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Laboratory investigation of two "whitepox" viruses
and comparison with two variola strains from
southern India

K. R. DUMBELL1 & J. G. KAPSENBERG2

Two variola-like viruses were isolated in Bilthoven in 1964from monkey kidney tissue
cultures. These viruses, coded 64/7255 and 64/7275, have been considered as two ofthe six
"whitepox" viruses isolatedfrom animal tissues, all of which are indistinguishable from
variola virus by laboratory tests.

Two specimensfrom suspect smallpox cases in India were examined in the Bilthoven
laboratory at about thesame time as the "whitepox" viruses and two strains ofvariola virus
were isolatedfrom them. A detailed comparison ofcertain biological markers ofthesefour
viruses, and of their DNAs, shows that the two "whitepox" viruses could not be distin-
guishedfrom each other orfrom one of the two variola isolates. In view of this, and since
there was a possibility of cross-contamination at the time of isolation, it is concluded that
64/7255 and 64/7275 must be regardedasgenuine variola viruses andbe deletedfrom the list
of variola-like viruses isolatedfrom animal tissues.

The smallpox eradication campaign would not
have been undertaken, had there not been good epi-
demiological evidence that there was no non-human
reservoir of the virus. Some doubt has arisen in recent
years, because six viruses reported as having been iso-
lated from animal tissues have all the laboratory
properties associated with variola viruses. These six
viruses have, collectively, been referred to as the
"whitepox" viruses and the evidence relating to them
has been summarized by Arita (2).
Two of the six viruses were isolated at the Rijks-

instituut voor de Volksgezondheid, Bilthoven, in
October 1964. They differed from two variola viruses
isolated in the same institute in 1951 and 1953 only by
a tendency to cause a non-transmissible haemor-
rhagic-necrotic reaction in the skin of a proportion of
rabbits inoculated (11). Studies were undertaken to
compare these "whitepox" viruses with two other
strains of variola virus that were isolated in the same
laboratory in September and October 1964.

All the so-called "whitepox" viruses were isolated
in laboratories that also handled variola viruses and
thus the possibility of laboratory contamination,
however unlikely, cannot be rigorously excluded (14).
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Only two variola virus strains were isolated in Bilt-
hoven in 1964, and it thus seemed that a detailed
comparison of these with the two "whitepox" isolates
might shed further light on their identity.

Within the general criteria for identifying a variola
virus it has been found that different isolates may
vary in minor biological characteristics (4, 7), and
Dumbell (5) was able to identify the source of the
outbreak in London in 1973 by comparing the variola
virus strain isolated with three candidate strains from
the laboratory (one variola and two "whitepox").
Variola strains have also been compared by contrast-
ing the distribution of fragment sizes when virion
DNA was cleaved with various restriction endo-
nucleases (8). Biological marker tests and DNA ana-
lysis were both used in the present study.

MATERIALS AND METHODS

Virmses
"Whitepox" viruses 64/7255 and 64/7275 were

isolated in the Rijksinstituut voor de Volks-
gezondheid, Bilthoven, in 1964 from monkey-kidney
cell cultures in use in the virus diagnostic
laboratory.

Variola viruses 64/7124 and 64/7125 were isolated
in the same laboratory in Bilthoven in 1964 from
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specimens taken from suspect smallpox cases in
Vellore, India. The Harvey strain, which is the
accepted international reference strain for variola
major virus (9), was isolated at Liverpool in 1944
from a contact of a soldier who was probably infected
while in transit through Gibraltar (12). Other strains
of variola will be described briefly in the text.

Biological marker tests

(a) Variola. viruses have been classified into three
groups (7) according to the amount of haemadsorp-
tion obtained when human embryonic cell cultures
are infected at high multiplicity and incubated at
40 'C. Group A strains produce confluent haemad-
sorption; group B strains show haemadsorption foci
in every microscopic field, but the majority of cells do
not. show haemadsorption; group C strains do not
show any haemadsorption in most microscopic
fields.

