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Summary
Orthopoxviruses from different zoo-kept mammalian species including
Elephas mazximus (8 isolates), Ceratotherium simum (1 isolate), and Okapia
joknstoni (2 isolates) were characberized by restriction enzyme analysis of

the viral genome. The four enzymes Bam HI, Mlul, Neol, and Sall were
found to be optimal for strain differentiation.

*

The identification and classification of orthopoxviruses has been tra-
ditionally based on correlating the virus to the host animal from which it
had been recovered and on the determination of biological properties like
pox morphology, host range of virus, serological and cross protection
relationships and finally on a specific ceiling temperature for virus growth
(15, 18).

More than 19 outbreaks of pox disease in zoo-kept mammals had been
observed in Europe between 1960 and 1984. At least 18 were located within
a circle of about 1070 km in diameter. The isolated virus strains showed
some similarities in their biological properties. For instance all elephant
and rhinocerog isolates produce large inclusion bodies of type A V-~ in cells
of the chorioallantoic membrane and characteristic skin lesions in laboratory
mice (20, 21). Since they resemble cowpox virus in some of their biological
properties they were incorporated into a group called cowpoxlike viruses



136 J. P1raski ef al.: Elephant, Rhinoceros, and Okapi by Restriction Enzymes

by Baxmy and Grasoost (4). For differentiation of these orthopoxviruses
polypeptide analysis had been employed by Turwer and Baxsy (27).
However, orthopoxviruses exhibit extensive serologic cross-reactivity and
DNA sequence homology of their genomes (2, 3, 5, 6, 12, 17, 28). Analysis
of the viral genome using restriction endonucleases is a more precise approach
for characterization and provides more definitely the identification of these
viruses than phenotypical characterization or polypeptide analysis. It could
be shown in aprevious study that cowpoxlike virus strains can be differ-
entiated like other orthopoxviruses by their DNA cleavage patterns using
the enzymes Xhol, EcoRI, and HindIII (19, 20).

Recently Esposito and Knight reported about a comparison of restriction
profiles of 38 orthopoxvirus DNAs including variola, monkeypox, vaccinia,
ectromelia, Tatera, raccoon, cowpox and camelpox viruses (7). Here we
report on the genomic characterization of some orthopoxvirus strains
isolated from zookept mammals like elephant, rhinoceros, and okapi.

The history of the viruses used in this study is surmmarized in Table 1,
which contains a description of individual isolates. These isolates were

Table 1. Origin and history of orthopoxvirus strains analyzed by wviral DNA

Outbreak Origin of virus strain and
Virus Species Locality Year (reference)
EP-1 Augsburg 1971 Mawmner, Munich (8, 16)
EP-2 Ansbach 1975 Mauwern, Munich (9)
EP-3 Frankfurt 1977 Maunern, Munich
EP-4 Asian Hannover 1980 MamNEL, Munich (22)
EP-5 elephant Vienna 1974 Xusin, Vienna (10)
EP-6 Amsterdam 1973 Hmxxer, Utrecht (22)
EP-7 Amsterdam 1973 Hexkxer, Utrecht (22)
EP-8 Hamburg 1984 Pivnaski, Diisseldorf (23)
OP-1 . Rotterdam 1968 Hzxxrrr, Utrecht (29)
OoP-2 } Okapi Copenhagen 1963 FreuxpT, Aarhus (1}
RP White Miinster 1977 Prvraski, Disseldorf (26)
RP-1 Rhinoceros
Cowpox Cow Baxpy, Liverpool
“Brighton™
Catpox Anteater, cat Moscow 1973 MARENNIEOVA, Moscow (13, 14)
Rabbitpox Rabbit Hexxer, Utrecht
BP-1 Buffalo Baxmsy, Liverpool
Ectromelia Mouse Man~NeL, Munich
CcP-1 Camel Ramvar, Teheran (24)
Vaceinia HerxEer, Utrecht (2)

“Rlstree”
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grown on 12-day-old chick embryo chorioaliantoic membranes (CaMs).
For 32P labeling of viral genomes the individual isolates were grown once
on monkey kidney cells (RC-37), which were grown and propagated as
described previously (25). The viral DNA was labeled with 32P orthophosphate
(carrier-free, in HCl-free aqueous solution, New England Nuclear) in wvivo
and analyzed as described by Loxnsparz (11).

