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Monkeypox virus (MPXV) is zoonotic and capable of in-
fecting many mammal species. However, whether com-
mon companion animals are susceptible to MPXV in-
fection is unclear. During July 2022—-March 2023, we
collected animal and environmental swab samples
within homes of confirmed human mpox case-patients
and tested for MPXV and human DNA by PCR. We
also used ELISA for orthopoxvirus antibody detec-
tion. Overall, 12% (22/191) of animal and 25% (14/56)
of environmental swab samples from 4 households,

Before 2022, the primary mode for monkeypox vi-
rus (MPXV) transmission was known to be zoo-
notic, and only limited human-to-human transmis-
sion was documented (1,2). Human MPXYV infections
resulting in mpox disease were hypothesized to be the
result of direct or potentially indirect contact with in-
fected wild mammals in Central and Western Africa
(3/4). Our understanding of the potential for human-
to-human spread of MPXV considerably broadened
in the spring of 2022 (5,6). During that time, variant of
clade I MPXV (clade IIb) was found in to be transmit-
ted via direct contact among human populations and
spreading primarily through sexual networks outside
of mpox endemic regions (5,6).

Given the zoonotic origin and reported broad
host-range of MPXV, efforts to understand and limit
potential human-to-animal transmission are ongoing
(4,7). The Centers for Disease Control and Prevention
(CDC) provides guidance that persons with mpox
stop or avoid contact with animals and that animals
should be kept away from potentially infectious lesion

including samples from 4 dogs and 1 cat, were positive
for MPXV DNA, but we did not detect viable MPXV or or-
thopoxvirus antibodies. Among MPXV PCR-positive swab
samples, 82% from animals and 93% from the environ-
ment amplified human DNA with a statistically significant
correlation in observed cycle threshold values. Our find-
ings demonstrate likely DNA contamination from the hu-
man mpox cases. Despite the high likelihood for expo-
sure, we found no indications that companion animals
were infected with MPXV.

material, objects, or surfaces (§). Mpox patients are
generally urged by public health agencies to isolate
at home unless hospitalization is clinically necessary
(9,10). A person with mpox is considered infectious
throughout their illness and until lesions have fully
healed with new skin underneath; therefore, public
health officials recommend that mpox patients isolat-
ing at home take proper infection control measures to
prevent spread of infectious particles throughout the
home (11-13). Unless infected persons take measures
to completely isolate or reduce transmission poten-
tial, companion animals in close contact with mpox
patients and their environments could be at higher
risk for MPXV exposure than other mammal species,
warranting special concern and investigation.

As of July 2024, no cases of MPXV infection or
mpox disease had been confirmed in common domes-
tic animals, such as dogs and cats, during the current
global outbreak or any past outbreaks. One study in
July 2022 described a 4-year-old dog in France that had
been living and co-sleeping with 2 mpox case-patients
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(14). In that study, MPXV DNA was identified in
swab samples from the dog’s skin and surface of
mucosal lesions and in anal and oral swab samples
(14). However, follow-up investigations suggested
that the animal was not infected with MPXV (15).
A similar case was documented in Brazil in August
2022, when a 5-month-old dog had lesions that were
MPXV-positive by quantitative PCR (16). Whether vi-
ral DNA detection was a result of MPXV infection in
those animals or the result of environmental contami-
nation due to close contact with infected humans is
unclear. We conducted a One Health investigation in
the United States to assess the susceptibility of com-
panion animals to mpox and the risk for reverse-zoo-
notic transmission within households.

Methods and Materials

Study Population

The CDC Multi-National Mpox Response’s One
Health Team worked in collaboration with state and
local jurisdictions to investigate the susceptibility of
companion animals to MPXV infection. As part of
that effort, CDC and state public health investiga-
tors collected blood samples from companion ani-
mals and swab specimens from companion animals
and animal-associated objects. CDC tested swab and
serum specimens via real-time PCR, orthopoxvirus
(OPXV) serology, and viral culture. All animals tested
were companion animals in a residence of a person
with probable or confirmed mpox while the person
was infectious. Animal sampling occurred within 21
days of any direct contact with the ill person before
the person recovered (Table 1).

During July 2022-March 2023, we conducted
sample collection in the District of Columbia, Virgin-
ia, Minnesota, and Tennessee, USA. After the initial
sampling timepoint, we attempted follow-up sam-
pling from all households 3-4 months later to collect
animal serum samples and assess postexposure or
postinfection immune responses.

Questionnaire and Consent

State and local public health personnel from the Dis-
trict of Columbia, Virginia, Minnesota, and Tennes-
see assisted with the study by interviewing mpox
cases in their jurisdictions and requesting their vol-
untary participation in the study. After a person gave
verbal consent to participate, they were provided
with a survey questionnaire and consent forms. The
questionnaire ascertained details and a timeline of the
human case, the animal’s health condition, general
household information, types of contact between the
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person with mpox and the animal or animals in the
household, and information about wild or domestic
animals in and around the household. This project
was reviewed by CDC clearance, cleared for human
subjects, and determined to be nonresearch public
health surveillance that did not require submission
to the CDC institutional review board (project no.
0900£3eb81f79d72).

