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ABSTRACT

Young adult BALB/c mice were exposed %o acrosols of Friend and
Rauscher viruses. Tbnwfold dilutions, 10° to 19”3 of the spray suspen=
siong were used and the exposure interval varied between'ﬁwﬂc mimutesa
The temperature and relative humidity remained constant throughout the
'aer@SQIiza%i@ns’at €25°0Y and (80 per centy respectively. The period of
ébserva?ien extended over 3285 days., Epleen weight and microscopic exam=
ingation ofvspleen sections were used to determine disease production.
Fqg%y animals expossd to Friend and Rauscher ﬁirus aeresscls, were later
challenged with active virug suspension by intraperitonsal injectiong -
in an effort to detect the presence of neutralizing antibodies.
Hematoorit determinations and differential counts were perfemmed on
ten of the animals exposed.to Friend viraS:eeresalﬁo

Thesé studies indicate the following! {1} the transmission of
Friend and Rauscher virus leukemia by the aecrosol route was not accom=
piishe&w (2} a detectable neu%raiizing'antib@dy response W&S'nbfv\
ohserved, (BE.both Friend and Rauscher viruses are extremely sensitive
to the aer@solization-processwAan& 4} the finding of low hematocrit
velues as well as the presence of Friend cells in the peripheral blood

suggest a sub-clinical form of the dissase.



INTRODUCTION

During the early part of this century, mimerous referenceg vers
made suggesting a possible viral etiology of human ieukemiaq These
waere, for the mesit part, conjectural, becaugse many attemnts to trang-
nit leukemia to lower animals. and man Were cither unsuccessful or not
reproducible, ~Engelbrethsﬂﬁlmiand Frederiksen (12} concluded this from
their research eff@rtse' Within the past twenty years, however, inbred
iines of mice have been dewveloped inlwhich levkenmic strains with a
high incidence of leukemia have-evclved through the practice of seleetive
bresding. It is gn.accepted-factgthaﬁ genetic factors pley & significent
role in.murine levkemia. - Howewver, infection is directly responsible fer
© the &e?elepmentv@f ﬁurine leukemia and ﬁhe infeetious agent is a virus.
In view of these~&evelopments in murine leukemia, 1t can be asgked if
humen leuvkemia is alse virus-induced. A number of significant studies
made during the. past ten years would suggest an affirmative answer to
this question.

The elassic discoveries of the avian leukosis complex by
Ellerman and Bang {10} of the chicken savcoma by INous (LL), and of the
rabbit papilioma by Shope (k9§ have aided in fommuleting the concept
thét viral agents may play a rols in the induction of human neoplasia.
The introduction of new ftechniques and the use of better established
and re-evaluated techniques have contributed considerably to (13} our

knowledge of the relationship of viruses to neoplasis, (2) the discovery
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of the viral-origin of leukemiza in mice, and (3} the production of tumors
in different species of animals,

The research of GTDSS»{ZG} iﬁ 1951 using 4K mice, proved the
development of murine leukemisa from a cellmfreg filtrate. The observations
of Gross were confirmed by Wolley and &mall {57y in 1956, Graffi (18}
produced leukemia in mice with extracts from malignent mouse timors.
Latarﬁeﬁ_(BZ} éccelerated the ﬂeveloﬁmant.@ﬁ.leukemia»in-ﬂﬁlﬁice by
injections of.human leukemic. tissue extracts and also induced leukemia
in strains of mice with é low spontaneous. incidence of leukemia. - Friend
(15 incuded leukemia in adult Swiss mice by injecting cell-free filtrates
extracted from malignant-tumprsf_ Rauscher (43} incuded leukemia in
BALB/c mice ﬁith cell-free filtrates extracted from neoplastic mouse
tissues, Stewart (51} produced multiple tumors in mice from virus-
infected tissue culture extracts. Human adenoviruses have been shown %o
produce tumors when injected into hemsters (26). Magrassi (34} and
Mas y Magro (35} were ab£e~ﬁ®-preduce a leukemia-like disease in guinea
pigs with tissue extracts fromzleukemicvpatienés@- Bergoltz (13} reported
the induction of leukemia in mice with extracts of leukemic tissues
ob%aineé from patients dying of acute leukemia,

Tme murine-1eukemia~viruses can be grown, stored, and . used for
the production of experimentaizleukemia in mice, thus providing a useful
. research approach to the study of the leukemia p;:'obleme

Electron microscopy with the thin sectioning and negative stain-
ing techniques have provided. evidence tﬁat a2 virus is responsible for

the development of murine leukemia, - Dmochowski (7} in 1957 reported

the demongtration of virus=like particles in humen leukemic tissue



similar to those geen in murine leukemic tissue. Grist (19) in'lgég
reporied thevebserva%imn of virugs particles from tissues of humen
leukemic patients. Murphy (38} reported the isolation of agents from
human leukemic Tissue and stated that the electron micrographs of thess
agents were similar %o those reported in murine leukemia., Poriter (U1}
showed the scourrence of eleciron dense particles in human leukenmic
tissués-similar to those observed in murine leukemic. tissues. Dmochowski
(9) 1964 confirmed his ariéinal @bserﬁations and presented a greater
volume of electron micregraphic evidence.

