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Air Sampling to Recover Variola Virus
in the Environment of a Smallpox Hospital*

G. MEIKLEJOHN,1 C. H. KEMPE,2 A. W. DOWNIE,3 T. 0. BERGE,4
L. ST. VINCENT 6 & A. R. RAO 6

The view is widely held that variola is highly infectious, and it was therefore
thought of interest to obtain precise information on the amount of virus disseminated in the
air by smallpox patients at various stages of their illness. To this end, measured samples of
air in and around the smallpox wards of the Infectious Diseases Hospital, Madras, were
testedfor the presence of variola virus. Surprisingly, virus was recovered on one occasion
only by the air sampling device used. All other tests were negative although large volumes
of air were sampled in close proximity to patients at various stages of the disease. The
authors consider that further observations should be made with more sensitive air sampling
methods. ,

As part of a wider series of investigations on
smallpox problems carried out in 1960 in Madras, a
number of air sampling studies were performed in
the hope of obtaining more precise information on
the amount of variola virus in the air in various
situations. Specifically, information was sought on:
(1) the time of the patient's illness when virus was
eliminated in sufficient amount to permit its detec-
tion; (2) the amount of virus recoverable at various
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stages of the disease; (3) the amount of virus in a
ward with large numbers of acutely ill patients;
(4) the extent of contamination of the air by con-
valescent patients who had reached the scabbing
stage; and (5) the persistence of virus in areas which
had presumably been contaminated by patients at
some stage of their illness.

METHODS

Three portable vacuum pumps of a size which
could be readily transported in an ordinary motor
vehicle were brought to Madras from the United
States of America. The pumps were connected by
long plastic tubing of appropriate calibre to the
sampling device, in order to ensure that the sampler
could be freely placed where desired. A pressure
gauge on the pump permitted the maintenance of
the sampling pressure within the range of -17 p.s.i.
to -21 p.s.i. (-1.19 to -1.47 atm.). Studies
carried out in the USA had shown that with a critical
orifice placed in the plastic tube close to the motor,
the air flow was 10 litres per minute when pressure
was -20 p.s.i. (-1.40 atm.). The air under study
was drawn through a glass sampler containing
tightly packed dry cotton.

The general procedure was to locate the pump
outside the wards and then to place the samplers
close to the mouths of patients in the acute stage of
the disease or to the beds of patients in the scabbing
stage. Mouth washings were collected concurrently
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from a number of patients and tested for virus.'
The duration of the runs was initially very short but
was subsequently lengthened to from 30 to 60
minutes when the consistently negative results of
virus isolation attempts showed that the shorter
runs served no useful purpose.
The samplers were either taken directly to the

laboratory or held overnight at 40 C before process-
ing. The cotton was then removed, placed in a
100-ml Florence flask and shaken for 20-30 minutes
with 10-20 ml of diluent containing 300-600 units of
penicillin and 300-600 Ztg of streptomycin. Dextrose
broth was used in the first 12 runs; thereafter,
peptone water was substituted because of its demon-
strated effectiveness in recovering variola from
mouth washings. The fluid in the flasks was allowed
to stand for an additional 30-45 minutes after
shaking, and 0.2-ml amounts were then inoculated
on the allantoic membranes of three or four chick
embryos. 0

The estimated volume of air in runs Al through
A12 was based on calibrations made before arrival
in India with the critical orifice in the system and a
pump pressure of -20 p.s.i. (-1.40 atm.). With
this arrangement the air flow was 10 litres per
minute. In later runs, when the critical orifice was
removed from the tubing, it was estimated that the
flow was increased at least 30-fold. The minute-flow
multiplied by the length of the run in minutes gave
the total volume of air sampled. This was then
divided by the amount of diluent used to wash the
sampler and further corrected for the volume of the
suspension actually inoculated into chick embryos
in order to obtain a figure indicating the volume of
air actually tested for the presence of variola virus.

RESULTS

A summary of results is presented in the accom-
panying table. In 38 runs lasting for from 2 to 60
minutes, variola virus was recovered on only a single
occasion and then in very small amounts.

Details of three protocols are presented in order to
illustrate representative types of runs.

