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ABSTRACT

Current cases of human monkeypox in the world have become a
serious public health problem. According to the literature, avipoxvirus
cannot be transmissible to human. The purpose of this study was to
demonstrate that avipoxvirus transmission to human can occur in the
poultry environment. In 2024, 1000 turkeys of 8 weeks old developed
the cutaneous form of fowlpox. Three days after their vaccination on
the farm by the veterinarian, who had abrasions on his left hand, skin
lesions similar to those of smallpox and human monkeypox appeared
on his respective hand. The clinical evolution of the veterinarian's
hand lesions as well as tissue samples analyzed by histopathological
examination and under transmission electron microscopy, were used
to make the diagnosis. Over 35 days, the hand lesions progressed
through the stages of papules, vesicles, pustules, ulcerations before
to the crust, and desquamation. The histopathology of hand lesions
samples revealed typical poxvirus changes in keratocytes and
complete virus particles resembling fowlpoxvirus were observed using
transmission electron microscopy. This study highlights that variola in
human can be caused through compromised tegument in the presence
of avipoxviruses. It is therefore critical to learn more about these
enigmatic viruses, particularly their relationship with the host range.
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RESUMEN

Los casos actuales de viruela del simio humana en el mundo se han
convertido en un grave problema de salud publica. Segun la literatura,
el virus de la viruela aviar no puede ser transmisible a los humanos. El
propdsito de este estudio fue demostrar que la transmision del virus
de la viruela aviar a los humanos puede ocurrir en el entorno avicola.
En 2024, 1000 pavos de 8 semanas de edad desarrollaron la forma
cutanea de la viruela aviar. Tres dias después de su vacunacién en la
granja por el veterinario que tenia abrasiones en su mano izquierda,
aparecieron lesiones cutaneas similares a las de la viruela y la viruela
del simio humana en su respectiva mano. La evolucion clinica de
las lesiones de la mano del veterinario, asi como muestras de tejido
analizadas por examen histopatolégico y bajo microscopic electrénica
de transmisidn, se utilizaron para realizar el diagndstico. Durante
35 dias, las lesiones de la mano progresaron a través de las etapas
de papulas, vesiculas, pustulas, ulceraciones antes de la costra y
descamacion. La histopatologia de las muestras de lesiones en las
manos reveld cambios tipicos del virus de la viruela en los queratocitos,
y se observaron particulas virales completas similares al virus de la
viruela aviar mediante microscopia electrénica de transmision. Este
estudio destaca que la viruela en humanos puede ser causada por un
tegumento comprometido en presencia de virus de la viruela aviar. Por
lo tanto, es crucial conocer mejor estos virus enigmaticos, en particular
su relacién con el rango de hospedadores.

Palabras clave: Virus de la viruela aviar; histopatologia; humano;
lesiones cutaneas; viruela.
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INTRODUCTION

Since antiquity, the smallpox virus has caused serious
illnesses that have killed thousands of people. Monkeypox,
vaccinia (smallpox vaccine), and cow poxviruses can also infect
human by causing skin lesions [1]. In the 1980s, the World
Health Organization (WHO) declared the eradication of smallpox
due to intensive global vaccination programs [2].

Currently, cases of variola are resurfacing in several countries
blamed by a monkeypox contamination that is still endemic in the
tropical forests of West and Central Africa [3]. Initially, smallpox
was diagnosed on the basis of clinical signs, subsequently the
detection by Bollinger (1877) of the eosinophilic intracytoplasmic
inclusion bodies -typical of smallpox- allowed an etiological
diagnosis based on the identification of cellular viral aggregates
under microscope [4].

Fowlpox is an infectious disease caused by caused members
of the genus Avipoxvirus [5]. These viruses are large, enveloped,
oval-shaped particles characterized by a linear double-stranded
deoxyribonucleic acid (DNA) genome of approximately 260-365
kb [6]. In contrast to most DNA viruses, avipoxviruses complete
their replication cycle in the cytoplasm of infected avian cells,
viral replication leads to the development of characteristic
cytopathic effects, which generally appear 4-6 d after infection,
depending on the viral isolate [7].