Immunclogical methods have been employed to demonstrate the
infectious origin of leukemia. Schwartz (48} reperted on the basis of
positive agglutination and precipitation reactions using leukemic tissues
from AK& mice and an anti-leukemic facter, that-the leukemic response
of the host represented the result of an infections agent. Calaresu
(5} observed a cr@&ﬁ»aggluﬁim@tion reaction of red blood cells among
various human leukemias and murine leukemias. He suggested that the
agent or agents may be e%i@1@gieal1y similar. Dmochowski (7}, Negroni
(ko), Murphy (38}, and Prince'sz} have reported {1} the observation of
virus-like particles, and {2} the isolation of virus-like particles
£rom biogsies of mmean leukemic tissue, Inman (29) 196k, reported the
@bservation of virug-1like particles in tissue culturs from human
levkemic bome marrov extracts. Stewart (51} reported the induction of
levkemis in mice by inoculating mouse tumor tissue culture extracis

into these animals.



The occurrence of two phenomena in nabuve concerning leukemia,
namely Yclusters' and Burkiti’s Lymphoma, add to the evidence in support
of the role of viruses in human leukemia. . The studies‘in the provinces
of Eeﬁya and Uganda, Africa, by Burkitt (4) showed t%at in . these areaé
in contrast to the findings elsevhere, malignant lymphgma of the jaw in
children 1s a vervy common disease. It comprises 51 per cent of the
toﬁal incidence of éancer in African children. The extremely high fre-
gueney, limited géogxaphical distribution, specific age and sex chore-
acteristics, enatomical distribu%i@np and abundence of arthr@péd vgc%grs
indicate an envirommental influence and suggest a loczl etiolegical
factor responsible f@r the tramsmission of this iymphoma. IHigginsen{27)
reported a similar cancer ineidence innﬁhe Bantu and"Cape Colored''races
of South Africa. Dalldorf (6) obssrved that this C@ﬁmoa lymph@ma-éf
Africa children has 2 certain relati@nship with the acute lymphoblastic
leukemia found in American children. The f£requencies susceptibility to
chemotherapy radiation therapy, age of peek incidence, and sex char-
acteristic are esséntially identical. Dalldorf suggests that the
difference betwesn the two malignaznciss lie basically in the incident
form of the disease. |

The virasl concept of leukemiz has received support more recently
f?am the increasing frequency occurrence of leukemis in clusters.
Although cursery reﬁerta appeaved ag early as 1932, most of the docu-
nented clusters have been reporied since 1957 (233, The significance of
clustering is obvieusa There are a limited number of plausible hypoth-
gses for this phenocmenon, émd-a viral etioclogy seéms most likely.

Clusters have been reported in ten different locatiens in the United
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Btates and the most important one was in Nilss, Iilinois. FEight cases
of childhood leukemia were diagnesed in‘thig small Illineis community
during the three-year span of 1957 teo 1660, as veported by Schwartz

5

(48)., A1l of the children 1ived in the same neighborhood and all chil-
‘dren atitended the same échéol or had siblings that attended that school.
Antibody studies reVeéled that the sera of relatives of these chiiﬂren
c@nﬁained—specific anti-leukemic antibodies. The sera of the motheé_or
the sibling clossst in age to the leukemic c¢child reacted positively
with the highest irequeﬁcye The pecurrence of antibody in relatives
and.in laboratory workers exposed %o leukemié-ma%eyials suggest the
infectious natﬁre of a leukemogenic agent. (48} Mustacchi (39) reported
the clustering effect observed in San Francisce, vwhere a higher ineci-
dence of leukemia was found in families with a previeus lsukemic bhack-
ground and where the econcmic situation was coducive to infectious
digease, He alsbrobserve& that ethnie differsnces did not play a role
in the incidence of leukemia., However, Knudson (21} was in disagresment,
since he observed a definite association of granulocytic leukemia with
persons of ﬁpanish«ﬁmerican background. The methods used in the assess-
ment of clustering were_subﬁected to the eritism that the statisticel
evaluation was not valid. THunox (30) 196k, howéver, observed that re=-
analysis of the data by another méth@d guggested clustering. Confir-
mation was also presented by Meighan (36} 1964, when he reported a
clusteé of leuvkemis cases in Oregon. HMeighan rEp@rtgﬁ that 258 cases
of lsukemia were diagnésed within an éleven year period and that there

was an excessive number of those cases in vwhich the patients rezided
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withiﬁ two miles of each othexr and héé.deveiop@d the disease‘wiﬁhin 250
days of ééeh other,
| Agsuming that the concept of a viral etiology of neoplastic

discageg is én acceptable theory, the aquestion to be a@$W@red'i@-how
the virus is transmitied in nature. It haes been reporied that healthy
enimals residing in the same cage with overt leukemic animals over
long periods of bime fail to develop leukemia, (16) The fact that the
mﬁrine leukemiss can be easily trensmitied to healthy animals by var-
ious routes of inoculation has also been reported. (16} (43) The
experimental t:angﬁissien.of murine lemkemias by the aerosel route had
- not been adequately studiedg

Puring the past éenturyg thé validity of the conecept of ajr=
borne infection has been congtantly challenged with ths resulis lead-
in to avowed proponents of iis importance in the disease process or
its lack of importance., Within the past 25 years, this f£ield has taken
ron new direé%ions and a brqéder~sc©pen_:ﬁiﬁh the present kn@Wiédge of
disease in which the airborne route of infection has been substan-
tiat@d» there exiéts adequéte basis for a theory of airborne infe@tiéne

