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SUMMARY



ii

The effect of relative tumidity (RH) and air temperature on the
airborne survival of a human rewévirus (HRV) and.a human coronavirus®
(HOV) was studied. Poliovirus (PV) type 1 (Sabin) was used as a °

reference. Tryptose phosphate broth (TPB), containing an antifoam agent
. and a fluorescent ‘dye as a physical tracer, was used to suspend the
virus to be aerosolized using a Collison nebulizer. The aerosols were
held in -a 300-L rotating drum and an all-glass impinger, containing TPB
with an antifcam agent, was ﬁ;ed for aerosol collection.

At 20%1°C, the half-life of HRV was 18.7#3.6 h, 27.8:10 h and
9.0:1.9 h at the low (30:5%), medium (505%) and high (80:51) RH le-
vels, respectively. At the same temperature, the half-life of HCV was
26.8+6.2 h, 67.3x8.2 and 3.320.16 at the low, mid and high RH levels,
respectively. ‘ At 6£1°C, their survival was further enhanced at the mid
*and low RH, but theré was no increase in the half-life of HRV at 80+57
RH; at this temperature there was, however, a dramatic improvement in
the half-1ife (86.0+5.3 h) of HCV at the high RH. When PV was mixed
with either HRV or HOV and the aerosolized mixture held at 20+1°C, no
infectious PV could be detected at the low and mid RH, but at the high
RH the half-life of PV was 9.0¢1.9 h.’ The airborne survival of rota-
viruses of simian, bovine and murine origin was. also studied and their -
behavior ',:Ln this regard was found to be similar to that of HRV.

Although rota- and coronaviruses are important pathogens of humans
and animals, very little is known about the vehicles of their spread in
nature. The findings of this study suggest that, at least under-certain
emvironmental conditions, alr may act as a vehicle in their direct or
irdirect spread. These data may also help in wxdersta;rling the seasonal
nature of the cutbreéaks caused by these viruses.
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AEROSOLS AND THE SPREAD OF INFECTIOUS DISEASES

The concept of airbornme contagion is an ancient one, but sericus
study of the spread of lnfectlcns by the airborme route had its
begimmings in the 1930's. It received a further impetus during World
War II because of the problems of respiratory illness in military
populations. As a result of the investigations conducted during the
pasE 5 deé;des, it is now well established that a variety of infectious
diseases, inctuding many caused by viruses, are able to spread by the
airborne route. In view of this, a greaf-deal of work has also been
conducted to determine which factors promote or retard the survival of
infectious agents in air, and what preventive and control measures are
likely to be effective in safeguarding against airborne infections.

Aerosols are dispersiens in air of particles of a variety of
sizes. The larger of these particles rapidly settle out, but particles
of smaller size can remain susperded in air for longer periods. If the
air were to be perfectly still, it would take a part%g;eiof 100 um
diametér 10 secords to fall through the height of an ordinary room
(about 3 meters)z particles with diameters of 40, 20 and 10.um would
require 1, 4 and 17 mimutes, respectively, to settle out under the same
set of conditions. On the other hand, particles 1-3 um in diameter will
remain suspended almost indefinitely, especially if they are periodi-
cally elevated by air currents (Guyton, 1947; Knight, 1973). l

Many common and natural activities regularly result in the
generétion of aerosols. For example, sneezing, coughing and even
speaking by persons carrying viruses in their mouth and respiratory

tract frequently lead to the aerosolization of viruses (Winkler, 1973).
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The particles produced during sneezing and speaking (particularly when
pronouncing sibilants) are generally larger and most of them rapidly
settle out of air. In contrast to this, coughing is known to produce
more small-particle aerosols which are potentially better suited for
the airborne spread of viral infectionms.

Upoﬂ aerosolization, and depending on the level of relative
humidity (RH) and atmospheric temperature, most of the water from
aerosolized particles of small size .evaporates almost immediately.
This leaves behind a residual particle which may contain organic and
inorganic materials as well as biological agents. Residual particles
of this type are referred to-as "droplet nucléi" (Wells and Stone,
1634), and if the bioclogical agents in them are not damaged by the
. drying process, then they are potentially infective for susceptible
host species. Under conditions of normal aerial turbulence, droplet
rmuclei can remain airborme for prolonged periods of time. Inhalation
of air containing these particles can lead to their retention in the
respiratory tract ( Hatch, 1961; Stuart, 1973; Brain and Valberg, 1979;
?eshima et. al., 1981). The actual site of their retention in the
respiratory tract is determined principally. by the size of the partic-
les being inhaled.

Larger particles containing infectiocus agents, which tend to set-
tle out immediately, can also be important in disease transmission. If
the infectiocus agents in them manage to survive the initial process of
aerosolization and subsequent drying on the surface where they have
settled, direct or indirect contact of susceptible hosts with, such
surfaces could lead to the spread of virus infections. The possible

ways 1in which microbial aerosols can transmit infections are



schematically represented in Fig.l.
" PARTICLE SIZE AND VIRUS RETENTION IN THE RESPIRATCRY TRACT

The particle size of virus-containing aerosols is important in
determining their physical stability as well as the site and extent of
their retention in the respiratory tract. Therefore, some knowledge of
the particle diameters of viral aerosols is considered essential in
understanding airborne transmission of viral infections.

A human adult breathes between 10 and 20 thousand litres of air
per day (Bell et al., 1963).  Such air may contain particles of many
types and sizes. However, from the point of view of infectious disease
spread by the airborne route, particles of particular importancé fall
in the size range of 0.1-60.0 um in diameter (Stuart, 1973).

The greatest degree of deposition in the alveoli of Mman lungs
occurs when the inhaled particles are in the 1-3 um range; it de-
creases to a minimm for particles of 0.25 um. For particles below
0.25 un, alveolar deposition again increases due to Brownian movement
(Brown et al., 1950; Hatch 1961; Lippman and Albert, 1969; Stuart,
1973; Morrow, 1980). Fuchs (1964) observed that 82, 28 and 51% of the
particles 1.0 um, 0.1-0.3 um and 0.03 um, respectively, were retained
in alvéoli or alveolar passages.

Here it must be noted that larger particles, which are deposited
mainly in the upper bortions‘ of the respiratory tract, can be
translocated by mu;ociliary action and ingested (Slote, 1976). This
could conceivably result in the spread of certain infections of thg

gastrointestinal tract by the airbome route (Flewett, 1982).



Figure 1. Possible ways of spread of infections through the

airborne route.
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GENERATION, STORAGE AND COLLECTION OF VIRAL AEROSOLS

Experimental generatian of viral aerosols can be carried cut by
the DeVilbis #40 or the Vaponefrin nebulizers (Larson et al., 1976},
but the most popular device for tﬁisngrpose is the Collison nebulizer
- (May, 1973). More than 90% of the aifborne particles generated by it
are <5 um in diameter and they are, therefore, potentially suited for
retention in the respiratory tract. This nebulizer has been used to
generate aérésols of many types of 1lipid-containing (Guerin and
Mitchell, 1964; Mitchell et al., 1968; Akers et al., 1973; Hugh-Jones ,;
et al., 1973; Fairchild, 1974; Schaffer et al., 1976; Scott-and Sydis-
kis, 1976; Walker et al., 1976) as well as non-lipid-containing viruses
(Guerin and Mitchell, 1964; Couch et al., 1965; 1966a; 1966b; Gerone et
al‘., 1966; Benbough, 1971; Strange et al., 1972; Barlow and Donaldson,
1973; Dcnaldson, 1973; Donaldson arnd Ferr'is, 1975; Aﬁ&_ms et al., 1982;
Moe and Harper, 1983). |

Compressed air is wused for the generation of aerosols by the
devices mentioned above. As the air expands through the restricting ”
orifices, the suspension to be aerosolized is broken int;o particles of
many sizes. A major proportion of these are too large to be carried the.'
ocutgoing air stream, ard they consequently drop back into the
suspension. Partiéles of smaller size can remain airborme for longer
periocds and may be -carried out of the nebulizer in the air jet.

In order to study the aerosol stability of viruses, it is
essential to properly collect the experimentally-generated gerosols for
analysis. Several deviceé have been developed to provide information

on the particle size and concentration of materials in the aerosols



under study. The most lconmonly used of these in the study of virus
aerosols ;’.s the all glass impinger (AGI). "The AGI (Wolf et al., 1959)
has been used in studying the aerosol stability of the following types
of vertebrate viruses: Colorado tick fever, vesicular stomatitis (VSV),
encephalomyocarditis (EMC), neurovaccinia (Watkins et al., 1963); R
sarcoma (Webb et al., 1963); adenovirus types 4 and 7, human parain-
fluenza (Miller and Artenstein, 1967); Newcastle disease (NDV) (Songér,
1967); infectious bovine rhinotracheitis (IER3 (Songer, 1967; Elazhary
and Derbyshire, 1977); bovine parainfluenza type 3, bovine adenovirus
_type 3 (Elazhary ard Derbyshire, 197%a; 1979b); rinderpest (Hyslop,
© 1979); poliovirus type 1 (Sabin), rhinovirus type 14) human coronmavirus
229E (HCV/229E) (Park, 1980). Here it should be noted that the AGI is
considered relatively inefficient for the collecti:cn of viral aerosols
where a large propertion of the airborne particles are smaller than 0.1
" um in diameter (May and Harper, 1957). Such small particles have a
-te:xiency to escape entrapment in the aerosol c¢collection fluid.

May and Druett (1953) have described a simple device called a pre-
impinger, which, when attached to the front of an impinger, divides the
total aerosol sample into two particle size fractions by means of size
selective impingment. The cut off between the two fractions is set at &
um to similate nasal penetration; it is believed that the particle
retention by the pre-impinger is similar to that of the nasal passage,
while the material in the impinger is similar to that reaching the
Tungs.

Impaction devices for the collection of aerosols are named after
the type of opening through which the aercsol is collected. These
samplers include: (a) the slit sampler (Wolf et al.', 1964) in which



airborne particles pass through a narrow slit and are then impacted
onto a slowly revolving dish containing a solid or semisolid collecting
medium, (b) \the sieve sampler (Wolf et al., 1964} where the airbomme
particles accelerate through small holes and impact on the collection
surface, (¢} the stacked-sieve or Andersén sampler (Anderson, 1958)
which consists of 6 sieves stacked one on top of the other; each sieve
contains holes of a different diameter and this sampler thus permits
the collection of six groups of airborme particles sepatated on the
basis of the particle diameters (Guerin and Mitchell, 1964; Couch et
al., 1965; Peto and Powell, 1970; Lembke et al., 1981; Bausum et al.,
19823,

Certain limitations inherent in the above-mentioned impaction
devicés make them wunsuitable for use in the routine study of airbomne
viruses. However, such devices are extremely valuable in the study of
other types of airborne microorganisms as well as in thg determination
of‘the basic characteristics of aerosols in general.

In addition to various types of aerosol generators and collectors,
suitable pieces of equipment are available for the transportation and
aging of viral aerosols. These provide containment for experiments’ on
infectiou§ aerosols where the aerosclized material is maintained in the
air for extended periods of time; they can also be used as a safe means
of transporting infectious aerosols to susceptible experimental hosts.
The apparatus most commonly used for aerosol challenge studies in
animals is the one designed by Henderson (1952). It can act as a
contimuous source of the infectious agent at a constant cloud density
under controlled conditions of RH and temperature. By placing appro-

-,
>



priate test animals in the aerosol cloud, they can then be exposed to
the infectious agents for susceptibility and transmission studies.
More recently, McVicar and Eismer (1983) reported a relatively simple
and inexpensive means of exposing cattle of all ages to virus aerosols.
Survival characteristics of an airborne infectious agent can be studied
in another type of aerosol maintenance chamber known as the dynaﬁic
aerosol toroid or rotating drum (Goldberg et al., 1958). This device
permits the maintenance of an infectious agent in an airborne state

over a period of days so that the rate of its biological decay can be

measured under controlled conditions of RH and temperature. The conti-'

nucus  rotation of the-drum at a predetermined rate minimizes the loss
of the aerosol due to "fallout" on the_walis of the drum. Goldberg
{1971) has presented in detail those factors that govern the behavior
of aerosolized particles in the rotating drum. |

May and Druett (1968) ana Druett (1971) have described a micro-
thread technique for studying the viability of microorganisms in a
simulated airborne state. Micrqorganisms, captured on ultrafine spider
threads, may be subjected to any environment of interest for extended
periods of time, and the loss of viability of the organisms may then be
determined.

The large volume air sampling (LVAS) devices are a relatively
recent dévelopment in the study of airborme infecticus agents.
Spendlove ard Fammin (1982) have recently reviewed the literature on

these devices.



FACTORS GOVERNING VIRUS SURVIVAL IN THE AYRBORNE STATE

7’ Factors that influence the survival of airborne viruses include:
(1) relative lmidity and atmospﬁeric temperature (2} atmospheric gases
and aerosolized chemicals, (3} nature and composition éf the spray and
collection fluids , ({4) irradiation , and (5) the genetic make-up of
the wvirus.The following is & summary of the published information on
how the above-mentioned factors affect the airborne survival of a
variety of vertebrate viruses.

1) Relative Humidity and Air Temperature:

These two factors, which often act in combination, are perhaps the
most important in determining how well viruses survive in the airborne
state. The study of . their influence on the infectivity of viral
aerosols also provides clues to understanding the epidemiology of many
viral diseases. A summary of the available information on how atmos-
pheric temperature and RH affect the survival of various airborne
viruses has been presented in Table 1.

It 1is generally believed that there is a simple'correlation bet-
ween the chemical composition of a given virus and the influence of RH
on its airborne survival (Hemmes et al., 1960). In other words, lipid-
containing viruses are thought to survive better at low levels of RH
and that the high RH levels are considered to be more conducive to the
aitborne survival of viruses which are lipid-free (de Jong et al.,
1973; Hyslop, 1973; Donaldson arnd Ferris, 1976; ). However, it is now
known that there are important exceptions to this rule.

Under certain experimental conditions, some types of viruses have

been found to survive well at high and low RH levels, but were sensi+
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TARLE 1
EFFECT OF TOPERATURE & RELATIVE HUMIDITY OH THE SURVIVAL OF AERCSOULZED VIRUSIS
REFERDNCE VIRUS(ES) PERIOD REMARKS
Temperature Relative OF AERCSOL
*c Hustdity T ACDG
Loosld et al. influenza A 27-2%9 pal * 24 ke, Bxperiments were performed fnoa toem of
{1543) 43 B00 cu. fr. capacity. Low B eperiments
a9 were performed in winter, end high FH was
N gomemntad by vemporizing steam into the
moon. The virus survived best at 220 RH.
Schechmefster influenza A 7 30-70 7 Highest lowels of alrbomne tofecticus
1950) {V.S. stzaln) virus were recovered at the two  RH
ezenes (32 ad 6O%).
Hemes et al. influenza (PRS), 7 0-10 2 min, For influenza vires, lnactivation tate
{1960) poliovizug high at 50-90% R and low at 15-40% R,
type 1 (CSL) For poliovimus the rTeverae was tTue. They
ephasised the role f FH indoors a3 an
N Imporiant factor in the sesscmal fluctua-
-:(' tion of cutbreaks due to these viruses.
Horper vaccinia, 7-11.5, 17-36, up to For all the vinws type studled, curvival
(1961} influenza (RS}, 23 hras. at all R marnges tasted was better at the
Venezuelsn equine 20-24, 48-65, lowe than at the higher tampemature.
acephalitis (VEE), Poliovizus survived best at high FH le-
od polio type 1 30-33.5  B0-86 velz, whereas the other 3 viruses tested
(Bnmhilde) srmvived beat at low BH levels.
Miller et al. yellow fever oxd o 0, 1 hz. Doth wvituses were highly stable s
(1963) ift valley fever 85 acTosols. Mo algnificat offect  of
hmidity, in the 7Tange tested, w3
ohserved elther .en  initial virus
concenttation or decsy tate.
Welb et al. plpoonpox and T C-100 S hra. Plgeonpex virus wos fomd to be atable in
(1943) Rotis sarcome acTocols d wms affected little by RHL
, Rous saycom vinm  wms extremely
sensitive o RH = zurvived best at RH
levels sbove 707.  Inosital at & fimal
cocentzation of 607, In the sproy fluld
was  able to prevent lnactivation of Rous
zarcane vizue at RH levels below 7O
- de Jorg ad measle 20-1 10-100 ? The virus wo sprayed in Uxe temperalture
Winkler (Edmmston o M conditioned room.  Best sumvival
(1564) stTaln) vas observed below 40% RH. Indoor RM was

