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Differential diagnosis of variola viruses by microfocus assay
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Abstract

Variola virus was identified by means of a method
involving the formation of microfoci on microplate
cultures of HeLa cells. It was possible to distinguish
between variola major and variola minor viruses
within 48 h of receipt of the specimens by determining
the temperature sensitivity offocus formation.

A rapid method for the diagnosis of smallpox
in the laboratory is required in countries where
the disease is not endemic in order to determine the
immediate public health action to be taken. The
current routine laboratory diagnostic procedures for
differentiating variola virus from other poxviruses
by pock morphology on chorioallantoic membranes
(CAM) and for differentiating between variola major
and minor viruses by the ceiling temperatures of
pock formation (Dumbell et al., 1961; Dumbell,
1968) have several limitations. First, the techniques
require a readily available supply of fertile egss of
the correct incubation age (11-13 days) and a large
amount of incubator space at temperatures differing
by as little as 0.2°C. Secondly, pock morphology
cannot be used as an absolute criterion in view of
the fact that monkeypox virus forms pocks apparent-
ly indistinguishable from those produced by variola
viruses (Lourie et al., 1972). In vitro detection and
quantification of variola virus by " hyperplastic"
focus formation in human cell cultures has been
reported (Pirsch & Purlson, 1962; Kitamura, 1968)
and the technique has been applied successfully to
the quantitative neutralization test with poxvirus
antibodies (Kitamura & Shinjo, 1972). The procedure
has been modified so that it can be carried out in the
flat-bottomed wells of plastic Microtiter plates.3 One
such plate with 96 wells of 6 mm diameter each
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containing 0.1 ml of the culture medium replaces
the 96 Petri dishes required for the standard proce-
dure (Kitamura & Tanaka, 1973). This communi-
cation reports an application of this microfocus
technique to the detection and differentiation of
variola viruses.
The variola and monkeypox virus strains 4 used

had been passaged 3 or 5 times on CAM after
isolation from human cases, and were used as seed
viruses after 1 CAM passage in our laboratory.
Serial 4-fold dilutions of the seed virus were used.
HeLa cell cultures on microplates were prepared in
triplicate by seeding 0.1 ml of the HeLa cell suspen-
sion, containing 2.0 x 105 cells/ml, into each cell
as described earlier (Kitamura, 1968). The confluent
cell monolayers that had formed 20 h later were
washed with phosphate-buffered saline (PBS) and
each cell was inoculated with 0.1 ml of the appro-
priate dilution of seed virus in maintenance medium.
The plates were sealed with a special nontoxic sealer
(Cooke No. 30A) and placed in water-baths adjusted
to 35.0°C, 38.30C, and 38.5°C accurate to within
0.07°C. The plates were removed from the water-
baths 40-48 h after infection and the cell sheets
were washed with PBS and stained with Wright's
solution at room temperature for 15 min. The focal
lesions were observed under a dissecting microscope
at magnifications between lOx and 16x. Variola
viruses, both major and minor, formed microfoci
of about 0.1 mm diameter as shown in Fig. IA,
whereas vaccinia virus (strains DIE, Ikeda, and
Lister) and monkeypoxvirus (strains Liberia I and
II, Congo 8 Lombe, and Sierra Leone) formed
microplaques of 0.5 mm diameter (Fig. iB).
The temperature sensitivity of focus formation

by variola viruses is summarized in Table 1. At
38.3°C variola major virus formed about 50% of the
foci formed at 35°C, whereas at 38.3°C variola
minor virus formed not more than 5% of the foci
formed at 35°C. At 38.50C, the number of foci
formed by variola major virus was reduced to nearly
20% of the number formed at 35°C. The temperature
sensitivity of the focus formation of the variola
major and minor viruses thus appears to be almost
the same as that of pock formation. The present
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Table 1. Differentiation between variola major and
variola minor viruses by focus counting on Microtiter
plates a

Virus . Number of foci/wellbVirus Straintype 35.0°C 38.3°C 38.5°C

variola Campbell 42.0 (100) 21.5 (51) 5.0 (12)
major

Douglas 47.0 (100) 31.5 (67) 12.0 (26)

Mrs King 35.3 (100) 15.8 (45) 7.0 (20)

Ismat Khan 58.8 (100) 25.3 (43) 8.0 (14)

mean percentage - (52) (18)

variola Pinson 55.0 (100) 2.8 (5.1) 0.5 (0.9)
minor

Winkel 48.3 (100) 1.8 (3.7) 0.5 (1.0)

Brazil-3 43.0 (100) 2.3 (5.3) 0.8 (1.9)

Brazil-7 62.5 (100) 0.5 (0.8) 1.8 (2.9)

mean percentage - (3.7) (1.7)

a Data from a test using a virus dilution that gave isolated foci
at 35.0°C.

b Average of 4 wells. The figures in parentheses show the
number as a percentage of the number at 35.0°C.

procedure was used in Tokyo to examine pus and
smear preparations from a case of smallpox imported
from Bangladesh in March 1973; 50 ,ug of gentami-
cin sulfate (Schafer et al., 1972) was added to each ml
of inoculum. It was possible to detect variola virus
within 20 h and to distinguish between variola major
virus and variola minor virus within 48 h of the
receipt of the clinical specimens.

With the microfocus procedure described above,
it should be possible to complete the whole procedure
of host cell preparation, virus detection and identi-
fication, and differentiation between variola virus
species within 72 h of the receipt of virus material.
This schedule requires only the maintenance of the
HeLa cell line in the laboratory and the availability
ofwater-baths at three different, accurately controlled
temperatures. If the procedure is carried out in
combination with rapid general examinations, such
as electron microscopy and fluorescent antibody
staining, it will furnish an absolute and rapid
diagnostic procedure.
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Fig. 1. Focal lesions of poxviruses on HeLa cell cultures in Microtiter plates.

A. Variola virus microfoci. Variola _s -; -_

minor virus, strain Pinson, was w
inoculated onto the HeLa cell
monolayers in the flat-bottomed
wells of Microtiter plates. Foci
were stained with Wright's solu-
tion 48 h after inoculation. The
wells were 6 mm in diameter.

..........

B. Vaccinia virus microplaques.
Vaccinia virus, strain DIE, was
inoculated and cultures were
stained as described for Fig. 1A.


