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Smallpox is one of the most known representatives of
the Poxviridae family which includes members
responsible for poxvirus infections. Despite its eradi-
cation, other pathogenic poxviruses infections are
still considered threats to human health due to the
great potential for human-to-human transmission
risk, as well as the risk of re-emerging and/or spread
of these pathogenic poxviruses from animal to
humans or the infection that may involve novel
hosts, that are still currently not known [1]. Some zoo-
notic orthopoxviruses, such as monkeypox (mpox)
virus and cowpox virus still continue to infect humans
and animals, leading to a growing concern about any
possible outbreak in light of the broad-ranged geo-
graphical distribution of poxviruses worldwide [2].
The re-emergence and increase of human mpox
cases worldwide from 2022, the atypical cutaneous
lesions, the possibility of different routes of trans-
mission, also the atypical clinical presentations of
mpox were shown [3,4]. The prompt response of sev-
eral countries further highlights the importance of a
monitoring and management policy to contrast the
mpox epidemic, adopting an active surveillance of
mpox, which represents a rare but constant threat
for human health, along with other poxviruses infec-
tions [5]. In this regards, other members belonging
to different genera of the Poxviridae family are poten-
tially neglected. Here, we described a zoonotic infec-
tion sustained by orf virus occurred through a clear
transmission chain from sheep to sheep and from
sheep to human.

A 60-year-old otherwise healthy shepherd man
from northern China was presented with a solitary
cutaneous lesion on his left radiocarpal joint which
persisted for a week before the first dermatological
clinical evaluation. A rapid evolvement history of the
cutaneous lesion was reported that presented as
papules at onset, followed by blood blister, rupture,
erosion, and exudation within a week after the onset.
He noticed that his sheep developed scabby cutaneous
lesions around the mouth about three weeks ago. Any
systemic symptoms including fever, lymphadenopa-
thy, and chronic systemic disease history were denied.
The physical examination showed central ulceration
and a bleeding solitary cutaneous lesion involving
the left radiocarpal joint of a diameter of about 1.2 *
0.8 cm (Figure 1(A)). The neighbours reported the
sheep (sheep 3,4) she raised began to suffer from
cutaneous lesions about two weeks after the onset of
the lesion in the sheep raised by the patient and denied
that she had a history of the cutaneous lesion (Figure 1
(B,C)). A skin biopsy specimen of the patient was sent
for further histologic analysis. The histological
findings displayed partial necrosis, intracellular and
intercellular oedema in the epidermis and intraepider-
mal blistering, and a diffuse oedema within the dermis
accompanied by dense inflammatory cells infiltration
composed of the neutrophils, lymphocytes, and histio-
cytes, which were pointed using orange arrows. In
addition, the cytoplasmic eosinophilic inclusion
bodies in the epidermis were also found (Figure 1(D,
E)). A suspect of virus infection was suggested based
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on the clinical and histological findings, and a skin
swab sample was collected from a cutaneous lesion
area and analysed by metagenomic next-generation
sequencing (mNGS). Orf virus sequences were ident-
ified at a high abundance at 97.66%, of which the
accession number of raw data has been provided (Sup-
plemental Table S1). In addition, the transmission
electron microscopy (TEM) analysis at higher mag-
nifications revealed the presence of typical enveloped
virions (Figure 1(F)). Therefore, the clinical-patho-
logical, molecular, histological, and TEM findings
were consistent with a diagnosis of orf virus infection.

To identify the source of infection in the patient, we
traced the potential source of the pathogen to the sheep
the patient raised. Within the 30 sheep raised by the
patient, the scabby cutaneous lesions around the
mouth were observed about three weeks ago before
the clinical onset of the patient, and gradually improved

and subsided following the care of the patient. Skin
swab samples of the mouth from two sheep were
obtained (Sheep 1,2). In addition, the sheep of neigh-
bours sharing the same pasture also reported an extre-
mely similar clinical history with typical scabby of the
sheep presenting cutaneous lesions around the
mouth, that became evident about two weeks after the
onset of the lesion in the sheep of the patient. Skin
swab samples were also collected from these two
sheep (Sheep 3,4). The presence of the orf virus was
confirmed from all these samples by mNGS. The
reads numbers related to the orf virus from sheep 1,
sheep 2, sheep 3, and sheep 4 showed relative abun-
dance rates at 15.79%, 28.12%, 93.89%, and 97.56%,
respectively (Supplemental Table S1). Together, these
findings proved a clear transmission chain of orf virus
from sheep to sheep and from sheep to humans,
which was summarized in Figure 1(G).

