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ABSTRACT

s

The results of this study have demonstrated the feaéibi;ity of the

© recovery of Poliovirus Type I QSabln) (Polio), Rhinovirus Type 13 (RV-14)

and Human Coronavirus Strain 229F ‘(HCV/229E) with the Large Volume Alr

Sampler (LVAS) from aerosol.

The addition of bovine serum albumin (BSA) tora final concentration
of 0.5% was found to be the wost effective and practical additive.of
those .tested, for the recovery of eaéh of the three viruses. The effect
of BSA on the recovery of Poiio_and RV-14 was manifest equally during
both the collection an& assay phases of the procedure whereas. with

HCV/229E most of the benefit appeared. to be during the collection phase.

Amlcon centriflo ultraflltratlon cones were found to bhe effective'
for concentrating the viruses within the collection fluid of the LVAS,

thus increasing the detection capability.

Efficiehcies of recovery of 60% and 40% were recorded for RV-14 and

HCV/229E respecfively. )

On the basis of preliminary data, in order for the LVAS to recover one ,

infectious particle within 10 ml of collection fluid, the air must
contain at least three HCV/229E particles per 104 litres of air éampled

or two RV-14 particles per 104 litres of air spmpled.

* .
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b , Further work pertaining to the aerosol stab

ility of RV-14 and
HCV/229E in different sprﬁy fluids and at di??erent humidities and

temperatures is indicated as are field studies with the LVAS to
test its effectdveness in actual environmental situations.
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The airborne route of infection has usually been considered the

major mode of transmission of agents causing respiratory tract infections

because the respiratoiﬁ‘tréct lends'i§§e1f well to.the collection and

dissémination of airborne particles. The normal process of breathing

t‘!
brings pé}ticles into the respiratory tract where many are impacted onto’

the epithelial cell lining.—Should infection of the cells occur, this

~
¢

site will become a source—qf the infectious agentl With the normal \j'

movement of air past this site some of the infectious particles are

: : ~

suspended in the airstream and are carried out és\the environment. The
numbers of these released particles arg increased through sneezing and
coughing which usuallY'ac;pmpany an upper respiratory tract infection.

. . & -
The aerosols released from the respiratory tract consist of a

variety of sizes of particles ranging from visible droplets, which
rapidly settle from the air, to extremely small particles (diameters of
less than 10 micrometers (um) that have a very slow\;g;iginglrate of
less thaﬁ one foot per minute (Bacterial Samplefs, 1968). When these
sﬁéll particies are aerosolized, the water within them is evaporated
almost immediatély lgaving a residual particlé coﬁtainil salts, proteins
and bioiogical agent(s). These Tesidual particles are Eggled "Droplet
Nuclei' (Wells, 1934) and are very important in disease-transmission

and agent survival studies because as well as being capable of remaining

in the air for long periods of time these particles are easily retained

within the respiratory tract.
7N
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Accotdingf;p Hatch (1961) the upper resbirapory tract, from the nares o

down to and'ihcluding the terminal brpnchioles,retains (by impactionf\

o . r ] . ‘ :
more than 80% of thidg%fticles with diameters of Sum-or larger. .

.All qQthers pass to the lower respiratory tract (pulmonary lobules)

where 100% of those lum or larger are trapped. The retention

of particles less than lum' in diameter still remains high but

v

is less than 1@0%.

Thes¢ studies by Hatch (1961) were performed using non-hygroscoPi%
J,’ '

particles consequently they did not absorb water and expand dufing

their passage through the respiratory tract. Biological derosols on
the other hand do absorb water and consequently expand. Knight y

(1973) refers to studies which show that a 1.5um particle passing

‘through the upper respiratory tract can absorb enmough water to increase
'in size to a ‘diameter of 4um. He also reported that the increase

in diameter due to water absorption was only significant for particles ‘

with diameters of less than 6um and that the diameters of parti- ,
cles above this size were not appreciably increased due to the water

they absorbed. This increase in particle diameter enhances the possibi-

¥

lity of the particle being retained in a different location in the

respiratory tract with altered cbnsequences in regard to the establish-

ment of infection. g

Sy,



. v - y‘}
A
—J A ) Y
-
: L . _
. * 7 "Thus these small infectious particles of less than 10um in- %

-diameter, referred to as ''droplet nucléi",‘are,extremely important in
studies concerned with transmission of disease by the_aerosol route.

- v v

. . o
Most transmission studies used aerosols produced from the

a
t

‘respiratory tract of infected individuals (cough and sneeze aerosol;)
or from artificially generated aerosols.. Aerosols geﬁerated'by .
coﬁghing and sneezing, a;”inditated prgviougiy, haﬁe a wide variation
in particle size however the artificiaiiy produced aerosols are much
more ugiform and consequently the importance of particle_s;ze on éhe type
of infection produéed\&nd surviﬁal bf.the infectious agént caﬁ be
studied. Some of the aerosoi gene?ators used are the DeVilbiss #40 and
Vapoﬁefrin nebuliéers (Larson et al 19?6), the Wélls type atomizer
(DeOme et al 1944) and, the most popula£ model, the Collison nebulizer
(May 1973). -Each Gf these ae;osol generanrs requires that cpmpressed
air be mixed with the virus suspénsion to be aerosoliied. As\ the éir

expands the suspension is broken into airborne particles of a wide >

_—

size variation. The majority of these particles are too large to be
carriéd in the outgoing airstream conéequently they drop back into

to the virus suspension. The ver} small particles (droplet nuclei), on
the other hand, are easily carried by the air consequently it is these

particles which make up the aerosol.

.p.q
Recent studies using these natural (cough and sneeze) or artifi-
cially produced (nebulized) wvirus aerosols on human volunteers have

been concerned with the transmission characteristics of three respi-

ratory viruses namely Coxsackievirus A type 21, Adenovirus typé 4
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and 7 and several Rhinovirus, types. Both the Coxsackievirus and the
two Adenov1rus types. are of interest to the military because each has

been 1mp11cated in the Acute Resplratory Dlsease syndrome (ARD)

4 \,‘_\

-Whlch affects large numberefof recru1ts when they first arrive on -
x\;} -
. : base (Fenner et al 1974)}. :While both of these v1ruses have been
/ C implicated in upper respiratory tract infections the viruses prima-

rily associated with'opper respiratory inféctidns,within the general
population,are Rhinoviruses (Jackson and Muldoon; 1973) and to a
"slightly lesser degree, the more recently classified human Corona-

viruses (Monto, 1974).

1

In studies concerned with virus transmission it is important to

. . be able to analyse the aerosdl, thus ﬁarious pieces of equipment have
been designed for thé collection ofﬁshe aerosolized virus (droplet
nuclei) in order that information pertaining to the particle size,

concentration and survival of the airborne agent can be obtained.

Buckland et al (1965) using an impinger type sampier for the
collection of airborne Coxsackievirus A type 21 were abie to determine
that this virus was easily inactivated in either small particle
aerosol or when applied to surfaces, yet was feirly stable when
aerosolized in large particles.quonsequently, in order to achieve

successful transmission of the agent, close contact between infected

"and non-infected (suscepfible) individuals would be required.

-

.
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Couch et al (1966) used a Litton large volume air sampler in
< ' . I , W T
studies with natural (cough and sneeze) Coxsackievirus aerosols. They-

-

found that the cough produced the greaﬁest-quan;ity of recoverable

‘aerosolized virus and that the best recovery was obtained when the

‘oral secretions contained the highest concentration of virus. In the

| }

same study with Coxsackievirus A'type 21, Adenovirus 4 and a Rhinovirus
species, each.vi:us was tested for its ability to produce a hatural
¢ypé of infection when introduced info a sgsbeptible'individual as
small p;rticle aerosols proauced by a cough-ox Sneezejor by:thé
Collison nehulizer. In all cases an infection was prbduced in which \
the individual exhibited sf%;toms-simila: to a naturally acquired
infection. | f

Aside from these earlier findings there is still some controversy

over the role(s) of the aerosol route in transmission of certain infec-

tions. Studies performed by Gvaltney et al (1978), using volunteers,

- have been interpreted to indicate that the majority of infections caused

by Rhinoviruses are a result of hand to hand rather than airborne trans-.
mission. Air samplers were not used in these studies: however, even .
though their use would have been effective in detdrmining the concentra-
tion of the virus in the air surrounding the susceptible individuals.

Thus their results do not show whether or not virus was actually being

: 9. .
shed by the infected hosts, a requirement crucial to airborne transmission.

The samplers could be used in these and other studies to determine the

-
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quantity of airborn€ infectious virus that is.required before an

- "

individual becomes infected,
- o : .

bNl

&

In addition to the various aerosol generators and air samplers

[

used to study airborne viruses and disease transmission other pieces

of equipment'have been designed to transport and maintain

aerosols to provide additional information. Any aerosol o

these

f an

infectious nature must be generated into containment equipment in

- [

order té be safely transported to susceptible hosts or maintained

for extended periods of time for survival studies. : The equipment

most often used for such transportation is the Henderson apparatus

(Henderson, 1958). This unit was gggigned to supply a con

source of the infectious agent at a constant cloud density

controlled conditions of relative humidity and temperature

tinuous '
under

. By

placing apﬁropriate test animals in the aerosol cloud they could

theh be exposed to the infectious agent for susceptibility and

transmission studies.
L

Survival characteristics of the infectious agents can

be studied

in another type of maintenance chamber known as~a rotating drum

(Goldberg et al, 1958). This device was designéd to\maint

infectious agent in the airborne state over long periods o

ain the

f time such
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that the sufvival of the agent could be studied for several ‘days with

'ohly a minimal 1055'dué_to "fallout" onto the-walls of the drum. -

==
3

Assessment of the aerosol within the-Hénderéon apparatus, a-

N
)

survival study chamber, or within the'ehvirgnment with respecf to
the determination of the quantity of viable particles present,
requires the use of an aerosol sampler. There are many types of

samplers all operating on one of two principles; (aj impingement of §

the‘aerosol into a liquid recovery fluid or (b).impaction of the
aerosol oﬁto\a solid or semi-solid surface. Quite often aerosols
contain particles which are aggregates of more than one infectious
unit and whén these are co}lected into a liquid {as in the case of
impingers) fhey disaggreéate. ‘When these aé'regated particles are
collected onto a solid or semi-solid surface (as ;i;h impaction) they -
do not disaggregate therefore the count from an impaction device
represents the number éf infectious aerosol particles (droplet nuclei)
whereas the count from an impinging device represents the number of
infectious units., Dividing the infectious unif count by the infectious
aerosol particle (droplet nuclei) count gives the number of_infectious

agents per infectious aerosol partigig_(droplet nuclei).

';Ige most commonly used samplers operating on the impingement

_d__EEEBCiElﬁz_EEl}?ﬂ impingers, include; (&) the All Glass Impinger

(AGI) (Tyler and Shipe, 1959) in which the air particles are accele-

rated throupgh an orifice and impinge into the liquid at an angle



. 1958) where the air particles'accelerate through small holes and

.9 - . .

- O ot

: _ -

- b . Nea o
s

_ perpendicular to the liquid surface, (bﬁh—\\BShipe fmpinger (Shipe

et al, 1959) which operates on the same prlnC1p1e as the AGI except
the air 1mp1nges into the 11qu1d at & sllght angle to the 11qu1d

surface, and {c¢) the multlstage liquid 1mp1nger (May, 1966) wh1ch

\ . ’ .
!:’r
consists of a series of three connected stages de51gned to separate

' il

the airborne particles into three size ranges‘bpsed on their d1ameter

so that the distribution of .the infectious agent in the aerosol could

be determined.

Impaction devices on the other hand are named’qu the type‘of
openlng through wh1ch the aerosol is accelerated These samplers
include (a) the slit sampler (BacterlaI\Sampler, 1958) in which the
airborne particles accelerate as they are drawn through a Narrow sllt
and imp‘ig onto a slowly revolving dish conthining solid or semi-

solid collection medium (b) the seive‘sampler (Bacterial Samplers,

-

I
. b, .
impact on the surface of the collection medium, and (c¢) the stacked

seive or Anderson sanmpler (Anderson, "1958) which consists of six
seives, each with different diameter holes, stacked one on top of
fhe other. The Anderson sampler is'pnique bécause it separates the
particles into six groups depending on their diameters so that one
can assess the mean particle diameter in the aerosol being studied

LY
. Y
(Anderson, 1958, Guerin and Mitchell, 1964 and Couch et al, 1965).
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‘As effective as the above samplers are at assessing infectious

-

aerosols, none of them is very effective for recovering the small -

.

amounts of virus prbdubéd by,fo}‘éxaﬁple, a sneeze or cough from the
a{r iﬁ a large fqom. Dimmick aﬁduhkers (1966) refer to work by Tvrrell
in which he has found that for one‘sneeze about 1 to IOIinfecfioug doses
of virus are aerosolized into the enyironment as-droplep‘nuclei. Thus'
the re;overy of thesé nuclei from a.large room would require the

screening of hundreds of liters of air, volumes which are not practical

for the abdve mentioned samplers. For this reason large volume air
: r

' . samplers have been designed so that hirborne particles from large volu-

mes of air can be concentrated into very small volumes of liquid and
from there assaye&'with a minimum amount of time and expense. Many of

these samplers have been described by Decker et al (1968), The most

.

popular one used to date is the Litton large volume sampler which has

-

seen practical application in both environmental (Winkler 1968) and labo-

ratory (Arteﬁbtein et al 1967 and Couch et al 1966) studies. Because of

-

the large size and complexity of operation of the Litton sampler a much

smaller and simpler large volume air sampler (LVAS) was designed. It
was originally described.by Decker et al (1968) and was later tested by
Buchanan et al (1972f who found it to be}highly effective for the
collection of bacterial spores. This model was further modified at the
Defence Research Establishment Suffield (DRES), Alberta. White et al

(1975) have described the modifications and have shown the LVAS to be
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very efficient for the 'collection of a dye, bacterial spores (Bacillus
subtilis var nlger) and three specres of bacteria in vegetat1ve form

(Serratla marcescens, Escherichia coli and Aerobacter aeroggnes
~

f a

With the increasing meortance placed on the study of alrborne
viruses it was appropriate to initiate'a study concerned with the
~ feasibility of~using the LVAS for the recovery of viruses-from aercsol.
The viruses used for this study ineluded‘Poliovirus type 1. (Sabin) and
two respiratory v1ruses, Rhinovirus type 14 and Human CoronaV1rus (HCV)
229E. Poliovirus type I was used as a reference virus because it was
safe to work with, had‘a well established plgque assay and because.many

of its characteristics in aerosol have been documented (de Jong and*

Winkler 1968 and Akers and Hatch 1968).

]

r
.

. The study'was comp95ed of essentiilly three areas. The first was
designed'to determine Qhether or not each of the viruses could be
collected by the LVAS. uThe second Qas concerned with increasing this
recovery through the use of certain additives, determining where, during
the recovery and assay phases-of the virus recovery, the additive
is mdSt effective and was also concerned with the development of a
concentration procedure, using Amicon Centriflo membrane cones to
supplement the recovery capabilities of the LVAS. The third was con-
eerned with the determination of the efficiency of the LVAS relative to

the AGI for the recovery of the three viruses. Once the efficlencies

were established, the values were used in an attempt to determine the
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limits of virus detéctability'of the LVAS. This lower limit is the

minimum number of ﬁiaque forming ﬁnits/litren(pfp/l) of viruslnecessary

before the LVA& will recover 1 pfu in 10 millilitres (ml) of collection’

_fluid over a 10 minute (min) sampling period, as stipulated in the

project protoéol.

-£



‘ g ) o
R N
:.' ) v
. : - 13 - .

.‘\ -
4
AIM OF RESEARCH
. {
. i

T

/f‘ S
4



4

AIM OF RESEARCH

To determine whether or not the three viruses would sﬁrvive

aerosolization by the Collison and be recovered by the LVAS.

