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ABSTRACT

Various avian viruses (infectious bursal
agent, reovirus, adenovirus, infectious bron-
chitis, Newcastle disease, poxvirus, avian
encephalomyelitis and infectious laryngo-
tracheitis virus) as suspensions in buffer or
in a litter slurry were exposed to aerosolized
formalin in an attempt to determine the
efficacy of this fumigation method for decon-
tamination of laboratory isolation cubicles.
Formalin (37% formaldehyde) was delivered
by a commercial insecticide fogger at a flow
rate of 40 ml per minute and a volume of 36
ml per cubic meter of space. Fumigated
cubicles were left sealed for 18 hr (cycle 1)
before viruses were sampled, or were then
exposed to a second fumigation and left
sealed for an additional six hour period (cycle
2) before viruses were titrated (commencing
at a 1:10 dilution) for residual infectivity.
Although the infectivity of all viruses was

reduced by over 99% by one fumigation cycle,
the second cycle was necessary for reduction
of Newcastle disease and reoviruses to non-
detectable (no infectivity demonstrated in a
1:10 dilution of fumigated virus) levels.

RASUMA

Cette experience visait a soumettre 'a la
fumigation 'a la formaldehyde les virus aviai-
res suivants: I'agent infectieux de la bourse
de Fabricius, le reovirus, I'adenovirus, le vi-
rus de la bronchite infectieuse, le virus de la
maladie de Newcastle, le poxvirus, le virus
de l'encephalomyelite aviaire et celui de la
laryngo-tracheite infectieuse. On utilisa 'a
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cette fin des suspensions de ces virus et des
dejections, prealablement diluees dans une
solution tampon. On tentait ainsi de deter-
miner l'efficacite de la fumigation comme
moyen de desinfecter les compartiments d'iso-
lation de laboratoire. On utilisa un vaporisa-
teur commercial d'insecticides pour obtenir un
debit de formaldehyde 37% de 40 ml 'a la mi-
nute et un volume de 36 ml par mJetre cube.
Apres la fumigation, on laissa les comparti-
ments d'isolation fermes hermetiquement pour
une periode de 18 heures; on proceda ensuite
a la recherche d'infection residuelle dans cer-
tains d'entre eux, tandis qu'on soumit les au-
tres 'a un seconde fumigation et qu'on les
laissa fermes hermetiquement pour une pe-
riode additionnelle de six heures avant d'y
proc'der 'a la recherche d'infection residuelle
dans les suspensions virales qu'on dilua 'a
partir de 1:10.
Meme si la premiere fumigation reduisit

l'infectivite de tous les virus expeimentaux
dans une proportion d'au del'a de 99%, la se-
conde s'avera necessaire pour obtenir une
quantite non decelable du virus de la maladie
de Newcastle et du reovirus, a la dilution
1:10.

INTRODUCTION

Several detailed reports are available on
the use of formaldehyde as a disinfectant
(2, 6, 9, 15) but little has been published
on the quantitative sensitivity of avian
viruses to this method of fumigation. For
example, Newcastle disease virus was in-
activated by a 180 minute exposure to
37% formaldehyde at a concentration of
approximately 25 ml/ml, but the pre-
fumigation titre of the virus suspension
was not given (1). Fowlpox virus was in-
activated by a 90 minute exposure to 37%
formaldehyde (approximately 7 ml/m'), but
the titres of prefumigation or control virus
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suspensions were not stated (7). A more
recent report (6) recorded inactivation of
an avian adenovirus exposed to 37%
formaldehyde (10 to 40 ml/m3) as a dried
film of infective tissue culture fluids but
it is not clear what titre of virus could
have been recovered from dried prepara-
tions which had not been fumigated. Con-
versely, other avian viruses have demon-
strated some resistance to formaldehyde.
For example, feather-associated Marek's
disease virus was not inactivated in one of
four samples exposed to 37% formaldehyde
(approximately 12 ml/m3) for 15 minutes
at 37°C and 80% humidity (3) and avian
reovirus strains 24, 25 and 59 at 2,000
EID50/0.2 ml remained infectious for chick
embryos after exposure to an equal volume
of a 1:400 dilution of formalin for five
hours (4).
The following work was conducted to

determine the effect of formaldehyde fumi-
gation on several avian viruses. This was
designed to establish a standard fumiga-
tion method for use in isolation rooms at
this laboratory.

