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Evaluation of virological laboratory methods
for smallpox diagnosis*
JAMES H. NAKANO'

Between July 1966 and May 1972 the Vesicular Disease Laboratory, Centerfor Disease
Control, Atlanta, Ga., USA, tested specimensfrom 849 suspected smallpox cases by at least
2 methods, electron microscopy and chick embryo chorioallantoic membrane (CAM)
cultures. A smaller number of specimens was tested by each of 4 methods: electron
microscopy, CAM culture, agar gelprecipitation, and tissue culture. For specimens handled
in the field the CAM culture method was less sensitive than electron microscopy because the
adverse conditions often inactivated the virus. CAM cultures were valuable for identifying
members of the poxvirus subgroups, however, particularly when supplemented by tissue
culture. The agar gelprecipitation test was the least sensitive but was of value in confirming
the results of electron microscopy. The latter was highly effective for the diagnosis of
varicella, but dependably identified only about half of the vaccinia infections; for vaccinia,
the CAM technique was essential. The occurrence of human monkeypox cases in West
Africa emphasized that the usual smallpox diagnostic methods were inadequate. More
sophisticated tests, such as the rabbit dermal sensitivity test, are necessary for accurate
diagnosis of these cases as monkeypox.

A number of laboratory methods have been used
in the diagnosis of smallpox infections; these are
summarized by Dumbell (1968) and Downie &
Kempe (1969). Since 1966, the Vesicular Disease
Laboratory of the Center for Disease Control
(CDC), Atlanta, Ga., USA, has made use of most of
these methods, both in its capacity as the reference
laboratory for CDC's Smallpox Eradication Pro-
gram conducted in 20 West African countries and as
a WHO Regional Reference Laboratory for Small-
pox. The diagnostic methods now used in this
laboratory have been chosen because of their proven
reliability and the short time required for perfor-
mance.

This report presents results that demonstrate the
sensitivity of our selected methods. The results also
show that the methods were not always adequate
when unusual events occurred, and emphasize the
need for development of even more precise and
effective techniques.

* From the Vesicular Disease Laboratory, Viral Vaccine
Investigations Section, Virology Branch, Laboratory Divi-
sion, Center for Disease Control, Health Services and Mental
Health Administration, US Department of Health, Educa-
tion, and Welfare, Atlanta, Ga., USA.

1 Chief, Viral Vaccine Investigations Section, and Head of
the WHO International Reference Center for Smallpox.

MATERIALS AND METHODS

Diagnostic specimens
Between July 1966 and May 1972, specimens of

lesion crusts and vesicular fluid were received from
849 persons suspected of having smallpox in the
USA, Africa, Southeast Asia, and the Near East.
These specimens do not include those from 165
persons with Brazilian variola minor already reported
from this laboratory by Noble et al. (1970).

Diagnostic methods
Downie & Kempe (1969) have described the

7 methods that may be used for the virological
diagnosis of smallpox. To identify poxvirus, electron
microscopy, the agar gel precipitation test, stained
smears, and the complement fixation and fluorescent
antibody tests are possible methods. Smallpox can be
identified specifically by culture in chick embryo
chorioallantoic membrane (CAM) and may be
isolated and partially identified by tissue culture (in
primary monkey kidney or embryonic human fibro-
blast).
Of these, the CDC laboratory at present uses

electron microscopy, the gel precipitation test, CAM
culture, and tissue culture. The procedure used for
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electron microscopy has been described by Long
et al. (1970), and the procedures followed for CAM
culture and the gel precipitation test are those of
Downie & Dumbell (1947) and Dumbell & Niza-
muddin (1959) respectively, as applied by Noble
et al. (1970). The tissues used in tissue cultures are

primary Rhesus monkey kidney and embryonic
human fibroblast grown in test tubes; for poxvirus
strain characterization, the VERO line of green
monkey kidney cells is used. These are inoculated
with 0.2 ml of specimens ground or homogenized
with 0.004M of Mcllvaine's buffer containing
penicillin and streptomycin. The remaining 3 meth-
ods mentioned (stained smear examination, com-
plement fixation test, and fluorescent antibody test)
are not used because they do not provide additional
advantages.
The 6 methods used for poxvirus strain character-

ization, which have been described by Lourie et al.
(1972), are as follows: pock morphology on CAM;
tissue culture plaque morphology in the VERO line
of green monkey kidney cells; dermal reaction in
rabbits; ceiling temperature for poxvirus growth on

CAM (Bedson & Dumbell, 1961); chick embryo
lethality (Bauer, 1960; Bedson & Dumbell, 1961);
suckling mice virulence test by intracerebral and
footpad inoculation (Schell, 1960).

