and 
cats with SARS- CoV- 2: Pathogenesis, transmission, and response to 
reexposure in cats. Proceedings of the National Academy of Sciences 
of the United States of America, 117(42), 26382– 26388. https://doi.
org/10.1073/pnas.20131 02117

Calvet, G. A., Pereira, S. A., Ogrzewalska, M., Pauvolid- Corrêa, A., 
Resende, P. C., Tassinari, W. D. S., Costa, A. D. P., Keidel, L. O., da 
Rocha, A. S. B., da Silva, M. F. B., dos Santos, S. A., Lima, A. B. M., 
de Moraes, I. C. V., Mendes Junior, A. A. V., Souza, T. D. C., Martins, 
E. B., Ornellas, R. O., Corrêa, M. L., Antonio, I. M. D. S., … Menezes, 
R. C. (2021). Investigation of SARS- CoV- 2 infection in dogs and 
cats of humans diagnosed with COVID- 19 in Rio de Janeiro, 
Brazil. PLoS One, 16(4), e0250853. https://doi.org/10.1371/journ 
al.pone.0250853

Centers for Disease Control and Prevention (CDC). (2020). Preparation 
of viral transport medium. SOP#: DSR- 052- 05. https://www.cdc.
gov/coron aviru s/2019- ncov/downl oads/Viral - Trans port- Medium.
pdf

Centers for Disease Control and Prevention (CDC). (2021a). COVID- 19 
and animals. https://www.cdc.gov/coron aviru s/2019- ncov/daily 
- life- copin g/anima ls.html

Centers for Disease Control and Prevention (CDC). (2021b). Delta 
variant: what we know about the science. Infections and spread. 
https://www.cdc.gov/coron aviru s/2019- ncov/varia nts/delta 
- var ia nt .html?s_cid=11512 :cdc%20del ta%20var iant :sem.
ga:p:RG:GM:gen:PTN:FY21

Centers for Disease Control and Prevention (CDC). (2021c). What you 
should know about COVID- 19 and pets. Covid- 19 and animals. 
https://www.cdc.gov/healt hypet s/covid - 19/pets.html#sick

Centers for Disease Control and Prevention (CDC) (2021d). How 
to protect yourself and others: When you've been fully vac-
cinated. https://www.cdc.gov/coron aviru s/2019- ncov/vacci 
nes/ful ly - vacci  nated.html?s_cid=11569 :cdc%20rul  es%20
for %20ful ly%20vac cinat ed:sem.ga:p:RG:GM:gen:PTN.Grant 
s:FY21#footnote

Chan, P. K. S., Lui, G., Hachim, A., Ko, R. L. W., Boon, S. S., Li, T., Kavian, 
N., Luk, F., Chen, Z., Yau, E. M., Chan, K. H., Tsang, C.- H., Cheng, S. 
M. S., Chu, D. K. W., Perera, R. A. P. M., Ho, W. C. S., Yeung, A. C. M., 
Chow, C., Poon, L. L. M., … Peiris, M. (2020). Serologic responses 
in healthy adult with SARS- CoV- 2 reinfection, Hong Kong, August 
2020. Emerging Infectious Disease Journal, 26(12), 3076. https://doi.
org/10.3201/eid26 12.203833

Díaz, A. V., Walker, M., & Webster, J. P. (2021). Surveillance and con-
trol of SARS- CoV- 2 in mustelids: An evolutionary perspec-
tive. Evolutionary Applications, 14(12), 2715– 2725. https://doi.
org/10.1111/eva.13310

Fisman, D. N., & Tuite, A. R. (2021). Evaluation of the relative virulence 
of novelSARS- CoV- 2 variants: A retrospective cohort study in 
Ontario, Canada. Canadian Medical Association Journal, 193(42), 
E1619– E1625. https://doi.org/10.1503/cmaj.211248

Fritz, M., Rosolen, B., Krafft, E., Becquart, P., Elguero, E., Vratskikh, O., 
Denolly, S., Boson, B., Vanhomwegen, J., Gouilh, M. A., Kodjo, A., 
Chirouze, C., Rosolen, S. G., Legros, V., & Leroy, E. M. (2020). High 
prevalence of SARS- CoV- 2 antibodies in pets from COVID- 19+ 
households. One Health, 11, 100192. https://doi.org/10.1016/j.
onehlt.2020.100192