MATERIALS AND METHODS

ISOLATION ROOMS AND FUMIGATION
METHODS

Rooms were of epoxy painted smooth
concrete block construction with cement
floors and painted plywood ceilings and
an internal volume of approximately 33 m3.
Prior to fumigation, exhaust fans and
doors were sealed with tape and the room
temperature was adjusted to between 20
and 220C. Formalin (37% formaldehyde1)
was delivered by a commercial insecticide
fogger (vaporizer) at a flow rate of 40 ml
per minute and a volume of 1,200 ml per
room, giving an initial concentration of 36
ml/m3. Actual air concentrations of formal-
dehyde during fumigation were not de-
termined. The temperature readings of dry
and wet-bulb thermometers within the
room were made via an inspection port and
the relative humidity was calculated from
these values (8).

iUSP formaldehyde solution, Anachemia Chemical
Products Ltd., Mississauga, Ontario.

VIRUSES

Viruses used and their sources are pre-
sented in Table I. Infectious bursal agent
(IBA) strains S40747 and Sk-1 were pas-
saged by chorioallantoic-membrane (CAM)
inoculation of ten day old eggs. Embryos
were harvested five days later, homogeniz-
to a 10% suspension in phosphate buffered
saline (PBS) (14), clarified by centri-
fugation at 5000 g for 30 min and the
supernatant used as the virus suspension.
The vaccine strain of IBA ("Bursa Vac")
was used after reconstitution as described
by the manufacturer. Pools of reovirus,
infectious laryngotracheitis (ILT) and
poxvirus strains were prepared as a 10%
suspension in PBS of infected CAM's
harvested five days after inoculation by
that route. Adenovirus infectious bron-
chitis (IB) and Newcastle disease (ND)
strains were passaged by inoculation into
the allantoic cavity (ALC) of ten day old
eggs, from which allantoic fluid (ALF)
was harvested between three and five days
later. Avian encephalomyelitis virus was
prepared as a PBS homogenate of brains
from 18 day old chick embryos which had
been inoculated via the yolk sao on the
sixth day of embryonation. Titrations of
fumigated virus suspensions were con-
ducted in eggs commencing at a 1-l dilu-
tion (to avoid the toxic effect of residual
formalin) using between three and five
eggs per dilution. The IBA strains were
titrated by CAM inoculation and endpoints
were based on gross lesions in the embryo.
Reoviruses, poxvirus and ILT viruses were
also titrated by CAM inoculation but end-
points were based on CAM lesions seven
days later. Adenoviruses, ND viruses and
IB viruses were titrated by ALC inocula-
tion and endpoints were based on demon-
stration of precipitating antigen, hemag-
glutination or gross lesions, respectively
(10).

EXPERIMENTAL DESIGN

Experiment 1 - In the first experiment,
virus suspensions in PBS were placed as
0.3 ml volumes (depth approximately 9
mm) in the peripheral wells of a 96-well
microtitre plate3. A plastic lid was placed

2Falcon Plastics, Becton, Dickinson & Co. (Canada)
Ltd., Mississauga, Ontario.
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TABLE I. Virus Strains Used and Their Sources