Runs A12, A13, AJ4 (15 April 1960)

Three consecutive samples, each representing a
15-minute run, were taken in the men's ward where
acute and convalescent patients were located. The

I See the article by Downie et al. on page 49 of this issue.

glass critical orifice had been removed from the
tubing in order to increase the volume of air sampled.
The orifice of the sampler was moved about the ward
and was frequently brought in close proximity to
the patient's sheets, which were shaken to disseminate
any virus which might be present. Pump pressure
remained at -20 to -21 p.s.i. (-1.40 to -1.47
atm.) throughout the run.
The three samplers were taken directly to the

laboratory and the cotton was shaken with 20 ml
of diluent for 45 minutes. Different diluents were
used with each sample: dextrose broth for A12;
peptone water for Al 3; and peptone water with 5%
horse serum for A14. After the samples had been
allowed to stand for a further 45 minutes, 0.2-mI
amounts from each sample were inoculated into
each of four chick embryos. With samples A12 and
A14, no membrane had variola lesions. The mem-
branes inoculated with material from A13 showed
pock counts of 8, 8, 2 and 1.

Runs A24, A25, A26 (27 April 1960)

These runs were carried out in a small room in
which air movement had been cut to a minimum by
closing all doors and windows. The patient, a
35-year-old woman, had a confluent rash and her
lips, tongue and palate were covered with ulcerated
lesions. Pump pressure was -18 p.s.i. (-1.26
atm.).
A24 was collected from a sampler placed appro-

ximately 12 inches (30 cm) from the patient's mouth
and run for 30 minutes. At the onset the patient
gargled 5.0 ml of peptone water and then talked
quietly but continuously to her nurses. At the end
of the period she again gargled a similar amount of
peptone water.
A26 was collected at the same site during the sub-

sequent 30 minutes. During this period the patient
was awake, breathing quietly and occasionally
talking.
A25 was collected from a sampler placed on the

other side of the bed approximately 15 inches
(38 cm) from the patient's mouth. The time of the
sampling was 60 minutes, covering the combined
period represented by runs A24 and A26. The
garglings collected from the patient were inoculated
on chick embryos and variola was demonstrated in
the first specimen in a dilution of 10-3 and in the
second in a dilution of 10-2. However, no lesions
were seen on any of the 12 membranes inoculated
with the fluids prepared from the three air samples.
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SUMMARY OF RESULTS OF 38 AIR SAMPLING RUNS

Estimated volume Volume testedRun Location Type Length of run of air collected in eggs Results
No. of patient (minutes) (litres) (litres)

Admission room

Admission room

Hospital entrance

Hospital entrance

Ward

Ward

Ward

Ward

Cemetery

Ward 2

Ward 3

Ward 3

Ward 3

Ward 3

Ward I

Ward I

Ward 1

Ward 3

Ward 3

Ward 3

Ward 3

Ward 3

Ward 3

Room

Room

Room

Ward

Ward

Ward

Ward

Ward

Ward

Ward

Ward

Ward

Ward

Ward

Ward

Acute

Acute

Acute

Acute

Acute

Acute

Acute

Acute

Acute

Acute

Acute

Acute

Convalescent

Acute

Acute

Acute

Acute

Convalescent

Acute

Acute

Acute

Convalescent

Convalescent

Convalescent

Convalescent

Convalescent

Convalescent

Convalescent

Convalescent

Acute

Acute

Convalescent

Acute

2

2

2

10

3

10

10

10

10

20

20

15

15

15

60

30

30

30

30

30

30

30

30

30

60

60

30

30

30

30

30

30

30

30

30

30

30

30

20

20

20

100

30

100

100

100

100

200

200

4 500

4 500

4 500

18 000

9 000

9 000

9 000

9 000

9000

9 000

9 000

9 000

9 000

18 000

18 000

9 000

9 000

9 000

9 000

9 000

9 000

9 000

9 000

9 000

9 000

9 000

9 000

180

180

180

720

360

360

270

270

270

270

270

270

270

720

720

270

270

270

270

270

270

270

270

270

270

270

270

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.
Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Pos.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

a Experiment described in detail in the text.

