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Studies on the Virus Content of Mouth Washings
in the Acute Phase of Smallpox*

A. W. DOWNIE,1 L. ST. VINCENT,2 G. MEIKLEJOHN,3
N. R. RATNAKANNAN,4 A. R. RAO,5 G. N. V. KRISHNAN 6 & C. H. KEMPE7

Epidemiological observations suggest that smallpox is not highly infectious in the febrile
pre-eruptive period of illness. As virus is first discharged by most patients from lesions in
the mouth or upper respiratory passages, mouth washings or garglings from smallpox
patients in the acute stage of the disease were examined for virus. Only five specimens
were obtained in the first two days of illness but no virus was recoveredfrom them. Virus
was most frequently found in specimens collectedfrom the sixth to the ninth day of illness
inclusive-a period when lesions in the mouth were breaking down and discharging virus.
The results are in conformity with the view that the smallpox patient is most infective in
the first few days of the eruptive phase of his illness.

INTRODUCTION

It has long been accepted by epidemiologists that
most smallpox patients are not infective in the
first few days of fever before the rash appears
(Ricketts & Byles, 1908). Indeed, the importance of
the isolation of patients in the early stage of illness
for the control of outbreaks depends largely on this
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fact. If those contacts who are to develop smallpox
are isolated when the temperature rises and before
the rash appears, they will not be a source of further
cases in the community (Laidlaw & Home, 1950).
A few laboratory observations have been made on
this point in that attempts have been made to recover
virus from the mouth washings or garglings of
smallpox patients in the pre-eruptive phase of
illness. The observations made have failed to de-
monstrate virus in the mouth before the rash
appeared (MacCallum et al., 1950; Downie &
McCarthy, 1954). Verlinde & van Tongeren (1952)
in the Netherlands, however, did record that one
smallpox contact who was febrile but never deve-
loped a focal rash did yield virus from mouth wash-
ings.
As part of a series of smallpox studies carried out

in Madras in the spring of 1960 mouth washings or
garglings from patients at various stages of illness,
and hospitalized in the Infectious Diseases Hospital,
Madras, were examined for the presence of virus.
Particular attention was directed to family contacts
in the hope that specimens might be obtained during
the pre-eruptive febrile period. Furthermore, it
seemed desirable to obtain information on the
amount of virus recovered from saliva or garglings in
relation to the severity of clinical illness andthe
presence of obvious lesions in the mouth. Observa-
tions were made on patients later in the disease to
determine how long the virus could be recovered
from the mouth.
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METHODS OF STUDY

Specimens were collected in 5 ml of 10% peptone
water in saline containing 100 units of penicillin
and 100 ,ug of streptomycin per ml. This fluid was
usually taken into the patient's mouth and gargled
unless the patient was very sick, in which case he
simply returned the fluid after holding it in his
mouth a few seconds. These mouth washings were
inoculated on the chorio-allantois of 12-day-old
chick embryos within an hour or two of collection.
A solution containing penicillin and streptomycin
in a concentration of 1000 u/ml was added to the
washings to give a final concentration of approxim-
ately 300 units of penicillin and 300 ,ug of strepto-
mycin per ml before the specimens were inoculated. If
suitable eggs were not available on the day of col-
lection, the specimens were kept in the refrigerator
at 4°C for a day or two before they were examined.
A 0.1-ml quantity was inoculated into each of

two or more eggs, depending on the number of eggs
available for the specimens to be examined. After
inoculation, the eggs were incubated at 36°C for a
further three-day period. The eggs were then re-
moved from the incubator, and the " dropped " area
of the chorio-allantois was excised and examined
for the presence of specific lesions. In cases where
focal lesions were present, such lesions were accepted
as evidence of the presence of virus in the specimen
inoculated. In most instances, where there was
doubt about the specific nature of lesions appearing
on the chorio-allantois, the membranes were ground
up with diluent and subcultured to fresh eggs, if
such eggs were available.
Washings were examined at different stages of the

illness from 119 clinical cases of smallpox. In
addition, specimens were taken from smallpox
contacts who developed febrile illnesses and were
examined in the same way. Many of these contacts
never developed the typical focal eruption of small-
pox. These contacts are considered separately and
the results given below. Most of the cases from
whom specimens were examined were in the small-
pox hospital so that an assessment of the clinical
severity of the disease could be made in each case.

RESULTS

Virus isolation from mouth washings are sum-
marized in Table 1.

Altogether 309 washings were examined from
119 patients. From Table 1 it can be seen that all

TABLE I
SMALLPOX VIRUS ISOLATIONS FROM MOUTH

WASHINGS

Day of disease

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Positive/Total Percentage positive

0/1

0/4

4/8

8/20

18/39

32/49

33/51

24/39

22/34

0/10
M
4/15

3/12

1/12 1

1/5 l

0/3

0/1

0/2 (

0/4

0

0

50

40

46

65

65

62

65

0

27

25

12

0

of the five specimens examined on the first and
second day of fever were negative.
From the third to the ninth day the proportion

of positives was 40% or greater. The maximum
frequency of positives was obtained from the sixth
to the ninth days inclusive. After the twelfth day
only two specimens were positive of the 27 specimens
examined. These two positives were obtained on
the thirteenth and fourteenth days.