Virus Isolate Source

Infectious bursal agent

Reovirus

Adenovirus

Infectious bronchitis

Newcastle
Poxvirus
Avian encephalomyelitis
Infectious laryngotracheitis

S40747
Bursa Vac
Sk-1
2937 and Crawley

CELO Phelps
and Indiana C
M-41
Beaudette
B1 and GB
B-5601
van Roekel
Lederle

American Type Culture Collection
Sterwin Laboratories, Aurora, Ontario
Local isolate
Dr. N.A. Olson, University of West
Virginia
Dr. R. W. Winterfield,
Purdue University
Dr. R.W. Winterfield, Purdue University
Virology Section, A.D.R.I. (E), Ottawa
Virology Section, A.D.R.I.(E), Ottawa
Virology Section, A.D.R.I. (E), Ottawa
Virology Section, A.D.R.I. (E), Ottawa
American Type Culture Collection

over the plate to prevent large droplets of
formalin from falling directly into the
wells, but was lifted from the surface of
the plate by approximately 4 mm to allow
adequate space for vapor diffusion under
the lid. The plate was placed in the center
of the room about two feet above the floor
but was not in the trajectory of the va-
porizer. Duplicate aliquots of each virus
suspension were similarly placed in a
microtitre plate in an identical adjacent
room but these were exposed to vaporized
water instead of formalin. Eighteen hours
later, rooms were ventilated for one hour
and the virus suspensions were removed
for titration.

Experiment 2 - This was conducted to
determine the effect of a second fumiga-
tion cycle on the residual infectivity, de-
tected in suspensions of reovirus and New-
castle disease viruses, after the single
fumigation cycle described in Experiment
1.

In this method, virus suspensions were
removed from the fumigated room after
the first fumigation cycle, transferred to
a new microtitre plate and then refumi-
gated as described, but only for a six hour
period. Virus preparations in the control
(nonfumigated) isolation room were simi-
larly handled but were not exposed to
formaldehyde.
Experiment S - This experiment was

conducted to determine the effect of or-
ganic material on the sensitivity of the
test viruses to formaldehyde. Litter (feces
and uneaten feed but no bedding) from a
pen of uninoculated three week old chicks
was homogenized with 0.1 M PBS pH 7.2
form a wet slurry which was autoclaved
in 20 g aliquots and then stored at 40C.

A 10 ml volume of each virus suspension
diluted to 1:10 or 1:100 in PBS was homo-
genized with 20 g of the slurry and poured
into a Petri plate to a depth of 1 cm. This
material was then exposed to formaldehyde
in a single 18 hour cycle as described in
Experiment 1, above. Similar mixtures
were placed in the formaldehyde-free con-
trol cubicle. After fumigation, approxi-
mately 2-3 g was taken from each plate
and diluted in PBS at a ratio of 2 ml PBS
per g of slurry prior to titration.

RESULTS

The relative humidity in isolation rooms
was between 50 and 60% prior to fumiga-
tion but rapidly rose after the vaporizer
was switched on and peaked at between
80 and 90% within the first 20 minutes.
However, levels fell rapidly and by 35
minutes, humidity had fallen to just over
60%, the decline following termination of
formalin delivery by the fogger.

Titres of virus suspensions in PBS after
exposure to a single fumigation cycle
(Experiment 1) are compared to control
titres in Table II. Inactivation by over
99% occurred in all cases but residual in-
fectivity was detected in suspensions of
the Crawley strain of reovirus and both
Newcastle disease virus strains.

Titres of virus suspensions in PBS after
exposure to two fumigation cycles (18 hr
and six hours duration, respectively) are
shown in Table III. The infectivity of the
viruses tested (reovirus and Newcastle
disease virus) was reduced to a nondetect-
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TABLE II. The Effect of Formaldehyde Fumigation in Infectivity of Some Avian Viruses