The grea% epidemiclogist williamifarr (13} contributed to the
confirmation of this hypothesis during the cholera epidemic of 18L9
Tin i.m'zden9 in whieh he correlaied the elevation‘of areas-%ithim the
city to the incidence and mortality of cholera, William F. Wells (88Y,
eighty-five years later, developed the concept of the dreplet mucleus
when he showed that. a number of pathogenic organisms could be atom-

ized into an sercsol in whiech they reﬁained~viable-fcr.dayﬁb-vélth@ugh
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many of the epidemiological studies falled, a great deal of knowledge of
the basic mechanisms of airborne infection was sccumulated. These accu~
mulative data revealed the. governing principles and @aWSvinvalwe&'in
airborne infeetions: (1} the principles of generation of natural and
artifical aeroscls; 22) the techniques of exposing man anﬂ-animaisjﬁs
serosols under experimental conditions; (3} the capacity of réutine
iaboratory p?§cédures t0 create aerosols, thus infecting laberatory
workeys; (&) the capacity of infected perSQns-t@ either contaminate
their envircmment or serve as dangerous carriers; (5) the dis@érnmenﬁ
of portals of entry of infection into the‘reapirat@ry tract; and (6}
the ecrucial importance of particle gize in determining penetration and
retention of inbhaled particles. Th@ studies of airberne infection uti-
lizing artifical aerosols were limited until Henderson (25) in 1952,
designed an apparatus which could be used in the laboratory fer studying
the effects of airborne  agents. Viruseéb rickettsise, bacteria, and
fungl have been shown to be trensmisseble by the aerosol route, Loosli
{33} reported that influsnza virug could be transmitted by the serosol
route, This was confirmed by Schuiman (47}, Hood {28), and Hamre»§21}o
Beutler (2} reporied a high incidence of infection when irradizted -mice
were subjected to an aerosel of influenze virus. Gogoléak (17} showed
that mice could be infected with-murinevpneumanitis virug by the aerosol
route, using a cloud chembeyr regulated for gpecific relative humidity and
- intra-chamber pressures. In 1963, Miller (37} reported that both vellow
fever and Rift Valley fever viruges were stable in experimental sercsols.

The yellow fever virus appeared to better gurvive the asrosoclization.
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process, Both viruses produced characteriﬁtic digease in Fhesus monkeys
which were exposed to ﬁheae-aeroaolsg Suptel- {53} repérted infectivity
in mice exposed to asrosols of Cox#acki@ viruses. Slepushkin (50} and
Sulkin (52} reported that a@cidenﬁéily created serosolg have infected
nany laboratory WOWEG?S?\SGM® fétallyo

The leukemogenic Friend and Rauscher viruses and the leukemias
they produce have besn previously characterized. Friend is@léted an
infecti@ns agent from mice thai had been incculated, when newborn, with
cell-free extracts from EBhyrligh mouse ascites carcinema. This virus
produces & characteristic leukemia when injected into a susceptible
murine host. Thé digease iS~c§éracterized by a marked proliferatien of
immature mononuclear cel&s_which inva&e %he hemetopoietic system. These
cells can be seen in various gtages of mitesis in the tissues they
infiltrate. The Infected mice develop spleens so enlérgeé that they are
gagily detect@dkby abdominal palpation. Terminally, the wice are inac-
tive, anemic, and emaciated. They have elevated white blood cell coumts,
enlarged hemorriagic spleens, and massive intraperitoneal hemorrhage.
Mice can be infected by the intraperitoneal, intranasal, intracerebral,
intramuscular, -and subcutaneous routes; however, in the latter four,
the onset of the disease s delayed several days. The virus has an HHA
componenet and a diameter of 120mp. It iz resistant o nassive. doses of
radiation, sctive after storage at -70°C for six months, or after
lyophilization and storage at room temperature for three months. The
infectivity of the virus is destroyed by heating at 569C fer thirty

minutes, @varnigpt‘exp@sure to ether at 29C, and by treatment with &

1:2000 dilution of formalin.
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While .studying the effects of a virus-induced leukemia reported
by &chcelmanfeégiaib‘kkﬁ}, Reuscher observed-that one BALB/c mouse devel-
opeé-a'ﬁumor at the site of the intraperifsne&l«inﬁectian*@f-an extract
prepared from- pools of infected tissue from micevprévieusly inoculated
with this wviral agent. The‘tum@r:was:readiiymtransplantablep~producing
an invagive Iymphoblastic disease;‘ This disease is characterized by-
(1) extreme splenomegaly with marked invasion of the red pulp by
erthroblastic cells, (2}'eniargemen% of the liver and lymph nodes with
accumulations of nucleated red cells and granulocyies in the vespective
tissues, and (3} a marked infiltration of spleen, thymus, and lymph
nodes by large meonocnuclear basophilic cells in those mice developing
lymphocytic leukemia. Mice are susceptible to the virus by the intra~
peritoneal, in%raﬁeneusﬂ'intranasalg intracerebral, and subcutancous
route; virus initiates a response through the Ffirst two routes, however,
much more quigkly than through the other routes. Electron micrographs
reveal the wirus to be bounded by a double-limiting membrane and to have
a diasmeter of 100 mu. The "anucleoid! of the mature particle measures
55 mi. The virus is stable at -70°C and 4°C for thirty days; it is active
following lyophilization. . The infectivity of the. virus is destr@yed~by
heating at 56°C for thirty minutes and by overnight expesure to ether

at -4°c,



STATEMENT OF PROBLEM

Previous investigatibns of the serosel transmissibility of
leukemogenic viruses were concerned primarily with the animal to animal
contact exposure. 4The possibility that these neoplastic diseases may
beitransmitted by the aerésol route has been frequently suggested.