To enhance vir§; recovery‘thrOugh use of additives in the

s ) _ ' _
collection fluldy~to determine where during recovery and assay

. h
enhancement is most effective and to develop a concentration

procedure to improve the recovery capabilities of th% LVAS.

To determine the efficiency of the LVAS, relative to a

+ .
reference sampler, for each virus and using these values to

attempt ‘to estimate the limit of virus detectability of the LVAS

for RV-14 and HCV/229E.
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CL-132 cells -+ . - s

!

. e N . ’ : diw
- . . [

These were originally dgfiyed from human:embryoﬁic Tung tissue
by Davis apd Bfolin (1970) aﬁd'were obtained from Mr,‘D:A; McLeod S |
{Bureau of Virology,‘Labo;atory Céntre-fbr Disease Céntroi, dttawa)'
who in turn had obtained them from the American Type Cuiture Collection
(ATCC). The cells were maintained between passages 20 and Ab {from the
time of establishment in our laboratory) at a split ratio of 1 to 3.
They were'grown in Eag%e's Minimal Essenfial Media (MEM "Auto-Pow"
Flow Léboratories Inc.)‘supplemented‘with 2 mM L-Glutamine (GE?CO),

20 mM sodium bicarbonate (Fisher Certified reagent), the antibiotics

Penicillin (100 units/ml), Streptomycin (100ug/ml} and Neomycin (50ug/ml)

from Nutritional Biochemical Co. and 10% fetal calf serum (FCS) from

Flow Laboratories Inc. Further details havelbeen included in Appendix II.

Unless otherwise mnoted, all cells were grown in 75 cm2 disposable

E

C. ) ;‘
.plastic flasks (Lux Scientific Inc.) and were used within 24 hours of

reaching confluence.

A-5-HelLa cells

These were obtained from Dr. K. Lonberg-Holm (E.I. duPont 'de

Nemours and Co., Central Research and Development Department, Wilmington,

%

Delaware) . -

Both the cell growth medium and the split ratio were the same for
the A-5-HeLa cells as they were for the L-132 cells. The monolayers
used in all experiments were restricted to those below our passage

level of 25.
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Yiruses '
a . (‘ .
Poliovirus - : :

Al . A
)

The Sabin vaccine strain of Poliovirus type 1 (Polio) wa$ used for

1

these eiperiments. The vitus was cultivated in L-132 cells supplied
. ‘ i '
yith growth medium (see Appendix II for details) plus 2% FCS. After

ingubation at 37°C for 48 hours virus was released from cells by free-

i
bR Y

zing apd thawing the flask and contents three times. The suspension
_ N

was transferred to centrifuge tubes and clarified by centrifugation at

2000 rpm for 15 minutes at 4°C. Thé"poliovirus-containing"Supernatant

fluid (SNF) was then dispensed into 1 ml aliquots and sto;gd at -80°C.

Coronavirus

hY

Human Coronavirus strain 229E (HCV/229E) was originally obtained
from Dr. A.Z. Kapikian at the U.S. National Institute of Health ,
- /
- Bethesda, Maryland. The virus was cultivated in L-132 cells supplied
with cell growth medium (Appendix II) plu; 2% FCS., After incubd%ion

at 33°C for 36 hours the virus was harvested as above, separated into
. . ]

aliquots and stored at -80°C.
Rhinovirus

Rhinovirus type 14 (RV-14) as classified by Kapikian et al (1961)
was obtained from Dr. B.D. Korant, E.I. duPont de Nemours and Co. The

virus was cultivated in A-5-Hela cells supplied with gfowth medium

.

4
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plus 2% heat inactivated FCS (56°C for 30 minutes). The infected mono-

layers were incubated for 2 days at 33°C. Following incubation the

virus-was harvested as before and the RV-14/SNF was aliquoted then
. I , : .
stored at -80°C. : '

Plaque Assay gggceduge ‘ ‘ ' /

: | c
The following plaque assay procedure has been adapted from the

original method used by Kennedy and Johnson—LussenBurg (1976) .

e

Ceil mong?ayers usualiy less thaﬁ 24 hours old were used. The'gfbwth
medium wés pogred off and the monolayers were washed twice with Phosphate
Buffered Saline (PBS). The liquid from the sécénd wash remained on the
monolayers until they were to be infected. Dilutions of the virus were
made at 0°C and kept on ice until used for inoculation. The PBS was
ﬁrain;d from the monolayers which'were then infected with‘O.SS ml of the
virus sample. Vlrus was adsorbed for one hour at room temperature during
which time the flasks were gently shaken at 20 minute 1ntervals to redls—
tribute the inoculum over the monolayer. At the end of one hour, 25 ml
of the appropriate overlay medium (medium and agar] ;£.45°C was‘poﬁred
onto the upper cell-free surface of each flask. Wheh tﬁe first signs of

hardening appeared the flasks were inverted allowing the overlay to harden

in contact with the monolayer. The £1asks were then placed in an incubator

with the monolayer inverted to the upper position. When assaying Polio 1-

the flasks were incubated for 2 days at.37°C, HCV/229E required a 6 day-

incubation at 33°C and RV-14 required 4 days at 33°C. —

Pl
- v
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"Féllowing incubation 5.0 ml of 4% formaldehyde in saline was

added foleach of the flasks which were then placed.in é 37°C incuba-
tor for one hour. The overlay was then‘;arefully removed_and the |
remaining moﬁolayer‘was stained wiFh;crystal violet to eﬁhance the
visibility of plaques which were then counted.

3 .

k- tions Used i lav Media

s

-9

The final concentration of the stock solutions in each overlg
. &

are tabulated.in Appendix 11.

Medium-199 (M-199) with Earle's salts,. Flow Laboratories, was
prepared in stocks of a five-fold concentration using deionized‘
distilled water. The solution was gressure filter sterilized and
stored at 4°C.  Also sterilized and stored at 4°C were 5.6% sodium
bicarbonate, 1.6% S—bromodeoxyuridine (BudR, Calbiochem.), 4.0% DEAE
Dextran {SIGMA) and 3.0 M MgCl2 {Fisher Cgrtified reagent). Penicillin,
Streptomycin and Neomycin were used at final concentrations of 100 units/
ml, 100ug/ml and SOug/ml respéctively. The stock solution'(IOOO-fold
coﬁcéntration) was prepared f?om the powdered form of each antibiotic
dissolved in deionized distilled water. The solution was filtéY

sterilized, dispgnsed into 1 ml aliquots and stored at -20°C.



» .

A stock Mycostatin suspension obtained from GIBCO (lb,OOOQQ/ml)

A

was used in all'ovériéys at a final concentration of 100ug/ml. -
: o] '

. Fetal calf serum, (FCS) stored at -20°C, was used without further

treatment or was heat inactivated at 56°C for 30 minutes.

Stgcks of Oxoid No. 1 agar (Oxoid) at 1.8% and 2.7% were prepared

in distilled water, autoclaved and stored at 4°C. "

u,'/_/ .
‘ The agar and nutrient portions (see Appendix II) were kept sSéparate
at 45°C until required at which time two parts medium and one part agar

were combined, then 25 ml was poured onto each cell monolayer.

fo)

Collison Nebulizer:

The small particle aerosols used in this study were produced
by the Druett modified Collison nebulizer {Druett 1969). A
schematic representdtion of this nebulizer showing thé design and .

operation of one of Bhp three nozzles is shown in Figure 1.

There are two major parts to the Collison, the head and the
reservoir vessel. The head consists of the air inlet tube
(compressed air), the three nozzle (or jet) head piece and the

aerosol outlet. The reservoir vessel is a thick walled glass
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Figure 1: A_schematic view. of the Ceollison nebulizer.
—
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container which, as well as containing thé virus suspension, acts

as a refluxlng chamber into which the nozzles aerosollze the virus.

Y

L

The operation,of the nozzle is easily observed through‘the glass
véésel and should one or more of the.nnzzies“not be fUnétioning
properly the experiment can be stopped and the nozzles cleaned. In
this way inconsistent results from etperlment to experiment caused

by faulty _aerosolization can be virtually ellmlnated¢
Al

The pninciple of opération is 53 follows; filtered, cnmpreSSed
air (26 psi*)islintroduceg into the Coliison through\the air inlet
tuhé (1) where it flows to the spray head ‘(2) which consists of
three jets (one of which is shown (3)). Air passés through each jet
into [its associated nozzle (4) where the air expands reduqing static
predsure in the nozzle thereby drawing the liquid from the reservoi}_
through a capillary tube (5) up into the nozzle. The liquid is then

Q“/\g}roken down in the expanding air into droplets of various sizes which
‘aré immediately expelled from the nozzle into the reservoir chamﬁer.
Accdrding to May (1972) the smaller droplets, those less than 45um in
diameter, are carried out of the Collison, through the aerosol outiet
(6), in the departing air stream while the rest of the droplets |
(95.98%) impact on the glass surfac;tand return to the liquid reservoir

to be spréypd again.

* This is guage pressﬁ?@'— actual air pressure equals guage pressure

plus atmospheric pressure (14.7 psi).
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N \
In a11 the experlments described in this work, the spray f1u1d

. consisted of 30 ml of cell growth medium (W1thout fetal calf sexum)

plus 0.1 ml of 10% Antifoam "Cﬂ (Sigma).

Henderson Apparatus

The Henderson apparatus, as developed by Henderson in 1952, was,
designed to permlt the contlnuous aerosolization of an 1nfect10us agent
into a sterile, recycled air stream with the humidity and temperature

. 1

controlled. Tor this reason the modified version of the Henderson

apparatus, as shown in Figure 2, was uSed in this study.

3

The basic'operationrdf the Hénderson is as follows: sterile air
enters the cloud chamber (2)'frbm the circulating pump (8) thfough a
'poft (3) adjacent to the point of attachment of the Collison neﬁulizer
‘(1) (source of aerosol). The air fléws through the cloud chamber past
several ports for infection {animals), and/or sampling (mechanical
sampling devices)and for measuring relative humidity and temperaturel(d]
through a filter (5) and then through five critical orifices (7) which
limit the air flow through the cloud chamber to approximately 30 L/min.
The air is further filtered (Sa) before it passes through 'the circulating
pump (8) and on' through the de;sicant tanks (9 and 10) which are used
to help control the humidity. The now filtered air passes through control

valves (11 and 12) in phe panel (13) and is returned to the cloud chamber.

Thus, the aerosolized test agent is continuously introduced into the



FIGURE 2
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Figure 2: A diagramatic representation of the Henderson Apparatus
used in thié study with the Collison and All Glass-
Impinger (AGI) in position.

(1) Collison Nebulizer

\ .
(2)-.Clpud Chamber
(3} Air Inlet Port
(4) Temperature and RH Measurements
{(5) Filters
‘ N ) -
(6) All Glass Impinger. *
{(7) Critical Orifices
(8) Circulating Pump . . &
(%) )
t } Dessicant Tanks
(10) )
=y oan )
e ) Control Valves

(1z2) )

(13) Control Panel
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sterile air stream at the source (1) and then removed by filtration
after.passing the'sampling pOrts.

»

3 1

¢ - - ¢ S
The circulating pump creates a vacuum of 40 cm of mercury’
between itself and the critical orifices so. that the orifices
will maintain the proper flow rate. This vacuum can be tapped when

.

impingers are being used to saﬁ%le'an aerosol in the cloud chamber (6).
When sampling from tﬁé<chémb;;-the pressure within the chamber is
maintained at or near atméépheric go as not to subject the virus to

any excess pressure and more importantly for §afetf because excess
‘préssure may damage seals which could resu1t>in the leakage of aerosol
into the work area.‘ Usually the recommended condition within the cloud
chamber is a slight vacuum of 2-3 mm of mercury. This vécuum keeps the
aerosol from'leaking from the chamber and is believed to be low enough

-
that it has little or no effect o? the virus or on its recovery from

the chamber.

Impinger

\ The All Glass Impinger (AGI), as the name indicates, is made of
glass and, as seen in Figure 3, consists of an.aerosol inlet tube (1)

which has a constriction (critical orifice) at its lower end (3), and
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‘a fluld reserv01r vessel (25 This vessel is_made of thick walled ~

LTS I - t

glass enab11ng it to w1thstand the sampllng vacuum supplled through

-~ R e T A
a

A

the vacuum port (4). ‘ _ T

-~
.

Unless otherwise s;ated the .collection fluid used in the
impinger consisted of MEM;aapproximatel& 0.05 ml of 10% Antifoam "C" .

and approprlate qddltlve all.to a total- 'volume of 12 ml During

. a typlcal 5amp11ng Tun the aerosol inlet tube of the 1mp1nger is

FH

-

connected to the aerosol source(Henderson cloud chambexﬂwhlch is

élways at or slightly below atmospheric pressure. A vacuum is -

4

supplled to the vacuum port (4) and the pdrt1CleS of the aerosol

are accelerated as they are drawn through the ori fice and lmplnge

n._ -

into the cqllect1on fluid.  The maximum velocity for these
partfeleS'is apﬁroximately the speed of sound (332 m/sec, or 1088 ft/sec)

which is reached with a vacuum of at least one half an atmosphere.

o -

Also'under these conditions the'maximum characteristic flow rate -

r 'S —

' as determrned by a rotameter, for the lmplngers used here was

5.6 L/mln. An intermediate flow rate of 1.1 L/mln was also used
for the exper1ments in which optlmal condi tions couid not be |
" .

- Ao -

achieved. e - - -
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1.

Large Valume Air Sampler

b

The Large Volume Air Sampler (LVAS)-used in these experimehts

. was des1gned and built under the superv151on of the Preventive o

Medicine Section, Defence Research Estab11shment Suffleld Alberta

- and was on loan to this department for the purpose of these studles.

.

A schematic representatlon of the LVAS is shown in’ Fl%ure 4,

‘The alt flow rate through thelsemplerjls”éboutLQSO L/min.
The flow of air is produced bv the vacuum motor (la) wh1ch draWS
air 1nto the sampler through the horn (1) COllECthH fluld from
‘the syrlnge (3) is introduced into the a1r stream through a tube in
the horn (7) by the syringe drlve [4) ~The collect1on fluld travels
w1th1n the air stream to the collector (S) where 1t 1mpacts on the
walls form1ng a film of 11qu1d into Wthh much of the partaculate
matter of the eir stream'implnges. The 11qu1d moves in a helical

path through the collector towards a constr1ct1on 1n‘the tube (12)

The constriction serves two functions: {(a) it stops "the flow of -
fluid and associated particulates at the collection port so it cpfl be
removed from the collector and (b) it creates a pressure differential

between the collection port and the vacuum motor. This pressure dif-

¥

ferential is used, with the aid of a vacuum tap (11), to.draw'the

T . ' A
. - ¥
collection fluid from the collector through the collection port (9)
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Figure 4: SchemafiC'of‘;he Large -Volume Air Samplef (LVAS) showing:

v
S
- [

the esseqtia}‘featUres._
él) Horn \'" R

(Ei. Collection Fluid Inlet
¢3) Collection Fluid.éyringe
(4 Syringe Drive ‘

(5). Make-up Water Inlet

(6) Controi Valve ) )
(7)‘ Reservoir

(8) Colleefor

(9) Collection Port
(10} Coliegtiép Vessel
(11) . Vacuum Tap
(12} Constrictio&

{13) Vacuum Motor

(14)- Air Exhaust (HEPA Filter)
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into the collection vessel (10). To compensate for water evaporation,
make-up water is supplied to the system from the reservoir (7) and'is

+

‘con;fblled by the flow #alvé'(6}4 The‘flﬁw rate of the Qqﬁer entering'

" the ai}stream ¢5) is adjusted so that theftotai‘COlle;tion fluid flow~
" rate into the collection vessel is apprOtlmately 1.0 ml/min. The
ba51c collection fluid in which. the. addltlves were evaluated was
essentlally the same as the spray fluid (Appendlt II). As has beeﬁ
shown by Whlte et al (1875) not’all &€ the infectious particles
‘ehtéring the ga%@ler under teést conditions were removed from the air
stream therefbre to help insure that these particles (sllppage) are

not released into the env1ronment all the air passing through the °

' vacuum motor was exhausted through a HEPA, filter (14).