Live attenuated vaccines of fowlpox strains from chickens
(Gallus gallus domesticus) or pigeons (Columbidae) have been
used to prevent disease in susceptible birds. However, the
vaccines effectiveness has been questioned worldwide as
outbreaks have been reported in previously vaccinated turkeys
(Meleagris gallopavo) [8].

In Algeria, fowlpox appears sporadically, especially in
unvaccinated hens, most cases are found in local hens. In the
literature, there have been no cases of human variola transmitted
by an avipoxvirus; the only observations have been made for the
cowpoxvirus and the monkeypox virus transmission [2].

This study reports a specific dermatosis in human patient
associated with flowpox virus transmission in a poultry
environment. The potential zoonotic transmission of flowpox
virus (FWPV) from poultry to humans represent the novel aspect
of this study.

MATERIALS AND METHODS
Background of study

In 2024, in the Algerian eastern (Annaba region), a rearing
of 1000 turkeys aged of 8 weeks were infected by FWPV. Until 8
weeks old, the mortality rate and the average weight were 1.65
% and 4.500 kg, respectively, reflecting a good technical and
sanitary management of the rearing. At the beginning of the 9"
week, a proliferation of blackish and crusty foci appeared on
the animals' heads, quite suggestive of the cutaneous form of
fowlpox Turkeys with lesions were treated locally by applying
methylene blue after scraping off the crusts.

At the same time, the flock underwent an anti-fowlpox
vaccination with a commercial live attenuated vaccine (Diphtosec
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strain DCEP 25: > 103 CCID50, excipients: Glycerol and Saline
solution g.s.p.).

Vaccination against fowlpox was done by transphyxiation
of the wing by dipping the bifurcated needle into the open vial
containing the diluted vaccine and piercing the wing membrane.
Ten days (d) after treatment of infected turkeys and vaccination
of uninfected, the fowlpox nodules disappeared and the turkeys
showed no signs of disease during their rearing cycle.

The vaccination was carried out in the farm by a veterinarian
assisted by four poultry workers for catching the turkeys. The
vaccination lasted 3 hours (h) and was carried out on the farm
where the temperature and humidity were around 30 °C and 75
%, respectively. After four d, progressive eruptions similar to
those of smallpox and human monkeypox have appeared on the
veterinarian's hand.

It is important to point out that the veterinarian had no
contact with other animal species carrying the virus and had
not visited any other farms either before or after vaccinating the
flock. Histopathology was used to diagnose poxviruses, which
were then confirmed with transmission electron microscopy
(TEM) by negative staining which visualized particles with the
morphology of poxviruses.

Currently, electron microscopy is the method of choice
for analyzing virus morphogenesis in cell lines [9]. The
histopathology and the electronic microscopy are considered
as reference methods for the diagnostic of the variola [2].
Bayer-Garner [10], showed that for the human monkeypox,
the most attention has been paid for the cutaneous lesions,
primarily through clinical examination and biopsy collection for
histopathology.

Clinical evaluation of the patient

The veterinarian, from the laboratory (ESSPRETCADS, Chadli
Bendjedid University), was aged of 55 years old and received the
smallpox vaccine at 10 years old. At the time of vaccination, the
veterinarian was in good health but has slight scratches on his
left hand, contracted four days before vaccination while tending
to the garden without wearing protective gloves.

Research proposal was approved and registered under
(No. 2 on 13/12/2024) by the local ethics committee of Chadli
Bendjedid University, 36000-El Tarf. Informed consent was
obtained from study subject.

Biopsy collection

The samples were taken on the 7th d after the appearance of
the lesions in the crusty form phase in desquamation from the
adjacent part of the epidermis. A small piece of skin was pinched
and pulled out using a scalpel and sterile tweezers. These
fragments were sectioned to contain areas of skin lesion and
normal skin margin.

Histopathology process

Tissue samples were fixed in 4 % buffered formalin for 48 h
than transferred to 70 % ethanol. The tissues were dehydrated
in increasing ethanol series, diaphanised in xilen. The tissue
was embedded in paraffin blocks, sectioned at 5-6 um intervals,



and stained with haematoxyline and eosine as usual. After that,
the slides were examined under a light microscope for cellular
changes caused by the virus.