(b) Variola virus can be adapted to grow in cultures
of rabbit cells (3) and even in the skin of rabbits (6)
but when egg-grown stocks of variola virus are inocu-
lated for the first time onto RK 13 cell cultures, small
hyperplastic foci are produced which subsequently
regress, with restoration of the continuity of the
underlying cell sheet. This distinguishes variola virus
from the white pock variants of monkeypox virus
(10). Subsequently, Huq & Dumbell (unpublished
data, 1971) found that in RK 13 cells which had been
adapted to growth in medium supplemented with
rabbit serum instead of the usual calf serum some
variola virus strains produced only hyperplastic foci
that regressed. Other strains of variola virus produced
a progressive cytopathic effect, even on the first
passage, which led to disintegration of the cell sheet
and the production of haemagglutinin. This method
has been used in the intra-species typing of variola
virus strains (5) and has again proved useful in the
work reported here.

Preparation and analysis ofDNA

Viruses were grown on the chorioallantoic
membrane (CAM) of 12-day-old chick embryos using
the minimum amount of inoculum that would pro-
duce confluent lesions. Membranes were harvested
64 - 72 h after inoculation and were extracted twice
by vigorous shaking with sterile glass beads and an
equal volume of Mcllvaines buffer (4 mmol/litre,
pH 7.4) and a quarter volume of cold arcton.' The
extracts were clarified by centrifugation at 3000 g and
the virus was deposited from the pooled supernatants
by centrifugation for 45 min at 30 000 g. Pellets were
resuspended in TE buffer (1 mmol/litre Tris,

a Arklone 113: obtained from ICI Ltd, Mond Division, North-
wich, Cheshire, England.

1 mmol/litre EDTA, pH 9.0) and centrifuged
through a composite dextran and sucrose gradient as
described by Esposito et al. (8). The deposit from this
was resuspended in a minimum volume of TE buffer
and DNA was extracted as described by Mackett &
Archard (13). Esposito et al. (8) reported that the
Sal I patterns of isolates 64/7275 and 64/7255 could
be distinguished from those of five strains of variola
virus and from those of two other "whitepox"
viruses, and only the experiments with this restriction
endonuclease are reported here. Samples of DNA
were fully digested under the appropriate conditions,
and profiles of the resulting distribution of fragment
sizes were obtained by electrophoresis on agarose
gels, as described by Archard & Mackett (1). Electro-
phoresis was performed in 0.7% agarose gel slabs run
for 18 h at 2 V/cm. The gel was stained with ethidium
bromide, illuminated with long-wave ultraviolet
light, and photographed on FP 4 film, using a red
filter.

RESULTS

Biological markers

The results of the two biological marker tests are
shown in Table 1. It will be seen that both markers dis-
tinguished the four Bilthoven isolates from the
classical variola major viruses (represented by the
Harvey & Bombay strains), and from two other
"whitepox" viruses isolated in another laboratory.
All four of the Bilthoven isolates produced a progres-
sive cytopathic effect when virus grown on CAM was
inoculated onto RK 13 cells at a multiplicity of about
0.05. One of three other variola isolates from

Table 1.- Results of two biological tests on selected
variola and "whitepox" viruses

Haemadsorption group Cytopathic
Virus in MRC 5 cells effect in

at 40 OC RK 13 cells

Variola Harvey A self-limiting
Bombay A self-limiting
Madras: Su B self-limiting
Madras: Na B self-limiting
Madras: Sh A progressive

Variola Vellore 64/7125 A progressive
Vellore 64/7124 B progressive

"Whitepox" 64/7255 B progressive
64/7275 B progressive

"Whitepox" Chimp 9 A self-limiting
MK 7 A self-limiting
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Fig. 1. Relative mobility of digestion products of virion DNA,
following digestion with restrictior. endonuclease Sal 1. Column
75-whitepox 64/7275; 55-whitepox 64/7255; 25-variola
64/7125; 24-variola 64/7124; Har-variola Harvey.
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southern India also showed this effect, which had pre-
viously been seen only with some variola strains from
southern Africa (Dumbell, unpublished obser-
vations, 1975). The ability of the Bilthoven isolates to
grow in RK 13 cells to a greater extent than the Harvey
variola major strain may be related to the ability of
64/7255 and 64/7275 to produce a haemorrhagic-
necrotic reaction in the skin of some rabbits (11). The
variola isolates 64/7124 and 64/7125 and the isolates
from southern Africa referred to above, have not
been tested by inoculation into rabbits.
The Bilthoven isolates, with the exception of

64/7125, were classified as group B by the haemad-
sorption test. Thus the biological markers that distin-
guish two well studied strains of variola major virus
from the "whitepox" viruses 64/7255 and 64/7275,
failed to distinguish the latter from one of the two
Vellore variola isolates.

