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1 Current Knowledge about the Pathogen

Human smallpox caused by the variola virus (VARV) pre-
sented a threat for humans world-wide for centuries. The suc-
cessful eradication of smallpox was possible thanks to com-
prehensive vaccination programmes and quarantine measures
under the auspices of the WHO in the 1970s. The last natural
smallpox infection was described in Somalia in 1977 [1]. One
year later, two VARYV infections occurred in Great Britain
which probably originated from a virus laboratory [2, 3]. In
late 1979, the WHO finally declared smallpox to be eradi-
cated [4].

Other poxviruses able to infect humans had up to that time
only played a role in the event of a suspected VARYV infection
for differential diagnoses.

In 1796, Dr. Jenner showed that humans were protected
against VARYV infections after a cowpox virus (CPXV) in-
fection. As was shown later, the reason for this was the pro-
nounced cross-immunity between different animal orthopox
viruses (OPV) and human smallpox virus. The OPV used
later for systematic immunisation (vaccination) were called
vaccinia virus (VACYV; lat. vacca = the cow). Earlier, and
probably originating from China and India, protection from
smallpox infections with lethal outcome was achieved by
transmission of VARV from diseased persons to children
who up to that time had not gone through a smallpox infec-
tion. In this procedure, which was called variolation, it was
accepted that 1-2% of the children infected that way died of
smallpox. As a rule, the course of the infection was milder
than in the event of natural smallpox infection [5]. In 1796,
variolation was replaced by vaccination with cowpox thanks
to Jenner’s work. Bavaria introduced compulsory smallpox
vaccination as early as 1807, Prussia (and the Deutsche
Reich (German empire)), however, introduced it later, in
1874. Accordingly, in 1871 only 89 people per 100,000 inhab-
itants died from smallpox in Munich, compared to 623 in
Berlin.

Together with a number of animal poxviruses, VARV is a
member of the family of Poxviridae (table 1), subfamily of
Chordopoxvirinae, genus Orthopoxvirus (OPV) (table 2).

Table 3 shows viruses of the Chordopoxvirinae subfamily,
which are grouped to other genera and infect humans and
cause symptoms of the disease. It is noteworthy that, apart
from VARV, only the virus of molluscum contagiosum (dell
warts), genus Molluscipoxvirus, is an exclusively human path-
ogen. All other poxviruses which can infect humans have ani-
mals as reservoir and are therefore to be classified in the
group of zoonotic pathogens.

Since the eradication of human smallpox, infections with
CPXYV have been observed in Germany, but also in other Eu-
ropean countries, to an increasing extent. The same applies to
monkeypox virus (MPXV) in Africa and infections with
VACV-like agents in some regions such as India and Brazil
[6]. All these viruses belong to the genus of Orthopoxvirus
and are transmitted to humans by contact with infected ani-
mals. The observed increase in infections is above all due to
the fact that after the vaccinations against VARV were dis-

Table 1. Family Poxviridae

Subfamily Genus

Chordopoxvirinae orthopoxvirus (OPV)

avipoxvirus

capripoxvirus

leporipoxvirus

suipoxvirus

molluscipoxvirus (MOCV)
yatapoxvirus

other non-classified chordopoxviruses

Entomopoxvirinae alpha-entomopoxvirus
beta-entomopoxvirus
gamma-entomopoxvirus

other non-classified entomopoxviruses
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Table 2. Orthopox
viruses (OPV): Host
and host specificity

Virus Infections in Spectrum of hosts ~ Natural host

Variola (VARV) human narrow human

Vaccinia (VACV) human, buffalo, cattle, elephant, pig, rabbit, etc. ~ broad unknown

VACV-like Brazilian isolates human, cattle, rodent broad rodent
(BRZ-VACYV)

Buffalopox (BPXV-VACYV) buffalo, cattle, human broad

Rabbitpox (RPV-VACV) rabbits in breeding establishments broad

Monkeypox (MPXV) human, ape, monkey, rodent, prairie dog, etc. broad rodent, sciuridae

Cowpox (CPXV) human, cat, cattle, elephant, rodent, broad rodent

rhinoceros, etc.

Camelpox* (CMLV) camel narrow unknown

Ectromelia (ECTV) mouse, laboratory mouse narrow vole?

Racoonpox racoon broad? unknown

Volepox vole, pinon mouse narrow vole

Uasin-Gisha pox horse medium (?) unknown

Taterapox tatera kempi (gerbil) narrow gerbil?

*Camelpox viruses show a very close relationship to VARYV. Infections with camelpox virus in humans, however,

have not been observed [133].

Table 3. Other chor-

. Genus Species Clinical sign Host
dopox viruses that pea 1ical sig
can infect humans Parapox virus orfvirus Orf; ecthyma contagiosum sheep, goat, wild ruminant
pseudo cowpox virus Melker’s nodule cattle
parapox in cattle (stomatitis papulosa  local infections cattle
virus of the cattle)
seal parapox virus (SPPV) local infections seal
reindeer parapox virus local infections reindeer
Molluscipoxvirus molluscum contagiosum virus non-malignant tumours human
Yatapoxvirus yaba monkey tumour virus yaba monkey tumour monkey

tanapoxvirus

tanapox monkey (rodent)

continued, the non-vaccinated, predominantly young popula-
tion was no longer protected against OPV. Apart from MPXV
infections, OPV infections in immunocompetent individuals
usually take a self-limiting course. The only symptoms are
local skin lesions, usually limited to the infection site, as well
as general symptoms in the form of febrile lymphangitis and
lymphadenitis. In the event of suspected poxvirus infection,
contagious ecthyma, milker’s nodule, herpes infections, acti-
nomyecosis, and anthrax would have to be ruled out in the
differential diagnosis.

1.1 Characteristics of Orthopoxvirus

OPYV are enveloped brick-shaped viruses (350 x 270 nm) con-
taining a double-stranded DNA genome with a size of ap-
proximately 200 kb, the ends of which are connected by cova-
lent links [7]. Morphologically, the different OPV species can-
not be distinguished by means of electron microscopy (fig. 1).
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In addition, OPV are closely related to each other with regard
to antigens and show marked homology at the genome level.
The genome of the poxviruses encodes for 150-200 different
genes. Unlike other DNA viruses, poxviruses replicate in the
cytoplasm of infected cells in so-called virus factories (Guar-
nieri inclusion bodies). Originally, four different infectious
virus particles were distinguished during OPV replication: in-
tracellular mature enveloped virus particles, intracellular en-
veloped virus particles, cell-associated enveloped virus parti-
cles, and extracellular enveloped virus particles. Both intra-
cellular and extracellular viruses play an important part for
pathogenesis. Intracellular and cell-associated viruses are in-
volved in the spreading of the virus from cell to cell, whereas
viruses released from the cell enable the dissemination within
the infected organism.