thoeght o be o important factor in the
seasonal varlations of outbreaks cdue o
the wvirus,
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REFERDNCE VIRUS(ES) PERIOD REMATKS
* Temperature Relative  OF AFROSTL
G tmidity 7. ACING
Akers et al.  ecephalomyo- 15 5-95 6 hrs. At 16°C, vins lractivatie during the
(19665} scarditia (Menpo, 26 fizat 5 mimgtes after spraying  was
Maus Elberfeld maxcimal at high (S807) exd lav (<5%) RA.
ad Columbla ) At 26°C, mid-tange RH (40-607) waz the
most deleterious to virus susvival. Inae-
tvation patterna of the wirus during
acroscl storage were found to be simflar
o other mmll KA viruses auch as polic.
Scrges Rewcastle (NIV), 4 10 90 min. Uhen stored at °C, KV ad VSV morvived
{1367} infertious bovine 23 5 best at 107 BH, whezeas TER smmvived best
thinotracheitis k) %0 at 907 RH. NV was shown to sumvive
(IBR), vesicular equally well at 23 and 37°C., This wac
atcmatizls (VSV) attributed © incressed resistzice of the
virus to themmal inactivatien, At 4°C and
"107 RH, ¥V thowed w decay.
Miller and adenovizua types 3.7 20 6 hrs, Both types of adenovimis were most stable
Astmsteln, 4 end 7 ad para- 5 at 807 BH whcreas pamuinfluenza was rost
(2967) influenza type 3 80 stable at 207 R
de Jong ond poliovizus type 1 20 0-200 1 ke, Virus survival was Rgh below 357 and
Vinkle (atrain LSclab) above 707 B, but lov in the Tange LO-60%
(1968) FH. They belleved thot deaturation of
viral R¥U cawsed the inactivation of
alrbomne poliovirus.
tizzhell et Influenza A (6 26.4 7% D ein Straing of avim otigin were fomd
al. (1968) hrman od 8 avian have greater  reststmee to decay in
strains) aichorne state,
Benbough Sanlik! Forest 2 20-90 24 hrs, Inactivation of the althomne virus as
(1959) fomd to be maximal at high R (Ba-907)
ad decressed pradually as BH  decreased.
Rozoval of salts from the zpray fluld
resulted in  improved mmvival over the
viole range of R4 tested.  Extransous
protein w3 eszsential for survival at
high B ed  polyhydroxy  corpounds
. protected the vinuy well at low RH.
de Joxg polin &d 20 70-90 7 Inferred that vimus inactivation at 407
(1570} encephalomyo— FH i3 due w detericration of the protein
carditis (B4C) coat.
Moyhew od variola (Yamada} 26.7 0 1 hr.  Variols vinus sumvived better than yellow
Hahen ad yellow fever 50 fever ving at all RH levels teseed,
(1570} (Asibl) EO
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WFERENE _ VIRUS(ES) PERICOD REMARIS
Temperature Relative OF AERCSOL
S Humldity % ACDO
Drvia et al.  adeovirua 25-29.5 2, 31 20 min. The vires was found o survive best sl
(1971) type 12 and B9 the highest level of R tested (897).
Exlich and  VEE ~L w +9 18-90 1-2 k3. The blological decay mate of airborne VEE
Mller ‘ . was not matkedly affected in the tompera-
(1971) ture Tange —40 to 24°C at sy BH  tested
(18-907). However, at 49°C a significmt
increase in decay mate was chserved.
Barlow foot-and-mauth 15-22 20-80 1 hr., The wvirus wos found to be stable at od
(19722} discase (0,1FS 1860} above 557 R
Dexzldson foot-and-mouth 15-23 10-100 1 hr.  The vins showed nwdmm survival at oxd
(1972) disease (8 diff- above 607 FH. AL low FH, mavival of the
cTenl strains ‘A' stzain was about 10-fold higher thm
tested) for cither the '0' or 'C' stxalnes.
rehell od ,g_::!:ldum A, pral 15 39 hrs. Avim and equine straing were comsidesab-
Cuerin (faman, avim, smwine ly rore resistant © decay than those
(1972) ard equine strains) derived from twman or ouine souTges.
Acers et al,  simion virus 40 21 or 32 15-100 1 hr. The wvirus was fond to be stable az 21°C
at all B levels tested, but acrozols
(1973) (Sv'w) maintained at 32*C were inactivated
within 60 =in at mid-zange PH (50-60%).
Donaldsen foot-and-mouth 16-23 10-100 1 hr. Viruses acroslized frem milk and  fecal
1973) discase slurty were quite stable at 552 RH. th
(2 stralns) the styains tested were more stable vhen
acrosolizad from milk than from fecal
slurty. The virus wes found to be inacte
{vated at or below S0n RH hut the RNA
- retalned 1y infectiviny, '
de Jog et al. BL 10-37 10-%0 1 hr,  Actosolized vitus was rapidly lnactivatasd
(1975} at B levels below 00, Inactivation of
. the virus was thought to be due to
irreversible changes in the protein coat
of the virus resultitg from the rooval
o structurally esaential water
molecules.
Donaldsen feline herpes- 18-23 20-80 1 hn, ASFY o PI-3 viruses survived well at
ax! Ferris virus (FHV), all RH levels tested when tested coly o
(1976) feline calici- second  aftes  asrosolization.  However,
virus (FOV), after 5mins., of sztorage, both these
infections bovine viruzes were foud © be zensiiive w©
thinaotzacheitis high F®H, The other Lipid-contalning
(TN vins vizuses (EAV, VSV, FW, BN-1 and IER)
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RIFERENCE

VIRUS(ES) PERICD

REMARKS

Temperature - Relative CF ADROSOL

< tumidity 7 ASDG

flex
et al,
(1976)

Elazhary and
Desbyzhice
(1977

“Tla "‘l.‘l‘.'}' and
Derbyzhire
(1979a)

Elnzhary and
Derbyahire
{1979%)

parainfluenza-3
(m-s)l equine
arteritis vizus
(EAV), equine
herpesvirus type-1
(AW-1), Africen
swinge fever virus
{ASFV), wvesicular
eanthem virus
(VEV, type-E),
vesicular stomge
titls virus (VSV},
bovine adenovirys !
type 1 (Badv-1),
aquine thinovirus
type 1 {ERV-1)

Influenza 21 20-80 1 hr.
(WS strain)

infectious bovine 6 or 32 X or ¥ 3 hes.
thinotracheitis ) :
(R}

bovine parainfle- 6 or 32 NorW 2 ho
enza virus type-3
{8F1-3)

bovioe adenovirus 6 or 32 XorN 3 hr.
type-3 (BAJV-3)

weTe  also unstable when stored a3 aero-
s0ls in high RH, EV-1, & pleornaviTus,
Wz the only virus which sumvived well at
high Rl ut poorly o expomure to dry
carditions,

The calicivimmes (VEV ad FOY)  were

- sensitive to BH in the 30-707 Tange. wWhen

subjocted to acration all the lipid-
containing wviruses vhich vere oaming
lost infectivity, tut mon-lipid contaln-
ing vivuses, includirg BAAV-1, were stab-
le. The addition of 0.17 peptane reduced
losses of virus, and this protective
effect  was attributed o protection
sgainst surface lnactivation. )

The acrosolized vitus wag maocimally
atable at low R (<407, minimally
stable at mid-range RH (50-707), o'
moderately stable ar high RY (O80T
Alzbomne atability of the virus was found
W vary from one prepamation of vinm to
the pext for virus propagated in both
cell culture and embrycnated  eggs.
Polyhydroxry  compoumds were found to have
a protective effect e the alrbome
stabllity of the vivus.

The vitus wos foumd to be more stable
when  acosolized from masal zecrezions
ad  at high R O, Low taperative
&d high RH were the most favourable for
shori-tem zutvival,

Durlng  agirg of aerosols gt 32°C and 307
Ri, the virus wasy fond @ be less ztable
in  Eagle's minimal ezzential  medium
(D) than in masl secretion from o
ronlnfected calf, but at 6°C and 3% RH,
the wvirus was rore stable in BN, The
vitus wes eonalstently more stable at 6°C
than a1 12°C and at 32°C the virus was
sote stable at 300 RY tham at 90 T RY.

Vins Insctivazion ins usually more rapid
at 301 FRH than at O R, = az 12°C
thn at 6'C.  Clucose was fod to
protect the virus during spraying and




14

REFERENCE VIRUS(ES) PERIOD REMARKS
’ Tompetature Relative COF AEROSCL
*c Hmidity 7. ASDG
exino aclids in EEM were thought to be
tete protective duting acrosel aging.
Hyslop Tinderpest 26 20-80 1hr. The virus was ghown to sumvive well for
(1979) X min. at low BH { <u07) md fts
survival wos comehst reduced at Rith RY
(>807). ¥irus viabilicy ws least st mid-
_ range R (50-607).
Adoms et al.  Teovin 1.2 25-95 3 hrs. Aerosol  atabilicy of fnfectious and
(1%82) type-1 potentially (nfectious wvirus particles
(Lang straln} w3 found to be maximal .in the B5-95T BH
e, An Increase in recovery of the
actosolised  wvirus was cbserved  upon
predemidification.
oe & Hatper  calf rotavirus 10 20 2 hrs. Vinm stable at low and high RH. Low tem-
(1983) (U.K. strain) 20 50 pecature more conducive to virus s
X 90 val in air,
Stephensen Lasza virus 24 X 1 hr., The virus was to be stable In aerosol
et &l. (Jealsh straln) 22 55 form, particularly at low-Ri (307) level.
(1984} 28 8

Biological half-life at both 24 ad 32°C
(307 RH) w3 found to be S4.6 and 29.1
minutes vespectively. This wzs
considered sufflcient fer aerosol
dispersion of the virus to considerable
cistances in natural situations.
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tive to inactivation at the mid RH range. Examples of such viruses are
VSV (Watkins et al., 1963), Langat virus (Benbough, 1971), mengovirus
(Akers and Hatch, 1968), two types of caliciviruses (Donaldson and
Ferris, 1976), and influenza virus (Schaffer et al., 1976).

Humidification of aerosols immediately prior to their collection
has been shown to increase the recovery of iqféctive particles of
certain types of viruses ( Hatch and Warren, 1969; Warren et al., 1969;
Dubovi and Akers, 1970; Benbough, 1971; Barlow, 1972b; Trouwborst and
Kuyper, 1%74; de Jong et al., 1975; Adams et al., 1982; ). This
indicates that rehydration of airborme virus particles leads to their
reactivation. Infective yields of certain other wvertebrate virus
aerosols, such as vesicular exanthema virus (Ferris and Donaldscn,
1980), remained unaffected by pre-tumidification. In contrast to this,
pre-humidification has also been shown to decrease the efficiency of
recovery of some types of viruses (Warrem et al., 1969).

As can be seen from Table 1, most of the aerobiological studies on
viruses have been carried out at room temperature (20-24°C). However,
data generated in studies where the air temperature was maintained
either above or below this range, and the RH level was also . varied,
show that the combined effect of these two factors on virus infectivity
is complex and highly variable from virus to virus.

Harper (1961,1963) observed that the survival of airborne wvacci-
nia, influenza and VEE during six hours in aerosol was greétest: at low
temperature (10°C) and the influence of RH on virus infectivity at this
température was negligible; at the highest temperature studied .(32'0),
the viruses survived least well and this observation led the author to

suggest that "the higher the temperature, the greater the influence of
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RH". As far as initial viability is concerned, Harper (1961) reported
that influenza and vaccinia viruses were not influenced by temperature
and RH, while the viability of VEE had a tendency to be dependant on
both.

Songer (1967) studied the airborne stability of NDV aerosols held
at &, 232 and 37°C. At 23°C virus survival was better at 107 RH than
at 35% or 907, RH. At 107 RH, airborne NIV survived equally well at the
three temperatures tested, whereas at higher RH levels, the lower
temperzsgre favored the survival. SV,, was found to be stable in the RH
range 22-807% at 21°C, but aerosols of this virus maintained at 32°C
were inactivated within 60 min at mid-range RH levels (Akers et
al.,1973). The urusual airborne stability of this virus at 21°C over a
broad range of RH indicates that potentially bichazardous situations
could occur under laboratory conditions if this virus is accidentally
aerosolized.

Elazhary and Derbyshire (1977; 1979a; 1979b) studied‘the aerosol
stability of IBR virus, bovine parainfluenza virus type 3 and bovine
adenovirus type 3. They found that the most favourable conditions for
short term survival of these viruses in the aerosol form seemed to be
low temperature and high RH. It was suggested earlier (Derbyshire and
Roberts, 1968) - that this may be the reason for the higher mumber of
field infections of cattle with parainfluenza virus type 3 during
autumm and early winter in England.

It is mot yet clearly understood by what mechanismi{s) air
temperature and RH promote or retard the survival of airborme viruses.

Akers (1969) has'proposed that the humidity-dependent inactivation of
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aerosolized viruses occurs immediately after they are sprayed and, once
established, does not drastically change with the aging of the aerosol.
Akers (1969) also suggests that the effect of air temperature is
secondary in the inactivation of airborne viruses.

2) Atmospheric Gases and Aerosolized Chemicals:

The presence of certain chemicals in the gasecus state has been
shown to inactivate aerosolized viruses. The basic aim of the experi-
mental work in this area has been to develop the use of these chemicals
in the prevention of virus transmission by the airborme route. For
example, in one of the earliest studies in this field propylene glr)_:_col
vapors were chmd to be effective in preventing infection of /mice
‘exposed to experimentally generated influenza virus aerosols (Henle et
al., 1942). It is also conéeivable, bwever; that under certain condi-
tions, some naturally occurring or artificially generated gaseocus subs-
tances could proteét virus infectivity in air. -

Berendt et al. (1971) have shown that a low concentration of
sulphur dioxide in air (0.4 ppm) is sufficient to inactivate airbome
VEE virus, but concomitant irradiation with simulated sunlight reduces
the virucidal properties of the gas. Higher concentrations of sulphur
dioxide (3.6 ppm) were able to inactivate the airborne v.rus even when
it was irradiated with artificial sumlight (Berendt et al., 1972), and-
this occurred more rapidly at 607% RH than at 307 RH. The. rate of virus
inactivation due to a combination of the gas and RH was greater than
the sum of the effects produced by these two factors separately. Al-
though the exact mechanism by which gasecus sulphur dioxide inactivates
airborme viruses is mot known, it may be attributable to the formation

of sulphuric acid in moist air. In artificial suniight, sulphur dioxide
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may be expected to be somewhat photolabile, and therefore, at low
levels of sulptmr dioxide, the virucidal species may be reduced beyond
its effectivé level. R —~

Ehrlich and Miller (1972}, also working with VEE, studied the
effect of atmospheric nitrogen dioxide on airborne virus inactivatiom.
At 85% RH, atmospheric nitrogen dioxide concentrat:.ons of 5 a?ﬁﬁ Ppm
increased the b:.olog:.cal decay rate 3 and 10-fold, respectively. It
has been suggested that this virucidal effect of nitrogen dioxide is
due to its comversion to nitric or nitrous acid at high RH levels.

Slobodenyuk and Karpukhin (1970) investigated the effect of hydro-
gen peroxide, chloramine and hexylresorcine on airborne adenovirus type
3, poliovirus type 3 and coxsackievirus type Bl. The minimum concentra-
tions of these compournds needed to bring about a 99.97% reduction of all
three of the viruses- in 30 mimutes were 10-20, 5-10 and 5 mg/ m3,
respectively. However, in the same study, much higher concentrations of
the same disinfectants were required to bring about a 99.97% reduction
in virus titre on a contaminated surface.

Although experimental conditions relevant to indoor environments
of artificial light can be relatively easily simulated, airbome vn{ls
inactivation under natural outdoor conditions is much more difficult to
evaluate. It has also been suggested that the behavior of viruses in
the indoor emvironment would be very different from that in op‘en. aiz:,
the difference being due to the open air factor (AF) (Druett and May,
1968; - May et al., 1969). The OAF is believed to be a complex formed by
ozone and gasecus umsaturated hydrocarbons similar to those from

internal combustion engines (Spendlove and Farmin, 1982). Hood (1971)
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has designed an indoor system for stidying the survival of g.irbome
microorganisms in closed conditions to allow the study of the effect of
outdoor air.

Benbough and Hood (1971) found that inactivation of Semliki Forest
virus in the airborme state was considerably emhanced in cutdoor com—
pared to indoor alr. On the other hand, when the effect of day light
and the OAF on certain strains of PMD virus was studieﬁ (Donaldson  and
. Ferris 1975), neither daylight nor the OAF could influence the airborne
survival of this virus provided that the RH was higher than 60%.

4) Nature and Composition of Spray and Collection Fluids:

It is well established that the composition of the fluid from
which the virus is aerosolized can greatly influence its subsequent
airborne stability ( Webb, 1939; 1963 Harper, 1961; 1965; Akers, 1969;

1973; and Akers, 1970; Benbough, 1971; Donaldson, 1978; Elazhary
and Derbyshirey _1977; 1979a; 1979b; ). 1In view of the above, it would

not be surprising to find that the decay rates of_ artificially gene-
rated viral aerosols under laboratory conditions would be different
from those of natugsl aerosols of the same virus derived from body
secretions or excretionms. p ’

Whereas most of the experimental data on viral aerosols have been
generated using artificial spray fluids, some studies have been dgne '
where the virus was suspended in and aerosolized from mnaturally-
occurring -substances such as saliva, nasal secretions, milk and feces.
Donaldson (1972, 1973) reported that when FMD virus was aercsolized
from bovine milk or fecal slurry, it was more stable than when bovine
saliva was used as the spray medium. This difference was believed to
be due to the comparatively high pH (8.9-9.1) of saliva (Barlow,
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1972a). Barlow and Donaldson (1973) also compared the effects of
artificial and natural spray fluids on the airborne stability of FMD
virus. They found that at high RH, virus sprayed from bovine milk,

feces, nasal fluid ard cell culture'supematapt fluid was more stable

' than that aerosolized from bovine saliva. The relative instability of

the virus sprayed from saliva was due to an' undialysable component
which was stable at 60°C, but. could bé inactivated by heating at 70°C.

