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Environmental Persistence
of Monkeypox Virus on Surfaces
in Household of Person with
Travel-Associated Infection,
Dallas, Texas, USA, 2021
Clint N. Morgan, Florence Whitehill, Jeffrey B. Doty, Joann Schulte, Audrey Matheny,
Joey Stringer, Lisa J. Delaney, Richard Esparza, Agam K. Rao, Andrea M. McCollum

In July 2021, we conducted environmental sampling at
the residence of a person in Dallas, Texas, USA, who had
travel-associated human West African monkeypox virus
(MPXV-WA). Targeted environmental swab sampling was
conducted 15 days after the person who had monkeypox
left the household. Results indicate extensive MPXV-WA
DNA contamination, and viable virus from 7 samples was
successfully isolated in cell culture. There was no statistical
difference (p = 0.94) between MPXV-WA PCR positivity of
porous (9/10, 90%) vs. nonporous (19/21, 90.5%) surfaces,
but there was a significant difference (p<0.01) between viable virus detected in cultures of porous (6/10, 60%) vs. nonporous (1/21, 5%) surfaces. These findings indicate that
porous surfaces (e.g., bedding, clothing) may pose more
of a MPXV exposure risk than nonporous surfaces (e.g.,
metal, plastic). Viable MPXV was detected on household
surfaces after at least 15 days. However, low titers (<102
PFU) indicate a limited potential for indirect transmission.

M

onkeypox, a zoonotic infectious disease caused
by monkeypox virus (MPXV; genus Orthopoxvirus [OPXV]), is endemic to West and Central Africa. After its discovery in 1958, the virus had not
been reported in humans outside its endemic range
until 2003, when a shipment of MPXV-infected small
mammals was transported from Ghana to the United
States, causing secondary animal and human infections (1). Genomic sequencing of isolates of MPXV
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across its endemic range indicates the existence of
2 clades: West African (WA) and Congo Basin; WA
MPXV has a lower mortality rate (2).
Transmission is known to occur by direct contact
with infectious lesion material or bodily fluids of an
infected human or animal or by inhalation of respiratory secretions during prolonged, face-to-face contact
(3,4). In addition, transmission might occur by direct
contact with objects or materials contaminated with
MPXV, although documented occurrences are rare
(5,6). Poxvirus lesions, their exudates (vesicular or
pustular fluid), and crusts contain viable virus (3,4).
Poxvirus virions within lesion material shed during
infection are known to be more resistant to desiccation than for other enveloped viruses (e.g., influenza
viruses, rubella virus) because the virions are tightly
bound with the fibrin matrices of the scab/crust material (7,8). This feature can lead to long-term environmental persistence of OPXVs.
Studies with variola (causative agent of smallpox) and vaccinia viruses demonstrated that if contaminated material is maintained in an environment
that has low humidity, low temperature, and remains
protected from UV radiation, the viral particles can
remain viable for months to years (9,10). One study
demonstrated the extreme longevity of variola virus
in lesion scabs stored within an envelope in a cupboard; the virus remained viable for 13 years until the
sample was used to completion (11). This longevity is
striking; however, the infectivity of variola scabs alone
is believed to be low based on epidemiologic and
laboratory data (11–14). Vesicular fluid from OPXV
lesions and other secretions generally have lower persistence in some laboratory studies than scabs (15,16).
Outside of insights gained from other OPXVs, the

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 10, October 2022

Environmental Persistence of Monkeypox Virus

longevity and environmental persistence of MPXV
is largely unknown, including within a household
environment. Considering the increasing frequency
of monkeypox cases being exported from diseaseendemic areas (17–20), and the concern for secondary
infections among household contacts, there is a need
for more specific information on transmission risks
due to contaminated fomites in the household.
On July 16, 2021, the US Centers for Disease
Control and Prevention (CDC) confirmed a WA
MPXV infection in a man (US resident) who had
recently traveled from Lagos, Nigeria, to Dallas,
Texas, USA. This case was the first MPXV infection reported in the United States since the 2003
outbreak, prompting an immediate response and
investigation. The person who had monkeypox arrived in Dallas on July 9 and stayed in a household,
a 1-bedroom residence that had no other occupants,
for 4 days before coming to the hospital for treatment (17). During these 4 days, the man was in the
household and had a disseminated purulent rash
(17). We conducted environmental sampling within
the residence and assessed the viral load and viability of virus present on commonly used surfaces
and objects within the household.

protective equipment was donned at the exterior entrance immediately before entering.
Sample Collection

Methods

The sampling team collected swab samples from
high-use objects and environmental surfaces within the household that would probably have had
direct contact with the person who had monkeypox and objects that appeared visibly soiled. Individually wrapped sterile cotton-tipped applicator
swabs (Puritan, https://www.puritanmedproducts.com) were removed from their packaging and
prewetted by inserting into a corresponding labeled
2-mL cryotube (Sarstedt, https://www.sarstedt.
com) filled with 300 µL of phosphate-buffered saline (PBS; pH 7.4). The swab was then immediately
applied to the environmental surface and swabbed
vigorously for 10 seconds while rotating the swab
to ensure all sides of the swab contact the environmental surface. On all surfaces and objects, an approximate area of 2 in2 was swabbed, and if soiled,
the soiled area was targeted. Aseptic techniques
were used, and outer gloves were changed between
samples or if soiled. There is not a fully validated
environmental sampling method for OPXVs, so the
sampling procedure was adapted from similar studies with vaccinia virus and SARS-CoV-2 (22,23).