Electron microscopy procedure

A part of tissue sample fixed in buffered formalin was refixed
in Karnovsky solution (Formaldehyde/Glutaraldehyde) and
processed for TEM. Fixatives containing both formaldehyde and
glutaraldehyde tend to give better tissue fixation than either
of these aldehydes used separately. Formaldehyde penetrates
tissue more rapidly than glutaraldehyde, but its fixation is
less permanent. The use of this combination provides rapid
stabilization of cell ultrastructure by formaldehyde, followed by
a more permanent fixation by the subsequent treatment with the
slower penetrating glutaraldehyde [11].

RESULTS AND DISCUSSION

More than 50 percent of the turkey flock was affected by
fowlpox typically characterized by several nodular crusted
cutaneous lesions on all the head area (FIG. 1). This infection
rate is explained by high viral pressure because the flock was
in an enclosed livestock building. Most fowlpox diagnoses are
based on clinical features of infected birds. Gross lesions seen on
birds and during necropsy are usually sufficient to suspect FWPV
infection, especially when dealing with the cutaneous form [12].

FIGURE 1. Commercial turkeys naturally infected with avipoxvirus. The
cutaneous form of fowlpox typically characterized by nodular crusted
lesions in the skin of beak commissure, eyes, and the rest of the head.

The diagnosis was based on the clinical evolution and tissue
samples taken from the veterinarian's hand epidermis lesions.
The veterinarian noticed the formation of papules surrounded
by an erythematous red area at the site of the abrasions on his
hands four days after vaccination. These papules were then
filled with clear liquid, were developed to purulent vesicles and
finally become round pustules deeply embedded in the dermis.
In addition, a slight fever (37.5 °C) and pain in the affected arm
were observed. The pustules quickly turn into deep ulcers that
are gradually covered with a blackish crust about 1.5 cm in
diameter (FIG. 2).
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FIGURE 2. Evolution of hand lesions: Erythematous papula (blue arrow),
Vesicopustules (yellow arrow), crusty form in desquamation (red arrow),
crusty stage (white arrow), ulcerative stage (green arrow).

The lesions progressed to drying and epithelialization after
the 35" d and crust desquamation. Between the 4™ and 35" d,
the lesion foci evolved differently depending on the regions of the
hand where the different phases of papule, crust, and ulceration
were found at the same time. The veterinarian treated his hand
lesions himself without evaluated by a physician on a daily basis
with an aqueous eosin-based antiseptic and a dermatological
antibiotic powder, but the lesions did not improve significantly.

The main histological changes we observed were keratinocyte
degeneration, swelling, and vacuolation with intracytoplasmic
eosinophilic inclusions which are typical and consistent with
variola [4] (FIG. 3).

FIGURE 3. Histopathological findings: Swelling and vacuolation of
keratinocytes with eosinophilic intracytoplasmic inclusions (x 400)
hematoxylin & eosin.
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On TEM, particles of poxvirus were observed in the
eosinophilic cytoplasmic inclusion bodies (FIG. 4).

FIGURE 4. Complete virus particles characteristic of poxvirus on TEM by
negative staining (200 nm). The entire virus is visible and not particles,
and describe the morphology, although formalin fixes tissue did not
preserve very well to see all details.

The direct transmission of the poxvirus to human has
been documented in cows (cowpoxvirus) and monkeys
(monkeypoxvirus), but no zoonotic cases of FWPVhave been
reported. Replication of avipoxvirus in mammalian cell cultures,
and baby hamster kidney cellswhich raise questions about the
species specificity and mechanisms that restrict these viruses
to certain hosts, and challenge the hypothesis that avipoxvirus
cannot undergo a full replication cycle in mammalian cells [13].
This explains that avipoxvirus can be transmitted to other species
and not restricted only to avian species;

These findings support the diagnosis of accidental human
infection with avipoxvirus in this study, potentially associated
with skin abrasion, a high viral load, and inadequate biosafety
measures.