' Elazhary and Derbj;s:hire (1977) generaﬁed IEBR virus aerosols from
Ea,gle s minimal essential medium (MEM) and nasal secretions of calves
both with and without antibodies to IBR. It was found that the \rlmsl
was. most stable ihen it was aerosolized from nasal secretions of a

‘seronegative calf and held at 6°C with 907 RH. However, bovine

adencovirus was found to survive better when aerosolized from MEM than

when the aerosol was generated from nasal secretions of a seronegative

" calf  (Elazharyeand Derbyshi‘re‘, 1979a). In this case, glucose and

amino acids in the MEM were considered to protect the virus during
>

spraying and aercsol aging, reépectively. Peptone and apolar amino

. acids were also shown to be protective' to airborne EMC and Semliki

JForest viruses (Trouwborst et al., 1974). The surface protective role

_ c':f/i peéptone was further substantiated by the work of Donaldson and

\Eez{_/ (1976) usmg IER.

A slight change in tr;é spray fluid can lead not: 6nly to a change
in the rate of biological decay of viruses, but can also influence
‘their response-to inactivation by RH (Watkins et al., 1963; Akers et
al., 1966s; de Jong 1967). | |

No additive has yet been found which is capable of completely

¥
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stabilizing the infectivity of airbome viruses. However, the presence
of. certain types of chemicals in the spray or collection medium has
been shown to enhance survival of aserosolized virus. Addition of
inositol to the spray fluid has been shown to stabilize a variety of
-vertebrate viruses. Webb et al. (1963) found that the rapid inactiva-
tion of‘aerosolized Rous sarcoma virus at low RH could be prevented by
the ‘presence of inositol in the spray fluid. A similar stabilizing
effect of this chemical was noted for aerosols of influepza, Langat,
Semliki Forest and FMD viruses (Barlow, 1972b; Akers, 1973; ). On the
‘other hard, inositol was ot found to influence the airborne survival
of a number of other virus types, such as EMC, VEV- and polioviruses.
(Akers, 1973; Benbough, 1971; Ferris and Donaldson, 1980).

Park (1980) compared 107 glycercl and 0.17 bovine serum albumin
for their efficacy in stabilizing aerosolized poliovirus type 1
(Sabin}. Glycerol was found to be superior in this regande;nd this
protective effect of glyﬁerol may be through the prevention of
dehydration of the virus at the low énd medium RH levels.

The presence of protein-rich substances such as serum in.the spray
fluid appears to slow down the evaporation of water from the aeroso-
lized particles due to ﬁhe'hydration of the protein molecules. This is
believed to be the basis for the enhanced survival of aerosolized FMD
virus at a wide range of RH when.it wés sprayed from bovine milk
(Donaldson, 1973). Otﬁer proteinaceous substances such as bovine serum
albumin. and peptone have also been found to protect the infectivity of
airborne Langat (Benbough, 1969), Semliki Forest (Dubovi and Akers,

19705 Benbough, 1971) and vaccinia viruses (Harper, 1963a).

It seems that the presence of proteins in the spray fluid is not
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:;,'necessarily protective for all types of airbome viruses. This is’
“exemplified by the studies of Harper (1963) on poliovirus and of de
Jong (1975) using EMC virus.

In addition to studying the influence of RH and composit;ion of the
spray fluid, Schaffer et al. (1976) tested the' effect of the
propagating host on the airborne stability of influenza A virus.
Similar pattems of virus survival were observed when the virus was
grown in bovine, chick or human cells and aerosolized.from the cell
culture medium. They found no apparent correlation between the
airbomfz stability of the virus and the protein content of the spray
fluid abo:r'e 0.1 mg/nL.

4) Irradiation:

Following the early studies of Wells and Brown (1936) and Wells
and Henle (1941), Edward et al. (1943a) observed the virucidal effects -
of ultraviolet (UV) rays om certain types of airborne v:.ruses Their
experiments demonstrated that aerosolized influenza and  vaccinia
viruses could be rapidly inactivated when irradiated with-light of a
wavelenth of 253.7 mm. Similar inactivation by UV light was observed
for airborne Rous sarcoma virus (Webb, 1963), coxsackie Bl, Sindbis,
influenza A and vaccinia viruses (Jensen, 1964). Adenovirus type 2 was
shown to be somewhat more resistant to UV inactivation under the same
conditions (Jensen, 1964).

Berendt and Dorsey (1971) reported that simulated solar radiation
is deleterious to aerosols of VEE virus. The lethal effect of such
radiation could be enhanced by the presence of sulphur dioxide at high
RH '.Levels_(Bererx:lt et al., 1971; 1972). Attempts have been made to use



23

such lethal effects of UV to interrupt virus transmission by the
airborne route. UV disinfection of airbomme influenza virus has been
shown to be effective in preventing infection of mice exposed to
experimentally-generated aerosols of the virus (Henle et al., 1642).
Riley (1977) has also suggested that, under appropriate conditioms,
airborme transmission of influenza virus could be interrupted by W
. i tion of air. Application of W irradiation to the control of
/_‘:::i?:\ outbreaks in schools has been reported (Wells et al., 1942;

Perkins et al., 1947) and it appeared to be effective.

" 5) Genetic Meke—up of the Virus:

It has been demonstrated that different strains, types or subtypes
of the same virus may behave differently in t:hé airborne state. This is
supported by the work of Hyslop (1970) on two dif.ferent strains of type
SA'I‘:L of D v:.rus He observed that, urfder the .same set of experimental
conditions, strain TUR 323/62 decayed more s:lowly in the airborne state
than strain SA 13/61. This observation was further substantiated by the
work of Donaldson (1972), who showed that 01 PACHECO strain of FMD
virus survived better than O, BFS 1860 at 70% and S5L RH levels (18-
23°C). Similarly, Hood (1963) found that the maximal initial loss of

" two different strains of influenza virus type A occurred at two
_different RH levels; strain PR3 decayed more rapidly at the high BRH,
whereas, strain Singapore lost its infectivity faster at the medium RH
level. When tested  under the same set of experimental conditions,
airborne adenovirus type & was found to decay faster than adenovirus

type 7 (Miller and Artenstein, 1967). N
In contrast to the above, the studies of Akers et al.(1966a) have

shown that 3 different strains of cardioviruses (Mengo, Maus Elberfeld

-
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and Col $K) behave very similarly when aerosolized and held under the

same experimental conditions.

MECHANISM OF INACTIVATION OF VIRUSES IN THE AIRBORNE STATE

Our knowledge of the mechanism(s) leading to the inactivation of
airborne vertebrate viruses is still very rudimentary. However, a
number of hypotheses have been put forward in this regard (Webb, 1959,
1963; Webb et al., 1963; Bather and Webb, 1966; de Jong et al., 1973;
Trouwborst et al., 1973).

Webb et al. (1963) suggested that the rapid inactivation of aero-
solized Rous sarcoma virus at the low RH was due to the removal of the
stabilizing water mlé.cui-es from the nucleoprotein of the virus and
that the presence of inositol in the spray fluid prevented this wﬁter
loss, thereby leading to the enl'xa"nced. survival of the airborme virus.

In view of the above hypothesis, attempts have been made to detect
infectious mucleic acid in virions after their imactivation in the
.airborne state. It ;:as demonstrated that following such inactivation
infectious RNA could be extracted from Mengo virus (Akers and Hatch,
1968), EMC virus (de Jong, 1970; de Jomg et al., 1974) and polioﬁ.ms
(de Jong et al., 1973). Studies carried out with certain bacterial
viruses .yielded similar results (Dubovi, 1971; Trawborst et .al.',.
1974). N

Although the denaturation of the protein components of aerosolized
virus particles could also lead to their inactivation, very little

experimental work has been done to elucidate this phenomenon. However,
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studies with enzymes such as trypsin have shown that the denaturation
of protein molecules in the‘airborne state is Mmidity deperdent
(Troawborst et al., 1973).

Here it shoula be noted that the type of aerosolized virus which
may undergo inactivation by more than one mechanism and the actual
mechanism of  its inactivation may depend on the com:ZEition of the

of Benbough

(1969) with aerosolized Semliki Forest virus are a case in point;

spray fluid, RH and air temperature. The observati

removal of salts from the spray fluid resulted in the improved airborne
surviva% of the virus over a wide RH range, whereas, extranecus protein
and polyhydroxy - compaund added to the spray fluid protected the
infectivity 6f the virus at high and low RH levels, respectively.
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ROTAVIRUSES

Rotaviruses are spherical, double-stranded RNA viruses with a
particle diameter of about 70 nm. They are among the most important
causes of acute diarrhea in both human and animal neonates (Brandt et
al., 1979; Holmes, 1979; Kapikian et al., 1979;1 Barmett, 1983; Estes et
al., 1983; Cukor and Blacklow, 1984). During epidemics of acute dia-
rrhea in infants and children, both in tropical and temperate areas of
the world, up to 75% of the cases have been found to be due to rota-
viruses (Holmes, 1979). It has been estimated that members of this
viral . group are responsible for more than five million infant deaths
every year in the Third World (Flores et al., 1984). Rotavirus -
diarthea is also commonly associated with mortality in newborn animals
(McNulty, 1978).

There is mounting evidence to show that rotaviruses can = cause
acute diarrheaz in hman adults as well (Von Bonsdorff et al., 1976;
Zissis et al., 1976; Lycke et al., 1978; Morens et al., 1979;
Echeverria et al., 1983). Persons over 60 year of age appear to be
particularly susceptible to infection by.these agents (Elias, 1977;
Cubitt and Holzel, 1980). ’ |

Qutbreaks of rotaviral diarrhea frequently occur in pediatric
(Brandt et al., 1979; Kapikian et al., 1981; Brydem et al., 1582) as
well as other (Totterdell et al., 1976; Murphy et ‘al., 1977; Holzel et
al., 1980) hospitals. A prospective study has shown rotaviruses to be
among the important etiological a‘gents of infectious gastroenteritis in
patients with bone marrow trartsplants (Yolken et al., 1982).; the morta-

lity rate among such infected patients was 55% as compared to 137 in
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those who had remained uninfected.

Apart from increased mortality, nosocomial outbreaks of rotaviral
diarrhea have been shown to cause significant morbidity and add'greatly
to the total cost of hospitalization for each affected imdividual. In °
a U.S. study, the increased hospitalization, diagnostic and therapeutic
measures were found to result in an additional mean cost of U.S.
$835.00 per infection (Ryder et al., 1977).

Outbreaks of rotaviral gastroenteritis are by no means restricted
to hospitals. Sucﬁ outbreaks aré also known to occur in rursing homes
(Fauvex?et-ai., 1980; Halvorsrud and Orstavik, 1980; Marrie et al.,
1982), day-care centres (Haug et al., 1978; Pickering et al., 1981),
schools (Hara et al., 1976; Sutmoller et al., 1982) and in the
commmity-at-large (Freij et al., 1978; Lycke et al., 1978; Morens-et
al., 1979; Echeverria et al., 1983). In such outbreaks, secondary
person—to-person spread of the infection is ¥nown to occur (Kim et al.,
1977; More;s et al., 1979). This is particularly important whén chil-
dren who contract rotaviral diarrhea in day-care centres or schools can
act as sources of infection for their families (Haug et "al., 1978;
Pickering et al., 1981; Grimwood et al., 1983).

Rotaviruses also represent a potenﬁiél health threat in the work
environment. Published data are availéble (Hildreth et al., 1981} to
show that, at least in the hospital setting, medical arnd rursing staff
frequently contract the infection during nosocomial outbreaks of rota-
viral gastroenteritis. With the advent of techmiques for the in vitro
cultivation of field strains of humdn rotaviruses (Urasawa et al.,
19815 increasing mumbers: of hospitai‘and research laboratories are

becoming irvolved in their isolation and study. Rotaviruses are known
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to be present in domestic sewage in very large mmumbers (Smith and
Gerba, 1982; Raphael et al., 1985). This, therefore, represents a
potentiai hazard to  the health of those working in waste treatment

establishments. There are, however, no published sﬁx.xiies of work--

related rotaviral infections in laboratory persomnel or those working
in waste treatment industry. s

Modes and Vehicles of Spread of Rotaviruses:

Rotaviruses are excreted in very large ni'.!mbers (>10%0 particles
per gram) in the feces of infected individuals. Such fecal m&;tter
represents the principal source of erwi?onment:al contamination with
rotaviruses. Recent studies using human volunteers (Kapikian et al.,
1983) have shown that the ingestion of rotavirus contaminated material
can lead to infection. No systematic studies have, ‘however, been done
to determirie the relative importance of various. comon vehicles in the
spread of rotaviral infections. The evidence presantiy available in
this regard is, therefore, mostly indirect and circumstantial.

In certain outbresks of rotaviral diarrhea in the genera.tl
commmity, food (Hara et al., 1976) ard water (Lycke et al., 1978;
Sutmoller et al., 1982; Harris et al., 1983) appeared to be the
vehicles for virus spread. Recently published studies have also
demonstrated °that qrot:aviruse._s could retain their infe;ctivity for
several weeks In raw river water (Raphsel et al., 1985) and
conventionally-treated drinking water (Sattar et al., 1984).

The capacity of rotaviruses to spread is further enhanced by their
resistance to inactivation by & mumber of commoenly used chemical disin-
fectants and antiseptics (Smodgrass and Herring, 1977; Tan and Schnagl,
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1981; Sattar et al., -1983; Raphael et al., 1984). Mamy of the
disinféctants tested in the above-mentioned studies are routinely
used in hospitals, schools, microbiological laboratories, food
processing and agricultural establishments and the home
eﬁvironment. .

The studies r;)f Woode and Bridger (1975) have shown that rota-
viruses can survive for several months in fecal suspensions held at
room temperature. Moe and Shirléy (1982) investigated the survival of
fecally suspended human rot‘.avinﬁ an experimentally-contaminated glass
coverslips; under ambient conditions of temperature and relative humi-
dity, the virus was found to retain its infectivity for several days.
This indicates that surfaces and objects contaminated with rot:avirui-
positive material could act as a‘ source of these viruses for prolonged
periods. Keswick et al. (1983) were in fact able to recover infectious
rotavirus particles ff;Jm certain types of surfaces in a daycare centre. .

The information summarized gbove indicates that water, food, and
contaminated surfaces could act as vehicles in the spread lof rotaviral
diarrhea. However, there is some indirect evidence to suggest that
spread of rotaviral infections may also occur by the airborne route.
Kraft (1957) believed that epizootic diarrhea of infant mice (EDIM) was

ing transmitted by air in her mouse colomy. In order to overcome this
problem, she devised cages with air filters and comducted the handling
and inoculation of the animals under a special hood with air locks and
negative pressure. These precautions were apparently very helpful in
stopping the spread of the infection from virus-inoculated to control
animals {Kraft, 1958}. Middleton et al. (1975) reported the spread of



-Iumem rotavin._:é infection from inoculated to uninoculated animals
housed in separate rooms in the same animal care facility. They,
however, did not indicate if they considered this cross-infection to be
due to the aerial spread of the virus.

The 1964 outbreak .of - acute gastroenteritis in the inhabitants of a

group of islands in the mid-Pacific was shown to be due to a rotavirus
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with the help of retrospective serological studies (Foster et al.,-’

1980). The high attack rate and the rapid spreed of the outbresk were
strikingly similar tolthose of influenza. On these grounds, it was
suggested by these imvestigators that"air may have acted as a vehicle
in this cutbresk.

A number of epldemiological studies on cutbresks of rotaviral
diarrhea in certain temperate regions have noted a relationship between
Flré occurrence of such cutbresks and the relatively low indoor RH

randt et al., 1983). Data available from tropical areas also indicate
t an increase in the mmber of cases of rotaviral diarrhea in the
general community often coincides with periods of cool and dry weather
(DeTorres et al., 1978; Stintzing et al., 1981; Paul and Erinle, 1982).

In many patients during nosocomial outbresks of  rotaviral
diarrhea, involvement of the respiratory tract precedes the diarrheal
phase (Lewis et al., 1981). Attempts to detect rotaviruses in nasal

swabs and washings have, however, been umsuccessful to date (Nigra and '

Midula, 1983). Here it should be noted that replication of rotaviruses
in the respiratory tract may not be necessary before the production of

gastroenteritis; virus—containing aserosols collected in the respiratory

tract could be tranmslocated by mucociliary activity and ingested ~

(Slote, 1976}. Intranasal instillation of rotavirus—containing inoctla
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has in fact been shown to result in diarrhea in piglets (Woode et al.,
1976) and calves {(Light and Hodes, 1549).

CORONAVIRUSES

Members of the family Coronaviridse form a single genus,
Coronavirus. They are known to infect humans as well as a variety of
animal species. On the basis of their characteristic virion morpho-

logy, they were first proposed as a taxonomic group in 1968 (Tyrrell et

al., 1968). They have recently been defined more fully with the help
of certain biological and molecular criteria. The virions of these
viruses are enveloped and plecmorphic and range in particle diameter
from 80-220 nm. They contain a single stranded RNA genome of positive
polarity and bear widely spaced, club-shaped surface projections of
about 20 nm in length (McIntosh, 1974; Robb and bond, 1979; Macnaughton
and Davies, 1981; Wege et al., 1982; Siddell et al., 1982; 1983;
Sturman and Holmes, 1983).