The first stages of the infection of cells, such as adsorption
and penetration into the cell, so far have not sufficiently been
understood. Mature virus particles adhere to the cell mem-
brane. The virus membrane then fuses with the cell mem-
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Fig. 1. A Electron microscopy: Ultra-thin section of an orthopox virus
(OPV)-infected cell. In the cytoplasma (top left) an electron dense ‘virus
factory’ is shown. At the surface of the ‘factory’ virus particles accumu-
late scattered around the surface. In addition round, immature particles
with a clearly visible electron dense envelope can be detected, some with
not fully closed envelope.

B-E Electron microscopy: Diagnostic negative contrasting of poxvirus
and herpes virus.

B Two brick-shaped OPV particles with a typical, clearly visible surface
structure. The upper particle is penetrated by the contrast stain to show
the structure of its lipid membrane while the lower virion only shows its
‘berry’-shaped surface (capsid shape versus mulberry shape of the lower
particle).

C Molluscum contagiosum virus (MOCYV) particles resemble OPV parti-
cles in size and shape. However, they also show a slightly different surface
structure that can be used for differentiation.

D Parapox viruses (PPV; prototype is the orfvirus) are ovoid, show long-
er, partly parallel surface structures and are markedly smaller than OPV.
E Herpes virus from an exsudate used for diagnostic purposes: the capsid
of 100 nm diameter with regular shape is still enveloped by the remains of
a virus lipid shell.

Electron microscopy photography and compilation of the photos by Dr.
Andreas Kurth; Robert Koch-Institut, Berlin.
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brane, releasing the virus core [8, 9]. The virus particle, which
has a complex structure, already contains a number of viral
enzymes and regulatory proteins necessary for the first steps
of virus replication. One of these proteins is involved in the
cleavage of the cellular DNA and down-regulation of mRNA
synthesis. Various enzymes and regulatory as well as virus
structural proteins are expressed in a co-ordinated manner
during replication. Transcription of the early genes through
the viral DNA-dependent RNA polymerase present in the
virus particle already starts in the virus core released into the
cell. After replication of the virus genome by the viral DNA-
dependent DNA polymerases, synthesis of the intermediate
and late gene products occurs [10]. DNA replication occurs
within 6 h, resulting in the production of up to 100,000 new
copies per infected cell.

The synthesis of VACV particles occurs in areas of the
cytoplasm which in electron microscopy appear as electron
dense areas (fig. 1). Spherical particles with high electron den-
sity are formed which have a lipid membrane. These particles
are then transported to the periphery of the cell where they
are equipped with two additional lipid envelopes. After fusion
of the external virus envelope membrane with the cell mem-
brane, the virus particles are released and cell-associated and
cell-free particles are observed.

Poxviruses encode a number of different proteins, which
interfere as antagonists of cytokines with the immune re-
sponse of the host. These viral proteins are important factors
for pathogenesis [11, 12]. Three different activities can be dis-
tinguished in principle: virus-encoded homologues of cellular
chemokine receptors, virus-encoded homologues of cellular
chemokines as well as virus-encoded chemokine-binding
proteins. In this context, the various different poxviruses have
developed differing strategies which may be due to co-evolu-
tion of the viruses and the hosts.

Among poxviruses, members of the OPV genus have so far
been studied most thoroughly. Therefore, comprehensive
data are available mainly for these viruses. OPV are very sta-
ble in crusts and secretions and can remain infectious in the
environment over a long period of time [13]. In aerosols,
human poxviruses are rather resistant to environmental influ-
ences and can survive for 24 h in dependence of the ambient
temperature and humidity [14, 15]. Studies on the stability of
OPYV in crusts have been described in the literature. VARV
survived in crusts for several weeks depending on the temper-
ature and humidity (3 weeks at 35 °C and 65-68% humidity,
8 weeks at 25.8-26.4 °C and 85-90% humidity, and 12 weeks
at 25.8-26.4 °C and <10% humidity [16]). According to other
papers, VARV could be isolated from crusts obtained from
individuals suffering from pox, which were dried and stored
protected from light, after more than 1 year [17] or 13 years
[18]. Calculations showed that under these experimental con-
ditions, titres in the crusts decreased only by the factor of 100
after around 3,000 days [15]. Dried out on a glass slide, infec-
tious VARYV could be demonstrated even after 3 months [17].
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In extensive studies, Tanabe and Hotta [19] tested the ef-
fect of disinfectants on VARV and VACV. We only list a few
conventional disinfectants as examples here: within 1 min,
VARYV was inactivated below the detection limit by 50-70%
ethanol or 40-50% isopropanol, 0.1-2% sodium hypochlorite
or 1% formaldehyde (reduction factor >10°).

In non-stabilised virus suspensions VACV was fully inacti-
vated within 15 min during which it was heated to 65 °C [20].
In addition, high stability was shown for VACYV in foods and
the environment [21].

1.2 Infection and Infectious Disease

Human Poxvirus (Smallpox Virus, Variola Virus, VARV)

In principle, we distinguish between two different courses of
pox diseases: one caused by variola major virus infection and
one caused by variola minor virus (also known as alastrim
virus). Infections with variola major virus were characterised
by a severe course of the infection with fatal outcome in a
high percentage (20-50%) of cases, whereas infection with the
variola minor virus induced a milder course and only showed
a mortality rate of approximately 1%.

Transmission of human smallpox virus usually occurred
by contact with droplets or aerosols. Therefore, the virus
first infected cells of the nasopharynx or the mucosa of the
respiratory tract. Epidemiological studies showed that only
few infectious particles were sufficient for infection. The
further replication of the virus occurred in the regional
lymph nodes, followed by the first viraemic phase on the 3rd
to 4th day after infection, which largely occurred asympto-
matically. After that, the virus affected above all lymphatic
organs such as the spleen, lymph nodes, and bone marrow.
The second phase of viraemia started around the 8th day
after infection, with infected leucocytes transporting the
virus to the periphery of the body. There, in particular cells
of the small blood vessels of the skin and the mucosae were
infected. Around the 12th to 14th day after infection, the
infected individuals developed high fever with malaise and
signs of extreme exhaustion, headache, and backache. A ma-
culopapular exanthema (macula) developed on the mucosae
of the mouth and the pharynx which spread over the face
and lower arms, then to the trunk and legs. Around the Sth
to 9th day after occurrence of the rash, the exanthema devel-
oped into vesicles (papula) and pustules (pustula). The pus-
tules were usually round and deeply embedded into the skin.
Later, crusts (crusta) developed which healed during the
phase of recovery leaving scars.