Concentration Procedure -

"Amicon Ultrafiltration membrane cones (type CF 504A) (Amicon Corp.)

were tested for their effectiveness in contentrating each of the three

-

viruses. The cones were presoaked in distilled water for at least one
hour after which they were drained, placed in the centrifuge tube

supports and 8.0 ml PBS +'0,1%'BSA was-used fo,precondition the cones

by centrifuging them at ZOOOprm for 30 minutes. Follewing this 8.0 ml

of the sample was added to the cones which,. were then centrlfuged at
*
2000 rpm for 20 mlnutes or until there was" approx1mately 1.0 ml of

3

liquid left in the;fllter cone. Part or all of this sample was then

I
b

" . £

assayed for virus..
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'EXPERIMENTAL RESULTS' .

Sampling Virus from an Inﬁernai‘aﬁd External Source -

a

with the LVAS .

Enhancement of Virus Recovery

Role(s) of BSA in Improving Virus Reﬁéye;y

A

Development of a Concentration Procedure
Concentration of LVAS Samples

A Determination of the Efficiency and Limits of Virus

Detectability of the LVAS :
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Sampling Virus From an Internal -

and External Source with the LVAS .

2

v

This'fir t part of the. study .was designed to obtain some basic

information conceining tﬁé\giigz)al limitations 'of the LVAS and the

sqfvival'of the three test viruses during réﬁovery (by the LVASj.frOm%

/
both an "internal" and an Yexternal" source.

As with virfuéiiy all sa@pleré, a certain'duantity of the
aerosolized agent‘will pass directly.thfough the sampler and will not
become t;aﬁpea in the collection medium.’ This portionlof the aeroscl
représents ?ﬁe amount lost due to 1;physicl'al slippage' and 15 most often

determined through the use of a chemical dye or tracer, The amount of

‘the tracer recovered by the sampler usually represents the mai;mum

quantity ef an agént that can be recovered. When biological agents

- are studied they are, as well as being lost through physical slippage.

also subject to inactivation . a process more.commonly known as "biolo-

gical decay".

5

=

Thus in this study, using the dye sodium fluorescein

- “

as a tracer,

and each of the three viruses, an attempt was made to determine the

amount ofnslippage and ‘biological decay associated with the LVAS when

the dye or virus were introduced into it from either the intemal or

external source.

Y

. . . \ . -
"‘m (S
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Virus or dye for the "internal source"'expefiments was supplied
to the LVAS air stream from the collection fluid Syr{ngél(Figufé 5).
In thﬁse expériments the virus was suspended in collection fluid (CF)
(Appeﬂdix IL) pius 0.1% Bovine Serum Albumin'fract;on V (BSA) where-

as. the dye was dissolved in CF. Under these conditions the virus

.K‘ was considered to be subjected only to the sampling process (entrap-

ment  and collection) and the ambient environmental conditions of

temperature and humidity.

Followingﬁthége-”internal source" experiments, the "external

sourgé; ex;eriments were concerned with the recovery of both the
. t.dye"la‘nd‘test viruses-as‘droplet nug;ei.ﬂ The Col;ison nebulizer
. AFigure.S) was used _to aerosolize.the dye or'virué airectly'into

'_ihe air stream of the LVAS. In'these'experiments the collection
3 - . [ . .

" fluid syfiﬁgé contained CF plus 0.1% BSA for virus recovery and CF
"withbut BSA: for &ye recovery. Under these conditions the physical

slippage.of droblgt nuclei could be determined as couldrinformation

pertaining to the survival of the viruses in aerosol‘and during
subséqueﬁt recovery by the LVAS.
' T

s
L

In the following two sub-séctions the results of these sampling

. ) »
experiments are presented.

-
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Recovery of Inteérnal Source Virus

) v J . L

T y

\ -

Three experiments were performed usiﬁg the dye andjeach of the

Pl %

viruses, and the resulting averages are shown in Table 1, (syringé). The

dyé was assayed by measuring the-optical;density at 493.5 nm using

a Beckman DB spectrophotometer. Sterile distilled Water was used

. -
-

for didution as require@L The appropriate plaque assay techniques:

A -

were used to measure virus recovery. (See Materials and Methods ' v

Section).
bt Y » '

¥ - . @

The LVAS sampling period for this and all subsequent experiﬁ%nts,

unless otherwise stated, was 10 minutes.  The results obtained in
. b ‘ . N . . . -
ﬂu§ﬁ;exper1ments are expressed as percent recovery which.is a compa-

o . N . "‘ o

rison between the actual and theoretical Yecoveries based on the | :

.

.concentration of dye or virus at source and rate of délivery into the System.

. 4 -

» . .

Frém Table 1 it can be.seen ;hat_recovéry of the.dye was 105% .

-
¢

indicating negligible physical slippage. Recovery for each of the ~

viruses was below theoretical which, since slippage was negligible,

was probably a result of biological &naqtivatioﬁ or aggregation. . >
. - c o ,

.

From these results it appeared that Poliovirus type I was least

-

]
affected by the sampling action of the LVAS, while Rhinovirus type 14

and Coronavirus ,2Z29E~were considerably less stable. However, this

instability was not as great as expected consequently the study was §
. )

:,\\continued to the next phase.
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Recovery of External Source Virus (Collison Nebulizer)

% L4 A

» " .
. !
.

The virus of dye was aerosolized by the Collison and introduced

“into the LVAS. through the horn (Figure: 5) inétéa&'of from the collec-

[ .
tion fluid syringe as before, The syringe now supplied only the

. i . -
collection fluid consisting-of CF plus 0.1% BSA.
_ \ .

The resultinﬁ average of three experimeﬁts using the dye and two

perforﬁed usiné each of the viruses are shown in Table I (Collison).

As can be seen from the table there was a-decrease in the amount of
dye and virus recoxered. The recovery of-dye from the aerosol was

approximately 30%-iﬁdicating a loss of aqbut 70%.

The amount of Poliolfecovered frdh aerosol was onl¥ 11%,
considerably less than the 77%_ﬁhich had been g§govered from. the
internal source. HCV/229E recovery decreased frpm 40% to 14% while
Rhinovirus recovery, which appeared to be the least affecfed, wasg
reduced by only 10% (from 40% to 30%). Thus for both the dye and
viruses there was a decrease in recovery frsm'aerosol for which

there are several-poésible explanations.

The results of dye recovery in these experiments were different

i
from those of White et al (1975) who, using the same type of sampler.

(™

¥r
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but collecting‘monodiépersed aerosqls of Rhodﬁpine B, reported
recoveries of approximately 100% for particles down Eo 2.3um and
recoveries of about 70% for 0.5um par?fcles. Their ¥esu1ts incor-
porated an adjustment for the loss of 20% of the dye due to the
ent}épment,‘within the aerosol generator, of satellite particles.
These particlés were below O.SQm'in diameter and therefore less
than 70% would have been fecovfred by the LYAS. Therefore had
these particles been present in their aerosol, most of them’woujd
~ have slipped through the sampler and their 1gss would probably
have decreased the efficiency results by approximately 20%. It
has been repofted tﬁat tﬁe,Collison nebulizer produces these

satellite particles but we were not able to collect and study them.

However, Couch et 51-(1965), using sodium fluorescein, have performed

some studies concerning the particle sizes of the aerosols produced by the

i

Collison nebulizer. They have found that about 54% of the aerosol ~

AL

volume consists of particles with diameters of 1-2um and that appro-
ximately 85% of all the particles produced.by the Collison are below
“lum thérefore itlwouiﬁ seem likely that at least 20% of the remaining
46% of the volume of aerosol produced would be in the form of
particles of less than 0.5um in diaﬁeter, the;size White gﬁ_gl (1975)
classed as sétellite particles, hhich are recovered by the LVAS at

an efficiency .of less than 70%. Of the particles of less than 0.5um
that are collected all will contain some quantity of dye howevef ohly

a few will contain virus. Couch et al (1965) have shown that using

—

+ et

e mpn el
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virus suspépsions of lesslthan 10g pfu/ml the\average concentration ;f
virus per‘fesulting gerqsol particle i§ less fhan one and by using the
Anderson sampler they have found that over 90% of the virus is édllectéd
;ithinithe‘S-b.Sum size rﬁnge. They therefore concluded thgt the quanti-
ty of virus contained in particles of less tﬁan 0.5um in diém;ter would
be negligible. The results of Couch et al (1965) are similar to those’
obtained in this iaboratory {Appéndix I). It follows then that ﬁfthough
.approximately 70% of the dye was lost through physical slippage, a ;ery
small amount of virus would have been contained in and therefore ibst

“ with those particles. Thus the éﬁount‘of dye lost will be relatively
whigh cdmpared to the amount of virus lost as is the case in the sét.qf
experiments presénted here. For example, referring back to the

results of RV-14 recovery (Table 1), biological decay of the virus
recdvéred from the internal source was 60% when physical slifpage

(by recovery) was negligible. When”physical slippage was 70% for <
collection of the dye aerosol, the recovery of RV-14 fromithe aerosol
decreased slightly. Therefore it appears that although 7q% of the
ge?osol Wa% lost through physical slippage, only 10% of the virus was

lost through a combination of physical slippage and biological decay.

[

From the same Table , recovery of HCV/229E from a Collison

aerosol decreased considerably, relative' to internal source recovery.

“
e b
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Assuming the same
appears that HCV/

conditions.

The 1nterna1
‘affect on the sur
aerosol there was

On initial observ

amount of physical slippage for.both vituses it

"

2729E is less stable /than RV-14 under aerosol

\

source experiments for Polio appeared to have little'
vival of the virus however when recoverlng it from

a dramatlc decrease in the amount of virus recovered.

N
ation, since the percentage loss of P0110 was almost
M“

as large as the percentage loss of dye through physical slippage,'i

was felt that mos
ever, with thewre
HCV/229E) , irrega
viruses was much

had been*lost thr

L
t of the loss of the virus was due to slippage. How-

covery of'tﬁe_two respiratory viruses (RV-14.and

rdless of the virus, since the percent loss of both

less than Polio, it was assumed that much. of the virus

ough biological decay. The relative humidity of the

incoming air mixing with the virus aerosol was approxlmately S0%, a

- condition roported to cause rapid inactivation of Poliovirus (de Jong

and Winkler, 1968

at high humiditie

and Akers and Hatch, 1968) which is much more stable

s. The components of the spray fluid, which are

concentrated in the droplet nuclei, migHt also be contributing to the

decrease in Polio
Polio and the two

concerning the su

. " To understand this di fference in recoveries between

respiratory viruses, further wotk should be performed

&«

rvival of each of the viruses at different relative

humidities and temper#tures in different spray and recovery fluids.
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From these results one can’ see that_though each of the viruses

4« 1s recoverable the stability of each under the conditons employed is
different. The following experiments were devoted to testing certain
aq&itives to the .recovery fluid in anlattempt[to increase virus reco-

very. : ' :



g

W ) ' N
n ' . \ Y . - .

Enhancement of Virus Recovery

The survival of Poliovirus type I, Coropévirus strain 229E and ‘
Rhinovirus type 14 during, aerosolization by the Collison and recovery by
the LVAS has been demonstrated in the previous section, ‘In the ﬁext group"
of experiments it was necessary to devise and provide a more stable
physical system in whichlhumidity and tqmperaturg-could be controlled
in order ihat the necessary improvements in recovery fluids could be
evaluated, A viral aerosol genération and récoveryﬂsystem (Figure 6)
consisting of the Collison nebﬁlizer, Henderson Apparatus; LVAS and AGI
was used. This system was established to (a) provide a continuous '.g/.

. .\ [
source of aerosolized virus, (b) sufficiently mix the virus aerosol to

- 4 +

obtain consistent recovery, (¢} maintain a constant environment for

the virus aerosol and (d) provide a virus aerosol that could be saﬁpled

by both the LVAS and AGI so that a comparison of their virus recoveries

could be made.

The LVAS and AGI were connected to the Henderson as indicated. in
Figure 6, A 5.6 L/min. AGI orifice (5) was positioned 11.0 em inside
the centre of the LVAS horn (6) where a vacuum of 3.0 cm of Mercury

was obtained when the LVAS was operating, Under these conditions the

-
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Figure 6: Arrangement of the cloud chamber, LVAS'a%d AGI for the
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evaluation of the additives.

(1)
t2)

Collison Nebulizer
Henderson Cloud Chqmber

Sampling Tube

All Glass Impinger (AGI)

AGI Qrifice

LVAS Horn
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.flow rate of virus aerosol from the Hende&son to the LVAS, (through S

a 1 meter section of 1/2 inch dlameter Tygon tube) as measured by a
rotameter, was 1.6 L/mln. When the 1mp1nger was used as the sampler
it was connected between the LVAS and Henderson (3) using the LVAS
as a vacuum source. The flow rhtemof the virus aerosol frhm the
Henderson into the impinger was 1.1 L/min, slighhly less; than into
the LVAS because the 1mp1nger was a restrlctlon in the line between
the LVAS (vacuum ‘source) and the Henderson and 1mpeded the aclosol

flow.

In these etperlments the 1mp1ngers were used essent1ally to
monitor the virus concentration in the aerosol of the cloud chamber
during the §ampling period. Thus for each addltlve to be tested
one 1mp1nger sample was taken before the LVAS s%hples and one
after. The two ;ecoverles were averaged‘to betger represent virus
recovery by the impinger during the period when the LVAS was sampling(ﬁ
the virus.‘ In this way a more accurate comparison of virus recoggxy’/

by the two samplers could be made. The additives used were tested

for their ability to improve conditions in the recovery fluid 'in an

-

‘attempt to optimize virus recovery. .-

Dimmick and Akers (1966) refer to a number of papers which have

.dealt with the concept of suspending fluids and their effect on virus

survival in aerosol. The effect of the components varied with the

virus used and the relative humidity. Serum from one source or another
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was often used hence the reason for testlng FCS. Becéuse'BSA is a .
coneentrate of the albumln fractlon of serum it was also testéd to
‘ - {

' observe its effect on virus recovery. Glycerol protects cells during

the freezing process by affecting'the size of crystal formatioﬁ, thus
it interacts with the water'&uring freezing. It was felt thatjglycerol
could interact with water durlng rehydratlon by slowlng the ‘process
down and thereby protect the.V1ruses (espec1a11y HCV/’ZQE) durlng
collectlon. ‘

Since four impingers wéte}pvéilqple for these experiments only two

additives could be tested at one time thus each sample was a test sample.

) ~

Poliovirus (Type 1 Sabfh)'(Polio)

U51ng the preV1ously outllned sampllng technlque the additives BSA e

>

(n 1n, 0 5% and 1. O%).and~g1ycerol (106) were tested for their ability
to enhance the recovery of Pol1o‘hy the LVAS and AGI. The results o

this study ate shown nn 2A to 2D. The data in Table 2A repre- &
4 \

sents the study comp g V1 ecovery by both the impinger and kVAS

(pfu/L) using collect n flund with and without 0. 1% BSA. It can be

-
séen that the difference in i inger virus recovery with and without .

BSA (513% and +92%) was not as pronounced as for the LVAS (+140%)}. This :
- : ' '
indicated that the requirement for BSA in the collection fluid was

. . -y

é;eater‘when using the LVAS suggesting that the sampling action of the

LVAS was more detrimental to Polio than that of the impinger. The
@ .