Swab Sample Collection

We performed all animal handling and sampling pro-
cedures in accordance with the approved CDC Insti-
tutional Animal Care Use Committee protocol (no.
DOTMULX3183), in collaboration with state pub-
lic health agencies, and with written consent of the
animal’s owner. We collected a standardized set of
polyester swab (Puritan, https:/ /www.puritanmed-
products.com) samples from the animal’s dorsum
fur, ventral abdomen, oral cavity, and anorectal area
under supervision of the owner. We sampled animal
lesions, if present. We also collected animal-associat-
ed environmental (AAE) specimens from objects and
surfaces often used by the animal.

Sample Processing and PCR

We processed swab samples by using the swab ex-
traction tube system (SETS; Roche, https://www.
roche.com) with 400 pL of phosphate-buffered sa-
line; after DNA extraction, we tested all samples for
MPXV DNA by real-time PCR using an MPXV clade
II-specific assay (17). In addition, we tested samples
for human DNA by using the RNase-P PCR assay,
which is used as an endogenous control when test-
ing human specimens (18). We calculated Pearson
correlation coefficients to assess the relationship be-
tween cycle threshold (Ct) values of MPXV clade II
PCR-positive (Ct values <37) and RNase-P-reactive
(Ct values <40) samples.

Viral Culture

We tested all PCR-positive swab samples for viable
virus via cell culture by adding an aliquot of swab
eluate to BSC-40 cell monolayers in T-25 flasks. We
used an inoculation volume of 50 pL +25 pL, depend-
ing on available eluate volume. We incubated flasks
at 35.5°C in an atmosphere of 6% CO, in Roswell Park
Memorial Institute medium (19). We incubated and
observed flasks <14 days or until #100% of monolayer
showed cytopathic effect, following methods and me-
dia supplements described previously (11). To con-
trol the overgrowth of bacteria or fungi in T-25 flasks,
we added penicillin/streptomycin, amphotericin
B, and gentamicin to the cell culture medium. If we
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detected any bacterial or fungal contamination, we
performed 4 cycles of medium replacement to wash
the monolayers and repeated this process as needed
to prevent overgrowth.

Blood Collection and Serologic Testing

We attempted blood collection from all cooperative
animals for which the owner provided consent. We
collected <3 mL of blood from 20/34 animals during
initial sampling and 21/25 animals during follow-up
sampling. We cleaned the external venipuncture site
with 90% ethanol and used a syringe or vacutainer
needle for blood collection. For dogs and 1 rabbit, we
collected blood via the cephalic or lateral saphenous
veins. For cats, we collected blood via the jugular or
medial saphenous veins. We stored and transported
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blood tubes at 4°C-20°C before centrifugation, after
which we transferred serum into 2-mL cryotubes and
stored at temperatures of at least -20°C until labora-
tory testing. We conducted a modified ELISA on all
serum samples to determine presence of OPXV IgG
antibodies, as previously described (20,21). We tested
serum samples at a dilution of 1:100 by using microti-
ter plates coated with purified vaccinia virus (Dryvax
strain) and using the A/G protein as the secondary
antibody at a 1:10,000 concentration and developed
plates for 25 minutes.

Data Analysis

When referring to animal swab samples, we de-
fined prevalence as the proportion of total swabs
collected from each animal from which we detected

Table 1. Summary of variables coded from household and questionnaire data used in a One Health investigation into mpox and pets,

United States™

No. days exposure§

HH Household Rodents in Wildlife around Before After
no. AnimallD DIS CSI AOAt area, ft’t CCR household household SXDS  sampling  recovery
1 DC-001 2 N None 500-825 N Y Y N 22 1
DC-002 2 N None N 22 1
2 DC-003 6 N None 500-825 N N N N 22 13
3 DC-004 0 N None  1,500-2,000 Y N N Y 11 0
4 DC-005 5 Y  Walks 900-1,350 N N Y Y 9 0
5 DC-006 6 N Walks 500-825 Y N Y N 16 6
6 DC-007 0 N Walks 500-825 Y N Y Y 28 0
7 DC-008 6 Y Yard 1,500-2,000 Y N Y Y 17 0
DC-009 6 Y Yard Y 17 0
8 VA-001 2 N Yard 1,500-2,000 Y Y Y N 14 10
VA-002 3 N Yard N 14 10
9 VA-003 2 N Walks 500-825 Y N N N 20 2
10 VA-004 7 Y None 500-825 N N N Y 18 0
11 VA-005 2 N None 500-825 Y N N N 12 12
VA-006 2 N None N 10 12
12 MN-001 4 Y None 500-825 Y N Y Y 7 0
13 MN-002 3 Y None  1,500-2,000 Y Y Y Y 13 0
14 MN-003 5 Y  Walks 500-825 Y N Y Y 46 0
15 MN-004 3 Y Yard 1,500-2,000 Y N Y Y 12 0
16 MN-005 6 N None  1,500-2,000 N Y Y N 26 17
MN-006 6 N None N 26 17
MN-007 6 N None N 26 17
MN-008 6 N None N 26 17
MN-009 6 N Yard N 26 17
MN-010 6 N Yard N 26 17
17 TN-001 2 N None 900-1,350 Y N Y N 36 12
TN-002 2 N None N 36 12
18 TN-003 2 N None  1,500-2,000 Y N Y N 25 14
TN-004 2 N None N 25 14
19 TN-005 6 N Yard 2,000-3,500 N Y Y N 36 7
TN-006 6 N Yard N 36 7
TN-007 3 N Yard N 36 7
20 TN-008 5 N  Walks 1,500-2,000 Y N Y N UNK 27
21 TN-009 3 Y None 900-1,350 N N Y Y 17 0