High numbers of virus particles were released into the sa-
liva through the ulcerating lesions in the mouth and pharynx.
Since this phenomenon occurred in the 1st week of clinical
disease, these patients were particularly infectious during this
period. Part of the patients died around the 2nd week of the
disease by toxic reactions (cytokine storm), caused by circu-
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lating immune complexes and viral proteins. Encephalitis
could occur as complication, but also as a rare adverse reac-
tion to a vaccination with VACV, comparable with perivascu-
lar demyelinisation in serious courses of measles or chicken-
pox. Two forms of poxvirus infections showed usually a fatal
outcome: haemorrhagic and malignant smallpox. Whether
this is due to differences in the virulence of VARV strains is
unclear.

Monkeypox Virus (MPXV)

Since the eradication of human smallpox, monkeypox are the
most significant OPV infection in humans. Monkeypox was
first observed in 1958 in experimental monkeys in Copen-
hagen [22], and infections in humans were first described in
1970. Monkeypox have up to now been a rare, sporadically
occurring disease in humans. African gophers and rodents are
considered as reservoir for this OPV species; monkeypox thus
represent a zoonosis [23, 24].

The incubation period for monkeypox in humans is compa-
rable to that of human pox (smallpox) with 10-14 days. The
clinical pathology, too, resembles that of human pox. Infected
individuals are infectious during the 1st week of occurrence of
the erythema. As in human pox, around 2 days before the ap-
pearance of the skin rash, a prodromal phase starts with fever
and malaise. Contrary to human pox, a pronounced unilateral
or bilateral lymphadenopathy is observed in the majority of
patients with MPXYV infection, which may affect a variety of
lymph nodes. The further course is similar to that of human
pox, with the typical erythema spreading centrifugally. Up to
now, no haemorrhagic courses have been observed in mon-
keypox infections [24, 25].

Cowpox Infections (Cowpox Virus, CPXV)

Infections of humans in most cases occur via skin lesions or by
direct contact with infectious tissue or secretions from cats or
infected rats [26-29]. Papules form at the infection site after
7-12 days which develop into vesicles and then painful haem-
orrhagic pustules and black crusts, frequently on the hands,
shoulders, or in the face. Infected patients show influenza-like
symptoms, nausea, and muscle pain. Although lesions are
generally limited to the site of infection, severe courses have
been reported requiring hospitalisation of the patient [27, 30].
Infections have also been reported in the region of the eyes
which were probably caused by smear infection. In many in-
fections only lymphadenopathy is observed in the regional
lymph nodes. After 6-8 weeks, the pustules/crusts dry up leav-
ing scars in some cases.

In some patients infected with CPXV, although only local
symptoms were observed, viraemia could be detected by
quantitative PCR in the blood. This was unexpected, since no
viraemic phase was observed in individuals with local reac-
tions after a VACV vaccination [31].

However, generalised exanthema and severe systemic
disease with fatal outcome can occur in immunosuppressed
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patients and patients with an impaired cellular immune re-
sponse. These symptoms are similar to that of a VARV infec-
tion. In Germany one fatality occurred in 1991 in an asthma
patient under immunosuppressive treatment [32, 33].

Vaccinea Virus

VACYV were used by the WHO [4, 34] as vaccination viruses
as human smallpox prophylaxis world-wide and during the
eradication campaign up to the time of eradication of human
smallpox. As a rule, the vaccination causes local reactions
which can also be regarded as a marker for a successful vacci-
nation. However, in rare cases, significant adverse reactions
can occur, e.g. generalised vaccinia, bacterial contamination
with subsequent bacterial infections, eczema vaccinatum as
well as vaccinia gangraenosum. Vaccination encephalitis (1 in
100,000) or fatalities (1 in 1 million) can also occur in very
rare cases. In connection with the vaccination, the issue of
viraemia is discussed controversially. While some research
groups claim that virus genome in the blood is detectable only
in vaccinees with considerable adverse effects, others report
that viral genomes, by means of very sensitive detection meth-
ods (PCR), could be identified in a part of the vaccinees up to
3 weeks after vaccination, but no infectious virus could be iso-
lated [35, 36].

Due to the considerable adverse reactions known to be
caused by the classical vaccines, efforts were stepped up
after September 11, 2001 to develop attenuated VACV, e.g.
modified vaccinia virus Ankara (MVA) and LC16m8. These
so-called vaccines of the third generation can induce a good
immune response, and achieve high protection in animal
experiments against highly pathogenic OPV. On the other
hand, adverse effects of conventional vaccines can be widely
ruled out [37-42]. In Japan, LC16m8 has recently obtained a
marketing authorisation as vaccine from the national
authority.

Diseases Caused by Other Poxvirus Species

As a rule, infections with other poxviruses are of benign out-
come, and clinical symptoms remain limited to the infection
site. For practical reasons, we will address these diseases
briefly in the epidemiological part of this article.

1.3 Epidemiology

VARV
The infection chain of pox virus is essentially maintained by
transmissions from human to human. The main transmission
media are droplets and aerosols, which are expectorated by
individuals shortly before the symptomatic phase. Contami-
nated clothing and bed linen have partly contributed to the
dissemination of the pathogenic agent.

A distinction between the two forms of the disease, variola
major and variola minor, was only performed using epidemio-
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logical data during outbreaks of the disease. Variola minor
(Alastrim) was observed for the first time in South Africa as
late as the end of the 19th century, appeared in Florida later,
and then spread to the USA, Latin America and Europe. The
course of the variola minor infection was mild, and the fatality
rate was indicated as 1% or lower. Typical human pox, variola
major, however, has been known for several thousand years in
Asia, and usually took a severe course with a fatality rate of
around 30%. In Europe, evidence of smallpox virus epidemics
has been historically established for the first time around the
6th century. It must be noted that, compared with other virus
infections such as measles or influenza, transmission of the
smallpox agents only occurred when clinical symptoms ap-
peared (around 14-17 days following infection). Conse-
quently, in a lot of cases, only the members of a household,
caregivers, or other persons in close contact with the smallpox
patients were affected.