Site Information

Sample Processing and PCR Testing

Environmental sampling took place in July 2021, 15
days after the person who had monkeypox departed
the residence for the hospital. The person was interviewed by CDC, Dallas County Health and Human
Services, and hospital officials regarding condition of
residence, activities within the household before hospital admittance, and locations of potentially soiled
materials and high-touch objects. We recorded notes
on specific location, soiled condition of surfaces, and
light exposure for each sample collected.
Personal Protective Equipment

Personnel performing the household environmental
sampling were vaccinated with ACAM2000 (Sanofi
Pasteur, https://www.sanofi.com), in accordance
with recommendations for personnel at risk for occupational exposure to OPXVs (21). Before entering
the residence, the sampling team donned personal
protective equipment, including Tyvek (DuPont,
https://www.dupont.com) coverall with hood, inner
and outer nitrile gloves, fit-tested N95 filtering facepiece respirator, and face shield. Because of the public
setting, discretion was used when entering the residence, avoiding areas of high visibility, and personal

We stored all swab samples and shipped them in
sealed 2-mL cryotubes containing ≈300 µL PBS and
kept refrigerated (2°C–4°C) until processing. We
transferred swabs and the 300 µL of sterile PBS within the tube to the swab extraction tube system (SETS;
Roche, https://www.roche.com). We then centrifuged SETS tubes at 6,000 rpm for 1 min to collect the
elute, after which we discarded inner SETS tubes and
swabs. We aliquoted 100 µL of swab eluate and used
it for DNA extraction; the remaining eluate was kept
for viral titration. We extracted DNA from all samples by using the EZ1 DNA Tissue Kit and Biorobot
System (QIAGEN, https://www.qiagen.com). We
screened all samples for MPXV DNA by real-time
PCR using the WA MPXV-specific assay (24) on the
VIIA7 Real-Time PCR System (Applied Biosystems,
https://www.thermofisher.com).
Virus Isolation and Titration

We put swab eluate from all samples into cell culture
to attempt virus isolation and assess presence of viable virus. We added a 100-μL aliquot of swab eluate
to BSC-40 cell monolayers (African green monkey kidney cell line) in T-25 cell culture flasks and incubated
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at 35.5°C in an atmosphere of 6% CO2, in Roswell Park
Memorial Institute medium as described (25). We observed infected T-25 flasks daily for cytopathic effect
(CPE), incubated for a maximum of 14 days or until
positive. We harvested material from flasks if considered positive for viable virus (successful viral isolation
attempt), when ≈100% of monolayer showed CPE activity. For an additional confirmation of the successful virus isolation attempt, we tested an aliquot of the
harvested flasks material by using PCR.
Swabs collected from environmental surfaces
might result in bacterial or fungal contamination during virus isolation attempts. To help mitigate bacterial
or fungal overgrowth in T-25 flasks, we supplemented cell culture medium with penicillin/streptomycin,
amphotericin B, and gentamicin. If either bacterial or
fungal contamination was identified, 4 cycles of removing medium and adding fresh medium to wash
monolayers was conducted as often as necessary to
prevent overgrowth.

After PCR and attempt at virus isolation, samples
from which virus was isolated were evaluated by using viral titration accords to methods described (26).
Because of low sample volume, we added 50 μL of
PBS diluent to 100 μL of swab eluate from each positive sample and serially diluted them in 2% Roswell
Park Memorial Institute medium, and we added 650
μL of each dilution to 6-well plates in duplicate on
BSC-40 cell monolayers. We incubated plates at 35.5°C
in an atmosphere of 6% CO2. After a 72-hour incubation period, we inactivated and stained plates with 2×
formalinized crystal violet stain and then enumerated
plaques. Titers are expressed as PFU/mL.
Statistical Analyses

We performed statistical analyses to compare PCR
positivity, average cycle threshold (Ct) value, and
viral culture positivity of environmental swab samples from porous and nonporous surface types collected in the household. We conducted statistical