*Variables relate to companion animals and peridomestic wildlife and include duration of potential monkeypox virus exposure to the animal within the
household of the mpox case in relation to the date of sampling. AOA, animal outdoor activity; CCR, contact change with animals reported after mpox
diagnosis in household member; CSI, co-sleeping with animal while owner infectious; DIS, direct interaction score comprised of the sum of all reported
interaction types involving direct contact; HH, household; ID, identification; SXDS, mpox case-patient with symptoms during sampling; UNK, unknown.
tConsidered as none (pet not allowed outside), walks (periodic or frequent supervised walks outside), or yard (periodic or prolonged unsupervised

outdoor activity).

iBased on data reported or estimated, the approximate area range is displayed for increased anonymity.

§Cumulative days potentially exposed to mpox.
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either MPXV DNA or RNase-P (RNP) by PCR. When
referring to AAE samples, we defined prevalence
as the proportion of total swabs collected from the
AAE samples within that animal’s household that
were MPXV-positive or RNP-positive. We also re-
ferred to detection of RNase-P via PCR as presence
of human DNA.

For each animal, we calculated the duration of ex-
posure, defined as cumulative number of days before
sampling that an infectious owner had direct contact
with the animal, including durations where direct
contact was not reported but the animal was still
sharing a common space with a person with mpox.
Duration of exposure represented the total period
that infectious lesion material (crusts or exudates)
or other infectious particles were potentially shed or
transferred within the home, to which the animal po-
tentially had contact, either directly or via fomites.

We investigated factors reported in question-
naires that could affect animal MPXV exposure (Ta-
ble 1). Those factors included whether the owner
was symptomatic during time of sampling (coded
SXDS); the degree of animal outdoor activity (coded
AOA), which we stratified by none (no outdoor ac-
tivity), walks (periodic or frequent supervised walks
outside), and yard (allowed in yard or outside un-
supervised frequently or for prolonged periods); co-
sleeping with the animal while the owner was infec-
tious (coded CSI); and a score comprised of the sum
of all reported interaction types between animals and
humans that involved direct contact (coded DIS),
which included cuddling, hugging, petting, kissing,
co-sleeping, sharing food, and grooming (Table 1).

We compared bivariate correlation coefficients
among variables compiled from questionnaire data or
diagnostic testing. We used SPSS Statistics 27 (IBM,
https:/ /www.ibm.com) to compute Pearson correla-
tion coefficients. We performed 2-tailed tests of sig-
nificance and considered p values of <0.05 or <0.01
statistically significant, as applicable.

Results

Overall, we sampled 34 individual companion ani-
mals from 21 households: 24 domestic dogs, 9 domes-
tic cats, and 1 domestic rabbit (Table 2). The age of the
animals ranged from 4 months to 16 years; 22 were
male and 12 were female. All but 1 household had
a single human mpox case; the other household had
2 cases. We collected a total of 191 swab specimens
from animals and 56 AAE specimens. If excess blood
was available, we opportunistically tested select
blood specimens via PCR, including 10 whole blood
specimens preserved in EDTA and 1 blood clot. At
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examination, we observed skin lesions in 6 dogs and
1 cat, and lesion features and locations varied.

PCR for Animal Samples
Samples collected from 5 individual animals (4 dogs,
1 cat) from 4 households were MPXV-positive; 2 of
the dogs shared a household. Total animal swab
MPXV positivity was 12% (22/191); 21 MPXV-posi-
tive swabs were from dogs, and 1 was from a cat (Ta-
ble 3). All MPXV-positive animals also had >1 sample
with an RNP-positive test result. Ct values of MPXV-
positive samples were 25.2-36.7 (mean 34.5). Results
of specific sample types collected were 29% (4/14) for
skin lesions, 16% (6/37) for ventral skin or fur, 12%
(4/33) for dorsal fur, 11% (4/35) for periocular area,
8% (3/36) for anorectal area, and 3% (1/36) for oral.
Among animal MPXV-positive specimens,
82% were RNP-positive, whereas 25% of the MPXV
DNA-negative specimens were RNP-positive (Table
3). Ct values of MPXV-positive specimens that were
RNP-positive positively correlated (p<0.01). In ani-
mal specimens, 18% (4/22) were MPXV-positive and
RNP-negative, and positive Ct values (range 35.3-
36.1) were near the upper limit of detection (Ct 37) for
the assay. We did not detect MPXV DNA in any of the
blood specimens tested via MPXV PCR. In addition,
MPXV DNA prevalence in animal samples alone and
when combined with AAE specimens significantly
correlated with RNP prevalence in those same sam-
ples (p<0.05).