Sercepidemiologic studies suggest that luman infections due to
coronaviruses occur in all age groups and are distributed worldwide
(McIntosh et al., 1974; Kaye et al., 1971, 1975; Gerna et al., 1978).

. They are known to cause respiratory infections in man and to date 3

different coronavirus strains (229E, O0C43 and B814) have been isolated
from humems.It has been estimated that they are responsible for 15-20%
of colds in human adults (i..arsonét al., 1980; Monto, 1982). Results
of virological and serological studies also indicate a possible

association of coronaviruses with more severe diseases such as

preuncnia, pleurodynia, myocarditis, meningitis (Riski and Hovi, 1980),
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and degenerative diseases such as multiple sclersis (Robb and Bond, .
1979). :

In addition to the diseases mentioned above, human coronaviruses
have Dbeen detected in enteric infection; as well (Caul et al., 1975;
Caul and Clarke, 1975; Moore et al., 1977; Caul and Egglestone, 1977;
Schnagl et al., 1978; Moscovici et al., 1980; Caul and Egglestone,
1982). However, their role in causing gastroenmteritis in mamn tias not -
been clearly established. Avallable evidence suggests that they may
cause diarrhea in psycixo—geriatric patients (Clarke et al., 1979). A
coronaviral etiology has also been suggested for neonatal necrotizing
enterocolitis (Chany et al., 1982; Rousset et al., 1984) and the
antigenic relationship of isclated Inman enteric coronaviruses to human
coronavirus OC43 has been reported (Gemna et al., 1984). More recently
(Rettig .and Altshuler, 1985), coronavirus-like particles have been
implicated in a fatal case of é_cut:e'gastroenteritis of a2 15-month old
infent.

Comaviruses have also been isolated from a vari:ety of animal
species, and in these hosts they have been .found to cause a mmber of
infectious ciiseases of economic importance (Clarke et al‘., 1979;
Garwes, 1982). In pigs for -example, they have been associated with
cutbreaks of acute diarrhea (transmissible gastroenteritis) (Pensaert
and DeBouk, 1978) as .lwell as central nervous Jfsystem disorders
(hemagglutinating encephalomyelitis of pigs) (Greig et al., 1962).

. There appears to be a seasonal pattern to the o;::currernce of out-
bresks of colds in humans and a variety of diseases in animals caused -
by coronaviruses. In humans, such outbresks have been reported to ~
occur in the late winter or early spring months in North America {McIn-
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tosh et alQ)[ 1970; Cavallaro and Monto, 1970), However, no marked
seasonal pattern for such infections was found in Great Britain (Mac-
naughton, 1982). In animals, cases of TGE in swine hzifre been noted to
occur between November and Jammary, and decline from May through the
summer { Ferris, 1973). A similar seésonal pattern has been moted in
coronavirus infections of other animal species (Garwes; 1982).

While the mech&uisms of spread of these agents in nature are wnot
fully_ understood, air has been suspected as a vehicle for their direct
or indirect dissemination in both humans and animals (Robb and Bord,
1979; Garwes, 1982; Monto, 1982)}. Intranasal instillation of corona-
virus-containing inocula has been shown to produce disease in luman
volunteers (Reed, 1984) and pigs (Andries and Pensesert, 1981). 1In
poultry, infection of the eyes 'throug‘n the aerosol route has also been
shown with IBV (Cowen et al., 1971).

- Despite this, wvery little is known about the survival of these
viruses in the enviromment. The generally fastidious nature of
coronaviruses and the difficulties in adapting them to grow in cell
culture serlously hinder their‘isolation from clinical specimens,
especially the putative entéric strains. A sensitive and reproducible
plaque assay system for HCV/229E has been developed (Kermedy and
Jolmsm—l.usser‘xmrg, 1975/76) ar‘x} it has been demfmstrated that HCV/229E
can be recovered from experimental aerosols using LVAS (Park, 1980).
The present study was designed, therefore, to investigate the capacity
of these viruses to survive in the airborne state with particular
reference to thé effect of both RH and air temperature.
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The following were the main objectives of the present investiga-

tion.-

To establish suitable proc‘:edures'for the study of the airbomme

survival of rota- and coronaviruses.

To develop the use of poliovirus type 1 -(Sabin) as a reference
standard in the study of the aérobiology of _.rota- and

»

coronaviruses.
To study the effect of varicus levels of relative humidity and

air temperature on the airborme survival of laboraroty-adapted

. strains of rotaviruses of humen and animal origin. .

To aerosolize a laboratory-adapted strain of human 'rot:av_ims

from a fecal sus;ﬁms:'.on and saﬁy its survival in the airborne
v

state.

% - _

To aerosolize field strains of human or animal rotaviruses

contained in diarrheic feces and compare their airbomne survi-

.val with that of the laboratory-adapted strains.

T}

. To study the effect of various levels of relative humidity and

! |-
air tempe;a(ture on the airborne survival of a laboratory-
adapted strain of human coronavirus.

e

- To discuss the findings with reference to the seasomality of

—
outbreaks of infections due to rota- and coronaviruses?



MATERTAIS AND METHODS .

3. Experimental procedures..... O T L 2 42
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Cells:

MA-104 Cells: This line, derived from embi'yonic rhesus monkey
(Macaca mulatta) kidneys (Microbioclogical Associates Inc., Bethesda,

MI:J, U.S.A.} was used througl'but ’for:the cultivat_icn and quantitation of
rotaviruses. A seed culture of these cells was originally received by
us through the courtesy of Dr. H. Malherbe (Gull Laboratories, Salt
Lake City, UT, U.3.A.).

As stock cultures, mom]:ayers'of these cells were routinely culti-
vated in 75 cm2 plastic culture flasks (Flow Laboratories, R ille
MD, U.S.A.) using Eagle's minimal esse-nt;.al medium (MEM) in Earle's
base (Autopow; Flow Labs.). Each 450 ml of the medium was supplemented
with 25mg Garamycin tSchering Corporation, Kenilworth, NJ, U.S.A.),
1.5 mL qf a 5.6% solution of sodium bicarbonate (J.T. Baker Chemical
-Company,l Philipsburg, NJ, .U._S.A.}, 5.0 L of a 200 mM solution of L-
glutamine (Flow.Labs.) and 50 mL of vi.rus- and mycoplasma-tested fetal
calf serum (FCS; Flow Labs.). Each monolayer was trypsinized using 1.0
ml of a mixture of 0.25% trypsin (Millipore Corporation, Bedford; MA,

U.S.A.) and 0.05% ethylenediaminetetraacetic acid (EDTA) in Ca?

2
Mg
generally used for the passage of the cells.

T- and
- free phosphate buffered saline (PBS). A split ratio of 1:3 was

MA-104 cell cultures for plaque assay were put up in 12-vell
plastic plates (Costar, Cambridge, MP;; U.S'.A.). Each well in the plate
vas seeded with apprp:-d.m;:it:ely 5.0 x 10* cells in 2.0 L of the growth
medium; the plates were ‘then sealed individually in plastic bags
(Philips Elect-ronics Ltd., Toronto, Ont.) before being placed at 37°C
in an ordinary mlk—in incub:ator. The monolayers were generally ready
for use ir; plaque assay within 48 hours of seeding.
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i.—132 Cells: These were originally derivéd from human embry.onic .
lung tissue by Davis and Brolin (1970). This contimuous line of human
lung cells was used throughout this study to grow and quantlitate the
coronavirus. A seed culture of these cells was originally obtained from
Mr. D. A. Mcleod of the Laboratory Centre for Disease Co;itrol
(L.C.D.C.}, . Ottawa, Ontario. The cells were uaintained between
passages 20 and 40 (from the dateé of introduction in cur laboratory).
As growth medium, MEM (Flow Labs.) was supplemented with 107 FCS .(Flow
Labs.), sodium bicarbonate (20mM), penicillin (100 u/uL), strep.tomycin
(100 vg/nl), neomycin (50 ug/oL)-and glutamine (Z mM). The L-132 cell
monolayers were passaged every two days at a split ratio of 1:3. All
cells were grown in 75 c::n2 .disposable plastic flasks (Lux Scientific
Inc.) and were used within 24 hours of reaching confluence. '
Viruses: )

Rotaviruses: Five laboratory-adapted strains of human and animal
rotaviruses were used in this study. Simian rotavirus SA-1l (strain H-
%) was supplied to us by Dr. Malherbe. - Calf rotavirus (strain C-486)
was obtained from Dr. L. A. Babiuk (University of Saskatchewan, Saska-
toon, Sask.). A lébore;tdry—adapted strainl (Wyatt et al., 1980) of human
rotavirus (D strain, subgroup '2, serotype Wa) was sent to us by Dr. R.
G. Wyatt (National Institutes of Health, Bethesda, MD., U.5.A.). The
mouse rotavirﬁs was a gift; from Dr. A. Cepica of the L.C.D.C., and the.
Compton U.K. strain of bovine rotavirus was obtained from Dr. M.A.
McCree (University of Warwick, Coventry', U.K.). All these viruses were
first plaque p\zrified_l.)y us once in MA-104 cells and the same cell line

was used for preparing the virus pools.
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Since FCS used for cell culture in this study was found to be
inhibitory to the rotaviruses, it was necessary to wash the monolayers
at least 3 times with Earle's balanced salt sbluti_cn (EBSS; Flow Labs.)
before virus inoculation. After allowing the virus urx:ler‘ test to adsorb
for one hour at 37°C, MEM without FCS ard with 5.0 ug/mL of trypsin
(1:250; ICN Mutritional Biochemical Company, Cleveland, OH, U.S.A.) was
" introduced into the cultures and they were placed‘back at 37°C. When
nearly 757 of the momolayer was affected by rotavirus cytopathic
effects, the cultures were frozen (at -80°C) and thawed 3 times. The
cell culture harvest was centrifuged for 15 nimutes at 1000 x g in a
DPR-6000 centrifuge (Damon, IEC Division, Fisher Scientific Ltd.,
Pittsburg, PA, U.S.A.). The supernatant was extracted with an equal
volt\me/:of 1,1,2-trichloro-1,2,2-trifluorcethane (Freon; J.T. Baker
Chemical Co.). The aqueous (top) phase was then removed and centrifuged
at 100,000 x g for 120 mirutes in a Beckman 1S-250 centrifuge (Beckman
Instruments Inc., Toronto, Ont.). o .

The pelleted virus was resuspended in tryptose phosphate broth
’(TPB) and then passed through é membrane filter (Millipore éorp.,
Bedford, MA,. U.S.A.) with a pore diameter of 0.45 um in order to remove
larger particulate matter. To ensure that the pools contained only
monodispersed virus particles, they were subsequmtlSr filtered -using
polycarbéna;e membranes (Nuclepore Corp., Pleasanton, CA, U.S.A.) with
a pore diameter of 80 om. '

Coronavirus; Humen coronavirus “strain 229 (HCV/229E) was
originally obtained by us from Dr. A. Z. Kepikian of the U.S, National

Institutes of Health. The virus was cultivated in 75 e’ monolaye'rs of
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L-132 cells using MEM with 27 FCS. After incubation at 33°C for 36
hours, the virus was released from the cells by freezing and thawing
the flasks and contents three times. The sﬁspensim was transferred to |
centrifuge tubes and clarified by centrifugation at 2000 rpm for 15
mifmtes at 4°C. Each nine nl of the virus-containing supernatant fluid
was mixed with 1.0 nL of 10X TPB and then stored at -80°C.

Poliovirus: -The Sabin strain of poliovirus type 1 was kindly
provided to us by Mr. Mcleod of the L.C.D.C. The pools of this virus
were also prepared in either MA-104 cells c->r L-132 cells. When this
virus was to be mixed with rotaviruses, its pools were prepared in MA-
104 ceﬁ.s and concentrated in a similar way to those of the rotaviruses
except that in the final stage they were filtered through polycarbonate
membrane filters with a pore diameter of 30 mm. In experiments with
mixtures of polio- ard coronavirus, it was grown inl L-132 cells and

processed in a similar way to HCV/22%E.

Radiolabelling of Rotavirus SA-11:

'I‘wcr-day old confluent monolayers of MA-104 cells were incubated
for 18 hours at 37°C in methionine-free MEM. They were then washed 3
times with EBSS ‘and inoculated with the virus at a multiplicity of -
infection of 5:1. The virus was allowed to adsorb to the cells for 2
hours at 37°C. The labelling’was carried out using methionine-free MEM
"with 50 uCi/mL of L-(’7Se) selenomethionine purchased from Amersham
Corp. (Arlington Heights, IL, U.SJ&:). The cultures were held at 37°C
for 24 hours. They were then put through the same procedure as des—
cribed above for the preparation of the virus pools. However, after
ultracentrifugation, the pellet of the labelled virus was resuspended
in a 40% (w/v) solution of cesium chloride (CsCl) and layered onto a

~
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557 solution of CsCl and then subjected to isopycnic banding by centri-
fugation at 100,000 x g for 20'hours. The fractions were co‘llected from
the bottom of the centrifuge tube and their refractive index measured.
Those fractions with the density range of 1.36-1.39/mL were pooled
together and dialysed against distilled water overnight at 4°C. The
dialysed virus was resusperded in TPB and stored at -80°C until used.
Poliovirus Antiserum:

\

Hyperimmme rabbit antiserum against the poliovirus was kindly
provided to us by Dr. P. Payment (Institute Armand-Frappier, Ville de
Laval, Q‘lebe:.:). This antiserum, when added to a polic-rotavirus OT
polio-HCV/229E mixture at a final concentraticn of 1:1000, compleﬁe}y
inhith:ited poliovirus plaques without affecting the rumber or appearance
of either the rotavirus or corcnavirus plaques.

Plaque Assays:

Rotaviruses: The quantitation of rotavirus plaque forming umits

(PFU) was carried out using the technique of Ramia and Sattar (1979a).
Monolayers of MA-104 cells in 12-well plates e thoroughly washed

ith EBSS to ren;ve all traces of FCS present in the culture medium.
Fach well then received 0.1 mL of thie desired inoculum ard the cultures
were incubated at 37°C for 1'hour on a pitched orbital shaker. Each one
_of the control wells received 0.1 ul of EBSS. The overlay medium
(2nl/well) consisted of MEM, 0.67 Agarose Type II (Sigma Chemical
Company, St. Louis, MD, U.S.A.) and 5.0 ug/mL of trypsin (Nutritional
Biochemical Co.). The plates were resealed in the plastic bags and
~placed in a walk-in incubator at 37°C.

At the end of 3 days of incubation, the cultures were fixed over-
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night in a 10% formalin (J.T. Baker Chemical Co.) solution in normal
saline. After the removal of the fixative and the overlay medium, thé
- ‘monolayers were washed with tap watér and then stained 'with a 17
aquecus solution of crystal violet.

Coronavirus . Titrations of this virus were perférmed by plaqﬁe

assay In monolayers of L-132 cells in 75 cm2

disposable culture flasks
(bux  Scientific Corp.) as previously described (Kermedy and Johnson-
Lussenburg, 1975-76). Cell monolayers gemerally less than 48 hours old
wepé used. The growth medium was removed and the monolayers were washed
with PBS three times before they were infected with an appropriate
dilution of the virus. The PBS used in the last wash was allowed to
remain on the mnolayersltmtil they were infected. Virus dilutions were
made in Medium-199 (M199) in Earle's base (Flow). After removing the
PBS, each monolayer was inoculated with 0.33 gl of the virus sample.

The virus was adsorbed for one hour at room temperature on a
pitched orbital sheker. At the end of the incubation, each monolayer
was overlayed with 25 ol of a medium containing M-199, 0.67% (final
conc.) Oxoid Agar NO. 1,:21.4 nl of 5.67 sodium bicarbonate, 3.0 mL of
1.0% 5-bromodeoxyuridine (BUDR, Calbiochem), and 3.0 oL of 4.0% DEAE
Dextran (Sigma). The ovérlay medium also contained penicillin, strepto-
mycin and neomycin at final comentrét_ims of 100 units/mL, 100ug/mL
and 50 ug/mL, respectively. .For plaque d;velopment., the inoculated
cultures were incubated, upside down, at 33°C for -6 days.