Table 1. Objects and surfaces swabbed during environmental sampling of residence of a patient who had monkeypox, Texas, USA, 2021*
Sample from visibly
Sample
Surface
Mean cycle
Viral culture
Object/surface
Room, specific location
soiled surface
exposed to UV
type
threshold
result, PFU/mL
Paper towels
Bedroom, on bed
Yes
Low
Porous
16.1
<1 × 102
Underwear
Bedroom, on bed
Yes
No
Porous
17.9
<1 × 102
Underwear
Bedroom, on bed
Yes
No
Porous
19.3
3.2 × 102
Blanket
Living room, on couch
Yes
Low
Porous
20.3
<1 × 102
Towel
Living room, on couch
Yes
Low
Porous
20.3
<1 × 102
Disinfectant wipes
Bedroom, bedside table
No
Low
Porous
21.9
‒
Towel
Bedroom, on bed
Yes
Low
Porous
22.3
‒
Mattress cover
Bedroom closet, in hamper
Yes
No
Porous
23.1
<1 × 102
Towel
Bedroom, near bathroom
Yes
Low
Porous
36.7
‒
Underwear
Bedroom, near bathroom
Yes
No
Porous
UND
‒
Coffee table top
Living room, edge
No
Low
Nonporous
21.6
<1 × 102
near couch
Bedside table
Bedroom, at bedside
No
Low
Nonporous
21.7
‒
Sink knobs
Bathroom, at sink near entry
No
Low
Nonporous
22.3
‒
Bathtub drain
Bathroom, in bathtub
No
Low
Nonporous
24.4
‒
Toilet seat
Bathroom, on toilet
Yes
Low
Nonporous
24.7
‒
Light switch
Bathroom, at entrance
Yes
Low
Nonporous
25.0
‒
above sink
Closet doorknob
Outer knob of closet
No
Low
Nonporous
25.2
‒
door in bedroom
Dresser top
Bedroom, near entry
No
Low
Nonporous
25.9
‒
Refrigerator handle Kitchen, on refrigerator door
Yes
Low
Nonporous
26.7
‒
Toilet handle
Bathroom, on toilet
No
Low
Nonporous
26.7
‒
Bathtub faucet
Bathroom, in
No
Low
Nonporous
26.9
‒
bathtub/shower unit
Doorknob
Inner knob of bathroom door
No
Low
Nonporous
27.3
‒
Freezer handle
Kitchen, on freezer door
No
Low
Nonporous
28.2
‒
Cell phone
Living room, on coffee table
No
Low
Nonporous
28.3
‒
Light switch
Bedroom, at entrance
No
Low
Nonporous
33.3
‒
above dresser
Light switch
Kitchen, on wall
No
Low
Nonporous
33.5
‒
Light switch
Living room, near front door
No
Low
Nonporous
33.9
‒
Power strip button
Bedroom, on floor along bed
No
Low
Nonporous
34.2
‒
Television remote
Living room, on TV stand
No
Low
Nonporous
35.7
‒
Microwave handle
Kitchen, on microwave
No
Low
Nonporous
UND
‒
Closet light switch
Bedroom, next to
No
Low
Nonporous
UND
‒
closet door
*UND, undetermined (below detectable limit); ‒, negative.
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Table 2. Characteristics of environmental swab samples from porous and non-porous surface types collected in household of a patient
who had confirmed monkeypox, Texas, USA, 2021
No. samples Positive by PCR,
Average cycle
Viable virus
Surface type
collected
no. (%)
p value*
threshold (SD)
p value† cultured, no. (%)
p value*
Porous
10
9 (90)
0.94
22.0 (6.0)
<0.01
6 (60)
<0.01
Nonporous
21
19 (90)
27.7 (4.4)
1 (5)
*By mid-p exact test.
†By 2-sample independent t-test.

analyses by using OpenEpi version 3.01 (https://
www.OpenEpi.com).
Results
Site Information

We conducted interviews with the person who had
monkeypox detailed limited activities within the
household during the 4-day period between returning
from travel and admittance to the hospital. The person
reported sleeping/resting on the bed in the bedroom,
spending prolonged time on 2 couches in the living
room, showering, and retrieving food from the kitchen
refrigerator. The person detailed the location of clothing items worn during travel, as well as other clothing worn while in the household. The heating, ventilation, and air conditioning system of the residence was
turned off when the person left for the hospital. The
exact environmental conditions within the residence
for 15 days are unknown, although it is probable they
were nearing the external environmental conditions;
the mean temperature was 86°F (range 73°F–101°F)
and mean relative humidity 63% (range 49%–76%)
(27). Within the residence, we collected 31 environmental swab samples. Of these 31 samples, 10 (32%) were
from items and surfaces made of porous material, such
as cloth and paper, and 21 (68%) were from nonporous
material, such as sealed wood and plastic (Table 1).
All windows were covered with closed blinds,
enabling limited sunlight into the household. Sunlight (UV) exposure is denoted as no UV, indicating
surface sampled was completed covered or kept in
dark room, or low UV, indicating surface was uncovered and exposed to the low ambient light environment of the household (Table 1).
PCR Testing