Infectivity of Virus
Formaldehyde-

Virus Isolate Controla treatedb

Infectious bursal agent ............... ATCC S40747 3.Qc k 0.5
5.3 0.5

Bursa Vac 3.4 ( 0.5
3.3 ( 0.5

Sk-1 4.3 ( 0.5

Reovirus ............................ WVU 2937 5.8 ( 0.5
3.8 0.5

Crawley > 6.0 0.6
6.0 1.3

Adenovirus ......................... CELO 6.5 f 0.5
> 7.5 0.5

Indiana C 5.3 (0.5
5.0 0.5

Infectious bronchitis ................. Massachusetts (M41) 6.0 0.5
Beaudette 4.5 ( 0.5

Newcastle disease ................... B-1 5.5 1.5
> 6.5 0.8

GB 4.5 1.0
4.3 0.5

Poxvirus ............................ B-5601 5.5 0.5
5.8 0.5

Avian encephalomyelitis .............. van Roekel 3.0 0.5

Infectious laryngotracheitis ............ ATCC 3.3 k 0.5
4.0 0.5

aVirus suspension in PBS held in nonfumigated isolation room for 18 hours prior to titration
bVirus suspension in PBS exposed to formaldehyde for 18 hours
cReciprocal of logio EIDso/0.2 ml. Except for isolates Sk-1, M41, Beaudette and van Roekel, as shown, the
formaldehyde sensitivity of all viruses was tested twice in separate experiments
f 0.5 = no infectivity demonstrable in a 10-1 dilution of virus suspension

TABLE III. The Effect of Two Formaldehyde Fumigation Cycles on Viruses which Demonstrated
Residual Infectivity After One Fumigation Cycle

Infectivity of Virus
Formaldehyde-treated Control

Virus Isolate A B 24 hr

Newcastle disease .................. B-1 0.8a 0.5 7.0
GB k 0.5 ( 0.5 7.0

Reovirus ......................... Crawley 3.0 ( 0.5 6.3

A = Virus suspension exposed to formaldehyde for 18 hours (cycle 1) prior to titration
B = Virus suspension exposed to formaldehyde for an additional six hours (cycle 2) after cycle 1, prior to
titration
aReciprocal of log,oEIDso/0.2 ml virus suspension
f 0.5 = no infectivity demonstrable in a 10-1 dilution of virus suspension

able level (reduction in titre by over 5 log
10 EID50) by two fumigation cycles.

Titres of viruses exposed to one cycle of
fumigation while suspended in fecal slurry
are shown in Table IV. Of the viruses
tested, only the Sk-1 strain of IBA was
infective after treatment. This virus was
reduced in titre by 5 3.8 log10EID5o when

suspended in PBS during fumigation, but
only 2.0 log10EID50 when fumigated in
slurry. The Crawley strain of reovirus and
the CELO strain of adenovirus were re-
duced in titre by approximately 5.0 and 6.0
logw0EID5o, respectively, whether fumigated
in slurry or PBS, the high organic medium
having little effect on the degree of in-
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TABLE IV. Formaldehyde Fumigation of Avian Viruses in Fecal Slurry

Formaldehyde-
Virus Isolate Controla treatedb
Infectious bursal agent ....................... Bursa Vac 1.8c (0.5

Sk-1 3.0 1.0
Reovirus .................................... Crawley 5.3 (0.5
Adenovirus ................................. CELO 6.5 (0.5
Infectious bronchitis ......................... Beaudette 3.5 (0.5
Newcastle disease ............................ B-1 4.0 (0.5

GB 2.3 (0.5
aVirus suspension in fecal slurry held for 18 hours in nonfumigated isolation room prior to titration
bVirus suspension in fecal slurry exposed to formaldehyde for 18 hours
¢Reciprocal of log1OEID5o/0.2 ml

activation. Other viruses were also reduced
in titre to nondetectable levels after fumi-
gation in slurry but as control titres were
considerably lower in the slurry experi-
ments than in the PBS experiments (due
to dilution of virus suspensions prior to
mixing with slurry) a comparison of in-
activation levels in the two media cannot
be made. For example, Newcastle disease
virus strains G-B and B-1 were reduced
in titre by approximately 3.7 and 4.8
log,oEID50 (mean values for two experi-
ments shown in Table II) in PBS, and by
5 1.8 and 5 3.5 logioEID50 in slurry. As the
control titres in the latter experiment were
low, it is not known if these viruses were
more resistant to fumigation when sus-
pended in slurry. Similar results were ob-
tained with infectious bronchitis virus
(Table IV).

