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Abstract

Introduction: The global eradication of smallpox and abandonment of mandatory smallpox vaccination has led to
an increased proportion of the population who are immunologically naive to infections caused by Orthopoxviruses
(OPV).

Aim: To present the different courses of OPV infection in children and to highlight the diagnostic difficulties in their
differentiation from the other inflammatory processes.

Material and methods: We retrospectively evaluated the medical documentation of 5 children with OPV infection.
Clinical diagnosis of OPV infection was based on evaluation of animal contact and skin symptoms, characterised
by either a single ulcer or disseminated lesions. In all five cases, blood samples and skin swabs were collected from
the lesion(s) to identify specific OPV DNA fragments (Vgf, bR and D11L genes) using PCR.

Results: Two children presented with high fever, a single ulcer on the skin and local lymphadenopathy. The three
other patients were in good general health and their skin lesions presented as a disseminated vesicular rash.
Using the Vgf gene as the target for PCR, OPV infection was confirmed in material collected from skin lesions
of all children and in blood samples of 4 children. The B9R and d11L genes tested positive in the skin material of
2 children and blood samples of 2 children. All analysed patients presented a history of ineffective antibiotic therapy.
Conclusions: In the case of unclear necrotising skin lesions in children, the primary diagnosis always includes
bacterial dermatitis. However, if the patient has come into contact with animals, diagnosis of OPV infection should

also be considered.
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Introduction

The global eradication of smallpox and abandonment
of mandatory smallpox vaccination has resulted in an
increasing proportion of the population who are immu-
nologically naive to infections caused by Orthopoxvirus
(OPV) [1].

Orthopoxvirus and Parapoxvirus, both genera belong-
ing to the Poxviridae family, cause acute, exanthematic
disease in humans and domestic animals [2]. Zoonotic
OPV species, including monkeypox virus (MPXV), cowpox
virus (CPXV), camelpox virus (CMPV) and vaccinia virus
(VACV), have been associated with an increasing num-
ber of outbreaks worldwide [3]. The re-emergence of OPV
infections has been observed in different regions of the
world, including animal VACV, which is endemic in Asia
(India) and South America, and MPXV, which occurs in
African tropical rainforests. Additionally, CPXV has been

reported in Europe, in both humans and animals, includ-
ing dogs, cats, primates, elephants and various other
zoo animals [4]. Wild rodents seem to be the primary
hosts and reservoirs of CPXV, and hunting cats can be
infected through their prey. The incidence of CPXV infec-
tion among domestic cats is high, estimated to be 2%
in Germany, 4% in Austria, 5% in Denmark and 10.1% in
Norway [5, 6]. While animal-to-human transmission is
rare, there are reports of cases of zoonosis in the owners
of infected animals. People usually acquire the infection
via contact with infected cats or pet rats [4, 5, 7]. A typi-
cal CPXV infection manifests as a mild skin disease char-
acterised by a single pock-like lesion, which heals within
3-6 weeks. The factors resulting in a severe, prolonged
clinical course are not yet known. However, there have
been reports of generalised disorders, and even death in
1 patient [8, 9].
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Aim

Our study aimed to present the different courses of
OPV infection in children, and to highlight the diagnostic
difficulties when differentiating from other inflammatory
processes.

Material and methods

We retrospectively evaluated the medical documen-
tation of 5 patients with OPV infection who were hos-
pitalised in the Department of Infectious Diseases and
Child Neurology at the University of Medical Sciences in
Poznan, Poland, between 1 July 2015 and 1 February 2018.
Data were collected from 5 patients aged 2 to 13 years
(M = 6.6 £2.33 years). The subjects included 4 boys and
1 girl (Table 1). All children were admitted with nonspe-
cific skin lesions which were resistant to conventional
antibacterial treatment.

Diagnosis

Clinical diagnosis of OPV infection was based on
animal contact and skin symptoms, characterised by
a single ulcer or disseminated atypical lesions on the
body. All patients were examined by paediatricians dur-
ing their hospitalisation. For all five cases, two different
specimens: a blood sample and a skin swab were taken
directly from the lesion, which were subjected to poly-
merase chain reaction (PCR) to test for OPV. PCR testing
was performed to identify specific OPV DNA fragments
of the Vgf, b9R and D11L genes. The tests were conducted
in the Unit of Virology of the National Institute of Public
Health in Warsaw, Poland. The results were described as
positive or negative for the detection and differentiation
of OPV. Detection of a specific Vgf fragment confirmed
that the virus belonged to the Orthopoxviridae genus,
while specific BOR and D11L fragments were markers for
CPXV.