Overall, 27 (87%) samples amplified MPXV-WA
DNA, and the mean cycle threshold (Ct) value was
25.83 (range 16.14–36.74). Swabs collected from porous materials were 90% (9/10) PCR positive, and
those collected from nonporous materials were 90.5%
(19/21) PCR positive (p = 0.94) (Table 2). Porous
materials had higher detectable levels of viral DNA
(Ct 21.98) than did nonporous materials (Ct 27.65)
(p<0.01) (Table 2). Among the PCR-positive swabs,

detectable levels of viral DNA in each room within
the household was, in order of highest to lowest:
closet (Ct 23.08, n = 1); bedroom (Ct 24.96, n = 13);
bathroom (Ct 25.33, n = 7); living room (Ct  26.66, n =
6); and kitchen (Ct 29.44, n = 4) (Table 1). Cell culture
isolates considered positive were also tested by using
PCR, and all were positive (Ct range 14.2–16.0).
Virus Isolation and Titration

Viral isolation was attempted from all 31 swab samples, and 7 (23%) contained viable virus (Table 1).
Virus isolation was successful with 23% (3/11) of
swabs from the bedroom, 50% (3/6) from the living
room, and 1 sample collected from a used mattress
cover in the closet. Overall, 60% (6/10) of porous materials contained viable virus, and only 5% (1/21) of
nonporous materials contained viable virus (p<0.01)
(Table 2). The appearance of the first signs of CPE in
the successful virus isolation attempts ranged from
2 to 8 (mean 5) days postinfection. We harvested
material from flasks when CPE affected 100% of the
monolayer at 6–12 (mean 9) days postinfection. We
observed limited bacterial or fungal contamination in
this study; only 1 sample (bathtub faucet) required >3
monolayer washes to curtail bacterial overgrowth.
Of the 7 culture-positive swab specimens, 6 were
below the detectable limit (2.1 × 102 PFU) of the titration assay (titers <1 × 102 PFU/mL). Only sample TX23 had a quantifiable titer of 3.2 × 102 PFU/mL.
Discussion
In this real-world setting, targeted sampling of highuse surfaces and objects was effective at detecting
MPXV DNA and viable virus. MPXV DNA was
found throughout the household, indicating extensive spread of viral material, probably a result of the
man having an extensive purulent rash develop. Our
study demonstrated the ability of MPXV to persist in a
household environment for at least 15 days. Previous
studies with vaccinia and variola viruses demonstrate
the capability of OPXVs to persist in the environment
much longer than 15 days (months or years), so potentially the virus sampled in this household could
have remained viable for a longer period (10,15,16).
A similar investigation had been conducted with
a household case of eczema vaccinatum (vaccinia
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virus), in which household contamination was a concern because of extensive rash (22). That study reported less extensive viral DNA dissemination around the
household than what we detected and viable virus
from 1 cloth item and 2 nonporous items at 10 days
after removal of an infected person (22).
In a household environment, myriad physical,
chemical, and biologic factors could affect the persistence of OPXVs (Appendix Table, https://wwwnc.
cdc.gov/EID/article/28/10/22-1047-App1.xlsx).
Most viruses exhibit greater persistence on nonporous surfaces; however, OPXVs typically have higher
persistence on porous surfaces and show a high resistance to drying (28,29). In this study, we detected
viable virus on multiple substrate types, including
cellulose fiber sheets (paper towels), cotton and cotton/synthetic blended fabrics (towel, blanket, underwear, mattress cover), and sealed wood veneer (coffee tabletop). Items considered porous had increased
detectable levels of viral DNA, and viable virus was
only detected from 1 nonporous surface.
Despite the hardiness of OPXVs, it is probable
there was some degree of viral decay of MPXV before sampling. This decay could have occurred either
because of environmental and physical properties
of the residence and surface types or contact with a
disinfectant or soap. For example, 4 culture-negative
samples had MPXV-WA Ct values higher than that of
the mattress cover, which was culture positive. One
of these samples was collected from dried disinfectant wipes (Clorox, https://www.thecloroxcompany.
com), which probably successfully inactivated the virus. In addition, no viable virus was detected in the
7 samples collected from the bathroom, even though
the person who had monkeypox spent much time in
this room; this result could also be the result of contact with disinfectant or soap. The bathroom samples,
if not inactivated by contact with disinfectants, could
possibly have been culture negative because of the
nonporous surfaces and higher humidity that would
occur in the bathroom during showering or sink use.
It is useful in studies assessing environmental persistence or contamination of MPXV to attempt viral isolation from PCR-positive samples. In environmental
sampling studies, low Ct values should not be used
as a proxy for viable virus because many factors and
environmental conditions might lead to complete viral decay on contaminated surfaces.
Interviews with the person who had monkeypox
in this study showed that most of the time in the residence was spent lying down or resting. As a probable result, it was only items on or near the bed and
couches from which viable virus was detected. The
1986

