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In conducting the research reported here, the investigators
adhered to "Principles of Laboratory Animal Care" as estab-
lished by the i.iational Soclety for Medical Research.

APSTRACT

Monkeys were exposed either to a whole-body or to head-
only nicrobial aerosol of Bacillus anthrecis, Coxiella
burnet{, Tasteurella tularensis, Rickettsia rickettsi, and
the causative agents of Venezuelan equine encephalitis,
yellow fever, Rift Valley fever, and psittacosis. When
they were placed with unexposed control monkeys in venti-
lated cages they caused infection among the control animals.
Infection was caused by the control monkey's inhaling micro-
organisms shed from the fur of the aeroscl-challenged monkey.
A new alr-washing procedure prevented cross transmission,
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. INTRODUCTIOHN

The need for monkeys in medical research is increasing. Primate
centers have been established to provide monkeys for meny purposes, includ-
ing research on cancer, malaris, tuberculosis, and other diseases, When
experimental animals are held for aeveral montha or even for a few years,
there {s always danger of losing these incressingly valuable animals from
nonspecific infection. During ahorg-term experiments with infectious
microorganisms there sometimes is danger of transmission of infection to
normal control animale or to the animal caretuker. In either case, special
caging methods ary desirable. One of these methods {s the uge of the
closed ventilatec cage.}

The time and expense associated with the upe of closed ventilated
monkey cages has caused us to examine theiy use in detail. The first
obje~tive was to determine whether ventilated cages are necessary to
preveat infection of normcl cagemates and implied danger to the animal
caeretaker after aerobiological challenge with highly infectious micro-
orgenisms and whether infection could be prevented by variations in the
post-challenge air-washing techunique. The second objective was to deter-
mine, for the same micrcorganisms, whether fnfection of normal cagemates
would occur when the monkeys were kapt in cpen wire cages after injection
intraperitoneally (IP), subcutanecusly (S5C), intramuscularly (IM), or
intravenouely (IV).

The first of these studies has been reported® in which'monkeyo, whoee
bodies were expoased 0 aerosols of Coccidicides immitie arthrosporee,
infected cagemstes despite various air-washing procedures, but in which
forceful ruffling of the fur by manipulation of en air hose did cleen the
fur to a point where no cagemates were infected. These experiments define
a clear differentiation becween cross infection, in which diseased animals
infect cagemates by urine, feces, saliva, or droplets as in simian pneumonic
plague,a and cross contamination, in which cagemates are infected by
organisms released from the fur or skin before the exposed animals become
111.

The present report extends the work, begun with C. immitis, to other
infectious microorganisms. '

WP SES—
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ITI. MATERYALS AND METHODS

A. METHODS

The tfollowing bacteria, rickettsiae, and viruses were used: Pasteurella
tulerensis. Bacillus anthracis, Rickettseia rickettsi, Coxfella burmeti, and
the causative agents of Veneruelan equine encephalitis (VEE), yellow fever,
Rift Valley fover, and psittacosis.

Monkeys (Macaca mulatta) of both sexes wefghing 1 to 4 kg wer: inoculated
either by the respiratory route or by IP, SC, IM, or IV injection. Monkeys
were tranquilized by IM injection (0.l mg/kg body weight) of Serynl (Parke-
Davis Co., Detroit, Michigan). All respiratory challenge was done in an
aerosol chamber within a gas-tight ventilated cabiunet (Fig. 1) with serosols
created by a Vaponefrin nebulizer (Vaponefrin Co., Metuchen, New Jersey).

The inhaled dose was estimated from data of Jemski and Phillips.* Monkeys
were observed dally and fed Puriuna Monkey Chow and water ad libitum. Daily
rectal temperatures were taken with a thermistor probe (Tri-R Instrument
Co,, Jamaica, New York).

Air-gampling ports were located (1) in the air duct that connected a
first and second cage, and either (ii} {r the exhaust air duct from the
second cage housing a control wonkey, or {iii) {n the exhaust air duct
from the first cage, when a czagemate control was placed only in the cage
housing an aserosol-challeunged monkey. After exposure at various time inter-
vals, 10 cublc feet of air was sampled from each port either by a funneled
gieve sampler couisiniing an agar plate that would suppert growth of the
bacteria, or by an AGI~30 glass impinger.® Appropriate liquid media were
used for rickettsiae and viruses,

1. Experiment 1

Fach tranquilized monkey in turn was put in the aerosol chamber
where it inhaled a calculated dose of microorganisms, during which time
the vhole body wae exposed to the microbial aerosol. Then the monkey was
moved into an actached transfer cabinet (Fig., 2) through which filtered
air flowed at 150 liters per minute. After 15 minutes of this aic-wash,
the monkey was shifted from the transfer cabinet to an attached, closed,
ventilated first cage that conteined an unexpused monkey {c-gemate control).
After the closed space connecting the transtfer cabinet to the cage was
disinfccted this cage with the two monkeys was detached from the transfer
cabinet and transported to the animal rocm. There it was connected by ¢
3-foot-long air duct to a second closed, ventilated cage that housed
another unexposed control monkey (Fig. 3).

ity
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Figure 1.

Figure 2.

Exposing Monkey to Microbial Aerosol.
(18064 -32 -AMC ~65)

A{r-Washing Monkey in Transfer Cabinet,
(18064 -34 -AMC -65)

free e S

¥
5
4
H




Figure 3. Vertilated Cages for Aerosol-Exposed Monkeys.
(18064 -35-AMC-65)

Air passed through these cages at 65 liters per minute. Airflow
was from the room, through a high-efficfency filter’ {into the first cage
housing the aerosol-exposed monkey and his cagemate control, then out of
this cage through & short rubber air duct into and through the second
cage housing the second control monkey, into & manifold that contained

ap ultra-high-efficiency filter, and finally to the exhaust plenum. Ailr
eamples were taken at the z2ir sampling ports at 2, 4, &, cr 8 hours after
challenge. .