. _J
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TABLE 2 e

o POLIOVIRUS TYPE. I (SABIN)
VIRUS RECOVERY USING THE AGL AND LVAS: A COMPARISON OF ADDITIVES

v

Average AGI
Particle Recovery

Sampler Particles Recovered - Befora and After Recovery
‘ pfu/lL of aerosol LUAS (pfu/lt LYASZAGT (3) .
AL No BSA 0.1% BSA % Change No 8SA  0.1% BSA No BSA 0.1% &sa
. . il

Impinger* 262 295 13 . ’

LVas 30 142 140 K
lapinger™® A28 513 92 .
Average ‘ ‘ 344 557 17 bt
Impinges” §51 §36 -35

W 19 263 57

mpinger®* 753 753 0 .
Aveyage 802 655, 28 41
Impinger® 20 al-H 29
.oLvas 139, 176 2t
lmpinger** - 191 360 -27
Average 360 528 30 54
B. 2.1% BSA  0.3% BSA 3 Change 0.1% BSy 0.3% BSA 0.i¢ 383 0.§%

Impinger® 360 515 43

LVAS og 260 163
Impinget** 303 295 28 .
Average 3 377 305, 26 64
Impinger™ 523 559 14 <

LVAS 220 330 50 A
Impinger** 785 123 -16 —
Average 65 307 34 63
Impinger* 622, 423 -3

Lvas 206 508 79
Impingez** 783 . 68T -9
Average o 688 556 30 66

Tx ALl glass
*+ .3l11 giass

4

impinger sample taken before LVAS sample.

impinger sample taken sfter LVAS sample,

Al? values arc increases unless a decrease is indicazed (-).

N

vy
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. TABLE 2 L
POLIOVIRUS TYPE 1 (SABIN) ) . '
VIRUS RECOVERY USING THE AGI AND Lvas: A COMPARISON OF ADDETIVES R e
' Ny o : -
b Average AGI
: Particle Recovery ' ,
o Sampler Particles Recovered Before and After Recovery
Yy pfu/L of aerosol LVag (pfu-l) - LVAS /AGT {",)"
C. a,3% BSA |j..0'c BSA 'LéCha:)geT 0.5% BSA 1,0% BSA 0.5% BSA 1,0% BSA .
Impinger* 327 401 30
LVAS leo 265 60
' Impinger** 687 425 g -38 i
Average : . 507 458 33 33
Impinger* g 360 4 87
Lvas T2 hbd] 33
©, lmpinger** 5 360 -2 . .
' Average : 344 360 390 - 63
fos . . 10 10% '
L. 0.1% BSA Glveerol &% Change™ 0.1% BSA Glycerel 0.1% BSA Glveeral
: o
Impinger* 293 593 +33 '
LVAS 93 123 -3 (.\
‘Impinger** 438 1580 =37 . -
Average ) ) K 295 25 42
lzpinger* 527 By en ' .
LVAS 19¢ 108 =45
Impinger*~ 195 hdn -11 _
« Average ' 311 295 63 3T
1
Impingex*"’ 164 458 +17e I
LVAS 158 224 +62
Impinger®” . 393 982 150 .
Average 279 720 49 31

-

w

All glass impinger sample taken before LVAS sample.
All giass impinger sample taken after LVAS sample.

ill values are increases unless a decrease is indiecated (-].
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.resulfé of the other two.experiments confirmed these results though: not
quite as drﬁmaticallj.
\ ‘ :

i .

the impinger was a more 'effective sampler than the LVAS because virus

‘Analysis of the percent recovery go?fi;med that

recovery'WEth-the LVAS 'varied between 17 and 54% of impinger recoigg%( '
: \
LI o . . Y . :
Furthermore, in related experiments, this recovery was much better in

the preéence of BSA)further indicating the_importance‘of BSA in impro-

ving virus recovery by the LVAS,
_The results in Table 2B represent a comparative study of the
effects of 0.1% and 0.5% BSA on Polio recovery. Virus recovery by the
impinger in the preSenée of 0.5% BSA was either less than or equal to
that for 0.1% indicating no apparent requirement for the additional

X,

BSA. All LVAS samples showed-a definite increase in virus recovery

-

with the additional BSA that were comparable to the increases found in -

the previous experiments. The percent recoveries are much better due

to the additional BSA with the average

The results in Table 2C represent
Y

recoveries in the presence of 0.5% and

results from the impinger samples were

indicated an increase in recovery with
G| .

recovery being 65%.

two experiments comparing virus
1.0% BSA. As can be seen the
rather inconc¢lusive, one half

<

additional BSA, the other a decrea-

se. Thus it appeared that‘ffilwas no more effective at 1.0% than it was

at 0.1%.

The results from the LVAS samples indicate that additional BSA

resulted in an increase in the amount of virus recovered by the LVAS.

However when comparing the two samplers the virus recovery with the

L)

&

k)
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" LVAS is still about 60% of that recovered by fhe,impinger indicating

‘the additional BSA did little to improve the overall efficiency of

A

the LVAS,

-~

These resuits-suggeSfedothat increasing the cgncentration of
BSA aﬁove 1.0% would not result in much of anlincreﬁse in vifu;
%éccyery. This became an important consideration because 1.0% or
ﬁore BSA presented technical difficulties in performing the tests
especially regafding foaming and delays between tests. Tﬂefefore
l.q% BSA was regarded throughout this wQEk as being‘the uppefklimit

v

for testing.

Finally 10% glycerol was compared with 0.1% BSA to detemmine
fzs.effectiveness on virus recovery. As can be; seen from ;he result;
in'Tqble‘;D,‘virus recovery by the {mpingers was better in ;he
presence of glvcerol than BSA. 1In two of three experiments using

the LVAS there was an increase in recovery while in the third a

decrease.

These results were encouraging for the further testing of'glycerol

on Polio recovery however, work was stopped at this point pending simi-

lar findings with the two test viruses, RV;14 and HCV/229E.

t



Rhinovirus Type 14 -(RV-14)

- : " . . ' Y N
The results shown in Table 3A are from three experiments comparing

the recoveries of RV-14 in collection fluid with and without BSA. Here,

as with Polio, recovery by thq impingers with BSA incorporated in the

fluid resulted in an increase in virus for two experiments and a decie8se

for the third. Whereas all three experiments indicated an increase in

“wvirus when BSAiﬁad been added to the LVAS recovery fluid. The percent

recovery (LVAS/AGI) was higher in the presence of BSA suggesting that,

. - . .
as was the case with Polio, the,presence of BSA improves vitus recovery

by the LVAS more than by the impinger.

™

- When compﬁging the virus recoveries at 0.1% and 0.5% BSA (Table 3B)

one can see a small decrease in virus recovery when using the impingefs
. ' \
whereas there is a slight increase using the LVAS. The efféct of the

.additional BéKQFEE‘mtnTms{\compared to the previous experiments thus it

. appears that there is little need for more than 0.1% BSA. When comparing

the samplers however it becomes evident that there is a considerable
increase in\tha recovery for the LVAS to the point where it is virtually
equal to (82%) if not better than (148%) the impinger. Thus the additi-

onal BSA appears to have been important in increasing the effectiveness

of thé LVAS in comparison to the AGI.

Further increasing the BSA concentration to 1.0% provided the results
shown in Table 3C. The results for the impinger indigate that virus reco-

very, although fluctuating, was better in the presence of the additional
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TABLE 3
T ' RHINOVIRUS TYPE 14
VIRUS RECOVERY USI&G THE AGT AND LVAS: A COMPARISON OF ADDITIVES
. ) Averzge 30G]
i : Particle Tecovery
Sampler . Particles Recovered Befove and frer Recovery
pfu/L of aerosol. LVAS (ofu/L) LVAS/AGL (%)
Al ¥o BSA 0.1% BSA % Chhnge” No BSA  0.1% 8SA No 3SA 0.1 BSA
Impinger* = 1244 1660 34 \ '
= LVAS 410 © 550 43
' Impinger™*  1g0d4 = 2029 26
Average . S 142 1549 24 32
Impinger* 3305 2935 -1l '
Y ©oLvas 1114 118 © 45
Impinger** 43334 3338 -31
Average - 4075 342 e 52
Impinger* 36953 65708 13
LvAS 272 3963 43
Impinges*® 5236 - ©218 10 :
" Average S4€6 5464 51 61
B. 0.1% BSA 0.5% BSA & Change ©0.1% BSA 0,55 BSA 0.1% BSA 0.3% BSA
Impinger* 158 398 -13
Lvas 253 71 T
Impinger** 264 262 -11 ;
Average T . 376 330 67 §2
Impinger*® 327 164 ST I
Lvas 19T 244 2
Impinger** 164 164 0 :
Average e 246 164 g0 L148

* All glass impinger sample taken before LVAS sanple.
*+ 411 glass impinger sample taken after LVAS sample.

+ At} values are increases unless a decrease is indicated {-).
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‘ ' ' - TABLE 3
) ~ RHINOVIRUS TYPE 14
: VIRUS RECOVERY USING THE AGL AND LVAS: A COMPARISON OF ADDITIVES
Average AGI
. Particle Recovery i N
Sampler Particle Recovered Before and After’ Recovery
pru/L of aerosol LvaS dfusl) . Was/Gt (%)
\ ' c. . . 0.3% 85A 1.0% BSA % Change 9.5% BSA 1,08 BSA 0.5% BSA 1.0% BSA
Impinger™ 164 ol el X
LVAS 193 82 -35 .
lmpinger** Qs 33 -0
Average o 131 128 T3 6l
)
Impinger* 1598 2389 26
LVAS 2628 2686 2
Impinger=* . 1550 1680 63
Average : “1389  ° 3335 110 )
10]‘ * N 10(" i) . 1{1»!} ‘ .
b. Glvecerel 0.1% BSA © Change Glyeerol G.1% BSY Glyveerdl  0.1% BEA
Impinger* 356 ¢ 131 -78
LVas 244 39 -84
Impinger™*® 196 327 T
' Average 376 28 63 17
Impinger® -35 501 =33
) as 21 105 3
imyinger=* 191 425 -13
Average 638 475 .ot 85
Impinger™ 327 186 =40
LVAS 351 363 3
Impinger™~ 33 327 590
Average ) 137 262 135 138

= .all glass irpinger sample taken before LVAS sample.
+* All glase impinger sample takeén arter LVAS sample.

ALl values are increases unlese a decrease is indiecated (-],

\‘/
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' BSA whereas recovery by the LVAS appeared to be less.. Therefore the
addition of 1.0% BSA did not sufficiently increase virus reéovery to”

warrent:its use or the:use of higher concentrations in further
: o .
experiments. . o

The results of three experiments comparing virus recoveries in

the presence of 10% glycerol or 0.1% BSA can be seen in Table-3D.

As with Polic, RV-14 recovery by the iﬁpingers and LVAS was generally
better with glycerol than BSA. Compéring.the recoveries of the two

samplers the results in the presence of glycerol are more consistent
than those for BSA. Virus recovery by either sampler in the presence

s

of glycerol is not as good as in ‘the presence of 0.5% BSA. Further,

testing ofrhigﬁer concentrations of glvcerol was indicated however these

were postponed until the simidar tests using HCV/229E had been performed.

Coronavirus 229E (HCV/Z29E)

Initial studies with HCV/229E under the conditions established
for this portion of the study showed that it was iﬁactivate& in
aerosol to a greater degree than ﬁrebiéus‘experiments indicated (first
section). In the following experiments the concentration of HCV/229E
in the Collison nebulizer had to be ten times (10X) higher than Polio
or RV-14 in order that all three viruses be recovered at similar .

concentrations. Because of this greater sensitivity a more intensive

" study of the additives was performed (Table 4A to 4F). ' ]

ot

e agpa—y
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'.recovery of over 200% in all but one experiment,

- 69 - %

fhe results‘oftexperiments,combaring;virus recovery by the LVAS
with and without 0.1% BSA are shown: in Table dh. The use of 0,1% BSA
in both. the LVAS and the impingers resulted in an increase in- virus
This indicated that
there was a definite requirement for BSA .for the‘recqverf of HCV/229E,
one that was much more propounced than for Polio or RV-14. The percent
recoveries were similar to those obtqlned fqr the other viruses indi-
cating a prouortionate increase in recovery for the AGI and the LVAS

in the presence of BSA,

-

The compariSOn of virus recovery in the presence of (.1% BSA or

S%ZBSA is shown in Table 4B.

re was a slight increase in virus
recoeery in the LVAS'samples but this wids ceesiderablf emaller than
that found in the previous experiments. There wae virtually no
increase in recovery u31ng the impinger suggesting that the presence
of 0:1% BSA in thls sampler was sufficient for optimum virus recovery
The additienal BSA permitted an increase in the percent recovered by
the LVAS which indicates, as with the other\viruses, that the increase;

in effect on virus recovery by the additional BSA was more pronounced

in the LVAS samples than in the impinger samples.

These experiments demonstrated that the maximum advantage gained
by using BSA may have been reached at a concentration of 0.5% however

further test of 1.0% BSA was compared to 0.5% BSA the results of which
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: TABLE 4

_ N HUMAN CORONAVIRUS 229E
VIRUS RECOVERY USING THE AGI AND LVAS: A COMPARISON OF (PDITIVES °

7

. ' Average AGL
. . Particle Recovery
Sampler Particles Recovered Setfore and After
_ piu/L of aerosol LVas prus/L) _ hvas‘agt (W)
- Vo 338 V..% 358 . Change . No o8% .1, 351 To 354 0.1¢ BSA

impinger* ‘138 785 463 .

L\as - 382 g
lmpinger~* 43 458 LMY ‘
Average ) 102 2 ‘ an

eT 327 121 271- i

LVAS -
Impinger™* L1107 ]
Average 196 998 o - ¢
[mpinger® - S18 -

Lvag )| 0T 368 -
Iapinger** + o 129 -

_Average - 324 - 4

impingers | Thmay .

Lvas k. 601 C 15T
[mpinger*® 360 -
Average - s02 - -3
Imoinger” | - 3474 D W

.

LVAS 263 - ' -
Impinger<*s _ -069 . -\

LYAS - 1936 05 .
iapinger®* . 5302 - ‘
\verage ’ . - 3548 -
Impinger® - 5331 -

LVAS gel ' -
Impinger**~ . 5413 - .