Al

A2

A3

A4

A5

A6

A7

A8

A9

AIO

All

A12a

A13a

A14a

A15

A16

A17

A18

A19

A20

A21

A22

A23

A24 a

A25 a

A26 a

A27

A28

A29

A30

A31 a

A32 a

A33 a

A34 a

A35

A36

A37

A38
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Runs A31, A32, A33, A34 (28 April 1960)
These samples were collected from the male con-

valescent ward occupied by 15 patients in the
scabbing stage of the disease. Each run was of
30 minutes' duration. Pump pressure was -17 p.s.i.
(-1.19 atm.). In runs A31 and A32, the samplers
were placed in similar positions at either end of the
ward, somewhat to the downwind side of the middle
of the ward. The orifices of the samplers were
12 inches (30 cm) from the floor. During these runs
normal ward activities were followed. In runs A33
and A34, the samplers were left in the same locations
but raised to the bed level (3 feet, or approximately
1 m, above the floor). The sheets on all beds were
then shaken vigorously and the floor swept, back and
forth, by two attendants. Two piles of scabs were
swept directly under the two samplers. This opera-
tion occupied the initial 15 minutes of the run and
during the remaining 15 minutes the air was allowed
to clear.
The samples in this run, as in a number of others,

were discoloured by the " dust" collected, but in
no instance were membrane lesions found in the
four chick embryos in which they were inoculated.

DISCUSSION

In view of the widely held idea that variola is
highly infectious, it had been anticipated that
recovery of virus from air sampled in heavily con-
taminated areas would be relatively easy. The
results obtained were, for this reason, unexpected'
and disappointing. Considerable thought has been

given to the probable explanation for these findings
and has followed two general lines. First, that
technical shortcomings of the methods had resulted
in failure to detect virus even though it was present;
and secondly, that virus is actually present either in
only very small amounts or held in aggregates which
make its detection difficult.
The techniques used were thoroughly checked

before and after the field studies. With experimental
aerosols prepared from allantoic membranes and
somewhat different elution procedures they have
been shown to be capable of detecting 200 pock-
forming units of virus per litre in a five-minute run
with the critical orifice in place. In a 30-minute run
the concentration of virus capable of detection
should have been about 33 PFU/1. Without the
critical orifice a concentration as low as about
1 PFU/l should have been detected in a 30-minute
run. The efficacy of virus detection has been shown
to be approximately four times greater with liquid
impingers than with cotton samplers.

It is possible that virus excreted in saliva or scabs
is not efficiently detected by these methods. It is
also likely that the very considerable air movement
through the open type of ward of the Infectious
Diseases Hospital in Madras produced rapid dilu-
tion of the excreted virus. These problems might
well be solved by further studies with more sensitive
sampling techniques. The answers are important in
providing more precise information about the
transmission of variola by patients in various stages
of the disease and the persistence of variola in
contaminated areas.
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RiESUMt

Dans le cadre d'6tudes sur la variole (6pid6miologie,
pathogenese, immunologie, pr6vention et traitement)
entreprises a Madras, les auteurs ont cherche a evaluer
la teneur en virus variolique de l'air des salles de l'Hopital
des Maladies infectieuses ofi 6taient soign6s des vario-

liques, afin d'apporter des 6lements a l'etude de la conta-
giositM de la maladie, A ses divers stades.

Ils ont utilis6 une methode appliqu6e dans d'autres
pays a la r6cup6ration de virus disperses en a6rosols A
des fins experimentales, qui consiste i filtrer l'air sur
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coton, a extraire par de 1'eau pepton6e additionn6e
d'antibiotique et a mettre l'extrait en culture sur mem-
brane chorio-allantoldienne de poulet pour la recherche
du virus variolique.
Un seul des 38 6chantillons d'air examin6s a donn6 une

culture positive, bien que I'air filtr6 ait ete pompe a proxi-
mit6 imm6diate des malades, a divers stades de la maladie.

Ces resultats negatifs, surprenants si l'on considere
le haut pouvoir de contagion que l'on reconnait a la
variole, pourraient s'expliquer par des defauts de tech-
nique ou la dispersion des virus dans l'air des salles forte -

ment ventil6es de l'h6pital, qui rendrait sa r6cup6ration
difficile. Les auteurs se proposent d'affiner les tech-
niques employees afin de poursuivre ces recherches.
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