Table 1. Characteristics of children with diagnosed
Orthopoxvirus infection

Parameter Value
Number of children 5
Age [years] 2-13 (mean: 6.2)
Contact with Cat 5
domestic animals Dog 3
Monkey 1
Cow 1
Goat 1
Symptoms Classical single 2
ulceration
Disseminated 3
vesicular exanthema
696

Serological tests for Cytomegalovirus, Herpesvirus
(HSV) 1/2, Enteroviruses, Borrelia burgdorferi and Bar-
tonella henselae and PCR for HSV were negative in all
analysed children. Additionally, interferon-y release as-
says (IGRAs) were performed to exclude latent tubercu-
losis infection.

The laboratory investigations were a part of the rou-
tine diagnostic procedure. All procedures were docu-
mented in our patient record files.

Results

All analysed children with OPV infection were im-
munocompetent. They ranged in age from 2 to 13 years
(M = 6.6 £2.33 years). In their history, all patients had
been in contact with animals, including a cat (n = 5), dog
(n =2), monkey (n =1), cow (n =1) and goat (n = 1). Three
patients had close contact with more than one animal.

Regarding the clinical course, 2 children presented
with high fever at the beginning of the disease course,
after which they developed a single ulcer on the skin and
local lymphadenopathy. The nodes were often painful,
but the skin was not inflamed. Three other patients were
in good general health, without fever or lymphadenopa-
thy, and their skin lesions presented as a disseminated,
vesicular rash.

In all patients, PCR tests for OPV were performed.
The presence of the Vcf/Vgf gene was confirmed in ma-
terial collected from skin lesions of all children, and was
present in blood samples of 4 children. The B9R and d11L
genes were present in skin samples of 2 children and
blood samples of 2 children. Only 1 child showed positive
results in both tests (Table 2).

The children were admitted after ineffective ambu-
latory therapy. Treatment with clindamycin, clarithromy-
cin, trimethoprim/sulfamethoxazole and acyclovir were
found to have no clinical effect.

The clinical course of OPV infection was prolonged.
Before admission to our hospital, the patients were treat-
ed with antibiotics. One patient had a surgical excision
of a part of the lesion.

After diagnosis, the patients were monitored in the
outpatient clinic until the lesions had disappeared. The
time from appearance of the first lesion until they disap-
peared was measured, with an average duration of 3 to
6 months.

Discussion

In the past, new descriptions of OPV infection in chil-
dren emerged. The increasing number of infected chil-
dren suggests that this disease is becoming more wide-
spread than in the past [5, 9, 10]. Children represent one
of the primary groups at higher risk of animal-to-human
transmission of zoonotic infections [11]. The common be-
haviours of children, such as poor personal hygiene, close
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Table 2. Clinical characteristics of 5 patients presenting with an atypical form of B. henselae infection

Age Clinical features Contact The PCR made The PCR made from Treatment Skin lesion pictures
[years)/ with from blood the exceed material (without clinical
Sex animals ot pop duL  vgf bor  dnr efrec)
11/M Fever, local Cat, ++ + + + + + Trimethoprim/
lymphadenopathy, monkey sulfamethoxazole,
single necrotic clarithromycin,
ulceration with surgical removing
a black eschar on
the beard
12/M Fever, single Cats + - - + - - Clindamycin, 4
necrotic lesion acyclovir
on the eyebrow.
Cervical
lymphadenopathy
4/M Disseminated, Cats, + - - ++ + +  Clarithromycin -
vesicular rash , cow,
mild generalized racoon
lymphadenopathy
-
3/M Disseminated, Cat ++ + + ++ - - Clarithromycin
vesicular rash
2/F Disseminated, Cat, dog - - - + - —  Cefuroxime,
vesicular rash clindamycin,
cloxacillin

contact with domestic animals, and a lack of parental
supervision, increase the risk of different zoonotic infec-
tions, which are sometimes fatal [11, 12]. Additionally, ani-
mal transport and keeping exotic animals in the house
can expose children to pathogens that are not specific to
the domestic region. In our analysed group, all children
had close contact with cats and three had contact with
dogs. We also found patients who had come into contact
with a cow, goat and monkey. All children had come into
close contact with more than one animal.

The mean age of children included in our analysis in-
dicates that this infection is prevalent in pre-school-aged
patients; however, over time, lesions were being found in
increasingly younger children. The last girl to be infected
during our study period was only 2 years old. Such an
observation emphasises that young children are at risk.