The lesion evolution period in this study is any confirmatory
and highly specific and sensitive test wasn't perform of human
monkeypox, except that the lesion stages from papule to
ulceration are encountered concurrently; however, in the
classical monkeypox form, the transition from the papule to the
ulcer stage is successive and uniform. Furthermore, generalized
lymphadenopathy appears during human monkeypox infection [2]
whereas it is absent here.

In the present study, cutaneous eruptions on the hand
through the papulo-vesicular, pustule-ulcerative, and crusts
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stages are indistinguishable from smallpox or human monkeypox.
Four d after being exposed to the virus, the erythematous
papules appeared, along with a fever of 37.5 °C from the pustular
stage.

Human monkeypox eruption occurs in stages of macules,
papules, vesicles, and pustules followed by ulceration before
crusting over and desquamation over a period of 2-3 weeks [14].
Shchelkunov and Shchelkunov [15] showed the pre-eruptive
phase of smallpox generally lasted 2 to 3 d, accompanying by a
slight increase in body temperature (38.5 °C) during the vesicles
and pustules development. Between the 4™ and 35" d, the lesion
foci evolved differently depending on the hand regions where the
different phases of papule, crust, and ulceration were present at
the same time.

According to Fenner et al. [16] the rash usually appears
after 1 to 3 d and papules, vesicles, pustules, crusts, and ulcers
appear concurrently to evolve. The infection can last up to four
weeks before the lesions peel off.

This study highlights that avipoxvirus could be transmitted to
human from a turkey flock infected with fowlpox via an abraded
tegument a time of exposure lasting more than 3 h, a high viral
charge, direct contact of the virus with lesions, and lack of
biosafety measure.

Human infection with vaccine virus can be caused by zoonotic
infections, occupational exposure to infected laboratory animals,
or laboratory accidents such as needle stick injuries or mucous
membrane self-inoculation [17]. Rimoin et al. [18] discovered
that rural areas and regions with the most forest cover had the
highest incidence of human monkeypox, with an average case
age of 12 years. This allows us to hypothesize that in these
areas; the risks of scratches for children make them much more
vulnerable to poxvirus contamination.

Fenner et al. [16] discovered that primary cases were
more common in the 5 to 14-year-old age groups, most likely
because they were trapped and playing with small rodents and
their carcasses. Reynolds et al. [19] reported that monkeypox
rash starts on the palms of the hands and soles of the feet and
spreads to the face, occasionally involving the oral mucous
membranes, conjunctiva, cornea, and/or genitals.

According to McCollum and Damon [20] exposures were
considered non-invasive when the individual came into contact
with an infected animal or cleaned the cage of an infected animal,
or complex when the exposure was caused by a bite or scratch
from a sick animal.

Human monkeypox is rarely reported outside of Africa,
and the virus is transmitted from person to person through
close contact with lesions, body fluids, respiratory droplets,
and contaminated materials [21]. Here, the treatment had no
discernible effect. So far, no effective treatment has been found
for smallpox. In the event of an infection, treatment would focus
on alleviating symptoms and preventing dehydration [2].

The findings of this research highlights that in the presence
of high poxvirus pressure, the variola foci in humans could
appear through a scratched tegument. The lesioned evolution,
the epidemiology, the histopathological modification and the
poxvirus identification by the TEM in a fowlpox outbreak suggest
a human transmission of the avipoxvirus.



Fowlpox is ubiquitous in unvaccinated chicken’s farm;
therefore, veterinarians and poultry farm workers who come into
direct contact with the FWPVmust wear gloves and protective
masks to avoid possible contamination. This study suggests
that current cases of human monkeypox may be linked to direct
contact with the poxvirus via compromised skin, especially given
that the lesions are mostly found on the hands and feet primarily
in brushy areas.

CONCLUSION

This apparently specific dermatosis linked to fowlpox
virus was diagnosticated by combining the clinical exam, the
epidemiology, the histopathology, and the electronic microscopy:
a PCR should definitively confirm the poultry-human transmission
of the virus. A best comprehension of the infectious potential
of this enigmatic virus in a specific environnemental condition
will help to master the variola outbreak like those caused by the
monkeypox virus.

The most recommendation is to provide a maximum
protection in a high-risk area especially when certain parts of the
body have scratches and are therefore in direct contact with the
poxvirus.
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