Friend and Rauscher viruses are known to be leukemogenic when injected
iné@ highly susceptible BALR/c mice. The cbjective of this investigatien
was to determine if these viruses could be ftransmitted to healthy animals
by the asroscl route under controlled conditions of temperature and

relative humidity and subgequently pr@dué@-lenkemiao

10



MATERTIALS AND METHODS

L. Animals

The animals employed throughout this investigation were inbred
BAIB/c mice obiained from 2 colony maintained at the ﬂﬂiVefsity of
Arizona. The original families were derived f£rom the afﬁséring of
BAILB/c prsgnant mice purchased from Himonsen’s Laberateries, Gilroy,
California. The animals were weanéd.nét»earlier'ﬁhan 21 days and
not later than 25 days. Males and females were geparated and those
u;ad in the giudy were between five and eight weeks of age, - The
families wére fed Purina breedsr chow pellets and the Purina Laboratory
chow peliets for experimental mice., The animal room was maintained at

a room temperature @f.7OGF and a relative humidity of 10 te 15 per cent.

B, Virus Suspensiens
The Friend aﬁd<Rau$eher viruges suspended in BALB/c mouse
spleen homogenates were obtained from Dr. Howard A, Fleldsteel, Stanford
Regearch Institute, Menle Park, California. The vials were shipped in
dry ice and arrive& in the frozen state. They were quickly thawed by
gentle agitation inm a 37°C water bath, and 0.2 mi. of the suspensgion
was injescted intraperitoneally into sach of ten young adult RALB/ e
micen} The animals were sacrificed 21 days later and the infected tissues
harvested., A& wvirus pool was prepared using the following procedure:
iy ’%ha spleens were removed with sterile instruments.
They were pooled, weighed, and a 20 per cent suspension

11
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(3)

)

(53

12
prepared with a sucr@se stabilizer solution suggested by
Bovarnick, Miller, and Snyder (3}, and later modifi@&
by Fieldsteel (1k}.
the whole spleens susvended in sucrose stabilirzer
solution were homogenized in a Virtis Homogenizer for
two minutes, allowed to cool for twe minutes and again
homogenized for two minutes. The homogenization was
performed in an ice batha

the homogenate was dispensed inte 5 ml., vials and

- quickly frozen in & dry lece~alcohol bath and stored

at =659C until needed,

for use, the homogenate was. guickly thawed by gentle
agitation at 37°C and centrifuged im a refrigerated
angle-head centrifuge at 2000 rpm for ten minutes.
ﬁﬁe supernatant was removed and emploved as the virus

susﬁensi@n throughout fhe experimentation.,

C. Sucrose Stabilizer Solution

The sucrose stabilimer solution;uéed in the opreparation of

splenic homogenates was prepaved in our laboratory. The consgtituents

were added in succession and the solution filtexred through a2 Hormann

aﬁbest@s-pad Lilter under positive nitrogen gas pressure, The con~

stituents of a 2X preparation were as follows:

KOH 0.548 ¢
I~-Glutaric acid 1.240 @

K,HPO ), . 2,508 g
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KH, PO, 1.034 ¢
Sucrose . 180.0 o
Water ‘ g8 to 1000 ml

L, Virus Titrations

1.

Friend Virus Spray Suspension

The virus suspension was diluted serially, 10° ¢o 10°6°

The dilutions were carried out in a 4°C ice bath, and 0.2
ml., guantities of sach dilution wore injected intraperiton-
eally into each of six normal animals. The mice were ob-
served for 35 dayg. They were palpated dally, and at the
end of the observatiom peried they were sacrificed. The
epleens were removed with sterile instruments and placed

in 10 per cent formalin., Affer fixzation, the spleens were

embedded in pavaffin, sectioned, stained with hematoxviin
and eosin, and examined micreoscopically. The histelogical
examination was uged to verif§ the gross diagnosis of the
disease. The titer of the virus suspensien was calculated
by the HeedaMuencﬁ,method 443. To ensure sn accurate end-

=% 4o 1075.5.

point, &ix two-fold dilutions were made from 10
The dilutions were carried out in 2 49C ice bath, and 0.2
ml. quantities of esch dilutien were injescted intraﬁerit@nm'
eally into each of ten animals. The same criteriz and
method were used to determine the titer., Control animals

were divided into two groups, uninoculated and ineoculated

intraperitoneally with ¢.2 nl. sucrose stabilizer,



2,

3.

1k
Reuscher Virus Spray Suspension
The -same procedure was followed as in (L} above -except
for the virus empleoyed,
Friend Virus Impinger Sampls
The impinger-collection was diluted te a final dilution of

1:243, utilizing a three-fold dilution -scheme.- ‘The dilu-

- tions were carvied out in a 4% ice bath, and 0.2 ml. quan-

tities of each dilubion were injected dntraperitousally
inte each of ten mice. The observatgbn period~was'3§
days, and the same method was used to determine the titer,
Hauscher Virus Impinger Sample

The same procedure was utilizad as in {3} above sx@ept for

the virus empleyed.

E, Intranssal Instillations

i,

2,

Friend Virus

Five animals wers -anesthetized with ether, and 0.05 ml.

of the undiluted wvirus suspén&i@n‘wa5~inétille& by drop-
let with a tuberculin syringe into the nasal nassages of
each animal. -Theuanimals:were placed in.a cage feor futuve
obgervation.