AAE PCR

We collected AAE specimens from 20/21 households,
predominately from animal beds or bedding, toys,
and food and water dishes. Among households, 29%
(6/21) were positive for MPXV DNA, as were 25%
(14/56) of collected specimens, 93% (13/14) of which
were positive for MPXV and RNP (Table 3). In those
same samples, AAE MPXV DNA prevalence positive-
ly correlated with human DNA prevalence (p<0.05).
Of the 4 households with MPXV-positive animal swab
specimens, all had MPXV-positive AAE swabs with
Ct values of 29.9-35.9 (mean 32.8). For AAE speci-
mens that were MPXV- and RNP-positive, the MPXV
and RNase-P Ct values were significantly correlated
(p<0.01). Of all AAE specimens, 66% (37/56) were
RNP-positive, of which 82% (9/11) of specimens with
Ct values <37 were in the 4 households with MPXV-
positive AAE and animal swab samples.

Viral Culture and Serology
We attempted viral culture from all specimens with
Ct values <36 (n = 31), and all were negative with
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no signs of cytopathic effect. Three specimens from
2 dogs had bacterial contamination causing destruc-
tion of monolayer by day 6 or 7 postinfection, despite
mitigating steps or retesting, and the harvested cul-
ture media tested negative by MPXV-specific PCR.
In addition, all initial (n = 20) and follow-up (n = 22)
serum specimens collected were ELISA-negative, and
we detected no OPXV IgG. For 1 dog that had sam-
ples with the lowest MPXV Ct values, we collected 2
follow-up samples 2 months apart. Of the 5 animals
that had MPXV-positive swab specimens, 3 did not
have blood sampled at the initial timepoint due to
noncompliance or aggression, and 3 were not avail-
able at the postexposure sampling timepoint.

Questionnaire Analysis

In total, 32% (11/34) of animals had preexisting health
issues and 5 animals had preexisting skin lesions. In
addition to the 5 animals with skin lesions that devel-
oped before owner symptom onset (all sampled), 2

One Health Investigation into Mpox and Pets, USA

additional animals had lesions that developed after
owner symptom onset. We observed and sampled
those lesions during the initial sampling visit, and
1 animal had skin and fur, periocular, and anorectal
specimens that were PCR-positive for MPXV DNA,
but we did not detect MPXV DNA from the lesion
specimen, and serology results also were negative.

In total, 33% (7/21) of households reported no
contact change with their animals. Reported types of
changes in animal interactions included reducing fre-
quency of interactions (9/21), stopping interactions
(8/21), use of PPE during interactions (6/21), and re-
locating or isolating the animal (4/21); 1 household
reported relegating animal care to uninfected persons
outside the household. However, all but 1 household
reported >1 type of direct contact activity with each
animal after the MPXV-positive human in the house-
hold had symptoms develop (Table 1).

Households comprised apartments (n = 11) or
single-family homes (n = 10), and approximate size

Table 2. Animal and environment sampling and diagnostic testing data from a One Health investigation into mpox and pets, United States*