Goryoka, G. W., Cossaboom, C. M., Gharpure, R., Dawson, P., Tansey, 
C., Rossow, J., Mrotz, V., Rooney, J., Torchetti, M., Loiacono, 
C. M., Killian, M. L., Jenkins- Moore, M., Lim, A., Poulsen, K., 
Christensen, D., Sweet, E., Peterson, D., Sangster, A. L., Young, 
E. L., … Barton Behravesh, C. (2021). One health investiga-
tion of SARS- CoV- 2 infection and seropositivity among pets in 
households with confirmed human COVID- 19 cases— Utah and 
Wisconsin, 2020. Viruses, 13(9), 1813. https://doi.org/10.3390/
v1309 1813

Hamer, S. A., Ghai, R. R., Zecca, I. B., Auckland, L. D., Roundy, C. M., 
Davila, E., Busselman, R. E., Tang, W., Pauvolid- Corrêa, A., Killian, 
M. L., Jenkins- Moore, M., Torchetti, M. K., Robbe Austerman, S., 
Lim, A., Akpalu, Y., Fischer, R. S. B., Barton Behravesh, C., & Hamer, 
G. L. (2021). SARS- CoV- 2 B.1.1.7 variant of concern detected in a 
pet dog and cat after exposure to a person with COVID- 19, USA. 
Transboundary and Emerging Diseases, 1– 3. https://doi.org/10.1111/
tbed.14122

Hamer, S. A., Pauvolid- Corrêa, A., Zecca, I. B., Davila, E., Auckland, L. 
D., Roundy, C. M., Tang, W., Torchetti, M. K., Killian, M. L., Jenkins- 
Moore, M., Mozingo, K., Akpalu, Y., Ghai, R. R., Spengler, J. R., 
Barton Behravesh, C., Fischer, R. S. B., & Hamer, G. L. (2021). SARS- 
CoV- 2 infections and viral isolations among serially tested cats and 
dogs in households with infected owners in Texas, USA. Viruses, 
13(5), 938. https://doi.org/10.3390/v1305 0938

Kainulainen, M. H., Bergeron, E., Chatterjee, P., Chapman, A. P., Lee, 
J., Chida, A., Tang, X., Wharton, R. E., Mercer, K. B., Petway, M., 
Jenks, H. M., Flietstra, T. D., Schuh, A. J., Satheshkumar, P. S., 
Chaitram, J. M., Owen, S. M., McMullan, L. K., Flint, M., Finn, M. G., 
… Spiropoulou, C. F. (2021). High- throughput quantitation of SARS- 
CoV- 2 antibodies in a single- dilution homogeneous assay. Scientific 
Reports, 11(1), 12330. https://doi.org/10.1038/s4159 8- 021- 91300 
- 5

Li, B., Deng, A., Li, K., Hu, Y., Li, Z., Shi, Y., Xiong, Q., Liu, Z., Guo, Q., Zou, 
L., Zhang, H., Zhang, M., Ouyang, F., Su, J., Su, W., Xu, J., Lin, H., 
Sun, J., Peng, J., … Lu, J. (2022). Viral infection and transmission in a 
large, well- traced outbreak caused by the SARS- CoV- 2 Delta vari-
ant. Nature Communications, 13(1), 460. https://doi.org/10.1038/
s4146 7- 022- 28089 - y

Liu, Y., & Rocklöv, J. (2021). The reproductive number of the Delta vari-
ant of SARS- CoV- 2 is far higher compared to the ancestral SARS- 
CoV- 2 virus. Journal of Travel Medicine, 28(7), taab124. https://doi.
org/10.1093/jtm/taab124

Marchi, S., Viviani, S., Remarque, E. J., Ruello, A., Bombardieri, E., 
Bollati, V., Milani, G. P., Manenti, A., Lapini, G., Rebuffat, A., 
Montomoli, E., & Trombetta, C. M. (2021). Characterization of an-
tibody response in asymptomatic and symptomatic SARS- CoV- 2 
infection. PLoS One, 16(7), e0253977. https://doi.org/10.1371/
journ al.pone.0253977

Paden, C. R., Tao, Y., Queen, K., Zhang, J., Li, Y., Uehara, A., & Tong, S. 
(2020). Rapid, sensitive, full- genome sequencing of severe acute 
respiratory Syndrome coronavirus 2. Emerging Infectious Diseases, 
26(10), 2401– 2405. https://doi.org/10.3201/eid26 10.201800

