Co-Circulating Monkeypox and
Swinepox Viruses, Democratic
Republic of the Congo, 2022

Thierry Kalonji, Emile Malembi, Jean Paul Matela, Toutou Likafi, Eddy Kinganda-Lusamaki,
Emmanuel Hasivirwe Vakaniaki, Nicole A. Hoff, Amuri Aziza, Francisca Muyembe, Joelle Kabamba,
Tine Cooreman, Béatrice Nguete, Danae Witte, Ahidjo Ayouba, Nicolas Fernandez-Nunez,
Stijn Roge, Martine Peeters, Sydney Merritt, Steve Ahuka-Mundeke, Eric Delaporte,
Elisabeth Pukuta, Joachim Marién, Eugene Bangwen, Steven Lakin, Charles Lewis,

Jeffrey B. Doty, Laurens Liesenborghs, Lisa E. Hensley, Andrea McCollum, Anne W. Rimoin,
Jean Jacques Muyembe-Tamfum, Robert Shongo, Didine Kaba, Placide Mbala-Kingebeni

In September 2022, deaths of pigs manifesting pox-
like lesions caused by swinepox virus were reported in
Tshuapa Province, Democratic Republic of the Congo.
Two human mpox cases were found concurrently in the
surrounding community. Specific diagnostics and robust
sequencing are needed to characterize multiple poxvi-
ruses and prevent potential poxvirus transmission.

ntil recently, the Democratic Republic of the

Congo (DRC), located in an mpox-endemic re-
gion, has had the highest global burden of mpox (1).
Mpox is caused by the monkeypox virus (MPXV),
which belongs to the Orthopoxvirus genus of the Pox-
viridae family. Within Poxviridae, 10 other genera are
known to infect animals and reptiles (2), including
Suipoxvirus (3). The only known species of Suipoxvirus
causes swinepox, a pox-like disease in pigs.

Two genetically distinct clades of MPXV cause
disease in humans. Clade I (formerly Congo Basin
clade) is endemic in Central Africa, and outbreaks
are thought to result mainly from zoonotic spillover;

squirrels or other small mammals are suspected
reservoirs or hosts (4; J. Marién et al., unpub. data,
https:/ /doi.org/10.21203 /1s.3.r5-414280/v2). Clade
IT (formerly West African clade) is endemic in West
Africa; suspected reservoirs and transmission routes
are historically similar to those of clade 1. In 2022,
MPXV subclade IIb spread beyond West Africa, caus-
ing an unprecedented global outbreak, leading the
World Health Organization to declare mpox as a Pub-
lic Health Emergency of International Concern (5).

During 2011-2015, the incidence of MPXV cas-
es in DRC’s Tshuapa Province increased compared
with the incidence during 1981-1986 in similar geo-
graphic areas (6). This observation is not unique,
suggesting expanding spillover rates of MPXV clade
I into the human population and highlighting the
possibility of increasing human-to-human virus
transmission (1,4).

Confirmation of suspected MPXV cases in DRC
is hindered by logistical difficulties, such as com-
plications involving sample collection and lack of
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availablediagnosticlaboratoriesinremoteregions(4).
Reported increases in mpox cases without well-
defined origins suggest that a One Health inves-
tigation might be a more informative strategy. As
part of this approach, investigations by DRC’s Na-
tional Program for Mpox and Viral Hemorrhagic
Fevers (PNLMPX-VHF) and its partners, including
the US Centers for Disease Control and Prevention
(CDC) and Belgium Institute of Tropical Medicine,
have begun sampling mammals in areas with mpox
cases and animals manifesting pox-like lesions (7).
Previous sampling focused on wildlife and small
animals but has recently been expanded to include

MZ773481 swinepox virus domestic pig/GER/2019
MZ773480 swinepox virus wild boar/GER/2019
AF410153 swinepox virus 17077-99

MZ682626 swinepox virus NVSL

domestic animals because animal husbandry is wide-
spread throughout DRC (8). Yet, areas with livestock
have not been regularly surveilled for health, hy-
giene, or suspected viruses, including MPXV. Close
proximity of humans and animals provides an envi-
ronment conducive to virus spillover (9). We report
on the co-circulation of MPXV and swinepox virus
in the same locality within DRC.

The Study

In early September 2022, provincial authorities in
Tshuapa, a heavily forested province in northwest
DRC, alerted PNLMPX-VHF regarding the deaths of
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Figure 1. Phylogenetic analysis of swinepox virus (A) and monkeypox virus (B) in study of co-circulating viruses, Democratic Republic
of the Congo, 2022. Poxvirus sequences for comparison were obtained from GenBank. Trees were constructed by using the maximum-
likelihood method and the general time reversal substitution model with gamma distribution and proportion of invariable sites. In panel A,
bold text indicates the swinepox sequence from this study; in panel B, magenta-colored text indicates monkeypox virus sequences and
blue text indicates swinepox virus sequence from this study. The monkeypox virus samples belong to clade | and correspond to those
previously described (77). Scale bars indicate nucleotide substitutions per site. DRC, Democratic Republic of the Congo.
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pigs in the Boende health zone that manifested ve-
sicular, pox-like lesions. Authorities also reported
several suspected mpox cases among farm owners
and residents in the area; clinical samples were not
collected from those persons. Tshuapa is considered
an MPXV-endemic area and has a robust surveillance
program through PNLMPX-VHF, Kinshasa School
of Public Health, and CDC. Through this program,
suspected mpox case samples are sent to DRC’s refer-
ence laboratory, the Institute National de Recherche
Biomedical (INRB), for testing and, when requested,
sequencing (6).