In order to identify and characterize the different isolates of orthopox-
virus species including clinical isolates of eight elephants (EP), one rhinoceros
(RP), and two okapis (OP) 32P labeled DNAs of individual isolates were
cleaved with restriction endonucleases and the resulting DNA fragments
were separated electrophoretically on agarose slab gels. The DNA profiles
of these isolates were compared with the DNA cleavage patterns of other
orthopoxviruses including vaccinia (Elstree), cowpox, buffalo pox, camel
pox, rabbit pox, cat pox, and ectromelia, which were analyzed under the
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Fig. 1. Autoradiograms of 32P labeled DNAs of poxviruses isolated from elephants
(EP-1, -2, -3, and -5), rhinoceros (RP-1), okapi (OP-2), camel (CP-1) and buffalo
{(BP-1) in comparison to the DNAs of vaccinia, cowpox, rabbitpox, catpox, and
ectromslia. The DNAs were cleaved with restriction endonucleases BamHI (4),
Mlul (Bj, Ncol (€}, and Ball (D). The enzymes were purchased from Biolabs
(Beverly, Mass.), BRL (Neu-Isenburg, Federal Republic of Germany), or Boehringer
(Mannheim, Federal Republic of Germany). Incubations were carried out according
to a standard procedure for each enzyme. The resulting DNA fragments were separated
on 0.8 per cent agarose slab gels (Seakem, Biomedical, Rockland, Me.). Electrophoresis
was performed at 4° C in vertical gels (35 or 40 by 20 by 0.3 cm) which were subsequently
dried for autoradiography. The autoradiograms were exposed to X-ray films (KODAK
XAR-5). Arrows (A, B, and C) of Fig. 1 A, as well as arrows and boxes with a star of
Fig. 1B and 1C mark the DNA fragmentation patterns andjor the DNA fragments,
which are common in the virus strains tested

Fig. 1D
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same conditions. The results of this analysis are given in Fig. 1A to D,
Among the restriction enzymes tested (BamHI, Clal, EcoRI1, HindIII,
Hpal, Bglll, Mlul, Neol, Pstl, Sall, Smal, Xbal, and Xhol) it was found
that the restriction endonucleases Mlul (A/CGCGT) (Fig. 1B), Neol (C/
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Fig. 2. Autoradiogram of 32P labeled DNAs of elephant poxvirus (EP-3) and rhinoceros

poxvirus (RP-1) after cleavage with restriction enzymes BamHI, Mlul, Neol, and

Sal1.32P labeled phage lambda DNA. cleaved with restriction enzymes HindITI, EcoR1,
and MlIuT served as molecular weight marker

CATGG) (Fig. 10), and Sall (G/TCGAC) (Fig. 1D) are the enzymes of
choice for differentiating these isolates from each other. In contrast, the
restriction endonuclease BamHI (G/CATCC) (Fig. 1A) gave characteristic
fragmentation patterns (arrows A, B, and C, Fig. 1A) which confirm the
evolutionary relationship and conserved region known for orthopoxviruses
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(7). Comparative analysis of DNA cleavage patterns of individual isolates
obtained by restriction endonucleases Mlul (Fig. 1B) and Neol (Fig. 1C)
revealed that some of the DNA fragmentation patterns (marked with arrows
or boxes) are similar between the different virus strains tested. It is of
interest that the three DNA fragments of high molecular weight (11 to
27 kbp, Fig. 2), marked with small arrows in Fig. 1C are present in the
NecoI DNA cleavage patterns of all isolates.

For demonstrating the size of individual DNA fragments obtained after
cleavage of the viral genome with these enzymes gel electrophoresis was
performed in which the phage lambda DNA cleaved with restriction
endonucleases HindITI, EcoRI, and Mlul served as molecular weight
marker. Fig. 2 shows examples of this study for rhinoceros poxvirus (RP-1)
and elephant virus (EP-3).

Acknowledgements

We are grateful to Professor H.-W. Schlipkéter for his generous support and to
Dr. R. M. Fliigel for his critical comments and very useful discussion.

References

1. Basse, A., FreunDT, E. A., HaxseN, F.: Ein Pockenausbruch bei Okapis im
Kopenhagener Zoo. Verhandlungsber. Erkrankg. Zootiere 6, 55—62 (1964).

2. Baxsy, D.: Identification and interrelationships of the variola/vaccinia subgroup
of poxviruses. Progr. Med. Virol. 19, 215—246 (1975).

3. Baxsy, D.: Poxvirus hosts and reservoirs. Arch. Virol. 55, 169—179 (1977).

4. Baxsy, D., GEABOOSI, B.: Laboratory characteristics of poxviruses isolated from
captive elephants in Germany. J. gen. Virol. 37, 407—414 (1977).

5. Esposiro, J.d., Os13EsKrI, J. F., Naxawo, J. H.: Serological relatedness of monkey-
pox, variola, and vaccinia viruses. J. Med. Virol. 1, 35—47 (1977).

6. EsposiTo, J. J., OB13ESK1, J. F., Naxawo, J. H.: Orthopoxvirus DNA: strain
differentiation by electrophoresis of restriction endonuclease fragmented virion
DNA.. Virology 89, 53—66 (1978).

7. Esrostro, J. J., KNtamr, J. C.: Orthopoxvirus DNA: a comparison of restriction
profiles and maps. Virology 148, 230—251 (1985).

8. Gemring, H., Man~NeL, H., Maver, H.: Elefantenpocken. Zbl. Vet. Med. B 19,
258—261 (1972).

9. Gemring, H., MavERr, H.: Beitrag zur Diagnostik und Bekémpfung der Pocken-
infektion bei Elsfanten. Prakt. Tierarzt 59, 106-—109 (1978).