Patterson, E. I., Elia, G., Grassi, A., Giordano, A., Desario, C., Medardo, 
M., Smith, S. L., Anderson, E. R., Prince, T., Patterson, G. T., Lorusso, 
E., Lucente, M. S., Lanave, G., Lauzi, S., Bonfanti, U., Stranieri, A., 
Martella, V., Solari Basano, F., Barrs, V. R., … Decaro, N. (2020). 
Evidence of exposure to SARS- CoV- 2 in cats and dogs from house-
holds in Italy. Nature Communications, 11(1), 6231. https://doi.
org/10.1038/s4146 7- 020- 20097 - 0

https://orcid.org/0000-0002-5738-2738
https://orcid.org/0000-0002-5738-2738
https://orcid.org/0000-0003-0118-2726
https://orcid.org/0000-0003-0118-2726
https://orcid.org/0000-0001-6984-1797
https://orcid.org/0000-0001-6984-1797
https://orcid.org/0000-0002-3885-4496
https://orcid.org/0000-0002-3885-4496
https://orcid.org/0000-0002-5383-0513
https://orcid.org/0000-0002-5383-0513
https://orcid.org/0000-0003-2270-5573
https://orcid.org/0000-0003-2270-5573
https://orcid.org/0000-0003-2270-5573
https://doi.org/10.1073/pnas.2013102117
https://doi.org/10.1073/pnas.2013102117
https://doi.org/10.1371/journal.pone.0250853
https://doi.org/10.1371/journal.pone.0250853
https://www.cdc.gov/coronavirus/2019-ncov/downloads/Viral-Transport-Medium.pdf
https://www.cdc.gov/coronavirus/2019-ncov/downloads/Viral-Transport-Medium.pdf
https://www.cdc.gov/coronavirus/2019-ncov/downloads/Viral-Transport-Medium.pdf
https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/animals.html
https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/animals.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html?s_cid=11512:cdc delta variant:sem.ga:p:RG:GM:gen:PTN:FY21
https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html?s_cid=11512:cdc delta variant:sem.ga:p:RG:GM:gen:PTN:FY21
https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html?s_cid=11512:cdc delta variant:sem.ga:p:RG:GM:gen:PTN:FY21
https://www.cdc.gov/healthypets/covid-19/pets.html#sick
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html?s_cid=11569:cdc rules for fully vaccinated:sem.ga:p:RG:GM:gen:PTN.Grants:FY21#footnote
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html?s_cid=11569:cdc rules for fully vaccinated:sem.ga:p:RG:GM:gen:PTN.Grants:FY21#footnote
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html?s_cid=11569:cdc rules for fully vaccinated:sem.ga:p:RG:GM:gen:PTN.Grants:FY21#footnote
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html?s_cid=11569:cdc rules for fully vaccinated:sem.ga:p:RG:GM:gen:PTN.Grants:FY21#footnote
https://doi.org/10.3201/eid2612.203833
https://doi.org/10.3201/eid2612.203833
https://doi.org/10.1111/eva.13310
https://doi.org/10.1111/eva.13310
https://doi.org/10.1503/cmaj.211248
https://doi.org/10.1016/j.onehlt.2020.100192
https://doi.org/10.1016/j.onehlt.2020.100192
https://doi.org/10.3390/v13091813
https://doi.org/10.3390/v13091813
https://doi.org/10.1111/tbed.14122
https://doi.org/10.1111/tbed.14122
https://doi.org/10.3390/v13050938
https://doi.org/10.1038/s41598-021-91300-5
https://doi.org/10.1038/s41598-021-91300-5
https://doi.org/10.1038/s41467-022-28089-y
https://doi.org/10.1038/s41467-022-28089-y
https://doi.org/10.1093/jtm/taab124
https://doi.org/10.1093/jtm/taab124
https://doi.org/10.1371/journal.pone.0253977
https://doi.org/10.1371/journal.pone.0253977
https://doi.org/10.3201/eid2610.201800
https://doi.org/10.1038/s41467-020-20097-0
https://doi.org/10.1038/s41467-020-20097-0


592  |    WENDLING Et aL.