In further analysis of these results the following
points were noted. In 21 cases the first specimen
taken was negative and one or more later specimens
were positive. From these 21 patients, 97 specimens
were examined. Two patients first gave positive
specimens on the third day after the onset of illness
(both patients showed an early skin rash), two gave
the first positive on the fifth day, six on the sixth
day, seven on the seventh day, one on the eighth
day, two on the ninth day, and one on the twelfth
day.

Altogether 21 patients from whom the first
specimen was examined before the tenth day of
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TABLE 2
RESULTS OF EGG INOCULATIONS FROM MOUTH WASHINGS FROM TEN CONSECUTIVE SMALLPOX CASES

Case Sex Age Vacci- ature of rash | Days of illness a
N. (years) nation Na5tu6re81ofo 112a1s1No. ~~~~scars I1 2 3 4 7_ 8 I 0 1 311

49b F 50 + Confluent xO,0 19,49 Sc, d Sc,Sc d,d 3,4
50 M ++++ Moderate discrete 0,0 0,0 xO,0 0,0 0,d 0,0 3,3 0,0

51 M 45 ++ Mild discrete x0,0,d 2,4 0,3 1,5 11,33

52 M 23 ++ Mild discrete x0,0 0,d 5,9 1,4 1,3 0,d

53 M 24 - Moderate discrete x9,15 81,88 20,80 31,d 0,d

54 M 30 ++++ Mild discrete xO,0 7,54 d,d 0,0 0,0

55 M 26 ++ Moderate discrete 26,31 0,d 0,0

56 M 6 ++ Mild discrete x3,27 4,8 0,0 0,2

57 M 33 ++++ Mild discrete 0,0 0,0 0,d 0,d

58 M 32 ++++ Moderate discrete xO,5 2,3 Sc,Sc 12,23 0,0

a Figures indicate the number of pocks on chorio-allantois of inoculated eggs; d -dead embryo; Sc = semiconfluent infection
of chorio-allantois; x = lesions noted In mouth.

b Died on 17th day.

illness gave negative washings throughout. From
these 21 patients 50 specimens were examined, but
from 11 of them only single specimens were obtained.
These 21 patients mostly suffered from a mild illness.
Only one patient showed a confluent rash and that
patient had a mouth washing examined only once,
on the fifth day, and this was negative.
From 22 patients specimens were collected only

after the tenth day, and of the 24 specimens three
were from one patient. All 24 specimens were
negative.

In the remaining 55 patients, from whom 138
mouth washings were examined, the first specimen
showed virus on incculation into eggs. These first
positive specimens were collected as follows: two
on third day of illness, eight on fourth day of illness,
11 on fifth day of illness, 13 on sixth day of illness,
nine on seventh day of illness, four on eighth day
of illness, six on ninth day of illness, one on twelfth
day of illness, and one on thirteenth day of illness.

Amount of virus recovered from mouth washings

The laboratory data on the amount of virus
recovered were examined in relation to the clinical
severity of the patient's illness, the presence or
absence of mouth lesions, and the history of vacci-

nation. Generally speaking, the patients with severe
disease-profuse discrete or confluent rashes-
tended to show more virus in the mouth washings
than the mild cases.
However, this correlation was not very close as

some patients with relatively mild illness occasion-
ally showed a large amount of virus in the mouth
washings. As might be expected, the presence of
lesions inside the mouth was related to the amount
of virus present. Those patients who showed lesions
on the surface of the tongue and on the lips usually
showed a high virus content in the mouth washings.
Table 2 shows the detailed findings from ten suc-
cessive cases examined at a time when a good supply
of eggs was available and indicates the kind of results
obtained.

In 17 of the total of 119 patients examined there
were no scars of vaccination visible. Specimens were
collected from five of these 17 patients onlv atter
the tenth day of illness. The remaining 12 patients
were examined earlier in the disease, and in nine of
these the amount of virus in the mouth washings
was relatively high. Not all of these 12 patients,
however, suffered from very severe illness, and some
of them were young children whose illness was only
of moderate severity. Two of these 12 patients had
confluent disease and 10 discrete.
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As noted above, only 0.1 ml of washing was
inoculated on to the chorio-allantois of each egg
and two or three eggs were used for each specimen
so that less than 1/15th of the specimen collected
was used for the detection of virus. However, as
no high-speed centrifuge was available for the
concentration of virus in the washings, we had no
obvious alternative to the technique used. Although
only a small proportion ofthe washing was examined,
in some instances there was sufficient virus in the
specimen to produce confluent lesions on the chorio-
allantois of the inoculated egg. This means, in
terms of infective doses of virus for the chick
embryo, that some of the specimens had 300 or
more pock-forming units of virus in 0.1 ml of the
specimen. Results of this kind were usually obtained
in patients who showed numerous mouth lesions,
and particularly those patients who had lesions on
the lips and tongue.