results of this study demonstrate the need to take
special precautions when handling bedding, clothing, or towels of a person who has monkeypox. When
there are other occupants in a household, or visitors,
persons who have monkeypox should not share bedding, clothing, towels, or sleeping and living spaces.
During 2018, a healthcare worker in the United
Kingdom became infected, probably as a result of
handling the bedding of a person who had monkeypox without using respiratory protection (30). The
persistence of the virus in the environment depends
largely on the viral load and type of infectious material initially deposited, environmental conditions, and
physical/chemical properties of the contaminated objects. Furthermore, if fomites in the environment have
sufficient amounts of viable virus, the capability of
these materials to cause secondary infection is probably dependent on route of exposure, including opportunistic contact or transfer to mucous membranes,
or preexisting immunity.
The only culture-positive swab sample with sufficient viral load to reach the detectable limits of our
titration assay was from an article of clothing that had
prolonged, direct contact with purulent lesions; the
titer was 3.2 × 102 PFU/mL (detection limit 2.1 × 102
PFU/mL). There are few data on the infectious dose
necessary to cause infection in humans. However,
these data can be inferred from laboratory challenge
studies with the prairie dog animal model. Virus titers of 104 and 103 PFU in most cases cause infection,
and in 1 study, 1 of 4 prairie dogs infected with 6 ×
102 PFU MPXV-WA became infected and showed development of disseminated lesions (26,31). This result
might indicate that in otherwise healthy persons, a viral load on the order of 102 PFU is the lower threshold
for infection, and at these levels the innate immune
system can potentially clear the virus.
It is unknown how long the culture-positive materials in this study would remain viable with MPXV
because viral titers will decrease over time until undetectable by viral culture. Subsequently, as viral titers decrease, infectivity (capacity to cause secondary
infection) would also decrease. In comparable studies
of OPXV persistence (Appendix Table), under slightly lower heat and humidity conditions, the maximum
duration that virus remained detectable on fabrics
ranged from 28 to 70 days (16,32). Considering the
low titers observed (<3.2 × 102 PFU/mL) and the high
heat and moderate humidity environment, it is probable that maximum persistence of viable virus on the
items sampled would fall into a similar range.
This study was conducted alongside a public health response, and priorities were identifying
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potential high transmission risk areas and objects and
confirming presence/absence of viable virus. These
results are merely representative of the conditions
of each specific item at 1 point in time and not representative of the total potential for fomite transmission within the household from items not sampled.
A more robust sampling method would be recommended for future studies, including multiple sampling time points and recording the environmental
conditions in the household over time. Household
disinfection is recommended for any household occupied by a person confirmed to have monkeypox.
A disinfectant registered with the Environmental
Protection Agency should be used, such as a disinfectant that has an emerging viral pathogens claim, in
accordance with the manufacturer’s instructions (33).
Specific recommendations for household disinfection
can be found on the CDC monkeypox web page (34).
After this case in July 2021, two additional travelassociated cases were detected in the United States
and the United Kingdom (19,20), and in May 2022,
an unprecedented number of monkeypox cases were
identified from multiple clusters worldwide (35,36).
Current outbreaks of human monkeypox cases in
endemic and nonendemic regions, and the increasing frequency of which travel-associated cases are
occurring, necessitate a further need to understand
transmission dynamics within a household setting.
Since the 2022 outbreak began, an additional study
on monkeypox contamination within a household
has been published and detected comparable levels of
viral contamination despite differences in sampling
and processing methods (37). In that study, samples
were collected 3 days after the patient was last in the
residence, and similar to our study, virus was isolated
mostly from porous surfaces. However, the authors
reported successful MPXV isolation from 40% (2/5)
of nonporous surfaces sampled from which isolation
was attempted (door handle and handheld electronic
device). Because we report isolation of MPXV from
just 5% (1/21) of nonporous surface sampled after 15
days, this finding potentially indicates that MPXV decay occurs more rapidly on nonporous than porous
surfaces, as was reported for other OPXVs (28,29).
Future studies should develop a validated environmental sampling protocol for OPXVs and explore
additional sample collection methods, comparing
multiple applicator types and transport media because they might affect viral recovery during processing and overall viral yield (38,39). Additional studies
on household transmission risks should be conducted
to inform public health responses and cleaning and
disinfection protocols, and to provide specific recom-

mendations to at-risk communities and persons. Furthermore, documenting the risk potential of objectspecific fomites and materials within a household
will inform recommendations for infection prevention strategies and cleaning and disinfecting efforts.
Acknowledgments
We thank the Dallas County Health and Human Services
Public Health Laboratory for assistance with the study
and facilitating coordination with local and state agencies,
Whitni Davidson for providing laboratory support and
assistance, Theodora Khan for providing assistance
compiling relevant literature, and the Poxvirus and Rabies
Branch at CDC for collaboration.
A.M. was supported in part by an appointment to the
Research Participation Program at the Centers for Disease
Control and Prevention, administered by the Oak Ridge
Institute for Science and Education through an interagency agreement between the US Department of Energy
and CDC.