The last case of natural smallpox infection was reported
from Somalia in 1977. In 1978, the infection of a woman
photographer in Birmingham who was working at an institute
performing smallpox research, which took a fatal course, was
a cause of concern [2, 3]. This patient also transmitted the
disease to her mother. The route of infection of the photogra-
pher could not be established with certainty.

Considering the danger that VARV infections might
take place in laboratories and might even be transmitted
from these laboratories to the outside world, the WHO and
all national authorities arranged for all poxviruses to be
destroyed or to be transmitted to the collaboration centres
designated by the WHO and located in the USA or the for-
mer USSR (now Russia) [43]. Since 1984, the remaining
VARV isolates have been stored in 2 centres: in the Cen-
tres for Disease Control and Prevention (CDC) in Atlanta,
GA, USA, and at the Research Institute of Viral Prepara-
tions in Moscow, from which the virus was transferred to
the State Research Centre of Virology and Biotechnology
(The Vector Institute) in Koltsovo (Region Novosibirsk,
Russia) in 1994. As from the early 1990s, research projects
with live viruses, variola genome, or variola genes have
been evaluated by an expert committee of the WHO
(WHO Advisory Committee on Variola Virus Research;
www.who.int/csr/disease/smallpox/research/en/index.html),
which recommends such projects, imposes conditions on
them, or rejects them. One of the conditions is that only a
maximum of 20% of the total genome may be used in scien-
tific studies outside the Collaborating Centres at CDC
(Atlanta, GA, USA) or at Vector (Koltsovo, Russia) www.
who.int/csr/disease/smallpox/Summaryrecommendations
May08.pdf).

Another condition is that the synthesis or any other type of
production of more than 500 bases of a VARV sequence is
not permitted without the authorisation from the WHO. In
addition, such experiments must be strictly separated from
experiments with other OPV species.
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MPXV

MPXYV infections and minor outbreaks have been observed
mainly in the tropical rain forests of Central Africa and West
Africa (Sierra Leone, Central-African Republic of Congo, Li-
beria, Cote d’Ivoire, Cameroon, Nigeria, and Gabon). Major
outbreaks have up to now only been described in the Demo-
cratic Republic of Congo. Epidemiological studies of MPXV
infections in the 1980s showed a death rate of 17% for pri-
mary infections in humans and a transmission rate of 9% (se-
condary infections) [44, 45]. The longest infection chain ob-
served in this context comprised five [46] or six transmissions
[47]. Sero-epidemiological studies point to the fact that in re-
gions where MPXYV infections occur, an increased seropreva-
lence against OPV is found which indicates that undetected
infections take place with MPXV or other OPV.

In June 2003, MPXYV infections in humans were diagnosed
in the USA for the first time [48]. Animal traders imported
MPXYV from Gambia to the USA by infected African rodents,
such as the Gambian rat (Cricetomyinae). In pet shops, the
virus was then transmitted to prairie dogs. As a consequence
of the animal trade, infected prairie dogs were spread over
various different states where they infected more than 70 per-
sons (animal carers and buyers). The course of the infection
was relatively mild compared with infections with MPXV in
Africa, and all infected individuals recovered which is con-
sidered as an indicator that different virus strains exist with
different degrees of virulence.

In Europe (Netherlands, Denmark, France), the MPXV
was observed exclusively in imported monkeys [49].

CPXV

This virus has so far been identified only in Europe and the
neighbouring West Asian countries but also in Egypt [50, 51].
Rodents, such as mice, root voles and rats, serve as reservoir.
CPXYV were a problem in dairy farming for a long time. Since
lesions mainly occurred in the teats, the agent rapidly spread
among the livestock of one farm by milking. However, in
Germany and other European countries, no CPXV infections
have been described in cattle in the past few decades [31]. In-
stead, to an increasing extent CPXYV infections have been ob-
served in cats that may also transmit the virus to humans. This
is why the agent is also called ‘catpox’ virus [52]. Cats prob-
ably become infected when hunting and feeding (infected)
mice. A case of transmission from a rat to a girl has also been
reported from the Netherlands, and recently, several trans-
missions could be detected by rats kept as pets to their own-
ers, among other countries in Germany and France (http://
hygimia69.blogspot.com/2009/02/ecdc-risk-assessment-
cowpox-in-germany.html) [53-55].

CPXYV has a broad host spectrum, and lethal CPXYV infec-
tions were observed in a number of animals. Besides the
above-described animal species, outbreaks have been de-
scribed in zoological gardens, affecting a great number of
different animal species, including big cats and other felines,
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elephants, rhinoceroses, okapi and anteaters [29, 56]. In addi-
tion, transmissions of CPXV to old world monkeys and new
world monkeys in outdoor enclosures have been reported [57,
58]. In all cases, direct or indirect contact of the primates with
rodents is assumed to be the source of infection.

The genetic analysis of CPXV shows that, unlike VARV,
MPXV, camelpox virus (CMXV) and mousepox virus
(ETCV), these viruses do not represent a closely related spe-
cies but show high genetic variability for OPV and can be
grouped into various different phylogenetically separated
genotypes. It is noteworthy that this classification partly de-
pends on the analysed genome region [57, 59, 60]. Up to now,
there are no comparative studies on the pathogenic potential
of the various CPXV isolates; the high variability of the
CPXYV and the high frequency of CPXV infections in different
animal species raise the question to what extent differences in
the pathogenicity of CPXV exist. In this context, it must be
mentioned that CPXV isolated after an outbreak in new
world monkeys in a zoo in Germany caused infections in mar-
mosets (Callithrix jacchus) with lethal outcome, but did not
seem to be pathogenic in mice [57, 61].

Cowpox, just as monkeypox, can be considered as an
emerging or re-emerging disease; discussions are therefore
underway that the increasing occurrence of these diseases
justifies the development of safe OPV vaccines and chemo-
therapeutics.

The number of CPXV infections reported in humans has in
fact risen in Germany in the past few years. It is, however,
unclear whether this is based on increased awareness of the
doctors or a decreasing immunity against the orthopox viruses
after the vaccination against human smallpox was discontin-
ued in the 1970s. The infection and the diagnosis of CPXV in
humans are currently not notifiable.

VACV and Related Agents

VACYV serves as prototype in the genus OPV and is used for
the vaccination against human pox. VACV show a broad host
spectrum and can infect a great variety of mammals, leading
to severe diseases. Thus, it was reported that elephants in the
zoo were infected by freshly vaccinated people. The origin of
the VACYV used for vaccination is unknown, and no animal
reservoir could so far be described for these viruses. However,
phylogenetic sequence analyses were able to show that
VACYV is closely related to other species of the OPV genus,
such as horsepox virus (HSPV) and buffalopox virus (BPXV).
Since it is less closely related to CPXYV, it has been discussed
whether the horsepox virus represents the origin of the
VACVs.

VACYV and its derivatives are not only used for vaccina-
tions against VARYV but also serve as vector in molecular bi-
ology and as starting material for the development of modern
vaccines against infectious agents as well as in cancer therapy
[62-64]. Laboratory infections with VACYV in non-immunised
individuals have been reported occasionally [65, 66].
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VACV-Like Viruses

These viruses present a health problem, especially in India
and Brazil, not only in agriculture, but also for people who
come into close contact with buffaloes and dairy cows. In Bra-
zil, an increasing number of infections with VACV-like iso-
lates has been observed in the past few decades in dairy cows
as well as milkers and farmers [67, 68], which especially in
dairy farming presents a considerable problem both for those
affected and for the environment. Infected individuals de-
velop skin lesions in the form of vesicles, predominantly on
the hands, arms and face, as well as erythema. Other clinical
signs include fever, headache, sweating, and enlarged axillary
lymph nodes [69]. Clinical symptoms indicate that at least a
part of the patients go through a viraemic phase.

VACV-like viruses were isolated as early as the 1960s.
Today, they are characterised as pathogenic agents with con-
siderable zoonotic potential [67, 68, 70, 71]. The Brazilian iso-
lates were grouped into the genus Orthopoxvirus under the
species names BRZ-VACYV or BR-VACYV. Phylogenetic anal-
yses show that these Brazilian isolates can be subdivided into
two clearly distinguishable clades. Rodents are considered as
reservoir for these pathogenic agents, as comparable viruses
could be isolated from rats and mice, and a high seropreva-
lence could be determined in rodents. The origin of BRZ-
VACYV, however, is unknown and is under discussion. On the
one hand, the close phylogenetic relationship between the iso-
lates and VACV points to the fact that BRZ-VACV are
VACYV which spread throughout the country, for example in
the rodent population. However, it is unclear when VACV
was introduced into the rodent population and if multiple en-
tries occurred. It was speculated that the first vaccine viruses
which were brought at the beginning of the 19th century from
Portugal to Brazil by slaves by arm-to-arm inoculation were
transmitted unintentionally to animals, just like the additional
VACYV isolates which were imported to Brazil later. This
could explain why phylogenetically distinct BRZ-VACYV iso-
lates are circulating in Brazil [67].

BPXYV was first described in 1934. Outbreaks in animals
and humans due to infections by BPXV have been reported
from regions in which the Asian buffalo (Bubalus bubalis) is
kept as dairy cattle, such as India, Pakistan, Indonesia, and
Egypt, especially since the eradication of human pox [72].
BPXYV presents a major problem for the milk-producing in-
dustry. Humans can become infected by contact with diseased
animals. The symptoms are comparable to those of infections
with CPXV. However, BPXV is closely related to VACV, and
it has been suggested to classify BPXV as a clade within the
species of VACV. It has been assumed that buffaloes became
infected by VACV-vaccinated humans and that the virus has
ever since been circulating in the buffalo population. On the
other hand, it has also been suggested that original BPXV
exist which are closely related to VACV [72, 73].

Recently, nosocomial infections with BPXV have been re-
ported from Pakistan. On the one hand, this can be attributed
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to the high stability of the pathogen, on the other hand, how-
ever, it also proves the possibility of a transmission from
human to human [74].

Phylogenetic studies on a HSPV isolate from Mongolia
showed that HSPV and VACV were closely related. It has
therefore been discussed whether VACYV, which is used for
the vaccination of humans, was originally a HSPV rather than
a poxvirus originating from cattle [75, 76].

Rabbitpox virus (RPV) was isolated from diseased ani-
mals in a rabbit breeding farm in the Netherlands and could
possibly serve as animal model for human pox [77]. RPV is
phylogenetically closely related to VACV, and it is therefore
discussed that the poxvirus isolate from rabbit could be due
to an unintentional transmission of VACV to laboratory
animals [78].

Parapox Virus
Parapox virus (PPV) causes clinical signs in humans not dis-
tinguishable from local OPV infection. The Orf virus of the
sheep and the goat is the prototype in the genus PPV; the bo-
vine stomatitis virus and the pseudo-cowpox virus (milker’s
nodule) are transmitted to humans by direct contact with in-
fected cattle [75, 79]. There are no reliable data on the dis-
semination of PPV. Outbreaks in sheep and goats have been
reported world-wide. Infection of humans occurs via skin
lesions during contact with infected animals. After 3—-7 days,
papules form, usually on the hands, followed by vesicles, and
finally wart-like nodules which subside after 3-4 weeks. The
differentiation between PPV and OPV can be performed
using the electron microscope (fig. 1). Molecular nucleic acid
detection methods were developed for the diagnostics and
differentiation of PPV and OPV infections [80-82]. PPV has
been isolated from other animal species: red deer in New
Zealand, Finnish reindeer, squirrels in the UK, and seals in
the North Sea.

Molluscum contagiosum virus (MOCYV) occurs world-wide.
It manifests itself as self-limiting proliferations of the epider-
mis in the form of small bright-red bead-like nodules on all
parts of the body. MOCYV infects exclusively humans. Infec-
tions are observed most frequently in the autumn and spring.
Usually children are affected. Transmission occurs by direct
contact or indirectly by contaminated materials. In young
adults, transmission can take place by sexual contact. In prin-
ciple, MOCYV induces a life-long immunity which, however,
can be interrupted by immunosuppression. This means that
immunosuppressed and HIV-infected individuals are affected
more frequently by symptomatic MOCYV infections [83-85]. A
diagnosis is usually made clinically and histologically. In the
electron microscope, MOCYV can be morphologically differen-
tiated from other poxviruses and herpes viruses (fig. 1). PCR
and sequence analysis can be used for a differential diagnosis
and genetic subtyping [81, 86].

Yaba monkey tumour virus (YMTV) and tanapox virus
(TANV) represent a separate genus in the poxvirus family
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and are grouped in the genus Yatapox. Their area of geo-
graphical distribution is Central Africa [87-89]. Both viruses
have a comparable host range and can only be propagated on
primate cells [88]. Infections with TANV can take a course
similar to that of a mild MPXV-like infection of primates in-
cluding humans [90]. Occasionally, TANV causes infections in
humans, and it is assumed that transmission is caused by in-
sect bites. Infections in travellers have been reported [91, 92].
No reports are available on infections with YMTV in humans.
The YMTYV reservoir is unknown.

1.4 Detection Methods and Their Significance

For poxviruses, diagnostics and differential diagnostics were
originally performed by using clinical samples for inoculation
of the chorioallantoic membrane (CAM) of embryonated
hen’s eggs. By means of the cultivability of the viruses on the
CAM at distinct temperatures (ceiling temperature), the pox
morphology, and histological examinations, various OPVs
could be distinguished from each other, and, in particular,
VARV could be distinguished from other OPVs and herpes
viruses. This method was considered as the gold standard by
WHO during the smallpox eradication phase. Today, OPV is
as a rule cultivated in cell cultures, and inoculation on the
CAM of fertilised eggs after 11-13 days of incubation is only
used in specialised laboratories [81]. OPV-infected cells can
be identified by means of antibodies against VACV antigens
in immunofluorescence assays or by immunohistological
staining.

Electron Microscopy

With the aid of negative staining of clinical samples, electron
microscopy permits rapid morphological differentiation of
viruses of the OPV genus from other pathogens such as PPV
and herpes viruses, but also bacteria such as Bacillus anthra-
cis, which can cause comparable lesions such as pustules, vesi-
cles, or crusts on the skin and therefore permits a differential
diagnosis (fig. 1). Electron microscopy diagnostics is therefore
suitable for rapid primary diagnostics permitting a first mor-
phological characterisation of pathogens (diagnostics of the
open view [93, 94]). In ‘negative staining’, OPV particles are
brick-shaped, whereas PPV are ovoid. Both genera show
characteristic surface structures (fig. 1). A morphological dif-
ferentiation of MOCV from OPYV is possible in experienced
electron microscopy laboratories (fig. 1). A differentiation of
species within the OPV genus is not possible by electron
microscopy, since all OPV show the same morphological
characteristics [81, 93, 95].

Serology

An OPV infection can be diagnosed with the aid of serologi-
cal test methods. In this context ELISA and immunofluores-
cence methods have proved to be suitable methods. The de-
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tection of OPV-specific IgM is an indication of acute OPV in-
fection which can be further confirmed by a second serum
drawn after an interval of 10-14 days [75, 81]. The immune
response against different OPV species cannot (up to now) be
differentiated routinely due to the fact that the antigens are
closely related within the genus. Differentiation is possible to
a limited extent by complex and time-consuming pre-adsorp-
tion procedures performed on sera with antigen preparations
of different OPV species and subsequent examination for
reactivity in ELISA or immunofluorescence tests [96, 97].
Differentiation of neutralising antibodies against different
OPV species is not possible due to the close antigenic rela-
tionship. However, the neutralisation test — using VACV as
target virus in the plaque reduction test — is used to follow up
the immune response after a vaccination and to determine the
immune status, i.e. to confirm antibody titres in serology.

Antigen Detection

The detection of OPV antigens, for example in clinical sam-
ples (such as pustules, vesicles, and crusts), is possible by
means of antigen capture ELISA in some specialised labora-
tories [75, 81]. Kitamoto and co-workers [98] used monoclonal
antibodies in the immunoblot for the detection of OPV anti-
gens. Antigen detection tests are less sensitive than PCR and,
in addition, do not permit differentiation of the OPV species.

Cell Culture

OPYV can be cultured in suitable cell cultures (generally mon-
key cells or human cells) from clinical samples of infected hu-
mans. In the cell culture, infected cells can be identified using
characterised polyclonal and/or OPV-specific monoclonal
antibodies [75, 81, 98]. After starting the culture, a differentia-
tion of the virus species can be performed by PCR, and phylo-
genetic characterisation of the isolates can be carried out by
sequence analysis [80, 81].

Detection by Nucleic Acid Test (NAT)

Polymerase chain reaction (PCR) methods have proved to be
particularly suitable for the identification and differentiation
of OPV species and for differential diagnostics of Poxviridae
(e.g. OPV, PPV and MOCYV) and other viruses such as vari-
cella zoster (VZV) and herpes simplex virus (HSV), but also
of bacteria such as Bacillus anthracis [81].

PCR tests in combination with restriction fragment length
analysis permitted differentiation of OPV [99]. In recent
years, various groups have published real-time PCR methods
which permit an identification of OPV and differentiation of
the species [reviewed in 80, 81].

Because of the high hazard represented by human pox for
the human population, special requirements are requested for
specificity and sensitivity of the diagnostic methods. Accord-
ing to the present state of the art, OPV species are differen-
tiated using suitable nucleic acid detection methods including
phylogenetic analysis. The close genetic relation of OPV re-
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quires a particularly careful validation of the detection meth-
ods. In the literature, various PCR and real-time PCR meth-
ods are described permitting a reliable detection of VARV
[reviewed in 80, 81]. Real-time PCR on the one hand permits
quantification of viral genomes; on the other hand, using
suitable probes, melting curve analyses can be carried out,
permitting a differentiation between OPV species or, in the
case of suspected VARV genomes in clinical and environ-
mental samples, excluding or confirming this virus [80, 81,
100, 101]. In principle, it is recommended to investigate
several genome regions by the molecular detection methods
and to perform phylogenetic analysis following sequencing of
particular genome regions in order to achieve reliable classi-
fication of the viruses.

The isolation of poxvirus in clinical samples can be useful
for molecular epidemiology or forensic investigations. How-
ever, for the assessment of the risk of infection by contami-
nated environmental samples, isolation is requested to prove
the presence of infectious virus [102].

In the case of symptoms on the skin pointing to a poxvirus
infection, the suspected diagnosis (OPV infections like
cowpox, monkeypox, parapox, molluscum contagiosum, cuta-
neous anthrax, mycoses, Bartonella henselae) can be verified
by means of virological or microbiological and molecular
methods. Molecular detection methods (PCR, real-time PCR)
are used in specialised laboratories to an increasing extent in
diagnostics and differential diagnostics [81].