Lvas - 1736 209 ' /’\
H ] .. -
impinger - 1715 -
Average -\\h-"//,—--—h_ - faicle - 33 k__./
Impinger” N 1063 -

LvAs 221 - -
Izpinger**r . 2193 - j

Las - 995 319
impinger™™ . 2457 - .t
iverags - iy - 14
. All glass impinger sample heroge LVAS fample, '

=+ A1) glass impinger sarplz after LVAS sample.
==+ 111 glass impinger sample Jelween LVAShsamples,

11 values are increases unisss a Jegrease is indizated (-0,
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TAELE 4 . ; e
| HUMAN CORONAVIRUS 220E v il I ' L
_w VIRUS RECOVERY USING THE AGI AND Lvas: A COMPARISON OF ADDITIVES . ;
i . ' - :
Average AGl: . - ;
. . Particle Recovery ‘ ‘ ‘ i
Sampler - Particles Recovered Before and. After Recovery ' :
pfu/l of serocsol o washaal) LYAS/AGT (%) . .
B. 0.1% BSA 0.5% BSA % Change® 0,1% BSA 0.5 BSA '0.1% BSA 0.3% 8Sa : o
N oo . v ‘ L “
. Impinger® * 1047 1211 16 - : e o
" LvAS 196 . L. N
A . : ¥ -~
+ Impinger*= T2 753 5 ' '
Average . - . 884 Q82 27
: Iepingers g1y 360 -56 ot o
CTLVAS 209 - - L R . g
Impinger** . 3a- -9 ! N :
, | Avege 360 - i 589 T IRRR
4 . . R . } N
-+ Imgnger® 940 1211 3 -
: p LVAS . 586 -3l s ])
' .0 Impingert 5o . 1043 .22 - '
.-\\'erage?\ - 1013 ©o12e 1 52 11
S ¢ ®
impinger*  127¢ 1113 -13 : , '
BRI AT 638 ‘as6 50
impinger®™™  gg2 1047 . 7
Average 1129 1080 57 39
c. "0.5% BSA 1.0% BSA % Chango+ 0.5% B3A  1.0% 383 .90.3% BSA. 1,0% BSA
‘e - I - - . N ’
tmpinger* 1177 1373 ¥ m o N\
_ T . | ) .. »
. LVAS 001 568 . e ‘ :
, rd
Impinger** 11is 720. /‘3'.' . ) t )
Average * . 1161 1048 78 22 - :
+ . E -
*°. All glass impinger sample taken before LVAS sampie.
£ : ) s .
\ : % All glass impinget sample taken after LVAS sample, o
o + Al values are increases unless a-decrease is .ir]dicatcd {=). . i
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TABLE 4*
] ) . . .
. _ "HUMAN CORONAVIRUS 229E .
" VIRUS RECOVERY USING THE AGI AND LVAS: A COMPARISON OF ADDITIVES '
< Average AGI
' Particle Recoverv .
Sampler . Particles Reco cz#d Before and After Recovery
: piu/L of asrosoff’ LVas. (pfu/ 1) LVAS/AGT (%) 1
5% 108 :\ ~ -
D. Giveerol" Glvcerol % Change~ F- .
- . . - ‘? ‘.‘- ks ﬂ_ L.
Tmpinger* . - 20 - . B )
LVAS 33 - - . : ,
’ - N . s e
Impinger™® . - - 536 - v )
LVAS - 321 -4 ‘ - .
Impinger* G e 327 -
Impinger** - 622 - . : :
LVAS b - - -
Impinger* - 622 - L4 -
Lvag® - 89 13
. Impinger®* - 491 - \
£ 104 L s ' 108
' Glvcerel 0.1% BSA % Change’ Glvcerol 0.1% 85A Glveerol 0.1% BSA
Impinger* 389 2533 ' v
LVAS 405 1603
s~ Impinger** 622 4320
/ Average 3437 67 47 '
Impinger* 809 248
LVvas 551 2563 ~
o Impinger** 327 2591 S
U "Average 2539 93 93 .
Impinger* 20 1336 227 v
Lvas 68174 3507 . 459 " ¥
” Impinger** " g5l 2618 208
Average 786 2487 87 1583
* . All glass impinger sample taken before LVAS sample, .
1 ‘/‘\, ** All glass, impinger sample taker} fter LVAS sample, ‘
N | \ . Ll rs -
o “+  All values are increases unll’-'ess aldecrease is indicated {-}. .
I
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TABLE 4 .
N —_ SR
_ HUMAN CORONAVIRUS 229F ¢
VIRUS RECOVERY USING THE AGI AND LVAS: A COMPARISON OF ADDITIVES °
L Average AGI
o ", Particle Recovery R
Sampler Particles Recavered Sefore and After Recovery
‘ pfu/l of aerosol LvaS fpfu/ L) “LVAS/AGT (%)
E. 0.1% FCS 0.1% BSA % Changet U.1% FCS' 0.1% BSA 0.1% FCS 0.1% 8SA
Impingers: 911 - 845 -
/ LvaS 285 880 243
Impinger*~ 916 Alkaline - .
Average | v 914 -, 28 ..
Impinger* 851  "1276 50
LVAS w489 843 75
Impinger** 662 1996 201 S . 4{\
! Average - 7574 ° 1638 65 52
Impinger* 57 1575 100 ‘
. : . -
Lvas 157 . 754 150
Lopinger™* 1244 - 1375 11
Averdoa 966 © 1378 14 . 55
G. ‘

0.1% ECS  0.35°FCS 7% Chaﬁgef 0.1% FCS 0,5% FCS 0.1% FCS 0.3% FCS

Impinger* 351§ 8§51 Lt ‘ ”

LVAS 74 38z T2 .
Impingers* 752 1636 1% '
Average . ‘ 728 * 1244 13 51
Impinger* 336 785 11

LVAS 315 568 173
Icpinger** 9ls 1533 108 . . .

Average . 7536 1309 43 66
* " all glass impinger sample taken before LVAS sample, :
*w All glass impinger sample taken after LVAS sarple
' 4
“ All values are increases unless a decrease, is indicated {-}. -«
o= )
t :
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are shown in Table 4C. Coronavirus recovery,;as had-been'the case with

the other viruses, was only sllghtly 1ncreased due to’ the addltlonal

BSA, Agaln the problems encountered with the addltlonal BSA offset the
=

sllghtly 1ncreased recovery consequently further studles with BSA at

concentratlons‘of 1.0% or hlgher were not performed.

Beceﬁse ot the encouraging results using 10% glycerol iﬁ(the
collection fluid for the recovery of Polio and RV-14 glycerol was. . tested
for its effect on the recovery of HCV/ZZQE. Beca?;e 10% may have been
too h1gh a concentration both 5% and 10% were tested The results are
shOWn in Table 4D. "It can be seen that the recovery of virus with the
LVAS was 51m11ar at both concentrations and since 10% was so effectlve
for the other two viruses 1t was the concentratlon used in the foIIOW1ng

comparison with 0:1% BSA.:

The results in Table 4E show that virus recovery in the presence

of 0.1% BSA w ch greater (at least 200%) than 10% glycerol. This

di fferencd in recoyery was similar to that found when recoveries with

s

and witHout“0.1% BSA were compared. This was contradictory to the
\.I@

. <
results found with th er viruses where 10% glycerol had been at
least as equally effective as 0.1% BSA at enhancing virus recovery.

The reason(s) for this finding are not known at present, however,

possibilities for this difference will be discussed later.

~

» . Y



indicating that'although the total quantity of virus recovered was,

~ The perceﬁt recovery in the presence of glycerol yas'quite high

not as high as it was in the presence of‘pSAq glycerol was quite

effective at protectlng the virus 1n the - LVAS sample when compared

s
to a.similar 1mp1nger sample However, since one of the objects of

this study was to find a 51ng1e collectlon <1luid formula that would
\

be effective for the recovery ‘of all three viruses and because the
i J v

recovery of HCV/ZZQE‘was'so low in the presence of 10% glycerol, no .

further tests were performed using this additive.

\\

The effect of serum (FCS) at enhancing virus recovery was also

tested, A comparison of virus recovery'in the presence of 0.1% BSA
and 0.1% FCS is shown in Table 4F. As can be seen, 0.1% BSA is a
more effective additive‘(up to 450%) than 0.1% FCS when used in the

LVAS recovery fluid although, as before, the increase in virus reco-

very with the impinger was not as substantial.

The regaits in Table 4G show an increase in recovery although
the extent. of it varies ma:kedly. The increase in recovery due to
the preeehce of 0.5% FCS is not as large as it was for 0.1% BSA
suggesting that 0.1% BSA would be as equally effective as 0.5% FCS
or even better. Thus it would seem that the concentration of FCS
required to ephance recovery to the same extent as 0.5% BSA could be

very high (possibly 5 times that of BSA). : &3
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No further experlments were performed u51ng FCS 1n the recovery fluid

R} -

because: 2) The lower concentratlons of ‘BSA were equally, if not more,

2 N
effectzve, b) Since the quallty of serum varies from batch to batch it

could affect the reproducablllty of the results and c) Flnally there was

the p0551b111ty of antibody and v1ral contaminants in the serum whlcg

could be detrlmental to the results of field samples. In the latter case,

the naturally occuring viruses may be inactivated by the antlbody or the

contaminating virus may interfer with the adsorption and infection of the
: : .

¢

viTus. ’

Therefore, on the basis of the preceding results bovine serum

albumin (BSA), at a final concentration of-8.5%, was selected on the

-

‘basis‘df~mpst reliable recoveries.

A
!

Rolé(s) of BSA in Improving Virus Recovery
‘ : ,l',
- Once the additfon of 0.5% BSA to the collection fluid had been

shown to increase recovery of each of the three viruses, the following

v ) N
attempt was made to determine where the effect of BSA was manifest.

,Tﬁé enhancement by BSA was considered to be provided in any one
or a combination of the following ways duriﬁg three phases of the .
recovery and assay procedure. Fi}st, BSA may ”proté;t” fhe virus
duringithe-collection period from the mechanical action of the sampler

as well as from the effects on rehydration when the dried aerosol
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particlés are immediately rehydrated, and possibly disrupﬁéd
(inactivated), upon entering the collécfion fluid. Second, the.

increase in virus recavery may be due to disaggregation of viruses

. oA
within the large aerosol particles providing more numerous infectious
agents. Additionally the BSA may help maintain the disaggregated

state of these agénts when they enter the liquid. The BSA may

.also be required duriné the adsorption stage of the assay procedure
where it may aid adsorption and subsequent infection of both damaged :

"and undamaged virions into cells.

In this study the Cellison, Hehderéoﬁ, LVAS and impingers were
used as.described previously however the collection and assay proce- -
. . ' '
dure was slightly different. Paired impinger samples were taken
BERY

before and after LVAS samples using collection fluids either with

or without 0.5% BSA. The samples without BSA were used for two:

_evaluations. In the.first,a 0.33 ml inoculum (for plaque assay) was

taken immediately after sampling to determine the quantity of virus

‘recoverable by the LVAS without BSA. In the second, BSA was added to

the remainder of the sample to a ¥inmal-concentration 6f 0.5%. The
sample was shakewrfor_a few sefqus then left on ice for approxima-
‘tely oNe minute before 0.33 ml ;as assayed. The results from these
two tests were used to éetermine the effect of BSA on disaggregation

or aggregation of the aerosol particles while in the collection fluid

after sampling and/or -its effect on virus recovery during the period

' ’ JRPEY "“'jﬁ\..._}l

gy



of adsorption. Finally the sanmples with O.S%IBgA present-durihg the

entire collection procedure were assayed to determine the overail

effect of BSA on virus recovery. .

! ,
Two experiments were performed for each of the three viruses
2 I ‘ '
(Polio, HCV/229E and RV-14) the results of which are shown in Table 5.

In the first column are the results of virus recovery by the impinger-
in using collecti;ﬁ fluid without BSA, while in‘ﬁhe second are those
for virus recovery from the same sample after BSA had been added.

In the third coluﬁnathe percent change betweeﬁ these is recorded and
is interpreted to evalu;te the .effect of BSA on thése lattef stagés

of collection and assay. Virus Tecover; in the presence of O.S% BSA
during sampling is recorded in the fourth column. .Also‘the difference

between- the remaining recoveries with and without 0.5% BSA was calcu-

lated and is recorded as percent change in the last two columns.

comparison of the results of Polio recovery by the impinger,
represented by the percent change columns, showed small and inconsis-
tent decreases in virus recovery. The decrease occurred in samples

where BSA had been added after sampling. This indicated that the

effect of BSA 7ou1d be due to a number of things. It ,could be.causing an

increase in the amount of aggregation occurring amonéighe virus parti--

cles, it could be affecting virus adsorption through the action of
non-specific inhibition or quite simply it could be due to a dilution
of the virus by addition of BSA. In any event these results were low

enough to be within the sémpling errors of the procedure,
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TABLE 5
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N " TABLE 3
o THE ROLE OF BSA IN VIRUS RECOVERY

N =
Particles Recovered

ptu/L of + Change % Change
. aerosol 0,.5% After No BSA

- e , D t n
o mSA 0.5% After Change  0.5% During Lo 0:3% V3 0-5%

Snmuler pfu/L of aerosol

During During
PCLIOVIRUS TYPE 1 (SABINY
Impinger* 262 267 0 196 .25 -5
Lvas 184 201 9 309 54 63 -
Impinger** 327 39¢ 21 27 -17 0
\
Impinger” 262 151 -30 229 75 -13
AV 17 208 n 123 103 146
impinger** 295 393 . 33 164 -58 48
RHINCVIRUS TVPS 14
Impinger® 393 285 -7 1335 . a9 Cos
LVAS 374 179 28 150 -6 29
Impinger** 196 - 9§  -S0C . 393 5 101,
Impinger* 360 327 -9 32" Ca -9
LVAS 356 321 -10 378 17 5
Impinger** 62 ° 229 -13 527 13 23
HUMAN CORONAVIRULS 229E .
Impinger® 262 151 -50 agy 275 8"
LVAS 103 s& -17 16 . T3 595
Impinger™™ 131 33 .75 1047 5072 €59
) Impinger* 327 62 0 -0 876 4 ., 168
Lvas 156 133 -15 1143 i 633
Impinger*™ 327 327 0 08z 200 200
* All glass impinger sample taken before LVAS.
++ All glass impinger sample taken after LVAS. .

= All values¥are increases unless a decrease is indicated (-).
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'The results obtained with the LVAS however showed a consistant
increase in virus recovery when BSA was ‘added after sampling and a

further in;rease‘when BSA was present during collection. Thus the

' previously proposed mechanism of non-specific inhibitors would

- i : . v
appear to be invalid since no evidence for these was obtain<£f?; the

. LVAS work. Thus frbm\these experiments the effect of BSA during

sampling with the LVAS appeared to be manifest throughout all three
phéses of sampling;

As can be seen 'in Table 5 similar results were obtained for

'RV-14. Here the differences in virus recovery were smaller than

those cobtained for Polio indicating:an even'Iegggr requirement for
BSA. Because of these small bhéngés in recovery Fhe specificity of
the BSA was difficult to assess;“Although sémé of the requirement
appeared to be the fésult of disaggregation or aggregation and/or\

during subsequent adsorption to the cells, there alsc appeared to

be a small amount of "protection' afforded during collection.

&

et i el an b S T ol -

The results for HCV/229E (Table 5) were considerably mofe dramatic.
The presence of 0.5% BSA during sampling, resulted in a 200% increase
when compared to virﬁs recovery in samples collected without BSA.' Thus
_ , fﬁrlHCV/ZZSE virtually ail of the £equirement for BSA appeared to be
f//r—_‘zdyring the coilEctign phase of the éxperiments while its effect on
disaggregation or aggregation, and during adsorption'wgs negligible’

’

.
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Or the basis of this study it was apparent that the enhancement
in recovery of Polio and RV-14 afforded by the ad@ﬁtlon ‘of BSA was
small and manlfest during each of the three phases of recovery oﬁ
the other hand, for-HCV/229E most of the effectiveness of BSA was . g

provided during the recovery of the aerosol in the collection fluid .

~ *

" with only a‘'minimal amount contributed by aggregation or dissaggre-

. 3
p - - ! - . - -
gation of aerosol gprtlcles and/or during subsequent -virus adsorption.

; Development of a Concentration Procedure

\

The recovery of one or two pfu of virus from within 10 ml of

LVAS recovery fluid-would require a minimum of 10 Ceih\monolayers;
each infected by 1.0 ml of inoculum, to be assured of'a reasonable
chance of their recovery. Assuming that more than one sample will

be collected the number of flasks as well as the time and expense

involved in their assay becomes. of great concern. For these reasons
/ .
a method to reduce the quantity of fluid for assay and yet still

maintain the number and integrity of the infectious virus was required.

The technique would have to be cheap, rapid, simple and furthermore
should be adaptable to field operatlons Several concentratlon proce-
dures were investigated before selecting the one that best fitted our

requirements. L% N

y (
p $
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"Ultracentrifugation- -

Concentrating the virus from a 10' ml sample onto a 2-3ml ;)

sucrose Ehshion'(6p%‘w/w] RY ultracentrifugation‘would requi}e
.:immediate access to an ultracentfifugé which coﬁld'not‘generally be
available in the field. The volume to assay (3 ml) would be .much
less than before however a concentrate of less than or equal to

one ml was sfill the ideal) '

S

Two Phase Separation

This system would involve adding the LVAS sample to a mixture

of dextran sdifate.and polyetheiene glycol '(PEG). After the

required‘éeparation time the virus would be collected from the

dextran sulfate phase from which it‘éould be assayed. ;;ain the
volume of 1i€ui into which the virus 1s collected (S—S.
still not approprla as well, since the time facto fo _phasg

separation is quite long, (24 hours) the virus may become 1nact1va—

ted before being added to a monolayer.