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, Atlanta, GA. His primary research interests
include virus–host interactions of orthopoxviruses and
lyssaviruses in the natural environment, and the ecologies
of their host systems.
References
1.

2.

3.
4.
5.
6.

7.

Reed KD, Melski JW, Graham MB, Regnery RL, Sotir MJ,
Wegner MV, et al. The detection of monkeypox in humans
in the Western Hemisphere. N Engl J Med. 2004;350:342–50.
https://doi.org/10.1056/NEJMoa032299
Likos AM, Sammons SA, Olson VA, Frace AM, Li Y,
Olsen-Rasmussen M, et al. A tale of two clades:
monkeypox viruses. J Gen Virol. 2005;86:2661–72.
https://doi.org/10.1099/vir.0.81215-0
Parker S, Nuara A, Buller RM, Schultz DA. Human
monkeypox: an emerging zoonotic disease. Future Microbiol.
2007;2:17–34. https://doi.org/10.2217/17460913.2.1.17
Brown K, Leggat PA. Human monkeypox: current state of
knowledge and implications for the future. Trop Med Infect
Dis. 2016;1:8. https://doi.org/10.3390/tropicalmed1010008
Jezek Z, Grab B, Szczeniowski MV, Paluku KM,
Mutombo M. Human monkeypox: secondary attack rates.
Bull World Health Organ. 1988;66:465–70.
Learned LA, Reynolds MG, Wassa DW, Li Y, Olson VA,
Karem K, et al. Extended interhuman transmission of
monkeypox in a hospital community in the Republic of the
Congo, 2003. Am J Trop Med Hyg. 2005;73:428–34.
https://doi.org/10.4269/ajtmh.2005.73.428
Nolen LD, Osadebe L, Katomba J, Likofata J, Mukadi D,
Monroe B, et al. Introduction of monkeypox into a

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 10, October 2022

1987

RESEARCH

8.

9.

10.

11.
12.
13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

1988

community and household: risk factors and zoonotic
reservoirs in the Democratic Republic of the Congo. Am J
Trop Med Hyg. 2015;93:410–5. https://doi.org/10.4269/
ajtmh.15-0168
Hutson CL, Carroll DS, Gallardo-Romero N, Weiss S,
Clemmons C, Hughes CM, et al. Monkeypox disease
transmission in an experimental setting: prairie dog animal
model. PLoS One. 2011;6:e28295. https://doi.org/10.1371/
journal.pone.0028295
Henderson DA, Inglesby TV, Bartlett JG, Ascher MS,
Eitzen E, Jahrling PB, et al.; Working Group on Civilian
Biodefense. Smallpox as a biological weapon: medical
and public health management. JAMA. 1999;281:2127–37.
https://doi.org/10.1001/jama.281.22.2127
McCollum AM, Li Y, Wilkins K, Karem KL, Davidson WB,
Paddock CD, et al. Poxvirus viability and signatures in
historical relics. Emerg Infect Dis. 2014;20:177–84.
https://doi.org/10.3201/eid2002.131098
Wolff HL, Croon JJ. The survival of smallpox virus (variola
minor) in natural circumstances. Bull World Health Organ.
1968;38:492–3.
Harper GJ. Airborne micro-organisms: survival tests with
four viruses. J Hyg (Lond). 1961;59:479–86.
Wood JP, Choi YW, Wendling MQ, Rogers JV, Chappie DJ.
Environmental persistence of vaccinia virus on materials.
Lett Appl Microbiol. 2013;57:399–404. https://doi.org/
10.1111/lam.12126
McDevitt JJ, Lai KM, Rudnick SN, Houseman EA, First MW,
Milton DK. Characterization of UVC light sensitivity of
vaccinia virus. Appl Environ Microbiol. 2007;73:5760–6.
https://doi.org/10.1128/AEM.00110-07
MacCallum FO, McDonald JR. Survival of variola virus in
raw cotton. Bull World Health Organ. 1957;16:247–54.
Rao AR. Infected inanimate objects (fomites) and their role
in transmission of smallpox. World Health Organization.
May 1, 1972 [cited 2022 Jun 1]. https://apps.who.int/iris/
bitstream/handle/10665/67501/WHO_SE_72.40.pdf
Rao AK, Schulte J, Chen T-H, Hughes CM, Davidson W,
Neff JM, et al.; July 2021 Monkeypox Response Team.
Monkeypox in a traveler returning from Nigeria—Dallas,
Texas, July 2021. MMWR Morb Mortal Wkly Rep.
2022;71:509–16. https://doi.org/10.15585/mmwr.mm7114a1
Mauldin MR, McCollum AM, Nakazawa YJ, Mandra A,
Whitehouse ER, Davidson W, et al. Exportation of
monkeypox virus from the African continent. J Infect Dis.
2022;225:1367–76. https://doi.org/10.1093/infdis/jiaa559
Costello V, Sowash M, Gaur A, Cardis M, Pasieka H,
Wortmann G, et al. Imported monkeypox from international
traveler, Maryland, USA, 2021. Emerg Infect Dis.
2022;28:1002–5. https://doi.org/10.3201/eid2805.220292
Hobson G, Adamson J, Adler H, Firth R, Gould S,
Houlihan C, et al. Family cluster of three cases of monkeypox
imported from Nigeria to the United Kingdom, May 2021.
Euro Surveill. 2021;26:2100745. https://doi.org/10.2807/
1560-7917.ES.2021.26.32.2100745
Petersen BW, Harms TJ, Reynolds MG, Harrison LH.
Use of vaccinia virus smallpox vaccine in laboratory and
health care personnel at risk for occupational exposure to
orthopoxviruses: Recommendations of the Advisory
Committee on Immunization Practices (ACIP), 2015. MMWR
Morb Mortal Wkly Rep. 2016;65:257–62. https://doi.org/
10.15585/mmwr.mm6510a2
Lederman E, Miramontes R, Openshaw J, Olson VA,
Karem KL, Marcinak J, et al. Eczema vaccinatum resulting
from the transmission of vaccinia virus from a smallpox
vaccinee: an investigation of potential fomites in the