Rauscher Virus

The same procedure was utilized as in (1) above with the

exception of the virus employsd.
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F, Aergsol Apnparatus

The apparatus consists of a Collison atomizer, dispensing s
particle 1p-5p in size, enclosed in an aiyw tight 250 cubic fool safety
cabinet with an animal exposure box aﬁtacheé.appreximataly Tive feet
from the atomizer. The g@roscl was pulled past the animals by reduced
pressure created by.a vacuum pump and exhausted through a series of
ahsolute filters into the outside atmosphere. A4An AGI-30 model impinger,
uged to sgample the aerosol, was placed downstream of the animal., The
temperature, relative humidity, and total f£low rate were varied to
sult the conditions of experiment degign. The egquipment is pictured in

figure 1.

~ G. Aderosolization Process

1. #Heries i-Friend Virus
Bight animals were placed in the exposure box and given
2 ten-minute alr wash, after vhich an aeroscl was generated
from a 10° dilution of the virus suspension. Exposure time
wag five minutes, The znimsls were air washed for ten
minutes, removed, and placed in cages., The same pr@cedure
was followed for virus dilutions 10”1 through 1072, The
£ifth serosolization involved twelve4animalsﬂ 16° dilution
of virus suspension, and exposure for. thirty minutes., The
physical conditions of temperature (25°C), velative humidity
(80 per cent), and total flow rate (95 liters per minute}

were the same for this series,



Figure 1. Photograph of Aerosol Apparatus
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Beries l-Rauscher Virus
Nine animals were placed in the exposure box and glven a
ten minute air wash, after vhich an aerozol was generated
from the virus suspension. Exposure time was fifteen
minutes, The animals were air washed for ten minutes,
removed, and placed in cages. This procsdurs was follewed
for the 10°) and 107> dilutions of the virus suspension,
The ﬁhird asrosolization involved nine animals, 10°
dilution of the virus sugpension, and five minutes exposure.
The fourth asrosolization involved f@urteeg enimels, 10°
dilgtion of the virus suspension, énd thirty minutes exposure,
The physical conditions of temperature (25°CY, relative
humidity (B0 per cent), and total flow rate {24 liters per
minute) were the seme for this series.
Beries 2=Friend Virus
Pifty animals were placed in the exposure box and given g’
ten-minute air wash, after which an serogol wag generated
from & 10° dilution of virus suspension, Expasﬁre time
wag thirty minutes., The animals were air washed for ten
minutes, removed, and placed in cages. The impinger
collection was divided inte three pertions. Portisn one
was injected in 0.2 ml. guantities inte 28 healthy animals
by the intraperitoneal route., Portion two was serially
diluted and titrated by animal inoculation. Portion three
was utilimed in the assay of the physical tracer., The

physical conditions of temperature {(25°C), relative
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humidity (50 per cent), end total flow rate (2% liters per
minute} were the seme  for this series.

Beries 2Z-Rauscher ?irus |
The identical procedure was utilized as in (3 above with

the exception of the virus employed,

H, Assay of Physieal Tracer

Phenol red indicator and acid hematin were used as physical

tracers to, (1} determine the physical amount of virus sSpray suspen-

si@n that came in contact with the animals, and {2) caleulate the

estimated respiratory dose.

1.

2,

Phenol red indicator was added to the virus spray suspen—
sion in a canéenﬁratian<of 100ug/ml.. Various concentrations
of Phenol red in a 0.1 M berate buifer, pH 5.2, were placed
in a Beckman DU Spectrophotemeier and were read at Bhﬁmﬂo

A standard curve was'cﬁnstruet@d-frem'this data, - Aliquets

of the impinger samples were placed iﬁ the spectrophotometer,
and the values obtained were compared with the standard
curve.,

The spray suspension was serially diluted in H/10 h&dro=
chloric acid, and from the acid hematin content of the spray
suspension & standard curve was constructed, utilizing a

Bedkman DU Spectrophotometer set -at 5L0mu. Aliquots of the

impinger sample were placed in the spectrophotometer, and

the values obtained were compared with the standard curve.



I. Animal Challenge

1. Friend Virus
Twenty of the previcusly'expased aninmales were divided into
two groups of ten snimals each., On the 1?§§h day follewing
serosolization, these animals were challenged with different
concentrations of virus to detect the presence of neutrgl-
izing antiﬁedyo 411 animals;were injected by the intra-
peritoneal route. Croup one .received 10 IO s per 0.2 ml,
quantity, snd group two received 100 IDS0°s per 0.2 mi.
guantity. 'Control animals included four groups of six
animals each. Croups one through three received one hundred,
ten, andrbﬁe~ZDBG°ss respectively! the fourth group were the
normal contéals@ The animals were placed in cages and
observed foi'ﬁﬁ days., They were palpated daily, and
sacrifice&»at the end of the observation periesd. The
spleens wexre removed with sterile instruments and weighed,
Epleens greater in weightvthan-ooﬁ.ge were considered
pogitive. ,The»resulta of ¢ach»group-were compared- by means
of a contingency table teo determine vhether a significenmt
difference existed among the iegt grouns.

2. Hauscher Virus
‘The same procedure was utilized as in {1}.ab§va with the

exception of the virus employed.

Jd. Hematocrit Studies

1. ©On the 300th day following serosolization, ten animals,

acrosolized with Friend virus, were sacrificed by cervical
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fracture and the pleural cavity cpeuned., Bleed was coliected
directly from the heart. Hematocrit estimations were per-
formed with ﬁrummoﬁ& microhematocrit capillary tubes.