RESULTS

Table 1 shows the results of tests carried out at our
laboratory, by 3 combinations of test methods, on

specimens taken from persons suspected of having
smallpox. In the early phase of our work, specimens
were tested by electron microscopy and CAM only;
then a period followed when most specimens were

tested by electron microscopy, CAM, and gel
precipitation. Since July 1971, however, specimens

have been tested by these 3 methods and by tissue
culture. The data in this table show the number of
cases tested, the number and percentage of cases for
which no virus was found by any method, the
number and percentage for which a virus (of one type
or another) was found by one or more methods, the
number and percentage diagnosed as variola, and the
number and percentage diagnosed as herpes-varicella
group infection.

Table 2 shows the relative efficacy of each method.
Results obtained with specimens from 801 cases
studied during the period when electron microscopy,
CAM, and gel precipitation tests were being used
indicate that the proportion of positives (30.0%)
observed with the gel precipitation method was

significantly lower than that observed with either
electron microscopy or CAM. None of the other
differences observed proved to be statistically signifi-
cant, although the proportion of positives observed
by electron microscopy was consistently greater than
for the other 2 methods.

Also shown in Table 2 is the advantage of adding
tissue culture to the group of routine methods. Of the
48 positive cases of variola found when 4 test
methods were used, only 41 were positive by CAM,
but 45 were positive by tissue culture. This may occur

when for some reason the sensitivity of the CAM test
decreases. We noticed that when the tests were

performed, the plaque-forming unit titre of the
house standard smallpox vaccine was about 0.5-1.0
log10 lower than usual. When decreased sensitivity of
CAM is suspected, each specimen with a negative
CAM finding should certainly be cross-checked in
tissue culture. In this series of tests 30 specimens were

found that were positive by electron microscopy for
poxvirus but CAM-negative, and 17 were found that
were negative by electron microscopy but CAM-
positive.

Table 1. Specimens suspected of smallpox tested by three combinations of methods

Number of No virus Virus Variola HiderpeMethods smallpox detected detected identified vaidentiie
suspectsidnfie

EM a + CAM b 849 321 (37.8 %) 528 (62.2 %) 337 (39.7 %) 191 (22.5 %)

EM + CAM + AG c 801 307 (38.3 %) 494 (61.7 %) 303 (37.8 %) 191 (23.8 %)

EM + CAM + AG + TCd 153 72 (47.1 %) 81 (52.9%) 48 (31.4%) 33 (21.6%)

a EM - electron microscopy.
b CAM - chick embryo chorioallantoic membrane.
c AG - agar gel precipitation test.
d TC -tissue culture.
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Table 2. Detection of poxvirus infection by various test methods

No. of Specimens Specimens Specimens Specimens Specimens
Methodsa

specimens positive positive positive positive positive
of by anyrone for poxvirus for poxvirus for poxvirus for poxvirus

smallpox method or more

EM + CAM 849 337 (39.7 %) 320 (37.7 %) b 307 (36.2 %) b -

EM + CAM + AG 801 303 (37.8 %) 286 (35.7 %) c 279 (34.8 %) c 240 (30.0 %) c -

EM + CAM + AG + TC 153 48 (31.4%) 47 (30.7 %) d 41 (26.8 %) d 39 (25.5 %) d 45 (29.4 %) d

£ For explanation of abbreviations, see Table 1.
b No significant difference between methods (by x2 test, P = 0.50, 1 degree of freedom).
c Significant differences among methods (by x2 test, P = 0.03, 2 degrees of freedom).
d No significant difference between methods (by x2 test, P = 0.73, 3 degrees of freedom).

As shown in Table 3, all the positive diagnoses of
varicella and herpes simplex cases were made by
electron microscopy. Thus, for the positive differen-
tiation of varicella from smallpox, this method is
essential. Table 3 also shows that the number of
varicella isolations is very small. Specimens sub-
mitted from these cases generally consisted of dried
lesion scabs and/or vesicular fluid shipped without
refrigeration; such conditions are very detrimental to
the viability of varicella virus.
The effectiveness of the various test methods in the

diagnosis of cases of vaccinial complications differed
considerably. Of the 25 cases positive for vaccinia
virus, CAM detected 100% and electron microscopy
only 13 (52 Y). The gel precipitation test detected
only 3 (12 %); it detected none that was not also
detected by both of the other methods. In other
words, only 12% were detected by all 3 methods.

Credibility of the " negative " results for variola

Table 1, column 3, shows the number of cases and
proportions for which no virus was detected by the

3 combined test methods. The proportions of these
cases-37.8 %, 38.3 %, and 47.1 % respectively-were
sizable, and merit more than a passing acknowledge-
ment because in the final laboratory diagnosis all the
cases concerned were declared negative for smallpox.
But could some of these cases have been smallpox?