Prevalence of animal

Prevalence of environment

Household Lesions sample PCR positivityt sample PCR positivity Serum
no. Animal ID  Species Sex sampled  MPXV RNP Ct MPXV RNP timepoints
1 DC-001 Dog M N 0.0 0.8 ND 0.0 0.8 NC
DC-002 Dog M N 0.0 0.6 ND 0.0 0.8 NC
2 DC-003 Cat M N 0.0 0.2 ND 0.0 0.3 1
3 DC-004 Dog F N 0.0 0.0 ND 0.0 0.5 NC
4 DC-005 Dog M Y 0.0 0.4 ND 0.0 0.7 1
5 DC-006 Dog F Y 0.0 0.3 ND 0.0 0.5 1
6 DC-007 Dog M N 0.0 0.4 ND 0.0 1.0 1
7 DC-008 Dog F N 0.0 0.6 ND 0.0 0.0 2
DC-009 Dog M N 0.0 0.2 ND 0.0 0.0 2
8 VA-001 Dog M N 0.0 0.0 ND 0.0 0.0 1
VA-002 Dog M Y 0.0 0.0 ND 0.0 0.0 2
9 VA-003 Dog M Y 0.7 0.6 35.4 1.0 0.7 1
10 VA-004 Cat F Y 0.2 0.3 36.4 1.0 1.0 NC
11 VA-005 Dog M Y 0.5 0.5 33 1.0 1.0 1
VA-006 Dog M N 0.7 0.5 34.5 1.0 1.0 3
12 MN-001 Dog F N 0.5 0.6 34.4 1.0 1.0 NC
13 MN-002 Rabbit M N 0.0 0.2 ND 0.3 0.7 2
14 MN-003 Dog M Y 0.0 0.3 ND 0.0 0.3 2
15 MN-004 Dog F N 0.0 0.3 ND 0.0 1.0 2
16 MN-005 Cat M N 0.0 0.2 ND NC NC 2
MN-006 Cat M N 0.0 0.4 ND NC NC NC
MN-007 Cat M N 0.0 0.0 ND NC NC NC
MN-008 Cat M N 0.0 0.0 ND NC NC 1
MN-009 Dog F N 0.0 0.2 ND NC NC 2
MN-010 Dog M N 0.0 0.5 ND NC NC 2
17 TN-001 Cat M N 0.0 0.2 ND 0.0 1.0 1
TN-002 Cat F N 0.0 0.2 ND 0.0 1.0 2
18 TN-003 Dog M N 0.0 0.4 ND 0.0 0.7 1
TN-004 Cat F N 0.0 0.4 ND 0.0 1.0 NC
19 TN-005 Dog F N 0.0 0.0 ND 0.0 0.0 2
TN-006 Dog F N 0.0 0.3 ND 0.0 0.0 2
TN-007 Dog M N 0.0 0.0 ND 0.0 0.0 2
20 TN-008 Dog M N 0.0 0.2 ND 0.3 0.7 1
21 TN-009 Dog F N 0.0 0.0 ND 0.0 0.0 2

*Ct, cycle threshold value; MPXV, monkeypox virus DNA; NC, no specimens collected; ND, not done; RNP, RNase-P DNA.

tProportion of total swab specimens that were MPXV or RNP positive.
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Table 3. PCR results for monkeypox virus clade Il and RNase-P DNA assays from swab samples of companion animals and animal-
associated objects and surfaces during a One Health investigation into mpox and pets, United States

Monkeypox virus, no. (%)

Dogs Cats Rabbit All RNase-P, no. (%)
Swab samples Total Positive Total Positive  Total Positive Total Positive Negative Positive Negative
Animal 140 21 (15) 47 1(2) 4 0 191 22 (12) 169 (88) 18 (82) 42 (25)
Objects and surfaces 42 10 (24) 11 3(27) 3 1(33) 56 14 (25) 42 (75) 13(93) 24 (57)
Totals 182 31 (17) 58 4 (7) 7 1(14) 247 36 (15) 211 (85) 31(86) 66 (31)

range was 500-3,500 ft* (Table 1). We observed a sig-
nificant negative correlation between household size
and prevalence of either MPXV (p<0.05) or human
DNA (p<0.01) in animal samples and human DNA
prevalence in environmental samples (p<0.01). Apart
from human DNA prevalence, household size, and
environmental MPXV prevalence, we observed no
other statistically significant relationships for other
variables potentially influencing prevalence of MPXV
DNA in animal samples.

Discussion

CDC advises that persons with mpox should avoid
contact with animals, including pets, until lesions
have fully healed to prevent potential virus spill-
back. That recommendation is because of uncertain-
ty regarding susceptibility of companion animals to
MPXV (9). If MPXV-infected persons cannot avoid
contact with pets within the household, practicing ap-
propriate infection control will prevent further expo-
sure potential. In most households we visited, recom-
mended quarantine and infection control procedures
were not consistently followed.

Despite MPXV-positive swab specimens detected
on the skin or fur of dogs and cats and in associated
environmental samples, no dogs or cats with live vi-
rus or antibodies detected have been reported glob-
ally. In 2 cases outside of the United States in which
MPXV DNA was detected in dogs (14,16), apart from
apparent skin lesions, no other signs of infection were
reported in the animals, including virus cultured
from samples or OPXV antibodies detected by serol-
ogy after additional investigation (15).

In our household study, skin lesions in 7 animals
were the only observable clinical features that were
potentially consistent with mpox disease. However,
5 animals exhibited lesions before owner symptom
onset, and the 2 animals with skin lesions that were
observed after owner symptom onset were negative
for MPXV by PCR. Only 1 animal had MPXV-positive
lesions sampled, a dog with lesion swab samples col-
lected from a grouping of 3 large lesions on its rear
leg, and the average Ct value of samples was 25.2.
After further testing to consider potential DNA con-
tamination from the owner, that sample also had the
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lowest average RNase-P Ct value (29.3) of all samples
tested. In addition, that dog’s lesions were reported
to have formed before symptom onset in the owner,
culture attempts from that and all other samples were
negative, and OPXV antibodies were not detected
during any timepoint tested. Therefore, after review-
ing all the data, we did not consider this animal a con-
firmed mpox case.

All animals with MPXV-positive samples in this
study also had RNP-positive specimens collected, in-
dicating the presence of human DNA. The statistical-
ly significant correlation of MPXV- and RNP-positive
samples, MPXV PCR results showing high Ct values
indicating low viral DNA loads, and the lack of viable
virus or antibodies in the collected samples strongly
suggest that observed lesions or scabs in these animals
were not the result of MPXV infection. In addition,
from our knowledge of MPXV pathology, an MPXV
lesion would most likely produce high viral loads and
at levels higher than for other sample types (22).