Adsorption-Elution

In this pfoceduré} as used by Sattar and Westwood (1976), a
-

‘filter Redium composed of 75% talc and 25% Celite is used to which
- S ‘

virus, from a large liquid sample, is adsorbed. The virus is then

-
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‘elutod from the layer uoing'a small volume of medium contéining 10%

FCS. U51ng small talc Celite layers the V1§us\ban be eluted effectl—
vely with ds llttle as 1.0 ml of medlum. Sattar and Westwood have

found that’concentratlng samples of pollovirus containing FCS was‘

-

not as effect1ve as concentrat1ng the virus in samples without FCS

1nd1cat1ng the FCS was 1nterfer1ng with the blndlng of virus to th

filter medium consequently it was apparent that the presence of 0L5%

\.

it

BSA in the LVAS might reduce the amount of virus recovered. Due to~

- the good results obtained from preliminary studies usiné\the following

procedure the adsorp;ion-elotion method was not explored at this time.

Ultrafiltration

. B ~— {
In thds procedure the pores of ;Kg filter membrane are large

enough to permlt the passage of 11qu1ds but small quugh to retain
the virus. Amicon Centrlflo membrane filter cones used in a low
speed portable centrifuge appeared to be the most practical ultra-

A

-filtration method for the solutlon to th& problem. These membrane

. cones hold up to 8.5 ml of virus suspension which depending on the

<

duration of oentrifugation can be concentrated to any amount desired.
Preliminary experiments using these Amicon filtration cones
were conducted to optimize the process for the smaller poliovirus.

kY
A preconditioning step in which the cones, containing 0.1% BSA in’

PBﬁi(no virus), were spun-at 2000 rpm for 30 min was found to increase

N , %
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virus recovery. It : was aIso found that!when the viru§"suspension,
‘contalnlng B3A to a f1na1 concentratlon of 0, 1% was ‘added to the

4

preconditioned cones virus recovery was almost twice as much as from

uncond1t1oned cones wlthout BSA in the virus suspen51on

The following set of experiments were performed to determine co
which concentration of éSA (0.5% or 0.1%) in the virus suspension
' ] . N i ‘ .
was more effective when concentrating with the Amicon Centriflo

. . i,
membrane filter cones, :

(K \ !

TheHVifus was diluted into two preconditioned cones containing
collection fluid, one with b;l% BSA'fhg other with O:S% BSA.
The samples were cenprifuggd at 2000 rpm for 20 ;in at room tempe-
rature. Following this the contents of each cone (approximately
1 ml) were assayed for infectious virus. The-resulés of the compa- |
rison of the three lviruses (Polio, RV-14 and HCV/229E) are shown 1n -
Table 6. The estimated recovéry-(column 4) was calculated by multi—‘
plying the initial concentration (column 3) by the number obtained
when the initial volume was divided by the:volume remaining {column 2).
From the results it can be seen that the quantity of virus recovered
from the concentrate was not dependent on the concentration of BSA.
The actual recovery in both the &irect and diluted samples was
almost always 1ess.than estim;tea. This loss of virus codlﬁ haye

been due to inactivation during the concentration procedure, adsorp-
r

L]
tion of virus onto the walls of the filter membrane and/or through

e L

e



TABLE 6



\TABLE &

CONCENTRATION OF VIRUS SAMPLES CONTAINING 0.1% BSA OR 0.5% BSA
BY AMICON ULTRAFILTRATION-

i

Volume Initial Exsémated __ Actual Recovery
BSA Remaining Concentration Recovery Direct 10-) Dilution
Concentration ml pfu/ml pfu/ml pfu/ml pfu/ml )

POLTOVIRUS

b1y 0.60 a3 600 336 350

0.5% 0.85 45 423 360 270

0.1% 0.65 36 443 354 330

0.5% 0.75 36 384 375 420
RHINOVIRUS

0.1% 0.5% 12 175 g9' 30

0.5% . 85 2 f13 - 108 30

0.1% 0.60 12 160° 105 120

0.5% 0.60 12 . 160 240 210

0.1% 0.73 12 132 T14 60

0.5% 0.85 12 113 96 150

i
CORONAVIRUS 224E (
\ .

0.13% 0,50 33 528 276 720

0.5% 0.90 33 293 129 420
' 5

0.1% 0.55 , 48 698§ 120 420

0.5% 0:85 48 452 318 - 180

0.1% 0.53 18 272 120 60

0.5% 1,00 18" . 144 108 210

|
0.1% 0.55 54 785 222 270
0.5% 1.00 54 432 135 240
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the fbrmatlon of virus aggregates - The presence of these aggregates L ﬁ%‘f -

is suggested by  the results of the last ‘two columms where the quantlty

. 5 ¥

" of coronavirus recovered from the sample after ten-fold d11ut10n was

usually higher than that from the concentrated sample-_(G out of 8

tests). This difference in recovery was probably gue to the disruption
of putative viral aggregates upon dilution. However,‘the results with
RV-14 and Polio were equivocal and no specific changes could be

associated with increased (or decreased) recovery.

Specifically, the results with RV-14 were similar to those for '

)

Polio in that virus yieid was virtually unaffected by the concentration
of BSA used” Again there were differences in detectable virus following

dilution of the concentrate however these were not as large as those

4

found for Polio which suggested that possibly the extent of viral aggre-

LI

gation was not as great with RV-14,

Finally the recorery of HCV/229E (Table 6) appeared to be better in
the presesce of 0.1% BSA than 0.5% BSA. The reason for this is not known
however the sﬂdition31“§SA could have increased viral aggregation and
thereby reduce the quantrt; of detectable virus. As rith the other
viruses there was generally an increase in.the amount of virus assayed

. . V. .
from the diluted sample, here again virus recovery in the presence of

0.1% BSA was better than 0.5%.

From these results it is apparent that both concentrations of
BSA (0.1% and 0.5%) are equally effectlve 1n the concentrating of
Polio or RV-14 using the Amicon Centriflo membrane filter cones.

-~

However concentrating HCV/229E appears to be slightly better in the



'\,ﬁYf? presence of h 1% BSA than 0m56 BSA. Thus for concentratlng, 0. 1%
\}

.-t- . -' ,

Aty

ks

‘e

R BSA would be the best concentratlon to hawe 1n thexsempie.' However

. N . . S : ,
the Amlcon technlque was to be used in. conJunctlon wlth the LVAS .

-~ and since collectlon f1u1d thh 0. 5% BSA was S0 effect1ve for the

recovery of HCV/ZZQE by the LVAS it was felt that“O 5% BSA would

'S

result ﬁ the best overall v1rus recovery

Thus the samples collected by the. LVAS could be transferred

B . | '\ “a N
directly to the Amicon cones fdr_concentrating; To confirm this

concentratlon procedure the fbllow1ng experlments were performed
u51ng actual LVAS samples and concenfratlng them using the Amlcon

cones. ] .. - - ’ ' L a :

Concentration of LVAS Samples
o . ) : !
. , . \ A ’ ' . Lo
The virus aerosol was generated by the Collison into the Henderson

~apparatus and a ten minute IVAS semple was taken using coliectioﬁ fluid
Pplus 0.5% BSA, following the routine procedure; Two 0.5 ml aliduots»
were assayed for virus bef%re'the sample was concentrated. The remain-
iﬁg saﬁple was divided equally between two Amicon filter cones and
concentrated as outlined. After cqncentrating, the fluid remaining in

T

each cone was assayed for virus.

Fl

A
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-\\\ . - The ‘results of tﬁe%ﬁ_experiments‘are:shown.in Table 7. The

RS . s N X . '
“quantity of virus 1nAtﬂ%-LVAS sample before concentration was based

on' the number of pfu obtained from the tgg 0.5 ml sampies. The

results of virus fegovery after concentration ‘were adjusted to
. o " include the number of pfu removed by the previons 0.5 ml samples

|
.

in order to better assess the actual quantity of virus present,
. ‘ L -

~

. : ‘
In most cases the quantity of infectious virus in a sample’

before concentration was higher than the amount after concentration.

However when the quantity of virus in the collection £1uidlwas low

‘\+ the difference between virus recovery before and after concentra-
i . R .
tion was also low and, as in the case of.one RV-14 sample, the

]
1

. amount of virls recovered after concentration was actually greater
o ) A I . .
7 than before. It would appear that as the concentration of virus

.

in aerosol decreases, the relevance effectiveness of the concentra--

tion procedure increases. Thus for low concentrations of airborne

.

‘virus the Amicon centriflo'method of concentration appears to be not
. only a feasible:épplication but an essentialirequirement for use

»

: . 1
~ with the LVAS. '

., A\
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A Determination of the Effiéiency and

. Limith of Virus Detectability of the LVAS

-"‘! . l \ 5 - e -

.

The results of this study had so far established that a) the
test viruses were recoverable from aerosol with -the LVAS, b) of the
additives tested, BSA, to a final concentration of 0.5% in the LVAS"

.

collection fluid, was the additive best suited for recovery‘of all *
three viruses, and c) concen%ration by ﬁeans.of‘the Amicon Centri-
Aflo membrane cones co;Td proviﬁé a further increase in sensitivity.

The next step was-to_deéermiqe the efficiency qf the LVAS with
respect to.the AGI and, usiﬁg these values, calculate the 1imits of
virus detectabilgty of the-LVAS for eacﬁ of tﬁé two ‘test viruses
(HCV/229E‘and RV-14}.

iy v

In the previous experimént;"tﬁb vacuum for the impingers was
supplied by the LVAS (Figure 6) and resulted in a flow rate of —~
only 1.1 L/min. The design of the pre;ent Fxperiheﬁt changed this by
connecting the impiﬁger to the vacuim side of the Hendgrson.qpparatus
k(vacuum of 40 cm Hé) to allow it to operate at the recommendgﬁ éptimum
efficiency of 5.6 L/min (Figure 2). At these condégg;gg:?ke'concentra—
tion of virus in the cloud was determined from the quantity of virus

collected by two one-minute AGI samples.
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" The results of these exper1ments are presented in Table 8. The
concentratlon of virus in the cloud chamber (pfu/L) was calculated
from the average amount of virus recovered by impinger samples taken

-~

before and affer the LVAS samples. For example the. virus-aerosol
concentration calculated for the first Polio experiment was based on -
an average recovery (2 impinger §amp1es) of 115 pfu from a 0.33 ml

inoculum of a 12.0 ml impinger sample. Thus the concentration of .-

virus within the impinger was 348 pfu/ml (116 pfu/0.33 ml) :and the

total amount of virus collected by the impinger: was 4176 pfu (348 pfu/

ml x 12.0 ml). Since this quantity of virus wge cqllected from

5.6 liters of cloud chamber aerosol, the virus aerosol concentration

' was therefore 746 pfu/L (4176 pfu + 5.6L). ~Fhe "estimated" value' for:

LVAS recovery was based on the assumption that the LVAS recovers 100%

[

of the virus detected by the impinger and was determined by multiplying-the

virus aerosol concentratiom t746 pfu/L) by the LVAS sampling rate

(1.6 L/min). Thus the Uestimated" LVAS recovery for this first

- experiment was 1194 pfu/min. The experimental recovery is the amount

of virus actually recovered by the LVAS which in this case was

708 pfu/min or 59% of the virus detected by the impinger.

The concentration of virus in.the Collison was reduced ten-fold

for each subsequent experiment in an attempt to determine the lower

limit of virus detectable by the LVAS within this system as well as

determine the changes, if any, in the efficiency of recovery as a

+

i
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. result of the decreasing virus aerosol concentration, The results

w

of Table 8 show that the virus aerosol concentration, as determined

1

by the impinger, is directly .dependent on the virus concentration in

tHe_Coliison.w This ieqplt was also found by Couch et al (1965) in a

more extensive study using Collison nebulized particles, Both studies

show that the concentration of virus to be aerosolized does not
affect its stability during aerosol generation or during the airborne
state. Since decreasing the concentration of virus in the Collison

does not abpear to affect the survival of the virus in aerosol, any
|

.change in the efficiency of the sampler under these conditions would

be represgntative of the effect‘of the.samplef, not the aerosol, on
the virus. The results of‘boiio indicate a decrease in efficiency
with decreasing.virus aerosol concentration whereas the results for
RV-14 and HCV/229E show consistent efficiencies ove£ the range of i
concentfations tested. Thé reasons for the apparent decrease in

efficiency in Polio recovery is not known therefore more experiments

at these lower concentrations should be performed to determine whether

this was characteristic of Polio or was within the limits of experi-

mental error associated with the small amount of virus used.

Whi le=the average efficiency for the recovery of HCV/229E was

almost 20%{less than for RV-14 the efficiencies of recovery. for both

Polio and RV-14, at least for the first two experiments, were vefy

similar. These results for Polio and RV-14 were contrary to!!hose

obtained in the vetry first part of this study concerning the recovery
o

of "Internalﬁygza "External' source viruses.

at
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As suggested at the time, because the relative humidity

for those experiments was léw, a condition known to be detrimental °

- ~

to the survival of poliovirus :the recovery was poor. In the

experiments performed here the relative humidity was about 80%, the

-

level at which poliovirus appears to be most stable (dé Jong and

‘Winkler, 1968). This higher humidity therefore could explain the
apparent increase in the recovery of Poliovﬁb a 1eveltéqﬁal to

RV-14, Also the recovery of RV-14 may be less than optimal under

these conditions therefore there could‘have'BeeQ a decrease in its

stability which along with the possible increase in survival of

‘Polio could have resulted in the_éimilar efficiencies. . Further

s voN.

studies concerned with the stabilitz of Rhinovirus in aerosol would
A e »

provide more informatian;#hicﬁ might help explain the above results.

Initially. the detectability limits were to be determined by.
decreasing the virus aerosol concentration until ﬁthgie virus could be
recovered by the LVAS. However because the concéntration became too

Tow for recovery with the impinger an accurate determination of the

J

Yl
P

concentration of virus in the aerosol could not be madgy Since the

efficiencies of recovery for RV-14 and HCV/229E were similar over
their réspective ranges of aerosol concentration, the average efficiency

for the three experiments was used to calculate the iower limits of

virus detectability of the LVAS under the conditions prevailing.

.
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The calculations are based on a ten minute LVAS sampling period
‘ N Lo L : '

" .during whigh time mo$t of the particles in 9500 liters (950 liter/min)

- -~

of énvironmental air are collected into approximately 10 ml of collec™

v -,

tion fluid. . ' v

Assuﬁiﬁgeén efficieﬁcy of .about 40% for HCV/229E, the air being

tested would have to contain about 3 infectious units of virus (pfu)

]

. PerA9500.lifers of air to allow recovér(kzilat least one infectious

unit from the 10 ml of collection fluid. s the detection capabi-

<

" lity of the LVAS, for this virus is 3.2, in that 3.2 infectious units

of virus are required within a 104 liter volume of air. Im order to
attempf to pfovidé‘a'definition of this capabili;f:in relation to the
efficiency of the LVAS relative to the standard AGI§ we propose that |
this be expressed as thé ratio of percent efficiency o détectiPn
_capabilﬂ!y and ter@ed the Detectability Factof. This value can now
‘be uséq for comparison.of-other agents as wel} as a value which would

be appropriate to studies on the effects of defined conditions (e.g.

. 4
temperature and humidity). Thus HCV/229E has a Detectability Factor

of 12.5 (40/3.2).