Figure 1. Clinical, histological, TEM findings, and the diagram of the transmission relation chain and course. (A) Physical exam-
ination showed central ulceration and a bleeding solitary cutaneous lesion involving the left radiocarpal joint in a diameter of
about 1.2 * 0.8 cm with peripheral erythema. (B and C) Similar and typical scabby cutaneous lesions around the mouth in orf
virus-infected sheep raised by neighbours were found during further tracking. (D and E) The histological findings displayed partial
necrosis, intracellular and intercellular oedema in the epidermis and intraepidermal blistering, diffuse oedema existed in the der-
mis with dense inflammatory cells infiltration including the neutrophils, lymphocytes and histiocytes into the dermis, also the
cytoplasmic eosinophilic inclusion bodies in the epidermis were found. (Haematoxylin-Eosin staining, ×100, ×400). (F) Virus detec-
tion by transmission electron microscopy (TEM) analysis at higher magnifications showed typical enveloped virions. Scale bar indi-
cates 50 nm. (G) The three weeks ago when the patient seeking dermatological evaluation, approximately 30 sheep raised by the
patient in sheepfold A almost at the same time presented scabby cutaneous lesions around the mouth, also the sheep of neih-
bours raised in sheepfold B who shared the same pasture also reported an extreme similar history of the sheep presenting
cutaneous lesions around the mouth when two weeks after the onset of the lesion in the sheep raised by the patient.
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Discussion

Besides the eradicated human orthopoxviruses such as
smallpox virus, as well as monkeypox virus, the other
members fromdifferent genera of thePoxviridae family
are also pathogenic for human [6]. In addition to the
human mpox infection that is currently an ongoing
outbreak, the pathogenic potential for humans of
other poxviruses should also be emphasized. Orf
virus is classified within the Parapoxvirus genus of
the Poxviridae family, and it is an important zoonotic
causative agent threatening sheep, goats, and humans.
Orf virus has the hardy characteristic that can remain
viable in the environment for several months, or even
potentially years, and thus any direct contact between
sheep or goats, or indirect contact with orf virus-con-
taminated like pastures, buildings can cause trans-
mission between sheep or goats. The transmission
routes to humans usually involved contact between a
damaged skin and the virus from infected animals as
well as exposure to contaminated equipment, with a
global risk of exposure for both the animals and
humans. The typical scabby cutaneous lesions that
are mostly localized around the lips, muzzle, and
mouth are typically observed in infected sheep or
goats, while the ulcerative lesions or nodules on the
hands are usually developed in orf virus-infected
human [7]. There is no standardized treatment strategy
currently in place, and mostly it is presented as a self-
limiting infection [8,9]. The preventive vaccination
strategies and protective equipment such as gloves are
an important way to prevent orf virus infection, as
the infections do not generate long-lasting immunity
in both hosts [10–14]. However, this infection in ani-
mals or humans has been extensively neglected for dec-
ades due to a self-limiting disease course [15].

A clear transmission relation chain of orf virus
from sheep to sheep, and from sheep to humans has
been demonstrated in the present report. The pastures
contaminated by orf virus should be considered as an
important route of transmission between the patient’s
and neighbour’s sheep, while the main route for
patients to be infected by orf virus is caused by a direct
contact with infected sheep. The limitation of this
study is that we have not isolated the virus and failed
to obtain the result of viral genome assembly, which
will give more accurate information of the orf strain
we have identified. The human mpox outbreak in
many countries is gradually growing attention within
the field of poxvirus infection. However, other mem-
bers classified in different genera of the same family
are still a public health threat. Because the clinical
manifestations of human infection with poxviruses
often displayed similar skin lesions, the importance
of pathogenic evidence should be constantly empha-
sized during the current ongoing epidemic of human
mpox and also should promote the development of

novel tools or kits for a rapid diagnosis. It is important
also to be alert for other pathogenic poxviruses, which
may represent a potential threat to human and should
be included in the differential diagnosis along with
mpox, especially in the context of human mpox epi-
demic. Indeed, a more active mpox surveillance may
increase the possibility of detection of other patho-
genic poxviruses infection events.
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