Following incﬁbation, 5.0 mL of 4% formalin in saline was added to
each of the flasks which were then incubated at 37°C for 1 hour or
allowed to stand at room temperature overnight to inactivate the wvirus
ard fix the cells. The agar overlay was then carefully removed and the



monolayer was stained with a crystal violet solution as described
abaye. o | |

Poliovirus: When titrated in MA-104 cells, the procedure for the
plaque assay _qf the poliovirus was identical tor that of the
rotaviruses, ex;:ept that the overlay medium for the poliovirus did not
contadn any trypsin. The procedure for the plaque assay of this virus
in L-132 cells was identical to that used for the coromavirus. In
either cell line, the plaques of this virus were gemerally ready .to be
stained and counted within 48 hours of incubation at 37°C., |
Suspending Media:

In this investigation, TPB was selected as the medium for the

“

generat':':on ard oollec-tion of viral aerosols. Earlier work carried out
in our laboratory (Ramia and Sattar, 1980) had revealed it to be harm-
iess for rotaviruses. Preliminary tests carried out as a part ’;D-f this
. study also showed to be safe for the infectivity of polio—and
coronaviruses. jMoreover, as opposed to the use of MEM, TPB was
considered to simulate more closely the coﬁpositim of: body secretions
and excretions. |

In 9}jder to further t:est:_t%he validity of using TPB as a suspending
wedium .for rotavifuses, a 1im))ated Tumber of experiments was conducted
where the cell culture ada;?ted strain ‘of human roéavims; was aeroso-
iized from a fecal slurry (107 W/V) ob!:aimd from a laboratory-confir-
@ case of rotavirus diarrhea. The fecal sample was ttbroughly
secreened for the presence of viruses which could produce cytopathology
or readily visible plaques in MA-104 cells. Results of such testing
revealed that the presence of fecal suspension was not producing any

, )
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alteration in the plaque titration of the cell culture—adapted s_train
of human rotavirus. ‘
Nebulizer: ) -

The wviral aerosols generated in the present Study were produced
with the help of a 6-jet Colliscn nebulizer (Hay, 1973) purchased from
BGI Incorporated (Waltham MA, U.S.A.). Between experiments, the nebu-
lizer was cleaned by sonication in a detergent solution and sterilized
by autoclaving. '

Rotating Drum:
The chamber used f-qr holding the viral aerosols was a 300-L cylin-

drical stainless- steel drum (Goldberg, 1958). It was housed in an
insulated wooden cabinet. A refrigeration unit inside the cabinet could
be used to maintain the temperature inside it at the desired 1evel For
all the experiments reported here, the drum was rotated at the rate of

-

fstr Tpm. )
The drum "and the cabinet were custom made nearly '25 years ago
‘according to the specifications provided by the late Dr. C. A. Mitchell
of this department (Guerin and Mitchell, 1964)7" The cabinet with the
drum is presentl)\; installed in a level 'C' (Medical Research Council of

Canada, 1980) . bichazards containment facility in cur Faculty (Figure

2). /

All-gldss impingers ' (AGI) were used throughout this stwdy to
collect viral aerosols from the air in the rotating drum. 'Ihey were
purchased frem BGI .Incorporated and modified in our laboratory to giveg,
a distance 15 mm between the tip of the limiting orifice and the
surface of collecting fluid (10 ml) in the impinger. When



Figure 2. Schematic diagram of the equipment used for the generation,
storage and collection of virus aerosols. - .

= exhausted air to HEPA filter in ceiling; B « pressure regulatof for

compressed air being supplied to the nebulizer; C = refrigeratior{ unit;

D = thermostat; E = thermometer; F = ultraviolet light; G = Collison

éebulizer; H = air inlet filter; I = Drierite tank; J = rotating drum;

K = motor; L = Dn,gnte container; M = air overflow from rotating drum,

1 = insulated containment cabinet; 2 = fume hood; Q =

N = Dnerlt:e;
cabinet air inlet filter; R = all-glass impinger; S = liquid disinfec-
tant; «T = vacuum pump; V = side view of rotating drum; W = porthole

~ with inserted hygrometer; Y = clamp to close circuit.

»
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cbllecting the air samples, a critical vacuum was maintained to operate
the impingexl at its design capacity of 5.6 L/min. Betwee'n experiments,
the impinger was cleaned by scnicatim in a detergent solution and
sterilized by autoclaving

Adjustpent of Relative Humidity and Temperature:

The effect of the following 3 -l—evels of relative mmidity (RH) on
the survival 05 alrbormne viruses was tested in this study: low (30£5%),
medium (so?z’) and high (80+5%). All RH measurements were made with the
help of & dial-type (15 cm in diameter) hygrometer (Airguide Instru-
ments Co.,\ Chicago, IL, U.S.A.) affixed to the dnm. The accuracy of
this meter] was periodically checked using a calibrated Heathkit elec-

othermometer. The procedures for achieving the desired RH
levels of\?.he alr in the drum were as follows:

For the experiments at the low RH, the drum was first filled with
air passed through a Drierite cylinder (Hemmond Drierite Co., Xenia,

OH, U. S.A ) prior to nebulization of the virus suspension. This gene-
' raﬁly “brought the RH level inside the drum to 15-20%. In order to
achieve -an RH of about 30%, the nebulizer containing the virus
suspension was operated only for a l-minmute period which contributed
enough ;Joistﬁre to bring the RH up to the desired level. To achieve the
medium and high RH levels, distilled water was sprayed into the drum
until the ‘RH level in the drum vas 35407 and 65-70%, respectively.
Following a short equilibration period, the test virus was aerosoli;ed
in to the drum by operating the nebulizer for 5 min for the medium RH
and 10 min for h:l.g‘n RH. Omnce again, moisture added during nebulization
brought RH up to the desired level.

The - temperature of the air inside t:he drun was maintained at

r~
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-either 2021°C or 6£1°C by means of the thermostatically controlled .

refrigeration unit housed within the drum cabinet (Figure 2).
Fluorescent Dyes as Physical Tracers:

Either rhodamine B (Kodsk, Rochester, NY, U.S.A.), or uranine
(sodium fluorescein; Fisher Scientific Co.; Fair Lawn, NY, U.é.A.), was
mee as a physical tracer (RoBinson et al. 0 1959; Beard and Easterday,
1965 Songer, 1967 Elazhary and Derbyshire, 19792) in this study The

| final concentrations of rhodamine and uranine in the spray ﬂuid were

2.5 mg/mL ‘and 1. 0 mg/mL respectively. Reference solutiocns for the
stardardization of the dye were prepared in TPB or MEM. An Aminco—
Bowman spectrophotoflmrometer (American Instrument Co., Silver
Springs, MD, U.S.A.) was used for measuring the dye concentration in
the samples. The excitation and emission wavelenéths used were 546 and
590 mm (rhodamine B) and 493. 5 ard 512 nm (uranine), respectively. This
instrument was found to be capable of detecting t:he dyes at concentra--
tions as low as 0.1 parts per billion (Udenfrierxi 19_64)‘. To avoid any
variations in dye measurements due to sample- temperature, all samples
were broughﬁ to room temperature before placing them in the machine.
In order te determine the suitability of the fluorescent dyes as

piysical tracers in this stidy, initial comparative tests were per-

" formed using 75Se—labelled rotavirus SA-11. All radicactivity measure-

ments were carried out using a scintillation counter (Model 1S 250,
Beckman Instruments Inc., CA, U.S.A.).

Arttdi foam:

- -

Presence of proteins in the spray and collection fluids 1led to
excessive frothing during the nebulization and collection of the fm-

i
4
|
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ples. Either autoclave sterilized Antifoam A (Sigma) or Antifoam C
(Sigma) was routinely added to the spray or collection fluid in order
to reduce such froi‘.h:'_ng inal comentral:::eus of Antifoam A and

Antifoam C in the above mentioned fluids were 0.001% and 1. Ok, respec-

tively. ) ~-

- Determination of the Size Range of the Aerosols: ]

‘ The size rer]ge of%he virus aerosols in the.drum air was deter- . B
mmed at three RH }a@ls using the Anderson \six-stage stacked-sieve
sampler (Arderson, 1958). Each glass petri dish spec:.flcally ’c’lesigned

for use with this sampler contained 27.0 L of 2 semi-solid mediv.m
prepared as follows us:.ng a nrodlfi on.of the form&}a of Guerin: and
Mitchell (1964): o / -

A 107 (w/v) solution~of gelatin (Fisher Scientific Cmf_NJ,
U.S.A.) was prepared in sterile distilled water and heated at 100°C for -
about 30 min Autoclave ster:.h.zed"\lx TPB was brought to a temperature
of 37°C and latin solution was added to-it to give a final
concentration of 37. The plates containing t?'xe aerosol collection
med:Lum were sealed with parafilm and were placed at 4°C until used.

Immed:.ately é:./o/ to the collectmn of the air sample, the plates
were ph&d in the six stages of the Arderson sampler. The inlet of the
sampler was then attached t& the outlet of the rotating drum with the
l-gelp' of a rubber tube and the sampler was operated for 1 ninite to draw .
28.0 L of the air. @ air samples from the drun were collected at/_\
_ 0.25, 2 and 8 hours of aerosol age. The same Anderson sampler and
' vacw}:m purp (supplied with the sampler) were used throughout these

~experiments in order to avoid any variations due to these pieces of o

equipment.
J:’ - - /“\__
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After the sample was collected, the petri plates wére incﬁbgted at
37°C to melt the gelatin in the collection medium. The melted " medium
from each plate was poured separately into screw-capped glass vials and
used for the measurement of the concentration of the physical tracer as
well as the virus PFU.

Test Procedure: '

Sweﬁal hours before the start of the experiment, the temperature
and RH of the air inside the rotating drum were adjusted to the desired
level. They were periodicallg:miitored during this period to ensure

their stability prior to the spdaying of the virus under test.-

Sge~1abelled virus was to be nebulized, it was suspended in

- When
TPB .elone.. However, the spray ﬂuid for the unlabelled wvirus also
contamed the -appropriate dye and antifoam. The Collison nebulizer,
with 10 nl of the spray flu:.d was attached to the inlet Gf the
ting drum and aerosolization was carried out for the required lenmgth of
time at a ﬁressuré’ of 1.8 kg/ en? using compressed air from a central
supply in the building. The volume of the fluid sprayed was determined
by weighing the Collison nebulizer before and immediately after

aerosolization. Samples of spray fluid were also withdrawn immediately

/
._béfore and after nebulization to determine the amount of virus and dye

sprayed. Thése data were used to calculate the quantity of the 'input

. virus' into the drum.

The firsf air sample érom the dnum was collected with thel.impinger
at the end of the 15 min period of aerosol stabilization. This was done
by operat@impinger for 2 min to withiraw 11.2 L of the air
sample. Depending on the duration of the test run, additional aerosol

/

i\
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samples were collected at regz.ﬂ.a/r\:'ht;rvals. In order avoid excessive
dilution of the aerosols with make—p Qr' during sempling, no more than
a total of 5 samples wer-e taken over the entire time course of an
experiment. The same nebulizer.a)xp impinger were used thrcﬁghout this _
study in order to avoid variations between samples and experiments.

After collection, _the fluid from the impinger was divided into 2
portions. One of these was used for estimating the amount of the physi-
cal tracer, and the other, after passing it through a 0.22 um membrane
filter, was used for virus plaque assay. The extent of blological dec.a(’
of the virus in air was calculated using the following formula:

-

% VIRUS SURVIVAL = (Do/Dt)X(Vt/Vo)xj'oo_

~

where _D0 ard Dt are the t'racer concentrations at time '0‘ ard time
t, respectively, and Vo and Vt: are the virus titres at time 0 and t,
respectively. It should again be noted here that the time 0 sample is
the one withdrawn immediately at the end of the 15 min period of

- @erosol stabilization in the drum. The difference between the 'input

virus' concentration and that in the first air sample was regarded as
the 'initial loss' in the infectivity of the aerosolized virus.

The survival of the aerosolized virus under varlous experimental
conditions was plotted agaifnst time using an exponential model,
% virus survival = A x exp (B x Time)
ard the coefficients A and B were estimated by least squares curve
fitting. At least three experiments at each RH and temperature were
carried out and the half-lives of the viruses were calculated by
regression analysis' (Lawless, 1982).

-
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(1) Methodology Development: |
In order to be able ‘to ‘cburpare the data generated on the airborne

survival of Ithe various types of viruses tested, it was essential to
keep the variations in materials and techniques to a minimm. In viev':
of this, during the initial stages of this stu:ly a number of materials -
 and techniques vere tested for their suitability in working with all
the viruses selected here. This section of 'Experimental and Results' >
therefore, ;iescribes the basis of such tésting ard gives the reasons
for choosh"zg a perticular type of material or techmique for the subse-
quent studies on the aerobiology of rota-, corona- and polioviruses. As
has been mentioned earlier, the fact that a rotating drum for the a,ging
of viral - aerosols was already available in this department greatly
facilitated the experimentation. Following are the details of the
experimental design and the results obtained:

Physical Tracers and Antifoams: In studies on the airborne survi-
val of viruses it is essential to accaunt for.the dilution of the
aerosolized. virus in the air and physical loss of the sprayed material
due to sedimentation before the rate of biolégical decay of the virus
can be decerm‘med (Sperdlove and Famnin, 1982). This is generally
achieved by adding & 'physical tracer' to the virus suspension to be
aerosolized. Substances such as fluorescent dyes ( Beard and Easterday,
1965; Songer, 1967;. de Jong et al., 1973; Elazhary and nerbyshire, _
?977), radicisotopes (Wolfe, 1961; Harper, 1961; May, 1973;‘Trowborst‘\\
ard deJong, 1973) and becterial spores (Rabey et al., 1969; Benbough, .
1969; delong and Wirkler, 1964; Ehrlich and Miller, 1972 } Donaldson and
Ferris, 1976) have been employed for this purpose.

Radioisotopes incorporated into virus particles through labelling

&3
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of either viral proteif or mucleic acid are comsidered to be highly
desirable as phy51ca1 tracers. There are, however, the dxsadvantages of
the high cost and potential health hazards lHVOlVBd in the regular use
of such labelled preparaticns. On the other hand, fluorescent dyes such
as rthodamine B and uranine are relatively inexpensive and safe for use
as. physical tracers. But before any one of these two substances could
be used in this study, it was considered essential to determine that
their presence in the'spray fluid would not be deleterious to the
infectivity of the viruses and their quantitation.

A great deal of froth was generated when TPB was used as the virus
spray and aerosol collection fluid. It was, tBerefore, necessary to
suppress this frothing by the use of an antifoanm which would not inac-
tivate the viruses or in some way inﬁerfere with virus plaque assay.

A known amount of rotavirus SA-11, which was the virus used in the
initial phases of this study, was suspended in TPB with and without the |
dyes and the antifocams. The su;pensicns were held at room temperature
- for 30 min before being plaque assayed. The results of these tests are
presented in Table 2. Rhodamine B ard antifoam C, alone ‘or in
combination with each other, reduced the virus plaque titre by at least
 4-fold. Onm the‘other hand, neither uranine nor Antifoam A, separately
or as a mixture, were found to affect the infectivity of.the virus.

- Subsequent tests showed (Table 3) that uranine and Ant%foam A were
equally harmless to the infectivity of the_;orona-; polio- and other
rotaviruses used in'ghis study. In view oﬁ this, these two substanceé
.were routinely ~added rzrthe virus spray fluid. Antifcam A was also

regulgrly incorporated in the aerosol collection fluid.

a



TABLE 2 5

EFFECT OF THE PHYSICAL TRACERS AND ANTIFOAMS ON THE INFECTIVITY OF
SIMIAN ROTAVIRUS SA-11

Susperding medium Virus PFU/mL x 107
. ' . =
;l"ryptose phosphate broth (TPB) ) 1.70 ) .
TPB with Antifoan C 0.30
TPB with Rhodanine B 0.40
TPB with Rhodamine B and Antifoanm C 0.40 \
TPB 6.50 JK
TPB with Uranine 6.52
TPB with Antifoam A : 6.49

TPB with Uranine and Antifoap A - 6.31
7 '

The virus was added to TPB alone or TPB containing the additive(s)
under test. After an incubation o@ min at room temperature (22°C),
- ”~
the samples were diluted in EBSS and plaque assayed.



/\/\g | TARE3 .
EFFECT OF URANINE AND ANTIFOAM A ON THE INFECTIVITY OF .COROMA,

. POLIO AND ROTAVIRUSES

Virus PFU/oL X 107

Viruses ' prd
TPB TPR with TPR with TPB with
alone Uranine Antifoam A Uranine &
Antifoam A
Corona 229E 2.10 2.13 2.18 2.22 .
Polio 1(Sabin) 5.00 4.50 4.80 4.70 ‘ . /
! . . / ‘
Rota (Wa) 6.00 6.10 5.80° - 5.90 D
Calf Rota 1.40 . 1.30 1,40 ©1.50
(C-486)

Calf Rota 70.00  69.50 71.00 , 70.50
(UK) :

Mouse Rota 45.00 46.00 T 45.00 45.50

-

The virus under test was added to TPB alone or TPB containing the
additive(s) undet test. After incubation of 30 min at room temperature

(22°C), the samples were plaque assayed.
' -k
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Effect o_f_‘the Process of Nebulization on the Viability of the Viruses:

During the operation of the Collison nebulizer, virus particles present
in the spray fluid are subjected to strong shearing forces. This could

lead to the Inactivation of the virus being aerosolized. In order to

test th,i.s; the titre of the virus in the spray fluid yas measured -
before and after operating -the nebulizer for 10 min. There was 1o
significant loss in the viability of the corona-, polio- aad rota-
' viruses tested (Table 4). These findings established the fact that the
Collison nebulizer could-be safely used for the aerosolization of all
the viruses selected for this stidy.