As reported in other household environmental
sampling studies, MPXV DNA can be widely de-
tected in indoor or household settings (11,12,23-25).
In this study, we found that households with small-
er shared spaces were significantly correlated with
both MPXV and human DNA prevalence, suggesting
that the risk for MPXV exposure could be higher in
smaller living quarters. Given the capability of MPXV
DNA to disseminate within the household of a person
with mpox, and after consideration of the PCR results
detailed here, persons with mpox, not the companion
animals, likely were the source of the MPXV DNA we
detected in the household.

The potential for contamination from either direct
contact with a person with mpox or indirect exposure
to materials containing MPXV DNA should be con-
sidered when interpreting results of PCR testing from
companion animals. In addition, case definitions
should consider potential extraneous contamination
and require more than a PCR-positive result from an
animal to be considered a confirmed animal mpox
case (26). Contamination should also be considered as
a reason for a positive PCR result and false-positive
results in humans with nonspecific lesions who have
potentially had contact with an mpox case-patient.
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MPXV infection in companion animals, if they
are suitable hosts, is uncharacterized; clinical signs,
viral shedding, and duration of infectious period
are unknown. Thus, although unlikely, given the
limits of our sampling design, it is possible that
an infected animal escaped detection in our study.
However, the overall PCR and serologic evidence
best fits the hypothesis that the MPXV DNA detect-
ed in animal samples submitted for PCR testing is
a result of DNA contamination from the infected
human within the household.

More work is needed to determine the suscep-
tibility of companion animals to clade IIb MPXV.
Thus, CDC still recommends that companion animal
owners with mpox limit their interactions with their
pets while infectious, particularly if they are sharing
smaller living spaces. That precautionary measure
is recommended until more information is available
about the susceptibility of common mammalian com-
panion animal species to mpox.

In conclusion, no strong evidence yet exists to
suggest that common companion animals, such as
dogs or cats, are susceptible to infection with clade
IIb MPXV. Given high likelihood for exposure among
most of these animals, the paucity of evidence indi-
cating infection might indicate resistance to infection.
Nonetheless, to prevent further viral spread and po-
tential evolution and establishment of new endemic
areas, during public health emergencies caused by
emerging zoonotic diseases, responders should apply
a One Health approach to investigate potential spill-
back of human infections to animals, including pets.

Acknowledgments

The authors thank the Epidemiology, Laboratory and
Testing, and STLT (State, Tribal, Local, or Territorial) Task
Forces of the CDC 2022 Multinational Mpox Response and
the CDC Poxvirus and Rabies Branch, Division of High
Consequence Pathogens and Pathology, National Center
for Emerging and Zoonotic Infectious Diseases. We also
acknowledge additional persons and entities who assisted
with this study, including the Minnesota Department of
Health, including Patrice Vandelinde, Victoria Lappi, and
Anna Strain; the Virginia Department of Health, including
Kenneth Gordon, Christina Chommanard, Luisa Angel
Cortes, Clarissa Bonnefond, Lisa Engle, and Cynthia
Rieken; the Tennessee Department of Health and
Agriculture, including Jane Yackley, Dilani Goonewardene,
and Whitnie Smartt; and DC Department of Health,
including Sarah Gillani, Will Still, and Karla Miletti.

In addition, we acknowledge Casey Barton-Behravesh,
Yoshinori Nakazawa, Modupe Osinubi, Ashutosh
Wadhwa, and Ariel Caudle for their assistance.

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 30, No. 10, October 2024

One Health Investigation into Mpox and Pets, USA

All funding for this study was provided by the Centers
for Disease Control and Prevention’s 2022 Multinational
Mpox Response (CDC Mpox Response). The CDC Mpox
Response provided technical review and oversight of this
manuscript before publication. This study and report
were also supported in part by an appointment to the
Applied Epidemiology Fellowship Program, administered
by the Council of State and Territorial Epidemiologists
and funded by the Centers for Disease Control

and Prevention (cooperative agreement no.
1INU380T000297-03-00).

About the Author

Mr. Morgan is a biologist in the Poxvirus and Rabies
Branch, Division of High Consequence Pathogens and
Pathology, National Center for Emerging and Zoonotic
Infectious Diseases, Centers for Disease Control and
Prevention. His research interests include the virus-host
interactions of orthopoxviruses and lyssaviruses in

the environment.