10. Kusin, G., KorLer, O., Gersrr, F.: Charakterisierung eines vom Xlefanten
isolierten Pockenvirusstammes. Wien. Tierarztl. Mschr. 62, 271—276 (1975).

11. Lonspare, D. M.: A rapid technique for distinguishing herpes simplex type 1
from type 2 by restriction enzyme technology. Lancet i, 849—851 (1979).

12. MacgErT, M., ARCHARD, L. C.: Conservation and variation in orthopoxvirus
genome structure. J. gen. Virol. 45, 683—701 (1979).

13. MarENNIROVA, S. 8., Marrseva, N. N., Koryverva, V. 1., Gapanina, N. M.:
Outbreak of pox disease among Carnivora (Felidae) and Edentata. J. Inf. Dis. 135,
358366 (1977).



142 J. Prnaskz et al.: Elephant, Rhinoceros, and Okapi by Restriction Enzymes

14.

15.

186.

117.

18.

19.

20,

21.

22.

23.

25.

26.

217.

28.

29.

MareENNIKOVA, S. S., Lapyyi, 1. D, OcoropNigova, 1. 1., SurroxaiNa, E, M.,
MaxrTsEva, N, N.: Identification and study of a poxvirus isolated. from wild rodents
in Turkmenia. Arch. Virol. 56, 7—14 (1978).

MarTaEWws, R. E. F.: Clagsification and nomenclature of viruses. Intervirology 17,
42—46 (1982).

Maver, H., Gesrivg, H., Mar~eL, H.: Elefantenpocken in einem Wanderzirkus.
Verhandlungsber. Erkrankg. Zootiere 14, 211-—216 (1972).

Moss, B.: Poxviruses. In: Navax, D. P. (ed.), The Molecular Biology of Animal
Viruses, 849—890. New York: Dekker 1978,

Naxaro, J. H.: Human poxvirus diseases. In: LenNerTE, E. H. (ed.), Laboratory
Diagnosis of Viral Infections, 401—424. New York: Dekker 1985.

Pruaskr, J., ScHauLEr, K., OuBERDING, P., Fizke, H.: Characterization of a
poxvirus isolated from White Rhinoceros (Ceratotherium s. simmum). Abstr. Papers
Pres. 38th Meet. Deutsche Gesellsch. Hygiene Mikrobiologie, Virology Section,
Gottingen, 5.—8. October 1981, Zbl. Bakt. I. Orig. A 251, 441 (1982a).

Piraski, J., ScuarlleRr, K., MATERN, B., KLérrEL, G., MAYvER, H.: Outbreaks of
pox among elephants and rhinoceroses. Verhandlungsber. Erkrankg. Zootiere 24,
257-—265 (1982b).

Prrasyr, J.: Cowpoxlike virus infections in zoo-captures animals. Proc. Intern.
Congr. Infect. Diseases, Vienna, 23.—24. August 1983, 176—184 (1983 a).
Prraski, J., Boscu, B., Marscuarr, H.-J., Frey, H.-R., Lizss, B., MAaver, H.:
Ein Beitrag zu weiteren Pockenausbriichen bei Elefanten (Elephas maximus) in
Europa mit methodischen Hinweisen fir die Diagnostik. Verhandlungsber. Er-
krankg. Zootiere 25, 249254 (1983b).

Prraskr, J., MacunNa, E., HAGENBECEK, C.: Pocken bei Asiatischen Elefanten im
Tierpark Carl Hagenbeck, Hamburg. Verhandlungsber. Erkrankg. Zootiere 27,
437—447 (1985).

. Ramvar, H., Hessamz, M. : Isolation, cultivation and characterization of camelpox

virus. Zbl. Vet. Med. B 19, 182—189 (1972},

Rosexn, A., GerpeErBLoM, H., Daral, G.: Transduction of virulence in herpes
simplex virus type 1 from a pathogenic to an apathogenic strain by a cloned viral
DNA fragment. Med. Microbiol. Immunol. 173, 257—278 (1985).

Scuarier, K., Pruaski, J.: Pocken bei Breitmaulnashdrnern (Ceratotherium s.
simum) im Zoologischen Garten Muinster. D. Zool. Garten (NF) 49, 169—184
(1979).

Turner, A., Baxey, D.: Structural polypeptides of orthopoxviruses: Their
distribution in various members and loeation within the virion. J. gen. Virol. 45,
537—545 (1979).

Woobproorr, (. M., FexNER, F.: Serological relationships within the poxvirus
group: an antigen common to all members of the group. Virology 16, 334—341
(1962).

Zwarr, P., GispEN, R., PETERS, J. C.: Cowpox in Okapis (Okapia johnstoni} at
Rotterdam Zoo. Br. vet. J. 127, 20--23 (1971).

Authors’ address: Prof. Dr. G. Darar, Institut fiir Medizinische Virologie der

Universitidt Heidelberg, Im Neuenheimer Feld 324, D-6900 Heidelberg, Federal
Republic of Germany.

Received June 7, 1985