Effect of Nebulization on the Concentration of the Dye in the

Spray Fluid: In an earlier study, it was suggested that passage of dry
air through a dye—containing spray fluid during the procéss of nebuli-
zation could result in the rapid evaporation of water and thus Tead to

an increase in the concentration of the dye in the spray fluid (Beard
and Easterday, 1965). In order to test this, the concentration of the
dye in the spray fluid (TPB) was measured before and after the opera-
éion of the nebulizer for 10 min. As can be seen from the data presen-
ted in 'fable 5, there was no detef:table change observed in the concen—
- tration of uranine in the spray fluid as a result of the process of

%
nebulization. "y

Suitability of Uranine as A Physical Tracer: Before any experiments

o the airborme survival of viruses could be carried out, 'ir; was

considered impérative determine the suitability of uranine as a

physical tracer. In order to do this, uranine and Antifoam A were added
to TPB cont:aining 7''“:’E‘xa'—labellea::i rotavirus SA-11. This mixture was

aerosolized into the rotating drum (50+57 RH; 20£1°C) and samples of

—
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TABIE &

EF'EECTOFNEB[JLIZATIONONTT-IEVI.ABILITYOFC(RONA, POLIO AND

ROTAVIRUSES

Virus PFU/mL X 107

3

7 PFU
Viruses
Before After Recovered
Nebulization Nebu'l_.izat:icn
Corona 229E  1.45:0.57 1.4120.58 98.8023.90
Polio 1(Sabin) 5.0020.92 - 5.10+1.00 101.0£2.40
" Rota (Wa) 4.452.00 , 5.00£2.60 111.8+14.9
Calf Rota 2,401 .47 2.4121.26 106.4216.4
(C-486) .
SA-11 3.4541.56 3.5041.6 101.4525.3%
Calf Rota 30.0% 1310 103.33
(UK) :
Mouse 63.0% 62.5 99.21
Rota .

A 10 mL volume of'TPB containing the virgs Lfnder test was added to
the Collison nebulizer which was thm-‘operat;d for 10 min.
was plaque assayed to determine its titre in the suspending medium
before and after the nebulizer was operated.- At least &4 experiments
were performed and the, figures represent the mean = S.D.

o——

* No S.D. available because only one experiment was carried.

The wvirus

w



- TABLE 5

" EFFECT OF NEBULIZATION ON THE CONCENTRATION OF THE PHYSICAL TRACERS IN THE
SPRAY FLUID - o,

Dye Concentration in mg/mL

Type of H | % Dye
Dye - Recovered
Before © - After”’ ‘
Nebulizption Nebt.llizatign
Rhodamine B -2.50 + 0.02 2.49 £ 0.03 100,17  0.67
Uranine 1.00 = 0.01 0.99 = 0.03 ~ 99.950 = 0.10

A 10 nL volume of TPB containing either of these two dyes was
added to. the Collison nebulizer ‘which was then operated for 10 min. The
concentration was of the dyes was measured in an Aminco Bowman spectro-
photofluorometer. At least four experiments were performed with each

dye under test and the figures are expressed as mean = S.D.
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the air from the drum were collected at . appropriate intervals and
assayed ﬁpr the dye, radiocactivity and infectiocus virus. The results
are presented.in Figure 3. The rates of biological decay of the virus
calculated - using the two different physical tracers were found to be
almost the same. These data'ciearly demonstrated the fact that a fluo—
rescent dye could be mot only relatively simple and safe, but also
highly reliable as a physical tracer. '

Determination of the Extent g@_Virhs Inactivation During the
~ Period of Aerosol Stabilization: Apart from the physical loss of the

virus, the extent of virus inactivation immedistely after its aerosoli-
zation depends largely upon the RH ard temperature of the aerosol-
receiving air. In aerobiology, such a reduction in virus infectivity is
generally referred to as the 'initial loss'. That proportion of the
airborne virus which survives the initial loss requites a certain
amount of time for its uniform distribution in the air inside the
rotaéing drun. In view‘of this, the first air sample from the drum was
always collected 15 min after the termination of virus aerosolization.
. This periocd of aerosol stabilization was, therefore, considered essen-
tial to allow fbr (a) the initial loss in vi?us infectivity to occur,
(b) the physical loss of larger partiéies to take piace and (é) the
homogeneous distribuﬁicn of the airbome particles in the air inside
the drum.

To determine the initial loss in virus infectivity, the amount of
virus sprayed into the drum air under different c;nditions of RH and
temperature was éﬁmpared with the amount recovered.in the first air
-sample. The results of these'experiments are résgnted in Table_6..

N !

At the low and medium RR levels, with an air temperature of

S



Figure 3. Comparison of the rates of biological decay of airborne
‘rotavirus SA-11 at the medium relative humidity level (20%1°C) as
deternined with the use of two different physical traceys. A

7538—1abelled virus O '

Uranine _ o . : .

Figure 4. The effect of three different levels of relative humidity on
the airborne survival of rotavirus SA-11 at 20=1°C. |

RH 3057 - ®

RH 5057 a

RH 80+5% o

-

V4



-,
\

57

100
—t
= .
> 75 ; R
; 80+ SYSELENIUM-LABELLED VI
« }
>
) 60-4 1 ]
-l - : .
“ URANINE
m._40"‘ -
> -
< 20
>
ap -
IR 3 1Y ] H 1
o] 5-. 10 15 20 25

SURVIVAL

X VIRUS .

AEROSOL AGE (HOURS)

AEROSOL AGE  (HQURS) |

n -

o e

&

s

5

L




58

.

TABLE 6

PERCENT RECOVERY OF THE VIRUSES AFTER AEROSOLIZATION AND BQUILIBRATION
OF THE AEROSOL CLOUD AT 20 ™. P

Relative Humidity

Viruses - .
3
High .- Mid Low
(80257) (50:5%) . (30s57)
‘ Corona 2298 55.043.5 " 90.9%1.6 87.0£2.5
Poliq 1(Sabin)  104,147.8 0 0
' Rota (Wa) 34.313:8 CU86.854.7 . 45.843.7
Calf Rota 27.351.8 N ' 70.0£1.5  36.5%5.2
(C-486) -
Sa-11 24.]%4.7 - 78.022.3 " 42.122.6
Calf Rota- .  29.7 73.4 38.5
(K . -
Mouse Rota 20.4 90.6 - 49.0

In. all experiments a 15-mimute period was al’lov;d for aerosol
stabilization and the first air sample was collected at the end of this
period. To’ determine the extent of virus survival during this period,
the titre of the virus in the air sample was compéred with the €..e.lmcn.rm:ﬂ‘

f -

of virus aerosolized. At least 3 separate experiments were conducted °
S g .

with all wviruses except calf rota (UK)- and mouse 'rotavimses. The

4

-results are presented as the flean = S.D.

»
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20£1°C, the initial loss in the infectivity of the poliovirus was so

pronounced that no infectious virus could be detected in the air sam-

ples collected at the end of the aerosol stabilization period. In
contrast to this, there was no detectable initial loss in the.
infectivity of the aerosolized poliovirus when the RH of the air inside
the drum was kept at the high level with the air temperature at .20i1°C'.

At 20#1°C, £ initial loss in the infectivity of the 5 types of
rotaviruses tested was the highest at 805% RH and they appeared to |
survive best during the aerosol s;:abiliéatim period when the RH was at
the medium level. Although lowering of the air temperature to 6z1°C
shcwed_ an increase in the overall capécit.y of the human rotavirus to
survive during the stabilization period, the initial loss in the virus
titre was still the lowest at the medium RH level ard greatest at the
high RH level (Tabie 7). ]

At the higher air temperature, the general pattern in the initial
loss. of the coromavirus was very similar to that seen with the rota-
viruses. However, when the air temperature {as reduced to &1°C, not
only was thére a gengr&l reduction in the initial loss, but the vifus
appeared to survive equally well at all 3 R l;.vels (Table 7).

Determination of the Particle Size Distribution of Viral Aerosols

Produced by the Collison Nebulizer andhelda_t..the 3 RH Levels

(20£1°C): These experiments ‘;ere performed to determine the size dis-
tribution of the virus-containing particles within an serésol produlced
by the Collison mebulizer and stored in the rotating drum at the 3
levels of RH (20i1°C). Rotavirus SA-11 was suspended in taining
the ciye axd the antifoam. The virus suspension was sprayed into the
drum and the viral aerosols held at the desired RH .level. At . 0.25, 2

b

o



9 ‘ TABLE 7

mmmo?mvmmmuzmmmmmmnm
' OF THE AEROSOL CLOUD AT 6 + 1°C

Relative Humidity

Viruses
 High Mid Low
(8025%) (50+5%) . (30+5%)
Corona 229E 104.845.1 J 96.5+3.0 91.0+2.6
Rota (Wa) . 43.84373 95.82.6 57.2+3.8

-

After ;llowing a period of 15 minhutes for aerosol s;abilizatjpn,.
the first air sample was collected. To determine the extent of virus
survival -during this period, the titre of the virus in the air sample

was compared with.the amount of virus aerosolized: At ;éast 3 'seprate
experiments were conducted énd the results are presented as the mean =

S.D. : | _ >
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" and 8 hours af.ter virus aerosolization, sa.mples'iof the air from the
+ drum ‘were collected with the help of an Anderson sampler (Anderson,
1958) é;:‘::ording to the prolcedure described in 'Materials and Methods'.
‘ The gelatin-containing medium from each of the six plates in the
sampler was collected separately after incubating the plates for 1
hour 5;337‘:0. These samples were then a.ssay-ed for the dye as well as
the infectious virus. ’ —
~ The results of these experiments are shown in Tabrles 8-10. Irres—
pective of th'g RH level; »>87% of the infectious virus as well as the
dye recovered frgm the dfum air were collected in s”tages 4, 5_'and 6 of
the sq-xf:pler.‘ These 3 stages_ of the Anderson sampler are designed to
recover airborne.part,icl'és in the size range of <1.0~-3.3 um in diameter
(Anderson, 1958). Such particles can remain airborne for prolonged
periods ard, upon inhalation, they also have the potential for reten-

tion in the human respiratory tract.

Virus Mixtures: Because a considerable amht of. information is

available regarding the airboz::{e survival of polioviruses (Harper, .
1961; 1963; de Jong 1970; deJonget al., 1973; Ijaz et al., 1984;
1985), the Sabin strain of poliovi.ms type 1 was used as a reference
ste~dard in Qur experimenté dealing‘with’the aercbiology of rota- and
co;onanmses Poliovirus was mixed m.th either a rotavirus or
coronavirus andthe -mbcturé aerosolized. This allowed us te compare.the
rate of biological decay of both the viruses in the mixture under
identical - experimental conditions. -
The air samples collected' in these experiments contair;ed

poliovirus with either rota- or coronaviruses. Therefore, it was neces-

sary to develop procedures so that the quantitation of one type of
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TABLE 8
SIZE DISTRIBUTION OF DYE AND ROTAVIRUS SA-11 CONTAINING
ATRBORNE PARTICLES AT RH 30+57 (20+1°C)
Aerosol Stage % Recovery Cumulative % Recovery
Age No.* - from last three Stages*
(Hours) . :
’ Dye Virus Dye . Virus
‘\,—\ -
}
0.25 1 0.00 . 0.00
2 0.50 0.30
3 7.00 7.00 -
& 19.00 22,00 . :
5 51.00 .30 _ . 91.0. ' 92.4
& 18.00 20.4
2 1 ¢0.00 0.00
2 J2.50 2.30
3 ' 5.00 6.00
"4 30.50 30.50
5 '49.00 49.00 92.5 91.7
6 13.00 1220
8 Tl 0.00 0.00
2 0.70 . 0.30
3 1.30 - 1.70 ~
4 35.00 35.50 '
-5 49.00 48.00 98.0 98.0
6  14.00 14.50 -
2 1 0.0 _ 0.0
2 0.30 0.30 -
3 - 1.70 2.00
4 33.00 32.80 .
5. 59.00 58.50 - 98.0 * 97.7 i
6 6.00 - 6.50

" . -

A 10 1L volume of TPB containing the virus and uranine : (1mg/ml}
was added to the Collison nebulizer and aerosolized into the rotating ' -
drum. After 15 minutes of cloud stabilization, a 1-min air sample (28
L} was drawn with the help of the: Axﬁerseq_s_gmpler. Samples from each
of the stages of the sampler were divided into two portioms. The virus
was . quantitated by plaque assay and the concentration of. the dye was
measured by spectophotofluorometry. - .

*Stages No. 4, 5 and 6 are'designed to recover part:.cles with diameters’
of 2.0-3. 3u:m, 1 0~2.0um and <1.0um, respectively. :

// !

e ! ' .ot
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SIZE DISTRIBUTION OF DYE AND ROTAVIRUS SA-11 CONTAINING »

<

ATRBORNE PARTICLES AT RH 5057 {20+1°C)

Aerosol Stage " % Recovery Cumilative 7, Recovery
Age No.* ' ' from last three Stages*
(Hours) ; ,
- Dye Virus Dye Virus
0.25 1 0.50 1.00
. 2 4.30 3.50
3 6.00 6.00
4 46.00 45.00
5 38.00 35.00 89.4 89.5
6 5.40 9.5 ® .
2 L 0.50 0.10
2 2.50 1.80 .
3 7.00 8.00
4 32.30 32.00
5 52.00 52.00 89.8. 90.0
6 - 5.5%0 6.00 :
8 1 0.70 0.00.
' 2 0.90 1.00
3 6.00 6.00
4 37.40 35.00.
5 48.90 - 50.00 92.4 _ 93.0
6 6.10 8.00 o
24 1 0.00 0.00
2- 0.00 0.00
3 2.40. 3.00.
4 29.40 29.00 | | /
5 62.00 61.00 97.6 - 97.0 .
6 '6.20 7.00 ' ’

. . -

- A 10 ol volume of TPB containing the virus and uranine (lmg/mL)
was added to the Collison nebulizer and aerosolized into the rotating
drum. After 15 mimutes of cloud stabilization, a 1-min air sample. (28
L) was drawn with the help of the Anderson sampler. Samples from each
of the stages of the sampler were divided into two portions. -The virus
was quantitated by plaque assay and the ccncentration of the dye wi
. measured by spectophotofluorometry. ZS

1IL‘Stages No. 4, 5 “ard 6 are designed to recover particles with diametefs
of 2 0—3 3um, 1.0-2.0um and <1.0um, respectively. - “a
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TABLE 10
, SIZE DISTRIBUTION OF DYE AND ROTAVIRUS SA-11 CONTAINING
ATRBORNE PARTICLES AT RH 80+57 (201°C)

Aerosol Stage % Recovery Cumulative 7 recovery .
Age No.* : from last three stages*
(Hours) . - —=r
Dye Virus Dye Virus
0.25 1 0.45 0.50
2 0.49 0.40
3 0.90 1.00
4 28.00 30.10
+ 5 49.25 48.00 98.25 98.10
6 21.00 20.00
2 1 0.40 0.50
2 2.40 2.00
3 .5.00 4.00
4 52.00 60.00
5 36.20 31.00 82.20 93.50
6 4.00 2.50 ’
8 1 0.40 0.70 .
2 . 1.00 1.30
3 11.00 10.00
4 46.00 51.00
5 39.00 36.00 87.60 88.00
6 2.60 1.00
-~

A 10 nL volume of TPB containing the virus and uranine {(lmg/mL)
was added to the Collison nebulizer and aerosolized into the rotating
drum. After 15 mimutes of clodd stabilization, a 1-min air sample (28
L) was drawn with the help of the Anderson sampler. Samples from each

+ of the stages of the sampler were divided into two portions. The virus

was quantitated by plaque assay amd the concentration of the dye was
measured by spectophotofluorometry. - . = - ‘ . .

*St:.éges No. &, ‘S and 6 are designed to .recover paréicles wiﬁh diameters
of 2.0-3.3um, -1.0-2.0um and <1.0um, . respectively.

1 ' 64



65

-virus in :r}é-.sample would not interfere with the plaque fa_ming ability
- of the- othe-r. .

Poliovirus could readily grow and form countable plaques in MA-104
cells. Rotaviruses are also able to fomm plaques in MA-104 cells but
only in the presence of trypsin in the overlay medium (Ramia and
Sattar, 1979). Thérefore, when the virus mixtures containing polio- and
rotaviruses were to be titrated to determine the rumber of poliovirus
PFU, an overlay medium without trypsiﬁ was used. This completely
suppressed plaque formation by rotaviruses. However, for tit:ration of
the rotavirus. cont:ained in the mixtures, it was necessary to neutralize
' the poliovirus with the specific hyperimmne serun (1:1000 first and
then perform the plaque assay with a trypsin—,ont:ammg overl&y

Poliovirus could also form cauntable plaqu in 1-132 cells and in
mixtures containing this \rl/rus and coronavirus, hyperimmme "antiserum
was used to neutral_iie'/ poliovirus before .the plaque assay of
coronavirus. To determine the mumber of poliovirus PFU in such
mixtures, no special pretreatment of the samples was required since

poliovirus could form plaques in 48 hours at 37°C and 6 days of
. incubation at 33°C was pecesséry for the development of countable
plaques by the coronavirus. ‘ —

To determme whether thére was any interference between the vi--
Tuses, mn.xtures containing them were plaque assayed and the titres
compared with . appropnate controls. The results_ of these tests are'
presentqd Pm Table 11. There was ™0 detectable mterference between

N7
. these viruses as seen by both the quantlty and the quality . Jof the

-/

plaques produced by them. ‘ s

VN |
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TABLE 11

' N\

"USED FOR AEROSOLIZATION

N -
PFU/aL x 10° "
Virus e )
© Without Mixed Polio Polio
. ~ with , in
Polio - Polio Alone 'A‘M:thure ] .
Corona 229E 3.10 3.50 ©0.20 19.20
. Vi
Human Rota 5.00 5.40 0.90 " 0.87
" Calf Rota 1.20 - 1.30 0.16 0.16
 (C-486F

TPB 'was used as the vi‘é suspending medium. Suspensions of one

virus® type and virus mixtures were held at room temperature (22+1°C)

-

for 15-20 min before plaque assay. . -

-
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(2) Studies on the Airborme Survival of Rotaviruses:

Experiments with Simian Rotavirus SA-11: In the initial stages of

the work with rotaviruses, SA-11 was used as a model virus and
experiments were conducted to study the effect of the three different
,levels of RH on its survival in the airborme state. The air
temperature in these experiments was ma'intained at 20£1°C. Figures 4~6
summarize the findings of these experiments. .