References

1. Nolen LD, Osadebe L, Katomba J, Likofata J, Mukadi D,
Monroe B, et al. Extended human-to-human transmission
during a monkeypox outbreak in the Democratic Republic
of the Congo. Emerg Infect Dis. 2016;22:1014-21.
https:/ /doi.org/10.3201/eid2206.150579

2. Durski KN, McCollum AM, Nakazawa Y, Petersen BW,
Reynolds MG, Briand S, et al. Emergence of monkeypox —
West and Central Africa, 1970-2017. MMWR Morb Mortal
Wkly Rep. 2018;67:306-10. https:/ /doi.org/10.15585/
mmwr.mmé6710a5

3. Reynolds MG, Doty JB, McCollum AM, Olson VA,
Nakazawa Y. Monkeypox re-emergence in Africa: a call to
expand the concept and practice of One Health. Expert Rev
Anti Infect Ther. 2019;17:129-39. https:/ / doi.org/10.1080/
14787210.2019.1567330

4. Reynolds MG, Guagliardo SAJ, Nakazawa Y], Doty JB,
Mauldin MR. Understanding orthopoxvirus host range and
evolution: from the enigmatic to the usual suspects. Curr
Opin Virol. 2018;28:108-15. https:/ /doi.org/10.1016/
j.coviro.2017.11.012

5. SahR, Abdelaal A, Reda A, Katamesh BE, Manirambona E,
Abdelmonem H, et al. Monkeypox and its possible sexual
transmission: where are we now with its evidence? Pathogens.
2022;11:924. https:/ / doi.org/10.3390/ pathogens11080924

6. Low N, Bachmann LH, Ogoina D, McDonald R, Ipekci AM,
Quilter LAS, et al. Mpox virus and transmission through
sexual contact: defining the research agenda. PLoS Med.
2023;20:€1004163. https:/ /doi.org/10.1371/journal. pmed.
1004163

7. McQuiston JH, Braden CR, Bowen MD, McCollum AM,
McDonald R, Carnes N, et al. The CDC domestic mpox
response — United States, 2022-2023. MMWR Morb Mortal
Wkly Rep. 2023,72:547-52. https:/ /doi.org/10.15585/
mmwr.mm?7220a2

8. Centers for Disease Control and Prevention. Mpox in the
home [cited 2023 Dec 8]. https:/ /www.cdc.gov/poxvirus/
mpox/ veterinarian/ mpox-in-animals.html

2031


http://www.cdc.gov/eid
https://doi.org/10.3201/eid2206.150579
https://doi.org/10.15585/
https://doi.org/10.1080/
https://doi.org/10.1016/
https://doi.org/10.3390/pathogens11080924
https://doi.org/10.1371/journal.pmed
https://doi.org/10.15585/
https://www.cdc.gov/poxvirus/mpox/veterinarian/mpox-in-animals.html
https://www.cdc.gov/poxvirus/mpox/veterinarian/mpox-in-animals.html

RES

10.

11.

12.

13.

14.

15.

16.

17.

18.

2032

EARCH

Adler H, Gould S, Hine P, Snell LB, Wong W, Houlihan CF,
et al. Clinical features and management of human
monkeypox: a retrospective observational study in the UK.
Lancet Infect Dis. 2022;22:1153-62. https:/ /doi.org/10.1016/
$1473-3099(22)00228-6

Minhaj FS, Ogale YP, Whitehill F, Schultz J, Foote M,
Davidson W, et al.; Monkeypox Response Team 2022.
Monkeypox outbreak —nine states, May 2022. MMWR Morb
Mortal Wkly Rep. 2022;71:764-9. https:/ / doi.org/10.15585/
mmwr.mm?7123el

Morgan CN, Whitehill F, Doty JB, Schulte J, Matheny A,
Stringer J, et al. Environmental persistence of monkeypox
virus on surfaces in household of person with travel-
associated infection, Dallas, Texas, USA, 2021. Emerg Infect
Dis. 2022;28:1982-9. https:/ / doi.org/10.3201/eid2810.221047
Pfeiffer JA, Collingwood A, Rider LE, Minhaj FS, Matheny AM,
Kling C, et al. High-contact object and surface contamination
in a household of persons with monkeypox virus infec-
tion— Utah, June 2022. MMWR Morb Mortal Wkly Rep.
2022;71:1092-4. https:/ / doi.org/10.15585/ mmwr.mm?7134el
Centers for Disease Control and Prevention. Mpox:

isolation and infection control at home [cited 2023 Jan 21].
https:/ /www.cdc.gov/ poxvirus/monkeypox/clinicians/
infection-control-home.html

Seang S, Burrel S, Todesco E, Leducq V, Monsel G, Le

Pluart D, et al. Evidence of human-to-dog transmission of
monkeypox virus. Lancet. 2022;400:658-9. https:/ /doi.org/
10.1016/S0140-6736(22)01487-8

The French Agency for Food. Monkeypox: what is the risk
of spreading to pets? [in French] [cited 2022 Dec 16].

https:/ /www.anses.fr/fr/content/ variole-du-singe-
quel-risque-de-diffusion-aux-animaux-de-compagnie
Brazilian Ministry of Health. Ministry of Health is notified
of the first case of monkeypox in a domestic animal

[in Portuguese] [cited 2022 Dec 3]. https:/ /www.gov.br/
saude/pt-br/assuntos/noticias/2022/agosto/ ministerio-
da-saude-e-notificado-do-primeiro-caso-de-variola-
dos-macacos-em-animal

LiY, Zhao H, Wilkins K, Hughes C, Damon IK. Real-time
PCR assays for the specific detection of monkeypox virus
West African and Congo Basin strain DNA. ] Virol Methods.
2010;169:223-7. https:/ / doi.org/10.1016/j.jviromet.2010.07.012
Centers for Disease Control and Prevention. Test procedure:
monkeypox virus generic real-time PCR test [cited 2023

Oct 7]. https:/ /www.cdc.gov/ poxvirus/mpox/ pdf/
PCR-Diagnostic-Protocol-508.pdf

19.