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

home environment. Vaccine. 2009;27:375–7. https://doi.org/
10.1016/j.vaccine.2008.11.019
Marcenac P, Park GW, Duca LM, Lewis NM, Dietrich EA,
Barclay L, et al. Detection of SARS-CoV-2 on surfaces in
households of persons with COVID-19. Int J Environ Res
Public Health. 2021;18:8184. https://doi.org/10.3390/
ijerph18158184
Li Y, 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. J Virol Methods.
2010;169:223–7. https://doi.org/10.1016/j.jviromet.2010.07.012
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 J Trop Med Hyg. 2020;104:604–11.
https://doi.org/10.4269/ajtmh.20-0589
Hutson CL, Gallardo-Romero N, Carroll DS, Clemmons C,
Salzer JS, Nagy T, et al. Transmissibility of the monkeypox
virus clades via respiratory transmission: investigation
using the prairie dog-monkeypox virus challenge system.
PLoS One. 2013;8:e55488. https://doi.org/10.1371/
journal.pone.0055488
National Oceanic and Atmospheric Administration National
Climatic Data Center. Climate data online. 2022 [cited 2022
May 4]. https://www.ncdc.noaa.gov/cdo-web/datasets/
LCD/stations/WBAN:13960/detail
Rakowska PD, Tiddia M, Faruqui N, Bankier C, Pei Y,
Pollard AJ, et al. Antiviral surfaces and coatings and their
mechanisms of action. Communications Materials. 2021;2:53.
https://doi.org/10.1038/s43246-021-00153-y
Rheinbaben F, Gebel J, Exner M, Schmidt A. Environmental
resistance, disinfection, and sterilization of poxviruses.
In: Mercer AA, Schmidt A, Weber O, editors. Poxviruses.
Basel (Switzerland). Birkhäuser; 2007. p. 397–405.
Vaughan A, Aarons E, Astbury J, Brooks T, Chand M,
Flegg P, et al. Human-to-human transmission of
monkeypox virus, United Kingdom, October 2018. Emerg
Infect Dis. 2020;26:782–5. https://doi.org/10.3201/
eid2604.191164
Hutson CL, Carroll DS, Self J, Weiss S, Hughes CM,
Braden Z, et al. Dosage comparison of Congo Basin and
West African strains of monkeypox virus using a prairie
dog animal model of systemic orthopoxvirus disease.
Virology. 2010;402:72–82. https://doi.org/10.1016/
j.virol.2010.03.012
Sidwell RW, Dixon GJ, McNeil E. Quantitative studies on
fabrics as disseminators of viruses. I. Persistence of vaccinia
virus on cotton and wool fabrics. Appl Microbiol. 1966;14:55–
9. https://doi.org/10.1128/am.14.1.55-59.1966
US Environmental Protection Agency. Disinfectants for
emerging viral pathogens (EVPs): list Q. June 2, 2022 [cited
2022 Jun 15]. https://www.epa.gov/pesticide-registration/
disinfectants-emerging-viral-pathogens-evps-list-q
Centers for Disease Control and Prevention. Disinfection
of the home and non-healthcare settings. June 6, 2022 [cited
2022 Jun 15]. https://www.cdc.gov/poxvirus/monkeypox/
pdf/Monkeypox-Interim-Guidance-for-HouseholdDisinfection-508.pdf
Centers for Disease Control and Prevention. 2022 US
monkeypox outbreak. July 28, 2022 [cited 2022 Aug 1].
https://www.cdc.gov/poxvirus/monkeypox/response/
2022/index.html
Luo Q, Han J. Preparedness for a monkeypox outbreak.
Infect Med. 2022. https://doi.org/10.1016/j.imj.2022.07.001
Atkinson B, Burton C, Pottage T, Thompson KA, Ngabo D,
Crook A, et al. Infection-competent monkeypox virus