In the first set of experiments in this regafd the survival of the.
virus was tested over a perio& of 24 hours (Figure 4). It appeared to
sutvive best at the medium RH level and the high RH proved to be
relatively. L;nfairorable to its infectivity in the airborne “state. To
further confirm and extend thgs.e preliminary  observations, the.
experiments were repeated at least 4 times at each of the 3 RH levels
and the ‘survival. of the ai-rborne-virus was examined by holding tEe
aerosols for a 72 hour period. As is illustrated in ?igure 5, :'gli
effect of various RH levels cn'the airborne survival of SA-11 was foamd -
to be the same' as moted in the earl:;er ‘experiments.

The data were further aqalysed_.i'n/order to calculate the hélf-life

_of the virus at the varmus RH levels (Table 12). At the medium RH its
half-life was fowd to be 63.52:16.19 hours. and about 45% of the
infectious virus remalm.ng detectéble. in the drum air even after 72
hours of aerosol age. The half;life of the SA-11 virus at the low RH
level was 22.3944.62 hours, and close to 21% of the infectious vims
was recovered from the drum air 72 hours after its aerosolization.
High RH was found to be the least favourable to the survival of the |
aerbsolizecf virus, = since 50% of t:hé infectious virus became

undetectable within 4.50:0.32 hours of aerosolization; at this RH



£

Figure 5. The effect of three different levels of relative humidity
(20+1°C) on the airborne survival of rotavirus SA-11 over a period of
72 hours.

RH 30+57,  ® o
. RH 5057
RH 80257 O . .
——

NPt

| Figﬁre 6. The effect of medium relative humidity level on the long-term
airbormne survival of rotavirus‘SA-ll at 20£1°C.
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HAU-‘—LIFEINMSOFAERDSOIIZEDVIRUSESMDIFFERENT CONDITIONS

OF RELATIVE HUMIDITY AT 20 + 1°C

-

1

e : , I%d.ative‘ Humidity .
Virdses ﬁ High Mid Low
- (80=5%) (50£5%) {30:5%)
Poliovirus type 1 . 9.02:1.91 R 0
(Sabin) - .
Rotavirus SA-11 | 4.50:0.32 63.5216.2 22.424.62  .°
Human Rotavirus (Wa)  9.02:1.91 27.8+10.1 18.7+3.63
Calf Rotavirus ok 2.7443.27 18.733.63
ggggn Coronavirus 3.340.16 67.3348.24 26.76+6.21

ek Drop in virus titre was too rapid to make possible any statistical

calculations.
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level, no infectious virus was reccvered\,érom the air samples collected
24 hours post aerosolization.

To determine how long infectious rotavirus SA-11 particles
remained detectable in the drum air at the mid-range RH, a seperate
experiment was carried out. Nearly 3% of the infectious virus could be
detected in the drum air even after 223 hours (9 days) of aerosol age
(Figure 6). |

Comparison of the Airborne Survival of Polio—and Rotaviruses
Aerosolized as a Mixture: AS was mentioned earlier, a great deal of

information is already available on the effect of various levels of RH
on.the airborme survival of polioviruses. Therefore, poliovirus type 1
(Sabin) was used as a reference to comp;re its airborne survival with
that of the rotaviruses. In order to do this, the poliovirus and the
rotavirus under test were both added to the same susperding medium ard
the virus mixture was aerosolized. At least three separate experiments
were performed with cal.f (C-486) and luman rotaviruses and at each one
of the 3 RH levels. The results of these experiments are given in
Figures 7 and 8.

) When a mixture of mman rotavims ard poliovirus was aercsolized
and the aerosols held at 2021°C, the half-life of the rotavirus was
fand to be 18.7043.63 hours, 27.8¢10.01 hours and 9.02%1.91 hours at
the low, medium and high RH levels, respectively (Table 12). At the
mid-range RH nearly 40% of the airborne infectious human _rotavirus
could be detected in the drum air at an aserosol age of 24 hours.-As can
seen from Figures 7 and 8 as well as Table 12, the half-_life of the

Camdian strain (C-486) of calf rotavirus aserosolized with -‘poliovims
) was ;:ery similar to that of human rotavirus at the low and medium RH



M T

- Figure 7. The effect of three different levels of relative humidity

(20¢1°C) on the airborme survival of calf rotavirus (C-486) and
poliovirus type 1 (Sabin) aerosolized as a mixture.

. RH 3057 ®
RH 50£57 a -
RH 80257 o) i

Figure 8. The effect of three different levels of relative humidity
(20£1°C) on the - airborme survival of human rotavirus (Wa) ard
p"oliovirus type 1 (Sabin) aerc;solized as a mixture.
Rotavirus RH 30&5% ®

Woovosmsy O

" " 857 O
Poliovirus RH 8057 A
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}evels; However, at the high RH level, the drop in the titre of the
infectious calf rotavirus was too rapid and this made it difficult for
-.us to accurately determine its half-life.

In the experiments where virus mixtures were aerosolized, the
behaviour of poliovirus in the airborne state was found to be markedly
different from that of rotaviruses. No infeééious poliovirus could be
detected in any of the samples of drum air when the aerosols were held
at.leither the medium or low RH level. On the other hand, at the high
'RH, the half-life of poliovirus was found to be 9.02£1.91 hours; aboutp
207. of the infectious virus was still present in the drun air even
after.Z& hours of aerosol age.

Airborme Survival of Human Rotavirus gE_ZOil’C: The effect of RH

on the survival of human rotavirus (Wa) was- tested over a period of 72
hours and the results are shown in Figure 9. At least three experiments
were conducted at each of the three RH levels. It is clear that more
than 407 and 207% of the virus in the cloud was still infectious at both
medium and low RH respectively. Human rotavirus not only survived best
at medium RH, but in comparison, its half-life was nearly 18 hours
longer than that of poliovirus 1 {Sabin) at its most advantageous RH of
80«57%.

Airborne Survival gg the UK. Strain of Calf Rotavirus: Moe and

Harper (1983) reported that, as compared with the low (20%) and medium
- (507%)_ RH levels, the high (907) RH was more favorable to the airbomne
survival of the U.K. strain of calf rotavirus when the aerosols were
held aﬁ either 10°C, 20°C or 30°C. It was, therefore, ccnsidgred
important to test the airborme survival of this strain of calf

rotavirus in our experimental set-up so that the data generated could

-
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. be compared directly with the results of the experiments with strain C-

486 of calf rotavirus. -

As is evident from Figure 10, which is based on the:results o’f a
single experiment at each RH level (20£1°C), the general pattemn of the
effect of RH on the airborne survival of tt;e U.K. strain was similar to
that of the Canadian strain (Figure 7). -

Airborne Survival of the Murine Rotavirus: The murine rotavirus

was believed to be responsible for airborne outbresks of epizootic
diarrhea in infant mice kept as experimental animals (Kraft, 1957,
1958). Therefore, it was decided to include this particular type' of
rotavirus In this study and examine the effect of RH on its airbomme
survival as well. The results based on a single experiment at each one
‘of the 3 RH levels (20+1°C) have been summarized in Figure 11. Here
again, this 'partic‘ular rotavirus was also found to survive better at

the mid-range RH and it underwent rapid inactivation when the aercsols

were held at the high RH level. rQ
Effect of Lower Air Temperature on the Airborn¢ Survival of the

Human Rotavirus: Lowering the drnum air temperature to 6:1°C, further

enhanced the capacity of the uman rotavirus to survive in the airbome
state at the medium and low RH levels (Fig.12). At this temperature,
the medium RH level was also found to be most conducive for the preser-
vation of the infectivity of airborne virus; at this RH level the half-
life of the virus increased to 57.447.2 hours from approx. 28 hours at
20+1°C (Table 13). Even when the aerosols were held for 24 hours, there
was only a 30% loss in the infectivity of the airborme virus. When
compared with the results of the experiments at 20;1°c (Half-life
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Figure 9. The effect of three different levels of relative humidity
(20£1°C) on the the airborme survival of bhuman rotavirus  (Wa) .

aerosolized from TPB. o
RH 3057 @
RH 5057 O
RH 80£5% O

-~

Figure 10. The effect of three different levels of relative humidity
(20£1°C) on the airborme survival of the UK strain of calf rotavirus.
RH 3057 ®
RH 50+57, o
RH 80«57 o)
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Figure 11. The effect of three different levels of relative humidity on’

the airbome survival of mouse rotavirus (20£1°C).

RH 30:57, @
RH 50:5%7 O
RH 80:57 O

Figure 12. The effect of low air temperature (6&1°C) and three
different levels of relative humidity on the airborme survival of human

rotavirus (Wa) aerosolized from TPB.

RH 30257 @
RH 50+57 O
RH 80«57~ O
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TABLE 13

HALF-LIFE IN HOURS OF AEROSOLIZED VIRUSES UNDER DIFFERENT CONDITIONS
" OF RELATIVE HIMIDITY AT 6 * 1°C

Relative Humidity °

Viruses
High Mid Low
(80=57) (50£57) (30x57)
Humen corcnavirus  86.01x5.28 102.53+9.38 34.46+3,21
22%E - ‘
Human Rotavirus 1.71+0.70 57.40+7.20 21.6+4.00

-~
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18.7+3.63 hours), there was an increase of about 3 hours in the half—-
life of the virus at the low temperature when the aerosols were held at
the low RH level (21.6+4.0 hours). At the lower air temperature,
however, the deleterious effect of the high RH level on the airbome
survival of the virus was even more pronounced (half-life « 1.71+0.7 )

hours).

Survival of Human Rotavirus Aerosolized from Fecal Slurry: In

order to similate the natural situations whereby rotavirus would become
airb;arhe from feces, the virus was suspended in fecal slurry and aero-
solized. The aerosols were held at mid-range RH (20+1°C). The results
of these experiments were then compared with the ones carried out und.er
the same experimental conditions, but using TPB as suspending. meditm.
As can be seen from Figure 13, the virus aerosolized from fecal slurry
was found to survive better in the aerosol form when compared to that
sprayed from TPB. Even at the aerosol age of 24 hours, there was < 20%
loss in %he infectivity of the airbornme virus when it was aerosolized
from fecal slurry.

3) Studies on the Airborne Survival of the Coronavirus:

Effect of Relative Humidity on the Survival of the Coronavirus at

20+1°C: The effect of RH (20¢1°C) on the survival of corcnavirus 229E
was studied by holding the virus aerosols at the 3 different levels of
RH over a period of 72 hours. At least 3 separate experiments were
conducted at each of the 3 RH levels and the results of these \are
presented in Figure 14.

It was found that at the medium RH >502 0£ the virus in the air
was still infectious at 72 hours when the virus aerosols were held at

either the low or the medium RH. At the high RH, on the other hand, the



Figure 13. Comparison of the effect of fecal slurry .and tryptose
phosphate broth on the airborne survival of muman rotavirus (Wa) at
50:5% relative mmidity (20x1°C).

Virus serosolized from fecal slurry =

Virus aerosolized from TPB = -

_ Figure 16, The effect of Telative humidicy (2041°C) on the
aitborne survival of poliovirus type 1 (Sabin) end humen coronavirus
229E aerosolized as a mixture.

Poliovirus at RH 80%5% A
Coronavitus at RH 30=57% ®
" nowo50s57, O
" "o 8057 o
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half-life of the coronavirus was only 3.3420.16 hours.

79

In order to determine how long the coronavirus could reta::m its
infectivity in the drum air at 50:57 RH, two separate long term experi-
ments were carried out. As can be seen in Figure 15, nearly 207 of the
virus in the aerosol cloud was still detectable at 6 days (144 hours)
of aerosol age ard the half-life of the virus in these experiments was
calculated to be about 70 hours.

Comparison of the Survival of the Coronavirus and /the Poliovirus

Aerosolized as a Mixture (20+1°C): As was done in the studies with the

rotaviruses, a mixture of the coronavirus and the poliovirus was aero-
solized and the aerosols held under identical conditions of RH and
temperature in order to compare the effect of RH on the airborne survi-
val of theseé two viruses. The results are presented in Figure 16.

In these experiments as well, mo infectious poliovirus could be
detected when the serosolized mixture was held at either the low or the
mednm RH level. At the high %H, its half-life was again found to be
about 9 hours. The pattern of the effect of the 3 different levels of
RH cn‘ the airborme survival of the coronavirus was the same as
described above.

Effect of Lower Air Temperature on the Airborme Survivel of the

Coronavirus: In 3 separate experiments at each one of the 3 RH levels,

the eerosols of coronavirus were held at 6x1°C in order to study the
combined effect of these 2 factors on the airborne survival of the
virus. The results of these experiments are presented in Table 13 as
well as Figure 17. g
In comparison with the results obtained at the 20:1°C the ‘half-

life of the virus held at 61°Cincreased by about 30% and 537 at the



I

Figure 15. The effect of three different levels of relative humidity on

the airborme survival (2021°C) of coronavirus 229E over a period of 72

hours.

RH 30+£5% o
RH 50=57 i
RH 80=57 o)

Figure 16. Long-term survival (201°C) of airborne coronavirus 22%E at
5057, relative mmidity.
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Figure 17. The effect of low air temperature (621°C) on the airborne

survival of coronavirus 229E at three different levels of relative

humidity.

RH 3057 @
RH 50%5% O
RH 80257 O

Figure 18. Compérison of the airborne survival of the human rotavirus
and coronavirus 229E held at the medium relative humidity level
(20£1°C). | | )
Rotavirus .

Coronavirus O

N
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low and medium RH levels, Trespectively. Furthermore, in marked contrast
to the very poor survival of the ‘coronavirus at the high RA and the
2021°C (half-life = 3.0 hours), the lowering of the air temperature to
621°C resulted in a dramatic increase in the capacity of this virus to
survive at the high RH (‘half-life = 86.01£5.28 hours). Under these
conditions, Jpearly 857 of the airborme infectious virus could be

recovered at the aerosol age of 24 hours.



DISCUSSSION
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It is well-established that the capacity of viruses to survive in
the ‘airbome state is modulated by a mmber of environmental factors.
Of these, RH and alr temperature have been found to be of particular
significance. Although info;mation exists (Table 1) on the influence .of
these factors on the airborne survival of a mumber of viruses of human
and animgl origin, when this study was initiated virtually nothing was
known about the behaviour of rotaviruses and coronaviruses in the
airborne state. In this section an attempt has been made to point cut
the reasons for the selection of the various methods and experi_mmt:l
conditions used In this inwvestigation. The significance of the findings
of this study has also been discussed here in relation to what is known
about the epidemiology of rota- and coronavirus infections
(1) Methodology:

\ The high, medium and low levels of RH used in this study were
chosen to represent the seasonal variations in RH levels in both indoor

sutdoor ervironments. The experiments conducted at the medium level B
also simulated the conditions generally present in climatically*
olled buildings such as modern hospitals and laboratories.
The air temperature of 20£1°C w:as selected to exemplify the condi-
\\itions generally encountered indoors inr many temperate regioms. This
eRperature was, however, somewhat lower than what ls gemerally regar-
fas toom temperature (22-24°C). In our experimental set-up this was
highest alr temperature that could be achieved and maintained
accurately for the duration of :;1 given experiment. This was also the
limiting factor in the selection of the lower (6+1°C) air temperature.
As has been mentioned earlier, poliovirus was used as a reference
virus in this study to ensure that the results generated with rota- and
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coronaviruses could .be compared with those of’a virus whose airborne
survival characteristics were better known. Here it should alsq be
pointed cut that, as far as we are aware, this is the first stidy where
two different vertebrate viruses were aerosolized as. a mixture in order
to compare their airbormne survivael under identical experimental
conditions. _

Our findings on the influence of various levels of RH on the
airborne survival of poliovirus are in agreement with those of earlier
reports (Hemmes et al., ‘1960; Harper, 1961; 1963; de Jong, 1970; de
Jong et al., 1973). This provides additional support to confirm that
the e.xf;erimmtal set-up in this study was not introducing amy bias in
the results of the airborme survival experiments on- the rota- or
coronaviruses.