Rambaut, A., Holmes, E. C., O’Toole, Á., Hill, V., McCrone, J. T., Ruis, 
C., du Plessis, L., & Pybus, O. G. (2020). A dynamic nomenclature 
proposal for SARS- CoV- 2 lineages to assist genomic epidemiology. 
Nature Microbiology, 5(11), 1403– 1407. https://doi.org/10.1038/
s4156 4- 020- 0770- 5

Shepard, S. S., Meno, S., Bahl, J., Wilson, M. M., Barnes, J., & Neuhaus, E. 
(2016). Viral deep sequencing needs an adaptive approach: IRMA, 
the iterative refinement meta- assembler. BMC Genomics, 17(1), 
708. https://doi.org/10.1186/s1286 4- 016- 3030- 6

Shi, J., 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., … Bu, Z. (2020). Susceptibility of ferrets, 
cats, dogs, and other domesticated animals to SARS– coronavirus 
2. Science, 368(6494), 1016– 1020. https://doi.org/10.1126/scien 
ce.abb7015

Shu, B. O., Kirby, M. K., Davis, W. G., Warnes, C., Liddell, J., Liu, J. I., 
Wu, K.- H., Hassell, N., Benitez, A. J., Wilson, M. M., Keller, M. W., 
Rambo- Martin, B. L., Camara, Y., Winter, J., Kondor, R. J., Zhou, 
B., Spies, S., Rose, L. E., Winchell, J. M., … Barnes, J. R. (2021). 
Multiplex Real- Time Reverse Transcription PCR for Influenza A 
virus, Influenza B virus, and Severe Acute Respiratory Syndrome 
Coronavirus 2. Emerging Infectious Disease Journal, 27(7), 1821. 
https://doi.org/10.3201/eid27 07.210462

United States Department of Agriculture (USDA). (2021). SARS- CoV- 2 
in animals in the United States. Confirmed cases of SARS- CoV- 2 
in animals in the United States. https://www.aphis.usda.gov/aphis/ 
ourfo cus/anima lheal th/sa_one_healt h/sars- cov- 2- anima ls- us

van der Leij, W. J. R., Broens, E. M., Hesselink, J. W., Schuurman, N., 
Vernooij, J. C. M., & Egberink, H. F. (2021). Serological screening for 
antibodies against SARS- CoV- 2 in Dutch shelter cats. Viruses, 13(8), 
1634. https://doi.org/10.3390/v1308 1634

World Organisation for Animal Health (OIE) (2021). World Animal Health 
Information System (WAHIS). https://wahis.oie.int/#/home

Yaglom, H. D., Hecht, G., Goedderz, A., Jasso- Selles, D., Ely, J. L., Ruberto, 
I., Bowers, J. R., Engelthaler, D. M., & Venkat, H. (2021). Genomic 
investigation of a household SARS- CoV- 2 disease cluster in Arizona 
involving a cat, dog, and pet owner. One Health, 13, 100333. https://
doi.org/10.1016/j.onehlt.2021.100333

How to cite this article: Wendling, N. M., Carpenter, A., 
Liew, A., Ghai, R. R., Gallardo- Romero, N., Stoddard, R. A., 
Tao, Y., Zhang, J., Retchless, A. C., Ahmad, A., Bunkley, P., 
Godino, C., Mauldin, M. R., Varela, K., Ritter, J. M., 
Hennebelle, J., Feldpausch, A., Gabel, J., Kainulainen, M. H., 
… Barton Behravesh, C. (2022). Transmission of SARS- CoV- 2 
Delta variant (B.1.617.2) from a fully vaccinated human to a 
canine in Georgia, July 2021. Zoonoses and Public Health, 69, 
587– 592. https://doi.org/10.1111/zph.12944

https://doi.org/10.1038/s41564-020-0770-5
https://doi.org/10.1038/s41564-020-0770-5
https://doi.org/10.1186/s12864-016-3030-6
https://doi.org/10.1126/science.abb7015
https://doi.org/10.1126/science.abb7015
https://doi.org/10.3201/eid2707.210462
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/sa_one_health/sars-cov-2-animals-us
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/sa_one_health/sars-cov-2-animals-us
https://doi.org/10.3390/v13081634
https://wahis.oie.int/#/home
https://doi.org/10.1016/j.onehlt.2021.100333
https://doi.org/10.1016/j.onehlt.2021.100333
https://doi.org/10.1111/zph.12944

	Transmission of SARS-CoV-2 Delta variant (B.1.617.2) from a fully vaccinated human to a canine in Georgia, July 2021
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Ethics
	2.2|SARS-CoV-2 rRT-PCR testing
	2.3|Serology

	3|RESULTS
	3.1|Clinical history and signs of canines exposed to a fully vaccinated SARS-CoV-2-positive owner
	3.2|Viral RNA detection and serology in canines
	3.3|Viral relatedness between canine and human specimens

	4|DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DISCLAIMER
	DATA AVAILABILITY STATEMENT

	REFERENCES