20.

21.

22.

23.

24.

25.

26.

Hughes CM, Liu L, Davidson WB, Radford KW, Wilkins K,
Monroe B, et al. A tale of two viruses: coinfections of
monkeypox and varicella zoster virus in the Democratic
Republic of Congo. Am ] Trop Med Hyg. 2021;104:604-11.
https:/ /doi.org/10.4269/ ajtmh.20-0589

Karem KL, Reynolds M, Braden Z, Lou G, Bernard N,
Patton ], et al. Characterization of acute-phase humoral
immunity to monkeypox: use of immunoglobulin M
enzyme-linked immunosorbent assay for detection of
monkeypox infection during the 2003 North American
outbreak. Clin Diagn Lab Immunol. 2005;12:867-72.
Hutson CL, Olson VA, Carroll DS, Abel JA, Hughes CM,
Braden ZH, et al. A prairie dog animal model of systemic
orthopoxvirus disease using West African and Congo Basin
strains of monkeypox virus. ] Gen Virol. 2009;90:323-33.
https:/ /doi.org/10.1099/ vir.0.005108-0

Kim H, Kwon R, Lee H, Lee SW, Rahmati M, Koyanagi A,
et al. Viral load dynamics and shedding kinetics of mpox
infection: a systematic review and meta-analysis. ] Travel
Med. 2023;30: taad111. https:/ /doi.org/10.1093/jtm/taad111
Gould S, Atkinson B, Onianwa O, Spencer A, Furneaux J,
Grieves ], et al. Air and surface sampling for monkeypox
virus in a UK hospital: an observational study. Lancet
Microbe. 2022;3:e904-11. https:/ /doi.org/10.1016/
52666-5247(22)00257-9

Norz D, Pfefferle S, Brehm TT, Franke G, Grewe I,
Knobling B, et al. Evidence of surface contamination

in hospital rooms occupied by patients infected with
monkeypox, Germany, June 2022. Euro Surveill.
2022;27:2200477. https:/ / doi.org/10.2807 /1560-7917.
ES.2022.27.26.2200477

Atkinson B, Burton C, Pottage T, Thompson K-A,

Ngabo D, Crook A, et al. Infection-competent monkeypox
virus contamination identified in domestic settings
following an imported case of monkeypox into the UK.
Environ Microbiol. 2022;24:4561-9. https:/ / doi.org/
10.1111/1462-2920.16129

Centers for Disease Control and Prevention. Interim CDC
case definition for animal cases of monkeypox [cited 2023
Mar 14]. https:/ /www.cdc.gov/poxvirus/mpox/ veterinar-
ian/animal-officials.html#case-def

Address for correspondence: Jeffrey B. Doty, Centers for Disease
Control and Prevention, 4055 Tudor Center Dr, Anchorage, AK
99508, USA; email: uwb7@cdc.gov

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 10, October 2024


http://www.cdc.gov/eid
https://doi.org/10.1016/S1473-3099(22)00228-6
https://doi.org/10.1016/S1473-3099(22)00228-6
https://doi.org/10.15585/mmwr.mm7123e1
https://doi.org/10.15585/mmwr.mm7123e1
https://doi.org/10.3201/eid2810.221047
https://doi.org/10.15585/mmwr.mm7134e1
https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-home.html
https://www.cdc.gov/poxvirus/monkeypox/clinicians/infection-control-home.html
https://doi.org/
https://www.anses.fr/fr/content/variole-du-singe-
https://www.gov.br/saude/pt-br/assuntos/noticias/2022/agosto/ministerio-
https://www.gov.br/saude/pt-br/assuntos/noticias/2022/agosto/ministerio-
https://doi.org/10.1016/j.jviromet.2010.07.012
https://www.cdc.gov/poxvirus/mpox/pdf/
https://doi.org/10.4269/ajtmh.20-0589
https://doi.org/10.1099/vir.0.005108-0
https://doi.org/10.1093/jtm/taad111
https://doi.org/10.1016/
https://doi.org/10.2807/1560-7917.ES.2022.27.26.2200477
https://doi.org/10.2807/1560-7917.ES.2022.27.26.2200477
https://doi.org/
https://www.cdc.gov/poxvirus/mpox/veterinarian/animal-officials.html#case-def
https://www.cdc.gov/poxvirus/mpox/veterinarian/animal-officials.html#case-def
mailto:uwb7@cdc.gov