DISCUSSION

A volume of approximately 35 ml of
37% formaldehyde per cubic meter of
space at a minimum temperature of 23.9°C,
70% humidity and a holding period of
eight to ten hours has been recommended
for general fumigation (12), but it is often
impossible to fulfill all these criteria
under field conditions (15). Shorter hold-
ing periods may be effective (2, 11)
although this is dependent upon various
factors, including the amount of organic
material in the fumigated area (2, 15),
the type of material in which the conta-
minant is located (2, 5), the concentration
and method used for generation of the
formaldehyde (15), the humidity of the
fumigated area (2) and, of course, the
formaldehyde sensitivity of the conta-

minating agent itself (13).
The results reported in this paper in-

dicate that the infectivity of most of the
viruses tested could be reduced to a non-
detectable level by a single formaldehyde
fumigation cycle as described, but that
two serial fumigation cycles may be re-
quired for inactivation of some viruses. A
single cycle of formaldehyde fumigation
inactivated viruses in a liquid litter slurry
approximately 1 cm in depth although the
Sk-1 strain of IBA exhibited residual in-
fectivity after such treatment (Table IV).
It should be noted that as titrations of
fumigated virus suspensions were started
at a 1:10 dilution possible residual in-
fectivity in undiluted fluids might not
have been detected.
The effect of formaldehyde fumigation

on dried virus preparations was not de-
termined but, as the relative humidity was
only transiently increased by the use of a
fogger for formalin delivery and as relative
humidity of over 60% should probably be
maintained for at least three hours (2),
dried virus preparations fumigated as
described may not be totally inactivated.
This problem may be avoided by thorough-
ly wetting all surfaces in isolation rooms
prior to fumigation. As viruses established
in impervious organic deposits may be
highly resistant to fumigation suitable
clean-up must accompany such disinfection
methods (2). It was apparent that under
the conditions of these experiments suit-
able delivery of formalin was effected by
the use of a mechanical fogger. Scarlett
and Mathewson (15) did not obtain satis-
factory results with such equipment in
commercial calf houses, although levels of
formalin used (6.7 to 10 ml/m3/24 hr)
were lower than those used in this work
(36 ml/m3).
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THE NORTHWEST TERRITORIES
A modern and fully equipped veterinary clinic serving all of The Northwest Territories
requires a veterinarian.
Duties will include.-
1. Providing small animal treatment and surgery in a newly established and expanding

clinical setting.
2. Providing regular veterinary service to surrounding communities and remote settlements

for domestic small animals, working sled dogs and large animals.
3. Investigative research with a population of aboriginal Eskimo Dogs (Canis familiaris

borealis).
4. Development of a program in basic animal management for native Northerners in

cooperation with the government of The Northwest Territories.
5. Development of an introductory training program so as to involve native Northerners

In the occupation of veterinary assistants.
The successful applicant will have-
1. A major Interest In small animal diagnoses, treatment and surgery with up to ten years

of practical experience.
2. Additional experience with large animals.
3. Some background or experience in, or understanding of, morphological or physiological

canine research.
4. A desire to locate permanently in The Northwest Territories.
3enofits will indlud*.-
1. Monthly northern living allowance.
2. Paid annual holiday travel expenses to Edmonton, return.
3. Sponsorship to major conferences.
4. Shares In the business structure of the clinic after one year of employment.
5. An opportunity to see and experience life in remote Arctic settlements.
Salary negotiable.
Interested veterinarians should apply, with references, no later than July 7, 1979 to
Box 1032, Yellowknife, The Northwest Territories XOE IHO.
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