The suitability of uranine as a physical tracer was compared
directly by spraying with it rotavirus which had been labelled with
75Se. This isotope was selected because of its relatively short half-
life ({(about 120 days) 5 that the equipment used in tl::e‘se experiments
would mot contimue to pose a radiation hazard for extended periods of
time. |

The pai;ticle slze of virus-—containing aerosols 1is also very
important in determining their survival, physical stability, disper-
sion, depositicn and retention in the respira‘tory tract (Knight, 19?3).
It was, therefore, essential to demonstrate Eha.:t the differences seen
in the survival of the airbome rota- and coronaviruses at the 3
different levels of RH were not due to variations in the size of the

gerosols. The experiments using the Anderson sampler (Arnderson, 1958)
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Clearly demonstrated that there were no major differences in the siz-e
of the aerosols being generated k aged at the 3 RH 1-evels. The data
generated in these experiments- also showed that the aerosoliged
particles containing the dye and the virus under test be.lory;ed in the -
same size range. |

(2) Rotaviruses:

The results of this study have-'revealed that the airborme survival
of the 5 different types of rotaviruses tested is influenced by RH when
the air temperature was maintained at 20+1°C. In this regard, the RH in
the mid-range ‘was fourd to be more favorable for wvirus survival as
compared to the other 2 RH levels tested. Although experiments at the
lower air temperature (6+1°C) were carried out only with the human
rotavirus, the pattemns of survival obtained were basically the same as
seen at the 20x1°C. However, there were some important diff.erence.s,
namely the increased inactivation (80Z) of the virus at high RH and low
temperature with its half-life dropping from 9 hours (20£1°C) to 2
" hours (6x1°C).

This influence of RH on airbomme rotaviruses is in contrast to the
earlier findings with other non-erveloped viruses such as polioviruses
(de Jong et al., 1973), adenoviruses (Miller and Arstenstein, 1967), -
and reoviruses (Adams et al., 1982) These other viruses have been found
to survive better at high RH levels. Low and mediun levels of RH , on
the other hand , havebeenfourﬂtobemrecor&ﬁcivetothe airbome
survival of many types of emveloped viruses (Harper, 1961; Miller and
Artenstein, 1967; Rechsteiner, 1968; Elazhary and Derbyshire, 1979a).
Therefore, the behavior of rotaviruses, as seen in this study, appears
to resemble that of emveloped viruses.
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In nature, rotavirus aerosolization is most likely to occur from
fecal matter. In order to simulate such situations, the cell culture-
adapted strain of human rotavirus was suspended in feces from a
laboratory-confirmed case of rotaviral diarrhea. When compared with the
‘virus eerosolized from TPB, the presence of fecal matter in the spray
fluld appeared to-exert a greater protective effect on the infectivity
of the airborne virus. )

Herg it should be noted that the fecal sample used in these expe—
riments was first thoroughly screened for the presence of viruses which
could produce cytopathology or readily visible plaques in MA-104 cells.
Although the indigenous rotavirus particles present in it could be
detected by electron microscopy, they were unabie to form plaques.
Therefore, their presence in the fecal suspension was not considered to

‘interfere with the plaque titration of the cell culture-adapted strain

of the h::;an rotavirus added to the fecal sample.

When this study was initiated in May, 1982, there was no published
information on how various environmental factors influenced the air-
borme survival of rotaviruses. However, about a year later, Moe and
Harper (1983) published their findings on the effect of RH and
temperature on the airbome survival of the UK strain ‘of bovine
rotavirus. They reported that, irrespective of the air temperature, the
Initial 1loss in the titre of the aerosolized virus was lower when the
RH was either at the low (207%) or high (90%) level and that such loss
was greatest under conditions of medium RH (SOZJ.DTheéé findings, based
on one single set of experiments, are in basic disagreement with our

own results. The following factors may account for this discrepancy.
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(a) In our study, the first air sample from the drum was collected
after an aerosol stabilization period of 15 min, whereas, in their.
lvestigation air sampling began almost immediately after wvirus
aerosolization. We considered the aerosol stabilization period
essential - becm;se it allowed the large parﬁicles .to settle out ef air
and it also permitted a more homogeneous distribution of the smaller
airborne particles in the air inside the drum. '

\ (b) To study the survival of ‘the aerosolized rotaviruses, we
sampled the air from the drum over a peridd of at least 24 hours. This
is 1in contrast to a 2-hour period of aerosol aging used by the other

investigators. The longer aerosol holding period used by us was more

_appropriate to examine the influence of RH because of the capacity of

'airbome rotaviruses to remain infective overextended periods of time.

(c) Initially, the lack of agreement in the results of these 2 |
studles was also thd:ght:- to be due to basic differences in the
béhaviour of the Canadian end K strains of bovine rotavirus. However,
subsequent tests by us using the K strain gave resulté vefy‘ -similar to
thosé obtained with strain C-486. Nevertheless, it is still lik.ely that
the different cell lines used for the cultivation of this virus and
basic differences in the techniques of its quantitation may have
accounted for the disparity in the findings.’ . ' .

(d) The differences, /in physical tracers may_‘also have been a
contributing factor in this regard. As opp;sed to the bacteriz‘Ll sporés
used by Moe and Harper (1383), wve employed a fluorescent dye to .
determine the physical loss of aerosolized particles.

A number of epidemiological'observatims made throughout the world

I

indicate a correlation between the occurrence of clinical cases of



rotaviral diarrhea and the prevailing climate. In temperate zones,
such cases tend to be clustered in the wim:er.'months and are uncommon
or virtually absent during the sumer in both amimals and humans
(Cheever, 1956; Heiber et at., 1978; Woode, 1982; Brandt et al., 1983;
Kormo et al., 1983;). Therefore, it has been suggested (Bramdt et al.,
1982) that a low outdoor temperature and a low indoor RH may favor the
survival of rotaviruses and aid in the spread of infections caused by
them. In many tropical areas, the seasonal pattern of rotaviral
diarrhea is less well defined. chaever: in such regicns also an
increase in the number of cases of infections due to these viruses
appears to coincide with periods of cool and dry weather (Maiya et al.,
197'7; deTorres et al., 1978; Black et al., 1980; Stintzing et al.,
1981; Suzuki et al., 1981; Paul and Erinle, 1982).

A muber of investigators have rmoted the imvolvement of the
fespiratory tract preceding the diartheal phase induced by rotaviruses
(Goldwater et al., 1979; Lewis et al., 1979; 1981; Nigro and Midulla,
1983). Attempts to, detect these viruses in nasal swabs and throat
~ washings have, however, been msuccessful to date. Stals et al. (1984)
reported‘?"ttxe detect_im of rotavirus-specific IgA in throat swabs of
children with Mbératory—confirmed cases of rotaviral diarrhea; He1:e it
should be moted that replication of rotaviruses in the respiratory
tract may not be necessary before the production of enteritis; virus
containing aerosols collected in the respiratory tract could be
translocated by mucociliary activity and ingestéd {Slote, 1976}, In-
tranasal instillation of rotavirus containing inocula has in fact been
shown to result in diarrhea in piglets (‘a-io'ode et al.,- 1976) and calves
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(Light and Hodes, 1949).

Rotaviral antigens have also been detected in tracheal aspi;rates
from cases of pneumonia (Santosham et al., 1983) and sudden infant Y
death syndrome (Yolken and Murphy, 1983) and in middle ear aspirates from
cases of otitis media (Klein et al., 1982). Gordon (1982) has suggested
that rotaviruses may be able to replicate in the middle ear fluid and
cause infections of the simus, otic, mastoid and pulmonary cavities in
addition to their capacity for causing diarrhea.

The observation of Kraft)1958). suggested that epizootic diarrhea
of infant mice due to murine rotavirus could spread in animal colonies
by virus—contaminated air. | In laboratories, spread of rotaviral
diarrhea in animal holding facilities is also believed to have occurred
by the aerial route (Middleton et al., 1975).

The 1964 outbresk of gastroenteritis in ;-. group of islands in the
mid-pacific was shown to be due to rotavirus with the help of |
retrospective serological studies (Foster et al., 1980); the  high
attack rate and the rapid rate of spread of the outbreak strongly
suggested the possiblity of aerial spread of the virus.

The role of rotavirus containing aerosols in the contamination of
animate and Iinanimate surfaces also needs to be considered here.
Deperding on the RH level, the virus has been found capsble of
surviving on contaminated surfaces for severel days (S.A. Sattar, N,
Lloyd-Evans, M.K. Ijaz, R.A. Raphael, and V.S. Springthorpe. 198:. XI
International Congress for Trop. Med. and Malaria, Calgary, Alberta. p.
134). Aerosolized particles of larger size generated during the
handling of rotavirus—containing material (Totterdell et al., 1976}
could lead to the contamination of surfaces. Such surfaces could in
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turn act as a vehicle in the spréad of rotaviral infections.

Rotaviruses are capable of retaining infectivj:ty in feces for
several months at room temperature (Woode, 1982) and relatively resis-
tant inactivation by commonly used chemical disinfectants (Sattaf et
al., 1983). It has been found extremely difficult to prevent heavy
rotaviral contamination of buildings and even of -grassland (Wocode, |
1982). Environmentsl virel contamination and subsequent increased
attack rate and severity of infection has been observed in a series of
.éxperimalts carried out in piglets (Leece, 1978). ‘

The process of sweepi.ng floors has been shown to generate aerosols
(Anderson et al., 1982) and re—aerosolization of virus from wvirus-
contaminated surfaces could occur in the animal housings end hospitals
(Linhares et al., 1981; Donaldson et al., 1983) by the same process or
by &animal or human movements. This might cause infection (1) by
contamination of food and water (Woode, 1982), (2) by being inhaled and
causing local respiratory tract infection, which later spread to the
gastrointestinal tract by swallowing of the virus dripping dowm from
the nasopharynx or coughed up in sputum, (3) by being irhaled and then
brought wup from the air passages by ciliary action and then swallowed
(Flewett, 1982).

The potential threat of hman infection being caused by
environmental contamination with non-lwmen rotavirus strains is
wlknown. A tumber of studies have shown experimental cross—species
transmission of several types of rotaviruses including human rotavirus
in animals. The possibility of zoonotic rotavirus infections of human
has been suggested (Holmes, 1983; Flewett, 1984) and corversely, humans

-
'S
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ad rodents have been proposed as a likely sourse of infection for farm
animals (Woode, 1982). Although there is no documented case in the
literature where animal rotavirus has been isolated from a lInman case, |
however, immmization of luman subjects using live attemuated bovine
rotavirus strain RIT 4237, has been reported from Finland (Vesikari et
al., 1983) and Béléium (Zissis et al., 1983). In adults the vaccine did
mot: cause clinical symptoms, and booster resulted in serum antibodies
to a bomologous strain. In sercnegative young cﬁildren one oral dose
induced sé'roconversim to the same strain. It did not result in
rotavirus excretion in stool of the vaccinated subjects. However, no
protection studies have been camed out. There is no doul;t that there
is ample opportunity for cross species transmission of rotavirus
infectioms.

Iﬁ addition to the situations described above, genération of
aerosols containing rotaviruses could also occur in a mmber of other
settings. Rotaviruses have been detected in domestic sewage (Gerba et
al., 1984), and vims-cmtaining aerosols are known to be generated

‘Quring the treatment of and spray irrigation with such wastes (Sorber,
1976; Smith and -Gerba, 1980a; 1980b)}. Many research and service
laboratories now regularly handle rotavirus—contaminated- materials and
several routine procedures carried out in such laboratorles can lead to
the production of infectious aerosols (Stem et al., 1974; Pike, 1979).

Under the experimental set-up used in our study, atmospheric
cond.itims with medium or low levels of RH have been found to
contribute greatly to the airbomne survival of both hman and animal
rotaviruses. If naturally aerosolized rotaviruses are found to survive

in the indoor atwosphere to the same, extent, air could readily
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facilitate their spread in settings such as hospital wards, nursing
homes, day-care centres, animal ha.tses,- miicipal waste Ctreatment
facilities as well as research and clinical laboratories.

At the present time no information is available on what determines
the capacity of rotaviruses to survive in the airborme state when“ the
viral aerosols are held at the low and medium RH. The highe; rate of
biological decay of airborne rotaviruses at 80+5% RH could be either
due to the denaturation of the caps?.d proteins or mxleic acid (NA)
components of the virus.

As mentioned in the literature review, it has been shown that
infectious NA could be recovered following inactivation of the viruses
in the airbome state. (de Jong, 1970; de Jong et al., 1973; 1974;
Trouwborst and Kuyper, 1974). It has, therefore, been suggested that
inactivat:ion of airborne viruses occurs due to the denaturation of the

protein components of ~nom-enveloped viruses (Trouwborst et al.,
1573).

LY

5

The capacity of rotaviruses to survive in the airborne state could

be due to a complex interplay of § faci:ors such as RH, temperature and
suspending medium. Further experimentation with rotaviruses will be
required to determine their inability to survive at high RH when
aerosolized from TPB. Analysis of the viral RNA or capsid proteins of
rotavirus particles recovered from the air sample may show the preserce
of gross changes in their s;:fucture. Aerosolization of the viruses
from TPB dialised to remove salts is also likely to demonstrateﬂ if the
deletericus reffect of high RH on virus infectivity is .due to the

presence of salts im TPB. Similar experiments with salt solutions

/.
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’
may elucidate the role of TPB polypeptides in preserving rotavirus
“infectivity at low and medium RH. '
" (3) Coronavirus:

The fiﬁir@s reported here clearly demonstrate that HCV/229E which
is generally regarded as being fragile, could readily withstand the
strong shearing forces generated in the process of nebulization. This
confirmed and extended the earlier observations made by Park (1980).
Once aerosolized and with the aercsols maintained ender certain
atmospheric  conditions, /229E survival was even better than
rotavirus survival.

At 20£1°C, the medium level of RH was found to be the most
favourable for 'the airbome survival of this virus. In contrast to .
this, survival was very Teduced etrthis temperature when the RH level
was raised to 80#5%. The effect of the 3 levels of RH on the airborne
surviva]: of the coronavirus at 20x1°C was, therefore, fomd to be very
similar to that seen with the rotaviruses (Figure 18 axd Table 12).
However, when the air temperature was lowered to 6+1°C, there was a
dramatic change in the capacity of the coronavirus to survive at the
high RH level; this was.reflected by an almost 26-fold increase in its
half-life. At the lower air temperature the airborne survival of this
virus was fﬁrther- enhanced at the low and the medium RH levels.

In contrast to the results obtained with rotaviruses whereby
survival 1{s mainly associated with RH conditions, these data suggest
that the alrbome survival of the coronaviruses is deperdent on both
RH and air temperature. It might be suggested that at the lower air
temperature the fluidity of the lipid—containing envelope of the virus
is stabilized, thereby affording the . infectious virions better
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protection. Further studies will be required to investigate this and
other possible mechanisms by which the airborne survival of this virus
is affected. It is tempting however, to speculate on the role of
ervironmental conditions with the seasonality of coronaviral
respiratory infections. Clearly cold and damp climates would tend to
favour virus transmission by the airborme route in Great Britain
(Ma;':ngu.ghtm, 1982) and in -cold and dry months of the years/in North
America (McIntosh et al., 1970; Caval¥aro and Monto, 1970).
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The study described here required approximately 3° years to
complete. All h.:t one of the initial aims of this investigation were
achieved during this pericd, Although it wes plammed to include
experiments .on the airborme survival of field strains of human. and
animal rotaviruses, this could not be done because of the lack of
availability of stool samples with high emough titres of infectious
rotavirus particles. Samples with infectious virus titres of at least-
106/mL are required to properly conduct the aerosol survival
experiments described here. Upform\.n'mtely, the fecal samples (10%
suspensign) from celves and luman i@ts which were provided to wus
were found to contain no more than 10% ‘flmrescemt focus-forming umits
of rotavirus/mi . w |

The results of the present investigation may be summarized as
follows: _

There has been a successful development of methodology to use in
studles on the airbome survival of rota- and coronaviruses. The
procedures that have been developed ard standardized in the course of -
this work are well established and dre now suitable for the study
aer;biology of other viruses. The role of poliovirus 1 (Ssbin) as an
internal standard to compare the biological decay of rota- and
coronaviruses has proven reli‘able.‘- It could be employed especially in
sit:l.latims’"mere mixed aex;osols are being studied.

The patterns of biological decay of rotaviruses in aeroéols do seem
to indicaée their dependence on RH conditions with a lesser dependence
on temperature. The results on the airborne survival of rotaviruses
_ have servec.l to illustrate the potential for their aerial disseminatiom.
The capacity of HCV/229E to survive in the airborme state is
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greatly inﬂuemed by at least two emvirommental parameters namely, RH

ard temperature. The finding that the virus can survive in air for

-p;oIonged pericds under certain conditions stron,giy suggests the

possibilty of its spread by the aerial route.

. The methodology developed during the course of this study and the

data obtained lay the foundations for scme of the following future

investigations to elucidate the role of air in the direct and indirect

spread of rota- and coronaviruses: -

(1)

(2)

(3)

(4)

(3)

Long term experiments (>24 hours) should be carried out
with' the coronavirus at 6+1°C in order to explore the
effect of different RH levels.

The effect of body secretions and excretions on -the
airborme survival of coronaviruses should be attempted.
In vivo transmission studies in’ laboratory animals by

exposure to aerosolized rota- and coronaviruses should be

. undertaken to demonstrate the airborme transmission of

these wviruses and to try to establish the minimum
infectious dose required for successful trarxsmissim.
Studies on the airbome survival of field strains of rota-
and coronaviruses should be performed to observe if they
behave similarly to the laboratory-adapted strains
described in the present investigation.

Attempts should be made to recover these viruses from the
ervironment using LVAS. |
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