This question can be partially answered by the
following data. Of the 83 cases of suspected smallpox
tested in the USA between July 1966 and May 1972,
44 were negative for virus, none were positive for
variola, and 39 were positive for varicella-herpes.
The West African countries had a " twilight " period
in the last few months of 1970 in which no case of
bonafide smallpox was found. Between January 1971
and May 1972, 93 cases of suspected smallpox were

tested, and of these, 54 were negative for virus, none
were positive for variola, and 39 were positive for
varicella-herpes. Because no secondary case of
smallpox erupted in the unprotected contacts of
these 93 " negative " cases, which were under close
surveillance, we can assume that they were correctly
diagnosed as negative for smallpox.

Table 3. Detection of herpes-varicella group infections by electron microscopy and
virus isolation

Total
Method a positive EM CAM AG TC

cases

EM + CAM 191 191 (100%) 0 - -

EM + CAM + AG 191 191 (100%) 0 0

EM + CAM + AG + TC 33 33 (100%) 0 0 4 (12.1 %) b

a For explanation of abbreviations, see Table 1.
b One varicella and 3 herpes simplex infections.
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Table 4. Human monkeypox cases up to May 1972 a

Patient no. Country Age Sex Vacci- Date of onset Basis for judgementnation

1 Liberia 4 F No 13 Sept. 1970 Strain V70-1-187
isolated

2 Liberia 4 M No 12 Sept. 1970 Serological and
epidemiological

evidence

3 Liberia 6 F No 13 Sept. 1970 Serological and
epidemiological

evidence

4 Liberia 9 M No 2 Oct. 1970 Strain V70-1-199
isolated

5 Sierra Leone 24 M No 1 Dec. 1970 Strain V70-1-266
isolated

6 Nigeria 4 F No 9 April 1971 Strain V71-l-82
isolated

7 Ivory Coast 5 ? No 8 Oct. 1971 Serological and
(possible) epidemiological

evidence

a Material from one additional case from Zaire,
by Marennikova and coworkers (1972).

With a sufficient quantity of specimen from a bona
fide smallpox case, it is very likely (45/45 or 100%)
that variola can be detected by at least 2 of the
4 methods. This level of confidence was not reached
for 3 of the 48 cases in Table 2 that were diagnosed as
positive for variola by the 4-test system. In these
3 cases only 1 of the 4 methods detected the virus.
Insufficient amounts of specimen material contri-
buted to the deviation of the test results for the
3 cases. From 2 of the cases only a single small smear
of vesicular fluid was available, and from the other
case only a single swab of vesicular fluid. In such
cases specimen suspensions are diluted excessively to
ensure an adequate volume for testing by a variety of
methods. However, it is imperative that the portion
of a specimen tested by electron microscopy be the
least diluted, which is probably why this method
yielded the only positive results.

In view of the requirement that all 4 tests must give
negative results before a specimen is accepted as
negative, we believe that when adequate specimens
are available a case with a " negative" diagnosis is
most likely not to be a case of smallpox.

Laboratory diagnosis ofhuman monkeypox
As a result of the mass smallpox vaccination

programme carried out by CDC in 20 West African
countries over the past 5 years, no case of bona fide
smallpox has been found in these countries since

with an onset date of 24 August 1970, was tested

May 1970 (Foster et al., 1972). However, between
September 1970 and October 1971, 7 cases of
pustular disease clinically indistinguishable from
smallpox were found in West Africa (Table 4). In
addition, one similar case from Zaire with an onset
date of 24 August 1970 has been described (Ladnyj
et al., 1972; Marennikova et al., 1972). These cases
differed from the usual smallpox cases in that no
secondary cases resulted from human-to-human
contact of unprotected individuals.
The laboratory investigation of the first 6 cases

listed in Table 4 and the characteristics of the
monkeypox strains isolated have been described by
Lourie et al. (1972).

DISCUSSION AND CONCLUSION

An important factor in the laboratory diagnosis of
smallpox is collecting adequate amounts of speci-
mens. The minimum should be 3 large scabs (2-3 mm
in diameter) or 2 capillary tubes of vesicular fluid,
each with 5-10mm of a column of fluid. If either one
or both of these specimens can be tested by the
4 methods (electron microscopy, gel precipitation,
CAM culture, and tissue culture), we feel that
smallpox cases will rarely be misdiagnosed. The
reliability of the series ofmethods decreases when the
amount of specimen collected is inadequate.
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Working with adequate amounts of specimens
increases the likelihood of obtaining accurate posi-
tive diagnoses, and even more significantly, gives us
confidence in our negative results.