DNA analysis

The relative mobilities of the digestion products of
virion DNA, following digestion with restriction
endonuclease Sal I, are shown in Fig. 1. It will be seen
that the K fragments of all four of the Bilthoven iso-
lates migrate at the same velocity and are thus of the
same size. However, they are smaller than the K frag-
ment of the Harvey strain. In addition to the size
difference of the K fragment, an extra band, N,
appears in all four Bilthoven isolates but not in
Harvey.
The smaller Sal I K fragment does not appear to be

a common feature in variola isolates. Esposito et al.
(8) reported that this feature distinguished the DNAs
of 64/7255 and 64/7275 from those of five strains of
variola (including Harvey) and from the two "white-

pox" isolates Chimp 9 and MK 7. Esposito (personal
communication, 1980) reports the presence of the
larger K in four further variola isolates, one from
Bangladesh and three from Africa. We have exam-
ined eight additional variola strains, three from
Madras City and Tamil Nadu State, three other Asian
strains (one each from Bangladesh, India, and Paki-
stan), and two African strains; seven of these eight
isolates had the larger size K. The smaller K fragment
thus appears in all four of the Bilthoven strains and in
only one of seventeen other variola strains and in
neither of two other "whitepox" isolates. This
suggests that the four Bilthoven strains are related by
more than a coincidence of time and place of
isolation.

Further examination of Fig. 1 shows that the N
fragments of the Bilthoven isolates do not all have the
same migration velocity. That of 64/7125 is slightly
smaller than the other three and migrates more
rapidly. The results from the Sal I digestions therefore
show that the two variola isolates from the Vellore
specimens are closely related but not identical and
that one of them (64/7124) was indistinguishable
from the "whitepox" isolates 64/7255 and 64/7275.
Thus evidence from the DNA analysis and the bio-

logical marker tests taken together indicates the iden-
tity of the two "whitepox" isolates with the variola
isolate 64/7124. Consideration will now be given to
the circumstances under which 64/7255 and 64/7275
were isolated.

Isolation of the two "whitepox" viruses 64/7255 and
64/7275

Two specimens (64/7124 and 64/7125) from
suspect cases of smallpox were sent from Vellore,

Table 2. Details of cytopathic effecta of, and manipulationsb carried out with, eight inoculated cultures in the
diagnostic laboratory, Bilthoven, 1964

Batch of Virus Date in October 1964
monkey kidney strain

cells inoculated 1 5 8 10 12 13 14

23 Sept. 7124c In 0 (C) 0 (C) 0 (C) 0
23 Sept. 7124c In 0 (C) 0 (C) 0 (C) 0
23 Sept. 7124c In 0(C) 0(C) 1 (C) 3(H)
23 Sept. 7124c In 0 (C) 0 (C) 1 -2 (C) 4 (H)

23 Sept. 7275 In 0 (C) 0 (C) 0 (C) 0 (C) 1 2
23 Sept. 7275 In 0 (C) 0 (C) 0 (C) 0 (C) 1 2-3 (H)

30 Sept. 7255 In 0 (C) 0 (C) 0 (C) 0 (H)
30 Sept. 7255 In 0 (C) 0 (C) 0 (C) 3 (H)

a Cytopathic effect: 0 = none; 1 = 20%; 2 = 50%; 3 = 70%; 4 = 100%.
b In = inoculation; (C) = medium changed; (H) = harvested.
c Filtrate from first passage.
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India, and were inoculated on CAM to test for variola
virus. On 22 September 1964 they were also inocu-
lated onto cultures of primary monkey kidney cells
and cultures of a human embryonic lung fibroblast
cell line to test for varicella virus. Specimen 64/7125
produced a cytopathic effect after three days (25
September) and cultures were frozen for further
passage and study. Cultures inoculated with specimen
64/7124 were found to be contaminated with yeasts
after one day, so material from them was filtered
and inoculated again onto monkey kidney cells on
1 October. On 1 and 5 October monkey kidney cells
were also inoculated with two specimens of faeces
from Holland (64/7275, 64/7255) from patients with
pharyngitis. The timetable of inoculation and
manipulation of these cultures is shown in Table 2.
The positive cultures harvested all yielded a pox-