Before another monkey was air-washed, the transfer cabinet was
ringsed with a neutralizer specific for the disinfectant. After 5 minutes'’
contact time the cabinet was washed with water,
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2. Experiment 2

This was a duplication of Experiment 1 except that only the head
of each challenged monkey was exposed to the microbial aerosol.

3. Experiment 3

Each monkey was exposed to a microbial aerosol as in Experiment 1,
but then was air-washed for only 10 minutes instead of for 15 minutes.
After the air-wash, a towel moistened with 2% quaternary amionium compound
was moved into the transfer cabinet and the monkey was wipe. with this
towel. The monkeys were housed with cagemate and adjoining cage controls
a8 in Experiments 1 &nd 2.

4. Experiment 4

Each of six monkeys was exposed (whole body) to & microbial aeroscl,
sir-washed, and transferred to a ventilated cage as in Experiment 1. How-
ever, only three cages had a cagemate control. The three cagea houging
an exposed monkey and a cagemate control, and the three cages holding only
an exposed monkey, were transferred to the animal room, where an air duct
wag connected to the manifold. No adjoining cages were used. Forty-eight
hours after the microbial exposure, a non-exposed cagemate control monkey
wag placed in the cages houeing only an exposed monkey,

Air samples ware taken from the eampling port connecting the cage
to the manifold at 2, 4, €, and 8 hours after challenge and then at 4-hour
intervais until several air samples vielded none of the specific micro-
organisme.

5. Experiment 5
This was a duplication of Experiment 4 except that only the head
of each challenged monkey was exposed to the microbial aerosol, and nou-
exposed cagemate control monkeys were placed in cages 24 hours after
challenge.
6. Experiment 6
Experiment 4 was repeated except that the aili-washing time was
25 minutes, and non-expused monkeys were placed with exposed monkeys at
24, 48, 72, and 96 hours after challenge.
7. Experiment 7

Thie was a repetition of Experiment 6 except that only the head
of each challeénged monkey was exposed to the microbial aerosol.
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8. Experiment 8

Each monkey was exposed to a microblal acrosol as in Experiment 1
and then placed in the cransfer cabinet., At that time a removable flexible
line and nozzle was attached to the air intake line within the transfer
cabinet. Air flow was wmaintained at 150 liters per minute of filtered
air, buc was directed through the nozzle at the monkey to ruffle the fur.
The monkey was mani{pulated so that all parts of the body were air-washed
for 10 minutes by this Forceful jet of air. Then the line was removed
and the uaual cepinet air flow was continued for 5 more minutes. These
monke, s were housed with cagemate controls and adjoining controls as
in Zaperiments 1, 2, and 3. Air sanples were taken hourly for 8 hours and
then at 2-hour fiatervals up to 24 hours after challenge.

9. Experiment 9

This replicated Experiment 8 except that only the head of each
challenged mo key was exposed to the microbial aerosol.

10. rFxperiment 10

Tranquiiized monkeys were placed in the gas-tight, ventilaced
cabinet for IP, SC, IM, and IV injections., Three monkeys were injected
by each route. A cotton pledget moistened with disinfectant apprcpriate
for the particular microorganism was used to disinfict each injection site
before and after inoculation and to surround the needle of the hypodermic
syringe, sc &s to prevent centamination by infectioug fluld or accidentel
microbial aerogol. The animals were individually air-washed in the
tranefer cabinet for 15 minutes as in Experiment 1 and then moved to an
animal-carrying container by which they were transported to the aninal
room and placed in open wire cages with an “minoculated cagem:’e control

(Fig. 4).
B. MATERIALS

Different techniques were used to determine clinical infection and
to isolate and identify the spec fic microorganisms tested.

1. P. tularensis

SCHU S4 strain was the test organism. Monkeys received a resplraftory
or injected inoculum of 75 viable organisms. Before inoculation blood was
withdrawn from all monkeys for baseline serum agglutination titers. Monkeys
exposed to microbial aerosols and their contrels were bled &, 8, 10, 13, 13,
and 20 days post-challenge. Injected monkeys and thelr conirols were bled 7,
9, 15, and 22 days after inoculation. A sample of this blnod was heparinized
and inoculated into tubes containing a liquid glucose cystine blood medium,
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and the remaining blocod was used for serologlical examination for agglutinins.
Complete necropsies were performed on animals that died during the experi-
ment, and upon survivors sacrificed at the conclusion of the experiment.
Semples of the heart, lungs, liver, and spleen were triturated im 5 ml of

Difco heart infusion broth (HIB) and suspensions were plated on glucose
cystine ! lcod agar.

2. b. anthracis

V1b strain was the test organism. ¥ .akeyas inhaled 1100 viable
sporesa. For each of the four injection routes one monkey received 25 viable
spores and two monkeys received 2500 viable sporss. Necropsies were per-
formed on monkeys that died during the experiment. Blood from the heart
was plated on 2% blood agar plates, as were esuspensions prepared from
triturated samples of heart, lungs, and spleen.

Pigure 4. Ceges for Perenterslly Inoculated Konkeyc.
(18064 -33-AMC-65)
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3. R. rickettsi

Bitterroot strain was the test organism. