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Recommendation of the ZKBS on the risk assessment of
Betapolyomavirus macacae as donor or recipient organism
according to § 5 (1) GenTSV

General

Betapolyomavirus macacae (synonyms: Macaca mulatta polyomavirus 1 (MmPV1), Simian
virus 40 (SV40)) belongs to the genus Betapolyomavirus of the family Polyomaviridae. In addi-
tion to B. macacae, the betapolyomaviruses also include the human polyomaviruses BK virus
(Betapolyomavirus hominis), JC virus (Betapolyomavirus secuhominis) and the viruses Kl virus
(Betapolyomavirus tertihominis) and WU virus (Betapolyomavirus quartihominis), which were
identified in 2007 [1-3].

B. macacae was first discovered in 1960 as a contaminant in kidney cell cultures from rhesus
macaques (Macaca mulatta) used to produce polio vaccines [4, 5].

The icosahedral non-enveloped virion contains a circular, double-stranded DNA genome of
5243 bp with a bidirectional replication origin (ori). It encodes nine proteins and is basically di-
vided into three functional regions: the early coding region, the late coding region and the non-
coding control region. Transcription of the two coding regions begins near the replication origin
and proceeds divergently. The early region is transcribed at the very beginning of infection,
before DNA replication. It encodes four proteins: the ELP (early leader protein), the 17KT pro-
tein, the small tumour antigen (t-Ag) and the large tumour antigen (T-Ag), whose coding re-
gions partially overlap and are produced by alternative splicing. Under certain conditions,
17KT, t-Ag and T-Ag contribute to the malignant transformation of the host cell [6]. The T-Ag is
a multifunctional phosphoprotein with ATPase and DNA helicase activity. In the nucleus of the
infected host cell, it binds to specific DNA sequences in the ori of the viral genome and to a
number of cellular proteins. In permissive cells, it is involved in viral DNA replication as a com-
plex with the host cell DNA polymerase. In semi-permissive and non-permissive cells for viral
replication, the T-Ag can cause uncontrolled cell proliferation for example by binding and inac-
tivating the tumour suppressor proteins Rb and p53. In addition, by binding these and other
factors, it induces the transition of the host cell from the G, phase to the S phase and thus the
proliferation of the infected cell. In rare cases, immortalisation occurs [7-9]. The T antigen
alone is sufficient for the transformation of many cell types (e.g. rodent cells [10]) in cell culture,
but both the T-Ag and the t-Ag are required for the transformation of human cells [11, 12]. The t
antigen mainly acts by binding and inhibiting protein phosphatase 2 (PP2A). This triggers cell
proliferation and cell transformation. The 17KT protein also contributes to cell cycle progres-
sion, e.g. of resting primary fibroblasts [11]. The function of ELP is unknown. The late region is
transcribed after DNA replication. It encodes the capsid proteins VP1, VP2, VP3, VP4 and the
agnoprotein. The main function of the agnoprotein is the assembly of the virion [13, 7, 14].



The natural hosts of B. macacae are monkeys, especially Asian macaques and rhesus
macaques. Almost all adult rhesus macaques are infected with B. macacae. In monkeys, the
virus generally does not cause any clinical symptoms, but persists in the kidneys throughout
their lifetime and can be detected in urine [15, 16]. In specific cases, also severe disease pro-
gression can occur. Minor et al. [17] investigated groups of cynomolgus macaques (Macaca
fascicularis) with regard to the transmission and kinetics of conversion to seropositivity against
B. macacae and reported the death of four out of 43 animals. Transmission is assumed to oc-
cur either indirectly via contamination of the environment or through direct contact between
animals. Vertical or perinatal transmission is unlikely.

Rodent cells are non-permissive for viral replication of B. macacae, while human cells can be
permissive (e.g. epithelial cells), semi-permissive (e.g. fibroblasts, mesothelial cells) or non-
permissive (lymphocytes) depending on the cell type [9, 18, 19]. The immortalising potential for
human cells has been documented in vitro [7, 9, 20]. A neoplastic transforming potential of B.
macacae was demonstrated after injection into newborn hamsters, which developed tumours
[21].

It was already demonstrated in the 1960s that humans exposed to B. macacae can develop an
infection [22]. Replication-competent virions of B. macacae were found as contamination in an
experimental vaccine against Human orthopneumovirus (synonym: Human respiratory syn-
cytial virus (RSV)). After intranasal inoculation, 60% of study participants developed neutral-
ising antibodies at a low titre. Eight subjects had received replication-competent B. macacae
virions. Seven to eleven days after inoculation, small amounts of B. macacae virions were ob-
tained from throat swabs of several individuals. In the months following inoculation, they
showed no signs of disease.

There is also evidence that humans can become infected through direct contact with infected
monkeys. Engels et al. [15] reported in 2004 on an increased seroprevalence of virus-specific
antibodies against B. macacae in zoo workers with occupational exposure to non-human prim-
ates. Seropositivity to B. macacae was higher in the group of zoo workers with frequent, pro-
longed exposure (animal keepers, veterinarians, laboratory technicians) than in the group of
zoo workers without such exposure (23% versus 10%). In general, however, antibody titres
were very low compared with the titres found in zoo workers against BK virus and JC virus. The
data were adjusted for false-positive seroreactivity against B. macacae, which proved to result
from cross-reactivity against BK virus and JC virus. The prevalence of neutralising antibodies
against the capsid proteins increased with increasing length of service. However, it could not
be clearly established what exactly caused the specific human seroreactivity to B. macacae.

For a long time, it was suspected that people worldwide may have been infected with B.
macacae between 1955 and 1963 through contamination in viral vaccines (polio vaccine, ad-
enovirus vaccine) and would develop various tumour diseases due to its neoplastic transform-
ing potential. In the 1990s, several researchers detected viral DNA from B. macacae in biopsy
samples from patients with certain types of cancer, such as mesothelioma, osteosarcoma and
non-Hodgkin's lymphoma, using PCR and DNA sequencing (including the sequence of the T-
Ag, sequences of regulatory elements and the sequence of VP1) [23-25] — regardless of
whether they had received contaminated vaccinations or not. However, other researchers were
unable to detect viral DNA from B. macacae in these human tumours [26]. To date, no causal
link between infection with B. macacae and the development of cancer in humans has been



established [27-29, 16]. Several long-term follow-up studies have also failed to find an in-
creased risk of cancer in recipients of SV40-contaminated polio vaccines [30].

The seroprevalence of B. macacae in the general US and European population is estimated to
be at 5-10%. The actual prevalence of B. macacae in the human population and its transmis-
sion routes are unknown [15, 16]. It is likely that the low antibody titres against B. macacae fre-
quently detected in seropositive individuals were not caused by contact with contaminated vac-
cines, but by cross-reactivity with the widespread, closely related human polyomaviruses BK
virus and JC virus [31]. There is currently no evidence of human-to-human transmission [27].

Recommendation

According to § 5 paragraph 1 GenTSV in conjunction with the criteria in Annex 1 GenTSV,
Betapolyomavirus macacae is assigned to risk group 2 as donor and recipient organism for
genetic engineering operations.

Reason

B. macacae has a broad host range and can infect humans in addition to macaques, such as
rhesus macaques and cynomolgus macaques. Infections in the natural host typically proceed
without clinical symptoms, but in rare cases, severe courses can occur. Infections in humans
have so far been described to be asymptomatic. In addition, long-term follow-up studies have
not yet established a causal link between infection of humans with B. macacae and cancer.
Nevertheless, a low human pathogenic potential cannot be ruled out.
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