The tubes were centrifuged at 7100 rpm for 10 minutes in
an IEC teble model centyrifuge and were read om a micre-
hematocrit tube reader. DBlood films were made Ifrom heart
ble@dgvstainad with Wright's stain, and differential counts
carried out,

Pifteen control animals, ten months of agggxwere drawn at
random from the colony at the University of é*izonaa
Hematocrit estimations and differential counts vere per- .

formed by the same procedure a&s in (1} above.



RESULTS

Gross CObgervations

In those animals receiving the Friend and Rauscher viruses
by the intreperitoneal. route, the disesse process was the same as that
described by Friend (1957} and Reuscher {(1962). The diseases were
characterized by a short iatent period, The spleen enlarged rapidly
and weighed asg much &s 5.0 g. by the 25th day, in contrast to normal
spleen weight of 0.2 g.. Hemorrhagic infraction ef_the spleen was a

common finding.

Microscopic Obéervaﬁi@ns

The spleens and livers in Friend and Rauscher leukemia were
miscroscopically indistinguishable. Thévdiseases were characterized by
the formétion ef nests of reticulum cells originating in the fed pulp
and spreading to the white pulp of ﬁhe spleen. In the later atages,
nassive infiltration of the spleen'and'liver with neoplastic reticulum

cells ocourvred,

Virus Titrations
1. TFriend Virus-Spray Suspension
The nﬁmbér of nogitive animals was determined on the basis
of both grose and  nicroscopic ohservations. The titer of
the virus»suspegsion~was caleulated by the Reed~lMuench

method., &£11 gpleens weilghing more than 0.5 g. or showing

21
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neoplastic activity were considered positivéo The titer
was caleulated te be 105°3 per ml, of virug suspension,
Rouscher-Virus-fpray Suspension
The same crilteria for determininé.pssitive leukenmic animals
as in {1} above were utilized for the Rauscher virus suspen-
sion. ‘The titer was calculated to be 10&°E per-mlo of virus
suspengion,

Friend Virus-=Impinger Sample

The same eriteria for determining positive animals as in (1}
ahove were'utilizedo The titer of the impinger sample was
calculated to be 1$1°? per ml., of impingsr sample cpllecteée
Bauscher Virus-Impinger Samplé

The same eri@eria;fsé determining positive aninmals és iﬁ

{1} above weré utilized, The titer of the impinger sample

I
galeculated to be 191°’ per ml. of impinger sample collected,

Intranasal Ingtillations

lﬂ

Friend Virus

The animals incculated by intrenasal instillatien were
chserved for 307.days. During the observation peried,
spleens considered ﬁésitive by palpation vere aseptically
removed and weighed. In cmsss wheré splenic infectivity
ag determinéd by weight was questionable, the spleens were
fixed in 10 per cent forﬁalina sectioned, stained with

hematonylin and eosin, and examined.



Aerosols

1@
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On the hhth dey, one mouse was sacrificed. Miecro-
scepic examination proved negative. Two animals were
found to %e-positiﬁnran the 874h day. One animal dieé
on the 162th day. Necropsy proved nega%ive; The last_
animal was sacrificed on the 207th day. Necropsy provad
negative,

Bauseher Virus

The animals instilled intranasally were ohserved for 307

days. OCn the 87th day, one mouse was sacrificed and

necropsy proved negative. Two snimale died on the 163rd

- day. Necropsy showed one animal to be positive and one

animal to be negative. The last two animals were sacri-
ficed on the 307th day. One snimal was found %o be positive

and the other negative.

Priend Virus-8eries 1

The emimals, exposed to aerosols, ﬁare obhserved for 180
days., During the obgervation peried, gross signg of
leukemia did not appear in eny of thebanimaiso Hee Table
1. At the end of the observation period, the animals were
sacrificed hy cervical fracture., Epleens were aseptically
removed, placed in 10 per cent formalin, sectioned, stained
with hematoxylin and eosin, and examined. Exasmination
revealed no signg of leukemia., Conirel animals injected

intraperitoneally with a 16° dilution of the wvirus



Table 1,

Regponse of Animals Exposed to

Friend Virus Jerosols™

2k

virus dil. ‘ezpbsure  total e control
in spray time. fiow rate infect/ infect/
aerosol suspension in min. in 1./min. exposed inject.,

1 10° 5 95 o8 ""%:/é

2 107+ 5 95 0/8 6/6

3 1072 E 95 o/8 66

I 1073 5 o5 0/8 6/6

5 10° 20 o5 6/12 é/6

é 10° 20 2l 0/50 10/10

*  temperature and relative huﬁidityAremained constant at 28°C and 20

per cent respectively.

sk gontrol. animals foy each dilution were indected inﬁramerﬁteneally
wzth 0.2 ml. of virus spray suspension,
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‘sugpensionsg proved 180 per cent infective. The normal

control animals remained healthy throughout the observa-
éion period.

Rouscher Virus-Series 1

The animals, exposed to aerosclsg, were observed for 100
days. During the observetion period, gross signs of
Jeukemia did not appear in any of the animals. ﬁee Table
2., Microgeopic examinati@n revealed no sions of leukenisa,
However, the animsls injected intraperitoneally with 0.2 mi.
of the impinger collection beceme infected. The latent
period was advanced from 12 to 38 days. The cbatrol ani-
mels injected intrapevitoneally with a 10° dilution of
virus spray suspensien proved te he 100 per cent infec?ed,
The normal control animals remained healthy throughout

the observation peried.