virus. It is also to be noted that inoculation of
specimens 64/7255 and 64/7275 into HeLa cells and
KB cells was negative, and that no orthopoxvirus was
isolated from any other tube or flask of inoculated or
uninoculated MK cells of batches prepared on 23
September and 30 September.
The inoculum from the 1st passage of 64/7124 must

have contained little virus, as only two tubes out of
four developed a cytopathic effect and this took ten
days to appear. Although cross-contamination might
have occurred during the manipulations on the 5, 8,
or 10 October, the results in the table suggest that it
most probably occurred on 10 October, when a cyto-
pathic effect was already evident with 64/7124, and
four days before it was seen in the tubes inoculated
with specimens 64/7255 and 64/7275. In further

studies of these two specimens during October and
November, poxvirus was not reisolated at any time,
but an enterovirus was isolated from 64/7255 and
identified as echovirus type 4.

DISCUSSION

Every experienced virologist knows that meticulous
adherence to a few commonsense precautions reduces
the problem of contamination to a negligible level in a
diagnostic laboratory. Nevertheless, occasional cross-
contamination may occur in a busy laboratory, and
the interpretation of unusual or unexpected results
must always bear this possibility in mind.
The evidence presented here of the circumstances

under which the two "whitepox" viruses 64/7255 and
64/7275 were isolated suggests that cross-contami-
nation may have occurred. The detailed analysis of
the DNAs and the biological markers of these two
viruses provides evidence that 64/7255 and 64/7275
are identical with each other and with the variola
strain isolated from specimen 64/7124. This evidence
does not represent formal proof, but in our opinion it
establishes beyond any reasonable doubt that
64/7255 and 64/7275 were isolated as a result of cross-
contamination from cultures inoculated with the
variola virus from the Vellore specimen 64/7124. We
conclude that the two viruses 64/7255 and 64/7275
should no longer be regarded as "whitepox"
viruses.

RESUME

COMPARAISON AU LABORATOIRE DE DEUX VIRUS <<WHITEPOX))
AVEC DES SOUCHES VARIOLIQUES DU SUD DE L'INDE

La campagne d'6radication de la variole n'aurait pas ete
entreprise s'il n'y avait pas eu de solides arguments 6pid6-
miologiques permettant de croire a l'absence d'un r6servoir
non humain du virus variolique. Six virus, appeles virus
<whitepox>, isoles a partir de tissus animaux pr6sentent
dans les 6preuves de laboratoire toutes les caract6ristiques
du virus de la variole. Deux de ces virus <whitepox>
(64/7255 et 64/7275) ont ete isoles a Bilthoven en 1964 a
partir de cultures de tissu renal de singe.
Deux 6chantillons provenant de cas suspects de variole

d6tectes a Vellore (Inde) ont et6 examin6s au laboratoire de
Bilthoven a peu pres a la meame 6poque et deux souches de
virus variolique ont et6 isol&es de ces 6chantillons indiens.
Les auteurs du pr6sent article ont compar6 les isolements
owhitepoxo et les isolements varioliques indiens entre eux
et avec plusieurs autres souches de virus variolique.
Deux marqueurs biologiques (groupe en hemadsorption et
effet cytopathogene sur des cellules RK13) ont permis de

distinguer deux des souches bien connues du virus de la
variole majeure des souches <whitepox>> mais non de diff6-
rencier ces dernieres de l'une des souches indiennes
(64/7124). L'analyse de l'ADN au moyen de l'enzyme de
restriction Sal I a montr6 que la migration des fragments
d'ADN ainsi obtenus etait identique pour les souches
<whitepox> de Bilthoven et la souche variolique 64/7124.

Ainsi, les r6sultats obtenus au moyen de l'analyse de
l'ADN et des marqueurs biologiques montrent que les deux
isolements <whitepox> sont identiques entre eux et a la
souche 64/7124 de Vellore. Les circonstances dans lesquelles
ces virus ont et isol6s donnent a penser que les virus <white-
pox)) resultent peut-etre d'une contamination croisee avec
cette souche particuliere de virus variolique.
En conclusion, les souches 64/7255 et 64/7275 doivent

etre consid6r6es comme des virus varioliques authentiques et
ray6es de la liste des virus analogues au virus variolique
isol6s de tissus animaux.
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