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 10, October 2022

Environmental Persistence of Monkeypox Virus
contamination identified in domestic settings following
an imported case of monkeypox into the UK. Environ Microbiol. 2022; (Jul):1–9. https://doi.org/10.1111/
1462-2920.16129
38. Garnett L, Bello A, Tran KN, Audet J, Leung A, Schiffman Z,
et al. Comparison analysis of different swabs and transport
mediums suitable for SARS-CoV-2 testing following
shortages. J Virol Methods. 2020;285:113947. https://doi.org/
10.1016/j.jviromet.2020.113947

39.

Bruijns BB, Tiggelaar RM, Gardeniers H. The extraction and
recovery efficiency of pure DNA for different types of swabs.
J Forensic Sci. 2018;63:1492–9. https://doi.org/10.1111/
1556-4029.13837

Address for correspondence: Clint N. Morgan, Centers for Disease
Control and Prevention, 1600 Clifton Rd NE, Atlanta, GA 303274029, USA; email: cnmorgan@cdc.gov

January 2022

Antimicrobial Resistance
• Outbreak of Mucormycosis in
Coronavirus Disease Patients,
Pune, India

• Serotype Replacement after
Introduction of 10-Valent and
13-Valent Pneumococcal Conjugate
Vaccines in 10 Countries, Europe

• S evere Acute Respiratory Syndrome
Coronavirus 2 and Respiratory Virus
Sentinel Surveillance, California, USA,
May 10, 2020–June 12, 2021

• Effect on Antimicrobial Resistance of a
Policy Restricting Over-the-Counter
Antimicrobial Sales in a Large
Metropolitan Area, São Paulo, Brazil

•U
 sing the Acute Flaccid Paralysis
Surveillance System to Identify Cases
of Acute Flaccid Myelitis, Australia,
2000‒2018

• New Sequence Types and
Antimicrobial Drug–Resistant Strains
of Streptococcus suis in Diseased Pigs,
Italy, 2017–2019

• F ungal Infections Caused by
Kazachstania spp., Strasbourg,
France, 2007–2020
•M
 ultistate Outbreak of SARS-CoV-2
Infections, Including Vaccine
Breakthrough Infections, Associated
with Large Public Gatherings,
United States
•P
 otential Association of Legionnaires’
Disease with Hot Spring Water,
Hot Springs National Park and Hot
Springs, Arkansas, USA, 2018–2019
• E xtensively Drug-Resistant
Carbapenemase-Producing
Pseudomonas aeruginosa and
Medical Tourism from the United
States to Mexico, 2018–2019
•H
 igh-Level Quinolone-Resistant
Haemophilus haemolyticus in
Pediatric Patient with No History of
Quinolone Exposure
•M
 ask Effectiveness for Preventing
Secondary Cases of COVID-19,
Johnson County, Iowa, USA

®

• Transmission Dynamics of Large
Coronavirus Disease Outbreak in
Homeless Shelter, Chicago, Illinois,
USA, 2020
• Risk Factors for SARS-CoV-2 Infection
Among US Healthcare Personnel,
May–December 2020
• Systematic Genomic and Clinical
Analysis of Severe Acute Respiratory
Syndrome Coronavirus 2 Reinfections
and Recurrences Involving the
Same Strain
• Global Genome Diversity and
Recombination in Mycoplasma
pneumoniae
• Coronavirus Disease Spread during
Summer Vacation, Israel, 2020
• Invasive Multidrug-Resistant
emm93.0 Streptococcus pyogenes
Strain Harboring a Novel Genomic
Island, Israel, 2017–2019

• Coronavirus Disease Case Definitions,
Diagnostic Testing Criteria, and
Surveillance in 25 Countries with
Highest Reported Case Counts
• Effect of Hepatitis E Virus RNA
Universal Blood Donor Screening,
Catalonia, Spain, 2017‒2020
• Streptococcus pneumoniae Serotypes
Associated with Death, South Africa,
2012–2018
• Streptococcus gallolyticus and
Bacterial Endocarditis in Swine,
United States, 2015–2020
• SARS-CoV-2 RNA Shedding in Semen
and Oligozoospermia of Patient with
Severe Coronavirus Disease 11 Weeks
after Infection
• Effects of Nonpharmaceutical
COVID-19 Interventions on Pediatric
Hospitalizations for Other Respiratory
Virus Infections, Hong Kong
• Emergence of SARS-CoV-2 Delta
Variant, Benin, May–July 2021

To revisit the January 2022 issue, go to:
https://wwwnc.cdc.gov/eid/articles/issue/28/1/table-of-contents

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 10, October 2022

1989