Friend Virus-Series 2

The enimals, exposed to the aer@s&lg were observed for 320
days. Five animals ave still living, and observation of
these animals will ceontinue indefinitely, ﬁuring the
observation period, six animals died and were nascropsied,
There were no ¢grosg signs of leukemisa,

The animals challenged with virus to detect the
presence of possible neutralizing antibodies were sacrificed
at the end oﬁ the 35 day obgervation period. &plecns were
removed ageptically and weighed. All spleens weighing

more than 0.5 ¢g. were considered positive, IEight of ten
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Table 2, Response of Animals Exposed to
Rauscher Virus Aerosels™

virus dil. CXPOSUre - total - - : - gontrolFE

in sprey time- flow rate inéeé%/ infect/
aerosol _ suspension in min, in 1./min, exposed inject.
. 3@@1. 15 gz; o . g/{) 6/6
2 1077 15 2l 0/9 6/6
3 10° 5 - 2l 6/9 h/6
I 107 o 2b 0/1k 6/6
5 10° 36 2k 6/50 10/10

e

temperature and relative humidity remained constant: at 259C and 80
ney cent respectively.

control snimals for each dilution were injected intrapveritoneally
with 0.2 ml. of virug gpray suspension.
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animals challenged with 100 IDSO%s and .10 IDSO's were
infected, whereas ten of ten control animals injected
intraperiteneally with the sams- does of virus were infected.
fee Table 3, Gtatisticeal anelysis of the data indicated
that there was no significant difference between chaliénge&
and e¢ontreol animals.,

Qn the 285th day, nine animals were gsacrificed and
hematocrit studies performed.  The studies of Elliett (11}
showed that there is a definite linear asscciation of |
hematocrit levels and Friend virus infection. As the
disease process. increased invinten§ity9~the hematocrit
values decreased from a normal value of Ui to a twelve-week
infection lewel of 24, The hematocrit values ef the animals
exposed to the aerosol ranged between BZ.and-kes with an
average value of 3@5"The hematoerit values of the control
animals, all ten months of age, ranged between 42 and 51,
with an average 0f~&60_

At the time the animals were sacrificed, one animal
was féund-t@‘haveuam»enlafgedgspleeno The . spleen weighed
1.01 ggvand was homegenized in a Virtis homogenizer, ‘The
homogenate was centrifuged at 2000 rpm for ten minutes.

Each of nine EALE/@ mice was injected intraperitoneally
with 0.4 ml. of the sﬁp@rnatan&m These animals, at the
time of this writing, have been observed for 50 days, and
the characteristic signs of leukemia have not appearsd, It

was also noted that this animal had the lowest hematocrit
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value recorded, anﬁ.a differential count revealed 26 per
cent Friend cells. Diffevential counts on three other
animals with lower than nommal hematocrit values showed
the presence of Frisnd cells. Splenomegaly was not
cbserved in these animals.

On the 200th day, ten znimals were sacrificed and
necropsied. There were no grogs signs of leukenis.: The |
impinger samples were 100 per cent infective but the laitent
period vas advanced from 12 to 47 days.

Reuscher Virus-feries 2

fhe aerogolized animals vere observed for 325 éayso Eiée
animals are still living, and obgservations of these animals
will continuve indefinitely. During the observation. period,

four animals died, The animals were necropsied and revealed

no gross signs of leukenmia. The animals challenged were

- sacrificed at the end of the observation periocd. Spleens

were removed aseptically and weighed. All spleens weighing

more than 0.5 g. wers considered positive. Eight of ten

- amimals challenged with 100 IDS0's and seven of ten -animals

challenged with 10 ID50's were infected., All of the ten
contrel animals injected intraperiteneally with 100 INsd's
and 10 ID50's became infected. See Table 4, 8&tatistical
analysis of the data revealed that there was no significant
difference between challenged and contrel animals.

Cn the 200th day, ten animelg were sacrificed and

necropsied and revealed no gross gigns of leukemia,
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Table 3, Hesponse of Animals Exposed to Friend Virus Aerosel
and Subsequently Challenged,™

IDE0’s positive asresel animals/ pesitive contrel angéals/ :

injected total animals injected total animals injected
100 . 8/10 . L 6/6
10 - g8/16 6/6
1 e 3/6

& @@nﬁrol znd challenged animal@ were 1nJe@%ed znﬁraperi%@neaily wi%h
6.2 mlo of virus suspensi@na

Table 4, HResponse of-Animals Expesed. to Rauscher Virus Aerosol
and Subsequently Challenged.®

" IDEO's (' positive aeresel animals/ positive c@nfrOi'éniﬁals/
injected total animels injected tetal animals injected

100 . h sng L o _gjé.Nn.h
10 , , 7/10 6/6
1 : - - 1/6

* control and challenged animals weré injected-in%répefiééﬁeéiiém%ith
0.2 nl, of virus suspension,



Tight snimals were sacrificed on the 300th day and three
animals, thought to have.splencmégalyg vers saérifiee@ on
the 328th day. HNecropsy of these animals fevealeﬁ ne

gross signs of leukemia. Impinger samples were 100 per

cent infective; however, the latent pericd was advanced from

12 to 53 days.