The classical clinical presentation of Orthopoxviridae
infection is a papule which develops into an umbilicated
vesicle surrounded by erythema. Before becoming ulcer-
ated, the lesion passes through the haemorrhagic stage
[5, 8]. There is often only one lesion, but there have been
few descriptions of multifocal necrosis during the course
of infection [9, 13, 14]. The factors that are responsible
for the generalised disease form are not yet known. It
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has been suggested that generalised and even lethal
CPXV courses may be observed in immunocompromised
patients or individuals with atopic or Darier’s disease
[14, 15]. In our analysis, we found 3 children with a sin-
gle lesion and two with disseminated lesions. In both
groups, we confirmed the presence of OPV genetic mate-
rial, but only in 3 children. Because of the small group of
patients, we did not observe any connection between the
type of Orthopoxviridae and the type of lesion. Further-
more, none of our patients were immunocompromised.

In our group of patients, only 2 children presented
general symptoms like fever and myalgia. This observa-
tion differs from those of other authors [5, 8, 14]. More
common symptoms, as described by other authors, in-
clude local lymphadenopathy and pain, especially in lo-
calised lesions [16-18].

For many years, OPV infections have been diagnosed
by serological and biological methods in many countries.
Nowadays, molecular diagnostic techniques, especially
real-time PCR, are becoming more popular as they are
fast and reliable, allowing this approach to be successful-
ly applied to ORV and CPXV [19]. Orthopoxvirus infection
can be identified using the conserved viral growth factor
gene as the target for PCR. Further diagnostic procedures
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are directed at confirming CPXV by 6 kDa intracellular
viral protein (B9R) and temporal expression: late (d11L)
[18]. Using three primers, we established CPXV infection
in 3 children. Interestingly, even though 2 children pre-
sented with very similar skin lesions, we were only able
to confirm OPV infection in both. This could be explained
by the cause of the infection being another type of pox
virus (MPXV or CMPV) or that CPXV was not detected by
PCR due to the genetic diversity of CPXV clades, related
to drawbacks of PCR as a diagnostic method. Previous
studies have shown that species of CPXV are a relatively
diverse group within the OPV genus, and co-circulation
of different CPXV clades within the same geographical
region has been reported [19-22].

All analysed patients presented a history of ineffec-
tive antibiotic therapy and acyclovir treatment. This ob-
servation is similar to those of other authors. Antibiotics
and antiviral drugs have only a preventive effect against
bacterial superinfections, the same as local antiseptics,
non-steroidal antirheumatic medicines and surgical de-
bridement [10, 16]. While the lesion is self-limiting, the
infection requires time, sometimes many years, to be
cured. Indeed, some medical substances have been test-
ed for their efficacy in OPV therapy. One of these is ci-
dofovir, which has broad-spectrum activity against DNA
viruses including herpes-, adeno-, polyoma-, papilloma-
and poxviruses. Among poxviruses, cidofovir has shown
in vitro activity against OPVs, including CPXV, MPXV,
CMPV, VACV, variola virus (smallpox), molluscipox (mol-
luscum contagiosum) and Parapoxvirus. The in vivo anti-
poxvirus activity of cidofovir has been demonstrated in
different models of infection when the drug was admin-
istered in different ways (intraperitoneally, intranasally
and topically). In humans, cidofovir has been success-
fully used for the treatment of recalcitrant molluscum
contagiosum virus and orf virus in immunocompromised
patients; however, its use is limited by nephrotoxic side-
effects [23, 24]. The new therapy, which developed as
a treatment for OPVs is brincidofovir (CMX001), a lipo-
philic nucleotide analogue. The substance has signifi-
cantly higher potency than CDV against DNA viruses. In
contrast to CDV, it is administered orally and has shown
no risk of nephrotoxicity. Actually CMX001 treatment is
tested on animal models: MPXYV, rabbitpox virus for ef-
ficacy in smallpox epidemic [25]. The effect of the other
substances, including oral tecovirimat, thiosemicarba-
zones, nucleoside and nucleotide analogues, interferon
and interferon inducers, have also been tested, but none
have been confirmed to be an effective treatment [26].
In the past, the smallpox vaccination might have pro-
vided cross-immunity against CPXV and other zoonotic
OPVs [27].

In cases of unclear necrotising skin lesions in chil-
dren, the primary diagnosis always includes bacterial
dermatitis. However, if the patient has been in contact
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with animals, diagnosis of zoonotic OPV infection should
also be considered.

Conclusions

Children and young adolescents seem to be the
main important group of patients who can present with
modern skin lesions caused by Orthopoxviridae because
of the lack of immunity against smallpox and zoonotic
OPVs.
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