Traditionally, CAM culture has been considered
the most sensitive and accurate single test for
laboratory confirmation of smallpox. In our labora-
tory, however, we have found that examination by
electron microscopy gives us the highest percentage
of positive poxvirus identifications. Most of the
specimens received in our laboratory are shipped
from Africa or other distant areas and may have
been repeatedly subjected to adverse conditions
before they reach us. Virus inactivation as a result of
such handling can explian our failure to isolate the
virus in many instances.
Although the agar gel precipitation method is less

sensitive than the other methods, it is simple to
perform and serves well as a confirmatory test for
results by electron microscopy. It is always comfort-
ing to be able to support a negative electron
microscopy result by a negative gel precipitation
result.

Electron microscopy is essential for a positive
varicella diagnosis, but is not always dependable in
detecting a vaccinia infection. With vaccinia infec-
tions, the virus is apparently much less abundant in
the test specimens than is the case with variola or
with varicella, thereby considerably reducing the
likelihood of visualization by electron microscopy.
What can be said about the tester's experience and

reactions? Upon receiving a specimen, a reliable and
experienced tester is needed to judge correctly
whether the quantity is sufficient for the detection of
variola. This judgement is particularly important
when all tests produce negative results, because then
it must be decided whether the tests produced
negative results because the specimen was insufficient
or because it did not contain variola.
When testing by electron microscopy, a tester must

examine a specimen of vesicular fluid or a homoge-

nized scab and make appropriate dilutions to avoid
overloading the grids, thus obscuring good visualiza-
tion of virus particles, or underloading the grids,
which would result in a false negative finding. An
experienced electron microscopist will question a
negative result obtained by grids prepared with
insufficient material.
For testing by agar gel precipitation, a tester

should be careful to place the reagents in the correct
wells and to fill the wells adequately with the reagents
to avoid possible false negatives. The tester must also
recognize a nonspecific precipitation line and be
equally careful not to overlook a faint specific line.

In CAM culture, a tester must not only be
experienced, but also careful and alert, and constantly
expect unusual developments. He must recognize the
nonspecific pocks and differentiate variola pocks
from those of herpes simplex. He must also watch for
pocks such as those of human monkeypox that may
differ only subtly from those of variola.
For tissue culture, a tester requires both a general

knowledge of the normal tissue cultures in use, and
the necessary experience and alertness to recognize
the development of a cytopathogenic effect that
differs slightly from that caused by the usual strains
of viruses.
As many parts of the world approach the goal of

complete eradication of smallpox, complete and
careful laboratory investigation of every suspected
smallpox illness becomes increasingly important.
With the discovery of the cases of human monkey-
pox, it was realized that the laboratory's dependable
routine methods for the diagnosis of smallpox were
not sufficient to define these unusual cases com-
pletely. More sophisticated tests that give more
specific results are required.

It is likely that other outbreaks of smallpox-like
illness due to viruses other than variola have
occurred and will continue to occur. Only through
thorough laboratory testing will the true etiology of
these outbreaks be determined.

RtSUMt

AVALUATION DES MATHODES VIROLOGIQUES DE LABORATOIRE
POUR LE DIAGNOSTIC DE LA VARIOLE

De juillet 1966 a mai 1972, le Vesicular Disease Labora-
tory du Centre de lutte contre les maladies, a Atlanta
(Etats-Unis d'Am6rique), a examine du materiel biolo-
gique prelev6 sur 849 sujets presum6s atteints de variole,

en utilisant au moins deux methodes: la microscopie elec-
tronique et la culture sur la membrane chorio-allantolde
(MCA) de l'embryon de poulet. Un nombre moins 6lev6
de prelevements ont ete etudids par l'ensemble de quatre
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methodes de laboratoire courantes: microscopie electro-
nique, culture sur MCA, precipitation en mileu gelifie
et isolement sur culture tissulaire.
Pour le materiel recueilli sur le terrain, la culture sur

MCA, methode de choix classique pour le diagnostic de
la variole, se revele moins sensible que la microscopie
electronique ai cause des conditions de prelevement defa-
vorables souvent responsables de l'inactivation du virus.
La culture sur MCA permet d'identifier les membres
du sous-groupe des poxvirus, surtout si on l'associe a
l'isolement sur culture de tissu. L'epreuve de precipita-
tion en milieu gelifie, d'execution simple, est la moins
sensible de toutes les methodes mais elle peut Wre utile

pour confirmer les resultats de la microscopie dlectro-
nique.
La microscopie electronique a fait preuve d'une grande

efficacite pour le diagnostic de la varicelle mais n'a permis
de reconnaitre avec certitude que 50% environ des infec-
tions par le virus vaccinal. Pour identifier ces dernieres,
la culture sur MCA est indispensable.
Avec la decouverte de cas humains de monkeypox en

Afrique occidentale, on s'est rendu compte que les
methodes classiques de diagnostic de la variole dtaient
impuissantes 'a caracteriser les formes inhabituelles de
fagon satisfaisante. Des techniques plus perfectionnees
et plus sp6cifiques devront etre recherch&es.
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