DISCUSSION

With a proven test system for studying leukemogenic viruses
in suseceptible animals, one would think it possible to transmit the
murine virus leukemia by the zerosol route. This would apply partic-
ularly, when these viruses are infeetive for numerous muriﬁe hosts and
capable of being transmitted by various reutes of ineeculation. The_
fact that animal to animal transmission has never been reported for the
murin@.leukemia$~ﬁ@uld appear to negate tﬁa peseibility of an asresol
route of transmission for these viruses, However, expeéimen%ati@n te
date concerned with this aspect iz not very wellldccumentedo Having
evaluated the occurrence of ap@ntanebus leukemia, one would expect an
extremely low incidence with an accompanying extended latent period,
It is therefore possible that an incidence of leukemis transmittéd by
animal ﬁ@.amimai é@nta@t'hag passed undetected. The acceptance of
this posgibility suggested further experimentation in accordance with
the @riginal-hypethesiso

In c@mparing.the titers of spray suspension émd.impinger sampies,
it was Ffound that'%hera~was a great loss of infectivity. Some loss
was to be expected, but the amount of loss experienced surpassed all
expectation. The extreme sensitiviity of these viruses t@rthé agyro=
golization process at high relative humidity is not in accordance wiéh
the general stability of these viruges and the reports comcerning other

viruses in the airborne state. Both Friend and Rauscher viruses are

A
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considered relatively stable and in some .respects, Friend virus is con=
sidered resistant. Webb (55) repor%ed_that Hous sarcoma virus is stable
at high relative;hﬂmidity but’extremely sensitive at low relative humid-
ity in the airborne state., Hemmes (214) observed that polio viruses are
stable at high relative humidity aﬁd Senaitive-at lew relative humidity
when subjected to aerogols. Watking (5l4) observed that vesicular
stomatitis virus was siable at high relative humidity. Miller €§7§
reported tﬁat both vellow fever and Rift.valléy fever viruses are staﬁle
at high relative humidity. Thig sénsitivity, or Y'rate of d@cay"; in
agrosel characterization is & highly cri%icallparémeﬁero- The éecay
parameter éonsists of two cgmponents: (1} the rate of physical decay,
and {2} the death rate of the organiémo'

. o ,

Patticle size 1ls another pa:ameter that is closely asscciated

with physical decey. The particle size must be small enough to be
maintained in an airb@rne state. However, virus contained within
extremely small. particles is subject to desicecation within %he'aér@sgl
cloud, thereby affeeting a hieh death rate of the organi&ma A large
partiéle of 12 p is subject %c,gravitationai forces and. randem coales-
cence and may not reach the animals. It must alse be neted that the
optimum particle size for reﬁention.ia the lover vespiratery tract
lies between l=5n. (22) PFarticles larger than 3u have a greater
probabllity of depesition in the upper respiratory tract, nassl
passages, thus seldom reagh the lungs. 7The Collison atemizer utilized
in our experiments produces particles of l-5u in diameter, 2 size range

optimun for deposition in the lungs. Although the particle size
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enmploved in our experimental situation was of such diménsi@ns, thege
particles were subjected to the physical factérs previously mentionsed,
Then though the decay rate was greater than anticipated and obviocusly
affected the c@ncentrati@ﬁ of virus reaching.the~animals; the animals
were subjected to 1 IDSC during the exposure interval. Analysis of the
physical'trager data reveaied that 92.¢ per cent of Friend virus
infectivity and 9B.7 per cent of Rauscher virus infectivity was lost
during the zerogolization. process.. However, it can be seen from
the impinger seample titration and impinger semple injections that active
virus was present and did surﬁive the'éer@sclization ProCess.

Tt was also noted that the hematocrit valuesvobfaineﬁ for three
of the apimals studied suggested that an infective process was in
preogress. This is borne out by the presence of Friend cells found in
the peripheral blood of three of these animals., It has been generally
accepted that the pressnce of Friend cells in the peripvheral blood is
indicative of Frie#d vi?us-inithicn; However, the ratic of numbgr of
Friend cells to degree of infectivity has not been guantitatively
established. Nevertheless, it is believed that 10-26 per cent Friend
cells do constitubte a velid supposition that a Friend virus leukemic
process exists. The criteria for determining the preéence of Friend
virus leukemia, 1.8., spleen weight, hematocrit vaiue, and presence of
Friend cells, were fulfilled by one of the expoged animals., Admittediy,
one of fifty animals is an extremely lbw incidence, However, it is an
incidence that would be expected'when taking into account the sensi-

tivity of the wirus and the function of latency.
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The challenged animals were apparently infected, but no signifi-
cant difference in protection was found. Friend (163} reported that a
classicai antibedy is formed as a vesult of injection: of a formalin-
inactivated virus preparation. This would suggest that an active viral
ﬁrecess would alse produce an antibody that could be detected by the
neutralization test. These results do not necessarily indicate that
vantib@dy wag not present in the animals challenged, but that the anti-
body may have been in an insufficient concentration to be detéctable
by the test emplgﬁed@~ Further studies are needed in order tc‘ﬁns@er

this question uneqmivacally?



SUMMARY

The transmission of Friend and Rauschexr virus leuwkemia by the
asrosol route was not accomplished, uwndeyr the conditions of tenmperature,
relative humidity, exposure interval, and concentwratien of virus
utilized in ﬁhis study. This is also supported by the absence of a
detectable neutralizing-antib@&? in the sera of the animals exposed to
aer@selg containing the viruses. In addition to the parometers
mentioned, the virus titer of the spray suspension and the rate of
decay of the virus aerosol must he consideied in the evaluation of the
ezperimental results.

Only %hree_@f the snimale exposed 1o Friend virus aerosols did
not folleow the observed pabtern., The low hematocrit values and. the
presence of Friend cells in these three animals sugges#s-tha%:virﬁs
survived the aerosol, gained entrance, and initiated an infective process.
However, the infectivity of the wirus was reduced sufficiently to vro-

duece only a sub-clinical form of the disease,
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