Similarly for RV-14 cqllected with an efficiency'of 60%, at least
¥
two infectious units of virus aré requ;red per 9500 liters of‘aig resul-
ting in a detection capability of 2.2. Here the Detectability F%%tor is
27 (60/2.2). Thus the higher the Detectability Factor the bef%g; the
chance of recovering the virus. In this ﬁase RV-14 would be more readily

recoverable than HCV/229E at similar concentrations in the air.

ot
w

o %

\

iy
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_ Although the efficiencies for virus fecovery are lower with the
<“"““~'~|«~ . ' ‘ \ . B -
LVAS than the impinger the large quantities of air sampled during a relati- = .,

- Ay,

" vely short sampling period make it an extremely attractive sampier for . p

rs

- ~ the collection of agrosdls from enclosed-environments which normallw

N F i . ' v ‘
have low concentrations of infectious virus. For example, as reported’
cles produced in a sneeze is in the range of 1-10 infectious doses-
(Dimmf%k and Akers 1968). The LVAS could conceivably recover these
) | particles even when they have been dispersed in as much-as 5x10° liters

of air.

-
+

|

Thus, assuming these particles were dispersed into a small room
- . 9'x10'x8 (2.7mx3.linx2.4m) containing 870 £t° (20 x 10° L) of air, the py
LVAS with a sensitivity-of one infectious unit per 5 x 10° L, might be

_expected to recover:approximately 25% of the virus present during one-

\ 10 minute sampling period.

The ifmportance of this sampler for use in areas requiring the
sampling af large volumes of air becomes apparent when these results:'
are compared to those estimated for other more commonly used samplers.
For example two popular and: efficient samplers, the imp?nger (12.5 L/min)
and the Andersoﬁ (28 L/min) would Be'quite impractical for use in '
sampling the saﬁe sized room. Assuming both samplers have gfficiencies
of 100% and are compared to the LVAS with an efficiency of 50% (actually

. ‘

60% for RV-14) the results are rather interesting.

A

4

earlier the amount of infectious virus present in droplet nuclei parti- ,f—\\¥;



- . K & - e . . P

- N N e, N 2

R L s e e - 5 ~

- ) ) . B - 102 - - N
Had - the Anderson sampler been used instead of the LVAS ten
«samples would have.been required to have recovered a 51m11ar
number of partlcles (sampllng only 50% of the air). Each plate

T,
. in the Anderson contains 6 ml of collection f1u1d {Appendlx 1)

. ) therefore each sample requires the assay of 36 ml of fluid (6 ml x

/ : 6 plates), that tlmES‘IO samples means 360 ml of collectlon fluid

*L -...\1

must be assayed in order to recover the same amount of.virus found

| Y
in 10 ml of LVAS collection fluid.

-

v

Using an impinger (12.5 L/min], also sampling only 50% of the
air, 200 one-minute samples would be required to recover the same
quantity of virus as tﬁe LVAS. The virus would be suspended in

. 2.4 litres of collection fluid-(12 ml x 200) which would all have
to be assayed. Condentrétitg would be useful butdWOuld still
require a considerable amount of time that could result in the

inactivation of the virus.



Luata

i
§

:‘ ’ e l
- 103 - )
. e
B s
.
DISCUSSIONS AND CONCLUSIONS — -



ThlS pro;ect was‘desyhned as-a study cqncerned primarlly wlth the

! l

feasibility of us1ng the DRES dod1f1ed LVAS for recovéry of vxrus from j‘{Q

Co
.'||‘ R . A

the env1ronment Tather than as a stat15t1ca1 evaluatlon of Q smallw

group of parameters.‘ Con51derable 1nterest1ng 1nformat10n was ga1ned o ! o

h ! '
' . N '

a o
concerning the survivaltof the three v1ruse§‘1n-aer0594 andﬁtheir ‘reco- | -

"
¥

vgry from it, - ‘ ' <

The first studles performed demonstrnted that the virus could be
successfullv recovered by the LVAS From those results it appeared
. that Rh1nov1rus type 14 was the most stable of the viruses, followed
by Coronavirus 229E and finally Poliovirus type I. If the inactivation
of Poiiovirus was due\to the low and mid-range relative humidities (RH)
that. have been shown to fﬁpiﬁly inaétivate it (de Jong and Winkler 1963}
then it appeared tﬁat the two respiratbry viruses (RV-14 especiélly)
are only slightly effected by aerosolization into low.humidity air.

Further studies concerned with virus survival at these and other RH's

are indicated and would provide a better understanding of yifus beha-
viour in aerosol. From this knowledge possible ways of controlling
enclosed environments to limit the spread of infection may become

apparent.

Following these experiments were those designed to improve the
recovery of the viruses by the LVAS. An analysis of the results shows

that at the higher RH's (approximately 80%) within the Henderson there
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'_~¢,f ‘ was a con51derab1e 1ncrease 1n the

a——t : \ . - v . \ . \ .
‘ Whefeas 1n1t1ally HCV/7295 appeared to\be 1ess sen51t1ve ‘then Polio,
. . = \ s \
W b \ A
' ' now*lt was con51derab1y1more.sen51t1ve than elther P0110 or RV-14 which,

hactﬁvatnon ofTESronav1rus 229E.-

““ .

Sy for these exp Tlmentqu e\hlbyted Flmxlar recover1es. .This increased
.;'}‘ . 1 1. \“,\‘ W ‘1.L||'- ]

! o ) sen51t1v1ty ‘. qulﬁzgﬁ*wak man1fe5t by a requ1red ten-fold 1ncrease int
‘.‘ 1 ! ! "'.1” “ . . 11. ] 1“. . R
‘ e
L ‘the ulwus concentratloq (wlth respect to RV-14 and PolloJ in the
\

b ; |
l! R ] -‘ I. x\l.u t\ [ ‘, .‘ll
i

. ¢
I . Colllsoq in order fhat all three v1ruse§'be recovered in similar quan-
: ! i R d

M.J.

be low {unreported data) mest of it probably occurred during aerosoliza-

[

tion and recovery. Because of the short time span between gerosolization

+and collection (iess thati 5 seconds) the inactiﬁation was most probably
due to the-"immediate" effects of.aerosolizatibn rather than any '"long
term' effects. Further survivel studies should verify this point and
help determine the "long term" effects (in aerosoli on virus survival.
The additives used during this portion ef fhe study generally increased
virus recovery though the extent varied with each additive. The most

- effective single additive for recovery of all three viruses was BSA at
a final concentration of 0.5%. Thus in the event that one of these

three viruses is suspected of being a contaminant w1th1n the air to be

sampled 0.5% BSA should prov1de the most effective recovery “conditionyus

With both Poliovirus type I and Rhinovirus type 14 the difference

M e e

in recovery using collection fluid with and without BSA was small however

. o~ : . . .
with Coronavirus 229E there was an increase in recovery of over 200% in

| - . - LN
tities. | Since inactivatiod of HCV/229E in the Collison generator was found to

‘ -
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.the presence of BSA. This difference iﬁ rEcovery was studjed.in an

x ’ 4

attempt to determine if the ‘increase, was due to the presenc * BSA
]

:durlng the collection (recovery) phase, alded in the’ disaggregation

or aggregation of virus conta1n1ng aerosol particles ahd/or was

important in the adsorption of the infectious particles and their
h . ;41

subsequent infection of the cells. .

-~

The results showed that for HCV/229E viftually all of the require-.

ment for BSA was during the collection phase with very little increase
attributed to disaggregation (apgregation) and/or adsorption

and 1nfcct10n The BSA therefore appeared.to be "protecting" the
V1rus, to a considerable degree, from the ‘detrimental effects of each
method of sampling. This is not surprising when one considers the
axchitectu?al complexity of the coronavirus virion which woﬁld make 1t
more subject to inactivation by the LVAS than wouid a simplet‘and more
stable non—enveloped structure.such as that of the picornaviruses ;
(Polio and RV-14) used here. The manner in which this protection is
afforded is not known however there aﬁ% several eossibilities. Protein
molecules of the BSA could be adsorbed onto the aerosol droplet immedia-
tel& upon its entry into the collection fluid. The combination of this
proteig}gnd éﬁits from the spray fluid surrounding the virion could
stﬁggziza%fhe particle during collection. < Also, the protein, in
surrounding {he virus particle, may be slowing the rate of rehydration
of the particle when it enters the collection fluid thereby enhancing

its survival. Benbough (1971) has suggested that salts and other

o —— ;-

.‘?'



;“ . L . L w o . T

L . 64‘!:;‘
.-I "’ . t
. \._‘_“.“-H e
) tLoW= 107 - \ |
: ,
* . ' ) y L .
solutes (proteins) from the fluid of aerosolization may limit the N

rate of pehyératibn é:d thereby increase the recovery of non-1lipid

i ol .

. . \. ) " . "W . \
contalﬁiag (non-enveloped) such as Polio and RV-14 thus there is ;:H\“‘\\\_

very good possibility'thétfthe presencé of’protéin in tﬁé\COIEectian -
fluid enhénces théir rgcqyéry due to . reduétion.in ghe rehydration
rate. The p;ocess of rehydration could’be affected through the use
of a prehumidificaﬁion step just prior to collection.: This techﬁique
subjects the uerosol‘to.a‘rclative humidity (RH) of 95-100%_just prior
., ‘ to collection at whiéh time the particles absorb water and essentially )
begin their rehydration processl_ This procedure has been shown to
F 4Fnhance ihe recovery of coliphage (Hatch and Wﬁrren; 1969} but accor-
:ding to Warren et al (1969), was not successful in enhancing the
recovery ‘of two an}mal viruses, vesicular stomatitis virus (enveloped)
and mengovirus 37A (non-enveloped). Beribough {1971), however, has.
shown a 10-fold increase in Poliovirus recovery wheﬁ the virus in a
40% RH was:subjected to a prehpmidificatioﬁ at 95% RH prior to
collection. Thus. through the use of prehumidification one could
possibly ascertain to what extent rehydration is reSpongible for
inactivation of the virus. Iﬂ our expefiments the humidity was
‘approximately 80% thus there is a good possibility that prehumidifi-
. cationlmay not affect the recovery however this does not mean that
' the experiments could not be performed. Whatever the effect of the
BSA its presence appears to be much more, crucial to the recovery of
the enveloped, lipid containing Coronaviru%.ZZQE than to eitﬁer of

the non-enveloped, non-lipid containing viruses (Poliovirus type 1

or Rhinovirus type 14).

e e A £ " er oo e e e <
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"Fetal calf serum (FCS) was tested to see: how effective it was,

in comparison with BSA, for the recovery of Coronavirus 229E. The

results indicated that, alfhough virus recovery improved as the

N

concentration of FCS increased, FCS was not:as effective as BSA at
tﬁe‘same ;oncenfrafibn. Since BSA coﬁtains mostly albumin and very
liitle in the way of other serum cpmﬁonentslit appears that the
albumin ﬁortioq of serum ;ihys an important role in the-protéction
of Coronavirus 229E. 0On the other hand howevc},_FCS,-coutﬁininL app%oi
Ximately 3% albumin was almost as cffectivé as 0.1% BSA even when it

"

showed an overall effective albumin concentration of $55 less than BSA. -

Thercfore it is suggested that there are other components in' FCS. which are
o

involved in the protection of HCV/229E and these should be studied further.

The final "additive tested with tﬁe three viruses was glyvcerol.
When used in the rgcoﬁery of Rhinovirus type 14 and Poliovirus type I
the results were very similar to those found for BSA. However wheﬁ
it was used in the recover& of Coronavirus 229E the-résults were
considerably (200%) less thaﬁ-those for BSA. Thus it appears that
for recovery of the two non—énveléped, non-lipid cdntaining viruses
the effects of glycerol and BSA are simiiar. This does-not mean that
they serve the same purpose, as can be seen from the results with
Coronavirus:229ﬁ (lipid containing enveloped) where BSA becomes extre-
mely important to virus recoverj whereas glycerol is essentially non-
effective. The sites and/or mode af action of each of these additi;es

during collection would be cohsiderable intg;est in further aerosol

studies with these viruses. '
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. ‘ Also from these additiv&"experiments information concerning the

di fferences in virus recovery with respect to the type of sampler

{impinger (AGI) or LVAS) and sampling procedures was gained.

]

The‘recovery of virus by the LVAS was usualryxigiii\:han-by the
AGI indicating that even w@;ﬂ operating at less than opt% um the AGI
is a more efficient sampleé,than the LVAS. 'The viruses/also exhibi-

ted a nreater requirgment for the Jddltlveb when being ¢ lected by
qQuiTh g

the LVAS than bv'the AGl suggesting thdt the mechanics of sampling by

the LVAS are more detrimental to the viruses than are the mechanics

of the AGI. From this it appears that although the additives may be

—_—

» . ' - ‘ - Ta———— -
sufficient for virus recovery with one type of sampler -i-t-may not be

—_—

as_effective for another, hence the additive(s) should be tested on

should be used when performing furthey comparative studies.

Using 0.5% BSA in the recovéry fluid the efficiencies of
recovery of the two respiratorf viruses, Coronavirus 229E and Rhino-
virus type 14, were determined to be 40% and 60% respectively.
Earlier work by White et al (1975), using a similarly designed LVAS
determined its efficien&y for the récovery of BG spores and three

vegetative bacterial species (Serratia marcescens, Escherichia coli,

and Aercbacter zerogenes} to be 82, 90, 80, and 90% respectively.

Thus it appears that the viruses used in thlS study are quite readily

recoverable when compared to the recoveries of four relatively hardy’

both samplers and the concentration most appropriate for each sampler

e e



bacterial species. Further evaluation of virus recovery by the LVAS
in field experiments would provide in@%;mation'pertinent to any future

field sampling assignments,

Although the efficiency of virus recévery by the LVAS is 1;wer
.than the AGI, the LVAS is nevertheless superior té the more conven-
tional low volume air éamplers (AGL, Anderson, Shipe, slif) for the
recovery of a@rbdrnc virus because not oﬁly'is the volume of air
saﬁpled much greater but, as has been shown previously, the volume

into which the particles are collected is smaller.

The values for.ﬁhe efficiency of recovery of the two respiratory
- viruses were used to determine virus de;eétability of the LVAS for
;Zaé;-;i;;gtk‘fﬁé§é”Values~were expressed in terms bf'a Detecfability
Factor which as was said before represents the ratio of the effici-
ency of recovery to the detecfioﬁ{capability. The dgtection capabi-
lity of the LVAS being the minimum qﬁangity of virus required in 104
liters of air before it will be detected. - Therefo}e from the amount
of virus recovered, the original quéntity of virus present in the air
‘sample could be determined and combined with information pertaining

to the infectious dose of the virus one %gyld determine the possibi-

lity of an airbomme infection within that particular environment.

—
-
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uThé‘quqntity_of airborne virus present within the sampling =
“ environment depends upon the virus conceqtration at the‘source of

infection and the stability of the ;virus through all stages of

‘l“

aerosol generatlon,malntenance and recovery (1nfect10n) . The extéht*
of virus stab111ty depends on comp051t10n of the flUId\the virus was

rgfrosollzed from as well as other environmental conditions such as

temperature and RH.

\éxperiments concerned with the effect of differen£ épray fluid
components, although not performed here, would provideis}mef? complete
indication of the effectiveness of the sampler especially if fluids
similar to those‘pfesent in a natural infection were used. The
results from these experiments concerning éirus sﬁrvival énd reco- ; .
very would also supply éood background information of importance to
airborne transmission studies.

The LVAS, because of its ease of handling and operatlon can be
o
used virtually anywhere that requ1res sampllng of afi aerosol with a
low virus concentration. Many studies- concerned with airborne trans-
mission of respiratory diseases, such as the common cold, chld
incorporate the LVAS‘into their voiunteer studies. For example
Gwaltney et al (1978a .and 1978b) have shbwn that transmission of

[

Rhinovirus 1nfect10n is most often caused by hand to hand transmission.
-
They have had limited success with airborne transmission and have not

been able to isolate virus from the air (Gwaltney et al 1978b}. The

'/f’\‘"“~//.

< 7 —
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example of such a study is the one performed by Petersen et al

[
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LVAS'could be used to sample the room air during an experiment to

determine whether or not the virus was beingwaerosolized by the ~

0

infected individual and if so how much. *

.