2 Blood and Plasma Donors

2.1 Prevalence and Incidence of Poxvirus Infections in Donor
Populations

There are no reliable data on the seroprevalence of OPV in
Germany, neither in humans nor in the animal population [103,
104]. Compulsory smallpox vaccinations were discontinued in
the Federal Republic of Germany in 1977, and in the German
Democratic Republic in 1980. It can therefore be assumed that
the portion of immunologically naive persons in the population
has been on the increase. In Germany, in recent years people
have been vaccinated with VACV Lister-Elstree, but only to a
very limited extent in vaccination studies.

In Germany and other countries, infections with MOCYV as
a rule occur in children and immunosuppressed individuals.
Studies on the prevalence of PPV have so far not been
performed.

2.2 Definition of Exclusion Criteria
In principle, the general guidelines of the Bundesirztekam-

mer (German Medical Association) and the Paul-Ehrlich-
Institut [105, 106] apply to the determination of exclusion cri-
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teria for blood donors. These guidelines do not lay down any
specific exclusion criteria for smallpox infections, since human
pox are considered as eradicated. Other poxvirus infections
manifest themselves as local skin lesions, are accompanied by
fever and malaise, and would be captured through the usual
exclusion criteria for blood donors.

2.3 Donor Testing and Significance

In principle, donor testing for OPV genome is possible by
means of PCR or antibody detection (IgM or IgG). In con-
formity with the data on the epidemiology of OPV infections
in Germany, donor testing is regarded as not necessary.

2.4 Donor Interviews

Individuals willing to donate blood are interviewed on febrile
infections in the history in compliance with the guidelines of
the Bundesirztekammer and the Paul-Ehrlich-Institut [105,
106].

2.5 Donor Information and Counselling

Since no specific examination for OPV markers is performed,
no meaningful OPV-specific donor information is possible.

3 Recipient

3.1 Prevalence and Incidence of Blood-Associated Infections
and Infectious Diseases in Recipient Populations

Neither donor- nor recipient-specific information is available
in Germany on the prevalence and incidence of OPV infec-
tions. Because vaccinations against smallpox became compul-
sory in the Deutsche Reich (German Empire) in 1874 and was
continued up to 1976 (Federal Republic) and 1980 (German
Democratic Republic), it can be assumed that the majority of
individuals for whom these compulsory vaccinations applied
still have residual antibodies against OPV. The portion of the
population that acquired an immune response to COWpOX or
catpox virus or other OPVs after compulsory vaccination has
so far not been sufficiently studied.

3.2 Immune Status (Resistance, Existing Immunity, Immune
Response, Age, Exogenous Factors)

No data are available on the serostatus of the recipients of
blood and blood products in Germany. Studies in various
countries showed that people who had been vaccinated before
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the vaccination was discontinued after the eradication of
human pox partly revealed antibodies against VACV. Epide-
miological studies had shown that 3 years after vaccination,
90% of the vaccinees had sufficient protection which thereaf-
ter decreased over the years. An infection with human poxvi-
rus, however, generally took a mild course in these people. It
is currently discussed to what extent people who in former
times received a vaccination are still protected against OPV
infections [107-109].

3.3 Severity and Course of the Disease

Up to now, no reports are available on infections with OPV or
other human pathogenic poxviruses by transfusions.

3.4 Therapy and Prophylaxis

Vaccination

A prophylactic vaccination against OPV is possible today, too,
using the previously authorised VACV vaccines as well as those
currently being developed. Because of the considerable ad-
verse reactions, no vaccinations have been performed in Ger-
many, unlike the USA, where certain populations (army mem-
bers, members of the health service, etc.) were vaccinated with
VACYV after September 11, 2001 [107]. It remains to be seen,
when and to what extent new vaccines on the basis of further
attenuated VACV, such as MV A or the Japanese vaccine strain
LC16m8 which are considered as vaccines of the third genera-
tion, will replace vaccines used for the eradication or vaccines
of the second generation. It must be noted that LC16m8 was
licensed as vaccine in Japan. The extent to which MVA or de-
rivatives of MV A will be licensed for prophylactic vaccination
of humans also remains to be seen [39, 42, 110]. In this context,
the clinical trial of the MV A vaccine IMVAMUNE in the USA
has made the most progress [41, 111].

New data from various animal models allow to conclude
that an effective protection against OPV infections can be
achieved by MVA immunisation and may even be effective
following exposure with pathogenic OPV [109, 112].

Chemotherapy

The efforts to develop new chemotherapeuticals were in-
creased especially with regard to potential bioterrorist attacks
with VARV. Cidofovir is an acyclical nucleoside phosphate
which inhibits the DNA polymerase of various DNA viruses.
It is used for the therapy of CMV infections, in particular in
CMYV retinitis of HIV-infected individuals but inhibits also
the replication of OPV [9, 113]. However, due to the fact that
it has to be administered i.v. and due to its major adverse
reactions (kidney toxicity), cidofovir can only be used to a
limited extent. Hexadecyloxypropylcidofovir (CMXO001), a de-
rivative of cidofovir, is bioavailable after oral administration.
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ST246 is a small molecule compound which specifically in-
teracts with an OPV envelope protein (F13L protein) and is
thus able to inhibit the exit of OPV from infected cells [114].
In animal experiments, the treatment with ST246 even proved
to be effective after the manifestation of clinical symptoms
[115]. In addition, experimental systems were able to show
that the vaccination with concomitant administration of
ST246 induced a cellular and a humoral immune response so
that the mice were protected against a challenge with patho-
genic VACV [116].

ST246 was used successfully for the treatment of a
28-month-old infant who had been infected with VACV by
his vaccinated father and developed severe eczema vaccina-
tum [117]. In combination with ST246, CMXO001 displayed a
synergistic effect in the treatment of experimental OPV infec-
tions [118].

Passive Immunisation

Passive immunisation with immunoglobulin preparations
(vaccinia IgG; VIG) has so far been recommended only in the
case of an occurrence of vaccination-associated complications.
However, VIG products are available only to a very limited
extent world-wide.

3.5 Transmissibility

No reports are available on the transmission of OPV by blood
or blood products.