After the alert, during September 9-19, two pigs
with pox-like lesions were identified at a domestic
farm where pigs roamed freely. The first diseased pig
had died on September 1; no samples had been col-
lected. On September 10, the second pig, which had
predominant umbilicated nodular dermatitis between
the ears and on the face and chest, died. We collected
a vesicle swab sample from the cadaver for analysis
at INRB. MPXV PCR (10) results were negative, and
we sequenced the sample by using an Illumina plat-
form (Illumina, https://www.illumina.com) probe
enrichment-based protocol and a custom-made vi-
rus research panel (Twist Biosciences, https:/ /www.
twistbioscience.com). We used the open source bio-
informatics pipeline, GeVarLi (https://forge.ird.fr/
transvihmi/nfernandez/GeVarLi), to clean and align
sequences and assign virus lineages. We completed
de novo sequence assembly by using SPAdes Genome
Assembler (https://github.com/ablab/spades). Se-
quencing results and phylogenetic analysis indicated
that the second pig had been infected with swinepox
virus (Figure 1, panel A) (11).

After identifying a swinepox-positive pig, we
launched an expanded poxvirus investigation on

Co-Circulating Monkeypox and Swinepox Viruses

October 2. In the Boende health zone, we identified
16 suspected human mpox cases, all occurring with-
in 400 m of the farm that had a confirmed swinepox
case. None of the persons with suspected mpox re-
ported having mpox vaccinations, nor did they have
scars indicating past mpox or variola vaccination. We
collected skin swab, oropharyngeal lesion swab, and
venous blood samples from case-patients with sus-
pected active (n = 2) and convalescent (n = 4) MPXV
infections and analyzed those samples at INRB. The
2 suspected active case-patients (both children) were
MPXYV positive. Sequencing confirmed infection with
MPXYV; however, we did not detect swinepox co-in-
fection (Figure 1, panel B). We deposited the 2 MPXV
sequences in the GISAID database (https://www.
gisaid.org; accession nos. EPI_ISL_18857033-4). We
determined that the farm owner, not realizing his
pigs were sick, permitted his 2 children to directly
contact the pigs during feeding without protection.
Both children exhibited mild symptoms of fever,
colds, headaches, and physical asthenia and devel-
oped a rash and papules 12 days after disease onset
in the first pig. Both MPXV PCR-positive children re-
covered without complications; in addition, the fam-
ily reported that they had previously recovered from
PCR-confirmed MPXV. No epidemiologic link was
established between the mpox-positive children and
the swinepox-positive pig.

We returned to the area to identify additional
pigs with symptoms of pox-like virus infections and
found 4 suspected cases, of which 3 were in a neigh-
boring farm. All pigs with suspected infections had
pox-like skin lesions on the face, mouth, or tongue
and had liver pathology similar to clinical manifesta-
tions of pox-like virus infections. A third pig from the
original farm died on October 24; we collected lesion

Figure 2. Animals with mpox-like lesions in study of co-circulating monkeypox and swinepox viruses, Democratic Republic of the

L3

Congo, 2022. A, B) Mpox-type lesions observed on internal tissues (A) and on the skin (B) of a pig. C) Lesion on the skin of a rodent

that was found in the same geographic area as the pig.
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crust, vesicle, and rectal swab samples and internal
organs where vesicular lesions were noted (Figure 2,
panels A, B). Small mammals found in the vicinity of
the original farm and that farmer’s house also showed
similar skin lesions (Figure 2, panel C). We collected
lung, spleen, kidney, liver, oral, and rectal swab sam-
ples from 28 small mammals (shrews and black rats
[Rattus rattus]) for analysis at INRB; 2 rats exhibited
lesions. All samples tested negative for MPXV by
PCR, and no additional sequencing was performed.

Concurrently, medical staff reported periodic
human outbreaks of suspected MPXV infections and
wild and domesticated animal deaths in other health
zones. In addition, outbreaks of pox-like disease in
pigs preceded confirmed human mpox cases in the
Bolomba health zone of Equateur Province in 2008
and the Masi-Manimba health zone of Kwilu Prov-
ince in 2022 (12). Although no samples were collected
from sick animals during those outbreaks, the over-
all frequency of reports warrants future use of One
Health approaches in all investigations of pox-like
diseases, regardless of the initial species in which the
lesions are observed.

Conclusions

In environments endemic for zoonotic pathogens
such as MPXV, the role of animal reservoirs and hosts
must be considered in surveillance and outbreak con-
trol. Reports of multiple poxviruses (vaccinia virus,
pseudocowpox virus, MPXV) co-circulating within a
community are rare and have been primarily confined
to Brazil (2,13). In addition to mpox, and now swine-
pox, DRC has reported cases of other poxviruses, in-
cluding molluscum contagiosum and tanapox (14).
The appearance of multiple poxviruses in the same
region indicates sensitive, specific diagnostics and ro-
bust sequencing capacity are needed to characterize
those agents, better understand poxvirus epidemiol-
ogy, and prevent potential poxvirus transmission.
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