Contacts of smallpox patients who developed fever
but failed to develop a rash

There were 17 individuals in this group and from
these 47 mouth washings were examined subsequent
to the rise in temperature. From these 47 specimens
no virus was recovered. These negative findings
suggest that if, in fact, these individuals were suffer-
ing from mild smallpox infections-variola sine
eruptione-their mouth secretions were not highly
infectious. Lesions were not observed in the mouths
of any of these 17 persons. Unfortunately no blood
specimens were collected from this group for sero-
logical examination.

DISCUSSION

The 119 patients from whom mouth washings
were examined were not a representative sample of
all the smallpox patients in the hospital at the time
this work was being carried out. The severely ill
patients were generally not examined. We tended
to select for the investigation the relatively milder
cases of the disease and particularly those who were

admitted to the hospital in the early days of their
illness. The fact that of 119 patients only 17 had no
evidence of previous vaccination is perhaps an
indication of this selective process. For of all the
cases in the hospital, a considerably greater pro-
portion (40%) showed no vaccination scars.
As mentioned above, only a small part of the

washing collected at any one time was examined for
the presence of virus. This probably accounts for
the fact that from many of our specimens virus was
not recovered. It may be taken for granted that all
patients with mouth lesions, and these were certainly
in the majority, must have had virus in the saliva
while these lesions were breaking down. The fact
that some of our examinations were negative even
when lesions were present in the mouth is merely
an indication of the imperfection of the methods
used.
Although our findings do not by any means give

a true picture of the infectivity of the saliva of the
patients, none the less certain broad conclusions
may be drawn from our data. Although only five
specimens were examined on the first or second day
from typical cases of smallpox, these were negative.
At this time lesions are not usually present in the
mouth and this finding is in conformity with pre-
vious observations and the accepted view of many
of the older epidemiologists that the disease is not
infective in the pre-eruptive phase of illness. The
positive results were most frequently obtained from
washings from the sixth to the ninth day inclusive.
At this time the lesions in the mouth are tending to
ulcerate and consequently discharging virus into
the oral cavity. The observations on later specimens
suggests that after the 12th day the majority of
patients suffering from moderate or mild illness
have apparently little virus in the saliva. At this
time, however, the pustules in the skin are usually
breaking down and the virus in the environment of
the smallpox patient at this stage is probably
derived from this source, whereas, earlier in the
disease most of the infective virus is probably
derived from the lesion in the mouth and mucosa
of the upper respiratory tract.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the invaluable
encouragement and assistance of the following:
Dr C. G. Pandit, Secretary, Indian Council for Medical

Research, New Delhi, India;

Sri R. Subrahmanyam, Commissioner, Corporation of
Madras, India;
Dr Thayumanuswamy, Director, Medical Services,

Government of Madras, India;

52



VIRUS CONTENT OF MOUTH WASHINGS IN ACUTE PHASE OF SMALLPOX 53

Dr B. V. Sundara Babu, Health Officer, Corporation
of Madras, India;
Dr U. Maruthi Rao, Assistant Director, Medical

Services, Government of Madras, India;

Dr S. Govindarajan, Director, King Institute, Guindy,
India;
Dr James H. Pert, Research Director, Blood Program,

American Red Cross, Washington, D.C., USA.

RJSUMI

La periode d'infectiosite maximum des malades
atteints de variole est l'une des questions etudi6es dans
le cadre des recherches sur la varioles entreprises 'a Ma-
dras. L'isolement du virus a e tente sur 309 echantillons
de lavages de gorge - provenant de 119 cas - inocules
sur membrane chorio-allantoldienne de poulet. L'ino-
culation fut positive pour 150 des 6chantillons (48,5 %).
La plus grande partie de prelevements positifs corres-
pondait au 6e-9e jour de la maladie, plus precisement au
6e-7e jour.

Les 1lsions buccales, celles des levres et de la langue,
ont donn6 la plus grande quantit6 de virus, inddpen-

damment du degre de gravite de la maladie. I1 est arrive
cependant que l'on ne puisse isoler le virus, meme de
lsions nettement visibles de la muqueuse buccale. On
peut en incriminer la technique, selon laquelle une
partie seulement des prelevements a ete inoculee sur
aeuf.

Quarante-sept prelevements ont ete effectues sur 17
contacts, presentant des phenomenes febriles. Aucun
d'eux n'a r6vele la presence de virus. S'il s'agit de la
forme non eruptive de la variole, ces r6sultats negatifs
indiqueraient que ces formes ne jouent pas de r6le
important dans la propagation de la maladie.
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