Other studies that could beoeflt from the use of the LVAS are

v

those concerned with the aerosol transmission of disease caused by

viruses not normally associated with the resplratorv tract. One N

i

(1976). - This was an attempt to recover hepatitis B surface ant15en

'

. from the air within a hemodlaly51s unit.. U51ng a low volume air

»

sampler (25- lityes/minute) in conJunctlon W1th the radicimmune -
assay technlque they are able to recover hepatltlb B surface ant1gen.
from controlled aerosols aenerated W1th1n thc 1aboratory However
when samples were taken in the hemo@ialysis unit no antigen was

recovered. The use of the LVAS (950 litres/min) in this situati?g,

- for a,10 minute sampling period would have increased the chances of

antigen recovery and would have helped make it a more conclusive

-s tudy.

Another potentially hazardous source of airborne viral

1nfect10ns are the aerosols produced within sewage treatment plants

“and’ durlng spray irrigation of flelds with untreated sewage. Teltsch

and Katzenelson (1976) using an AGI-30 sampling at the rate of'12.5 L/min

were able to recover coliforms at a distance of 70 meters down-

L 3 ‘\

wind of a spray irrigation system. Using the Anderson
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sampler at a flow rate of 28 litrés per minute, coliforms were

collected at a d1stance of 350 meters from the sourceI Isolation of

L]

.these agents does not necessarllytmean there w111 be an 1nfect10n

Thus in another study katzenelson et al in 1976 compared the

1nc1dence of dlsease in Kibbutzim populatlons practicing waste

water spray irrigation with the incidence for populations not

b

sprav1ng waste water They found waste water 1rr1g1t10n 1ncreases

the occurrence of certaln viral diseases such as Infectious Hepatltls,.

.Influenﬁa (symptom cases but not clinically conflrmed ones) and a
considerable.number‘of bacterial disea;es_(Typhoid, Salmonellbsis;

and Sh1g311051s), and that these diseases were most probablv\dlsse—
mlnated by the airborne route. The LVAS could be used to increase the
detectipn capabilities of such a study and/or be used to sample the
air in a community on a routiﬁe basis. The quantity pf airborne virus
could be correlated with the quantity of virus found in the sewage,
after which the resuits could be related to ‘the incidence of disease
caused by thag virus within the pﬁpulation. These are just a few of
fﬁe possible uses of the LVAS in field studies concerning airborne

virus recovery.'

Alf of the information gained‘inlthis study indicates that the
LVAS would be of considera@le‘importance in environmental studies
pertaining to recovery of ®irbome viruses. The addition of BSA to
the collection fluid to a final concentration.of 0.5% results in

an effective medium for the collection of both enveloped

o

iy .
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"(Coronavirus 229E) gnd non-enveloped (Rhinoyirus type 14 -and

[

' Poliovirus type I) viruses. Furthermore the use of the Amicon-

fcoﬁcentration procedure in conjunction with the normal .LVAS recovery

s

procedure shbstantially increases the capabifities of the sampler

or recovering very low concentrations of airborne viruses.
no. v

-
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. " Evaluation.of Collison Produced ‘ -

.Aerosols Using the Anderson Sampler
T ‘ )

-

The following series of etperlments was pgrformed to verlfy the-

“size distribution of the virus “containing particles w1th1n an aerosol

el

produced by the Collison nebullzer. In thlS study both the aerosol
=
produced - d1rectly from the Colllson (Colllson Aqgosol) and the aerosol

Afrom the cloud chamber of the Hend%rson Apparatusswere analysed. The
aerosols of POllO and HCV/229E were comparéd using the Anderson sampler
(Anderson, 1958) to collect and size the aerosol particles. ¢ﬁ%
Anderson is divided into six stages each con51st1ng of a plate contain-
ing holes of a different size from the precedlng stage. Each stage

contalnb a glass pe§r1 dish with collection medlum 1nto which the

~ i

aerosol is collected. The stages are stacked on top of each other,
the stage with the largést_hoies at the top and the one with the small-

est at the bottom. At a flow rTate of 28 L/min the aerosol particleS'

a

collected will separate in the following way:- %

(Dimmick and Akers, 1969):

. ' Particle
diameter

Stage n

' >9.2
5.5-9.2
3.5-5.5
2.0-3.3
1.0-2.0
<1

Lo N ¥ B S N S
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- The following experiments were performed and the results were

compared to those bbtained by Couch et al (1965) who used éerosols

of Coxsackievirus type A21 produced by the Collison nebulizer.

‘The first two experiments were designed to assay the virus aerosol

directly as it is produced by the Collison (prior to entering the cloud

chamber) . In these tests a funnel was fitted into the top of the

Andersén and:to it was attached a-piece of 6 inch diameter stove pipe

as shown in Figure 7. The Collison was positioned as illustrated SO
that the aerosol from it would enter the air stream as it was drawn
through the pipe into the sampler. Within the sampler one of six (6)
special glass petri‘plates containing 21 ml of 2%_0xoid'#1 agdf with

6 ml o; 12% gelatin layered on tbp_was placed in each of the six stages.
Two minute samples were taken during which time the aerosol particles
were collected into the 6 ml of gelatin. Upon compleéion of the
sampling the platgs-were removed from the sémpler and warmed at 37°C.

At this temperaturé the gelatin was easily poured into vials from which,

samples for plaque assay were taken.,

The resulfs of thefd "Collison* Aerosol" experiments are shown in
Figure QA. From the data obtained; one can see that 89 and 93% of the
virus collected were recovered from stages 4, 5 and 6. These results
are similar to those found by Couch g}ngg_(1§65) and indicated that the
Collison nebulizer used in this study produced an aero;ol of which

approximately 90% of the particles were 3um or less in diameter, the
PP Y P
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Figure.7: Experimental design for sampling a virus aerosol directly

’

from the Collison using the* Anderson sampler.
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Figure &:

. LEGEND

Sampling a virus aerosol from the lenderson Cloud

~

Chamber using the Anderson sampler.
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The results of duplicate experiments showing

Figure 9: A,

the particle distribution of Polio within an
aerosol produced by the Collison nebulizer
as recovered by the Anderson sampler.

~ 1

(See Figure 7). N

'

B. . The results of three experiments showing the
particle distribution of HCV/229E and Polio
within the Henderson cloud chamber aerosol

as recovered by the Anderson sampler. (See

‘ Figure 8). o o) HCV/229E ~.
& o *« — o ) '
- X X Polio
L]

ot s,
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usual size range for most Colllson produced aerosols (Cuer1n and

Mltchell 1964 Couc et'g 1965 and. May 1073)

-

A : . '7 - .
- Throughout the project aerosols generated into the cloud chamber
of the Henderson were used extensivly therefore the size distrihution
of airborne particles (containing Polio and HCV/Z?QB\#ithin cloud

chamber aerosols was studied.. Tn these etperlments the modlflcatlon

shown in F1gure 8 was used }r“mbber stopper fltted w1th a glass tuﬁ'\\

‘was inserted 1nto the air inlet of the Anderson such tho)/ﬁhr could

Qet into the sampler (at 28 L/m1n1 through hoth the qlase tube and

between the stopper and the wdlls of the air 1n1et Under these T

[

condltlons the aerosol from the Henderson passed through the gléss tube

R /’

into the Anderson at the rate of ‘1.6 L/min while the totdl flow rate of

air (and aerosol) through the sampler could-be.maintained-at 28 L/min.

~ From the results of the one experiment dﬂang Pollo in Flgure 9B

'(Cloud Chamber AerosolL the aerosol collected, as was expected, appeared

to have 4 similar nartlcle-dlstrlbutlon to that of the Collison .aerosol,
i.e. the majority of the virue (about 90%) is found wirhrn etages 4, S
and 6, There ap;zers to have been a sligﬁt increase iofvirUS.recovery
in stage 6 whereas virus recovery at stages 4 and 5 was similar to

what it haé been in the‘previous study. This soggests tﬁarlconditions,
(biological and physical) within the cloud chamber are beneficial to

the, surv1va1 of Polio within aerosol‘part1c1es of less than 1p. These

.results 1mp1y that the environmental conditions can be selectively



-

detr1menta1 or benef1c1a1 to virus survival, depending upon the Size
h]

“of the partlcle withln whlch the virus is contalned St

Cama e e

-
T

The results of a similar studyglnvolv1ng HCV/229E are also
. - L) 3 \‘j
presented in Flgure 8B. Vlrus recovery in stages 4 and 5 (o6 3 and

[N

49.5% for the first etperlment) are 51mllar in both exgerlments and
considerably higher than recove11es from.stages 3 and 6'(1ess than

«10%). As Wlth POllO, appro\lmatelv 90% of the virus colJected was

"

~in particles with dlqmeters of 3um or less (staqes 4,-5 and 6)

—4\

However, unlike Pé¢lio, very little of the virus was recovered in

stage 6 which reco¥ers most~particle§;with diameters of lu og\isfs.

.

"t

Although the reasons for this low recovéry are not known it
: oy - s i
appears that, in contrast to Polio, -the virus:iis more susceptiblé\\
to inactivation in the smaller particles. Thus it appears that the

size of particle in which-HCV/22§E is aerosolized is’ important in

considering its aerosol stability than sdy the stability of Polio.

The results of these experiments indicate that at least 90% of
the aerosolized virus produced by the Collison nebulizer for the
purpose of this project were within particles of 3um or less in dia-

meter.
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Cell Growth Medium
StockASOIutions \ - VYolume (ml)

\ B
MEM (Auto-Pow) 431.0

) ' |
NHCO.. (5.6%) . ' 13.4
3 L-Glutamine (200 mM) . - 5.0
Pen-Strep-Neo (1000X) B 0.5
FCS ' | 50.0

500.0

This medium was used for the growth of both A-5-Hela and L-132
cells. The cells were incubated in 30 ml of media at 37°C until they
" reached confluence at which time they were either used for plaque

assay or split into more flasks for further experiments.

]

4

Spray and Collection Fluid

. Stock Solutibns " " Volume (ml)
MEM (Auto-Pow) 481.0
',Naﬂcosﬂ(s.é%) B 13.4
L-Glutamine;(200 M) 5.0
Pen-Strep-Neo (1000X) . 0.5
o 500.0 T

—— -
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N The abqve-was the basic medium used‘fbr.the spraying and
© collection of the“virys. “Antifoam (0.1 ml.of 10% Antifoam "C") is
added to this mediph'for sﬁraying witﬂ the Collison and collection
_ with the AGI. The various ehha;ncement%omponents were also added |

to the medium for collection with the LVAS and AGI.

Overlay Media

ot - t *
Polio'  HCV/229E' ~ RV-14

Stock Solutions (ml)  _ (ml) (ml)
Medium-199 (5X) 120.0  120.0  120.0
Sterile Distilled Watef ' 22$;0‘1.‘ 234.0 230.0
NaHCO (S.6%) - "21,4 .i S 214 - 2400
BudR (1%) .50 . 300 6.0
DEAE:Dextran (4%) 3.0 '3.0‘» ' 1.6  " \
MgCl, (3.0M) o 6.0 I 6.0 .
Pen-Strep-Neo (1000X) - - 0.6 O.éj'__ 0.6
Mycostatin (100X) - ;,‘f .+, 6.0 6.0 - 5;0
FCS' T Mo 12.0 - -
Heat Inactivated FCS - . _ ' 6f0
' 400.0 ‘400.Q‘ 400.0
\ | - L R

T Mixed with 200 ml.of 1.8% onid‘#l Agar or in the ratio of 2:1

. medium to agar.
N
* Mixed with 200 ml of 2.7% Oxoid #1 Agar or in the ratio of 2:1

medium to agar. e,

T ey
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‘The overlay media for the 'plaque assay of Polio and HCV/229E
, had been previously established within this laboratory. The assay .
- for RV;14 was developed for this project through the following

comparisons:

. P '
NaHCO3 {5.6%) - Concentration.of 0.06, 0.11, 0.17 and 0.22%
were compared. From the resu1t§, 0.22% NaHCO, .

~in the medium appeared to be most effective.

BudR (1.0%) - Concentration of 50, 100, 200 and 400ug/ml were
'compared.‘ quques formed in the presence of
.IOOﬁg/ml were the'ﬁost numerous and well
‘defined. |

-

© DEAE-Dextran»(4.0%) - Concentrations of 50, 100, 200 and 400ug/ml
-were compared. ‘The number of plaques formed and
- plaque definition were better when 50ug/ml was

used.

T M-199 or MEM - Plaque numbers and cell integrity were similar
_ for both however the outer edges of the plagues
. formed in the presence of M-199 were sligﬁtly'

more defined,
AT

\‘ Heat Inactivated FCS, FCS and BSA - These were compared at a
concentration of 1.0% with an additional test

for BSA at a concentration of 2.0%. Both the

. ‘ EIEAE

R



Agar - Oxoid #1

" cult to remove from the cell monolayer and

.0 |
quantity and size of pléques were better in
the presence of 1.0% Heat Inactivated FCS . - N,
than FCS or BSA.
(Oxoid), Ionagar #2 (Oxoid), and Noble agar R
(Difco)lwere tested at concentration of 0‘6, . .>:

0.8 and 1,08, Plaque morpholég? and number
were better wheu_fheQagar congentration was
0.8% of 1.0% for each agar type however the
best reéults were obtained when 1.0% Oxoid

#1 agar was used. A final concentration ¢f

0.9% agar was chosen because 1.0% was diffi-

0.8% agar was not quite as effective as 1.0%

for the development of pléqugs.
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" affecting the interaction of cells

>

Reliability of the Plaque Assay

)

The reproducibility of any assay is dependent on the accuracy of

the equipment and the consistency with which the operator uses it. In

the case of a biological assay,

ch as the plaque assay, factors
and virus will also alter the outcome

N

even between duplicate tests.
' .

Virds stocks for use in all the aerosol experiments were aliquoted
and stored frozen at -80°C. Each aliquote contained 1.0 ml of.the virus
suspension. Because of virus inactivation due’to repeated freeling and
subsequent thawing, a fresh aliqgot from storage was used for each

experiment.

Variations in batches of media, serum and cell passage levels all
affect quantitation of the‘virus. Therefore in order to minimize the
effects of such variables, the results of all plaque assays were grouped
according to the time period during §hich the assays were performed

when there were essentially no differences in the media, serum or cell

i
i

passage level. oo

The variations from the mean titre for Polio, RV-14 and HCV/229E

(Table 9) ranged between *45%, *44% and *29% respectiﬁely. The ranges

of both Polio and RV-14 titres are considerably higher than for HCV/229E.

This indicated that monthly changes in media serum and cell passage
levels were enough to cause substantial fluctuations in the results of

asséys for Polio and RV-14. This did not appear to be thehcase.for'
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HCV/229E because variations in these conditions did not result in such

. \ - . Lo . - .
wide fluctuations in virus titre during similar periods.

However, with respect to the HCV/229E assay, the results showed a
small steady decrease in virus titre which was .proportional to the length

of storage. This was not seen with the other two viruses. S
o v . ;

The reduced amount of HCV’EEQE virus due to this inactivation over

-

the eight month storvage peried did uof"upparentlf contribute any signi-
ficant problems to the cxperimentg as judged by the overall virus
.rocovcry.. It is however recommended that fresh stocks of virus be
prepared at le#st once a year to guarantee that the virus available would

always be abote the critical level of detectability.

In view of these.inhcrent variations it was eséential to set limits
to permit interpretation of the effects of the additives on virus reco-
very. On the basis of our analysis differences of up to *50% were
éonsidered to be witﬁin the.expected range of experimeﬁtal variation.
However differences in recovery‘of more than *50% were indicative of a
‘¢change that could be considered as being directly due to the affect

the additive.

Thus when comparing two additives, virus recovery had to be at )
least 50% better for one than the other otherwise they werf considered

to be of equal benefit.
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