3.6 Frequency of Administration and Type and Amount of
Blood Products

Because of the inactivation or removal of OPV during the
manufacture of plasma products, there is no risk of transmis-
sion by these products. No transmissions by cellular blood
products have so far been reported. It can be assumed that the
potential risk of a transmission in the viraemic phase is largely
reduced for leucocyte-depleted cellular blood products, since
CPXV and MPXYV circulate in the blood in a cell-associated
manner.

4 Blood Products
4.1 Infectious Load of the Starting Material and Test Methods

So far, there are no studies on the OPV load of the starting
material. Studies on healthy VACV-immunised individuals
show that VACV can be detected neither in the plasma nor
associated with cells after vaccination with live virus. In pa-
tients with severe clinical symptoms after vaccination with
VACYV, virus could be detected in the cells, but not in plasma.
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Two proliferation phases are observed in classical genera-
lised poxvirus infections in humans or animals (VARYV,
ECTV, CMXYV); the first one is lymphogenic and occurs
after replication at the infection site and/or infection of the
draining lymph node with the dissemination to the internal
lymphatic tissues. The second viraemic phase leads to infec-
tion of skin and mucosae as well as other organs via the
blood. Concerning the infection with VARV, infectious vi-
ruses could be detected in the blood of infected individuals
[119]. A systemic infection following an infection with other
OPV, however, is not regularly observed. Efforts to detect
MPXYV in the blood of infected individuals are not always
successful, and viraemia probably depends on the severity of
the disease [47, 120].

Investigations on the dissemination of VACYV following
immunisation in the blood is discussed controversially [5, 36,
121]. In some studies, viraemia was detected by PCR up to
21 days following an immunisation [3]. Other authors did
not succeed in detecting VACV DNA in the blood, or did
so only in isolated cases, and even then, only in a short time
interval after the vaccination [36, 122, 123]. Infectious virus
could not be detected in these investigations. It must there-
fore be assumed that viral DNA exists only cell-bound. In
cases where the vaccination showed considerable adverse
effects, viraemia could usually be detected by PCR [124,
125].

Nitsche and co-workers [126] have recently been able to
show that virus DNA can be detected in blood also in CPXV
infections and that the genome detection is possible only in
the cellular fraction of the blood.

Since according to the current state of knowledge OPV
occur cell-bound in the blood also in the viraemic phase, an
examination of cell-containing materials for OPV genome by
NAT would be possible [100, 126, 127].

4.2 Methods for Removal and Inactivation of the Infectious
Agent

As far as the manufacture of plasma products is concerned,
ways of inactivation or removal generally are simpler for
enveloped, lipid-containing viruses than for non-enveloped
viruses. For filtration methods (virus filter, nanofilter), it
can be assumed that these remove OPV effectively due to
the size of virus particles. In urokinase preparations, gamma
irradiation with 50 kGy reduced VACV by more than
7.7 logy, [128].

4.3 Feasibility and Validation of Procedures for Removal/
Inactivation of the Infectious Agent

Examinations of the removal and inactivation of OPV in
blood products were performed within model studies on the
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virus safety of blood products. Various methods were evalu-
ated by Remington and co-workers [129] in extensive studies
on virus safety of plasma products. In stabilised alphal-
proteinase inhibitor products (0.38% citrate, 37% sucrose),
the titre of VACV was reduced by approximately the factor
of 10° after pasteurisation for 1 h at 60 °C, and after 3 h infec-
tious virus titres fell below the detection limit (reduction fac-
tor >10°). In non-stabilised human plasma protein solution,
the titre of VACV was no longer detectable after 2 h at 60 °C
(reduction factor >10°). In studies on the stability of VACV
in solvent/detergent (S/D) procedures for the preparation of
virus-safe anti-haemophilic factor (AHF) by treatment with
0.3% TNPB /1% Tween80 or 0.15% TNPB / 0.5% Tween80,
the titre was reduced only by a factor of 10° after 6 h of treat-
ment. In inactivation experiments using 0.3% TNPB / 0.2%
cholate, VACV was reduced by more than a factor of 10*
within 30 min, and no infectious virus was detectable after 3 h
of treatment. Studies by Roberts [130] showed that, com-
pared with other enveloped viruses, VACV showed a higher
resistance when treated with S/D. Treatment of immuno-
globulin products with 20 mmol/l sodium caprylate led to a
reduction of the VACYV titre below the detection limit (re-
duction factor >10°) within 3 min. It could be shown in vari-
ous experiments that poxviruses could be effectively removed
from plasma products by filtration [131, 132]. In conclusion,
various elimination and inactivation methods are available
for the production of OPV-safe plasma products. A risk of
transmission of OPV by plasma products is therefore not
recognisable.

The effectiveness of inactivation methods developed for
plasma and cellular blood products (e.g. treatment with amo-
tosalen, riboflavin, or methylene blue) is currently unknown.
Since, according to the current state of knowledge, OPV in
blood is cell-bound, it must be assumed that leucocyte deple-
tion leads to a considerable reduction of the risk of the trans-
mission of OPV.

Assessment

As various studies have shown, viraemia can be observed in
infections with viruses from the OPV group, such as MPXV
and CPXYV, as well as in individuals vaccinated with VACV.
Thus, OPV genomes could be found in the cell-containing
fraction of the blood up to 3 weeks after the onset of clinical
symptoms. In contrast to VARV infections, however, no
infectious virus could be isolated from blood. In principle,
viraemic blood donations can be detected by using NAT
methods.

Infections with MPXV in humans have been observed. In
the past few years, an increasing number of infections with
CPXV in humans has been observed in Germany, which
partly took courses with serious clinical symptoms. The ge-
netic differences observed in the CPXV isolates and the dif-
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ferent clinical courses give rise to the assumption that CPXV
can be to a variable extent pathogenic in humans. It seems
necessary to monitor the epidemiological situation of OPV
and in particular CPXYV infections. Studies in molecular biol-
ogy may provide information on previously unknown OPV
variants displaying a modified pathological potential.

However, infections with OPV currently do not present a
recognisable risk for the blood donation system in Germany.
OPV in plasma derivatives are eliminated and/or inactivated
by the manufacturing procedure so that these products are
safe.

This paper was completed on October 7, 2009, and approved by the
German Advisory Committee Blood (Arbeitskreis Blut) on June 7, 2010.
It was compiled by the members of the subgroup ‘Assessment of Patho-
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If a vaccination against OPV should become necessary, a
deferral of 4 weeks after immunisation with live vaccine

should be sufficient.
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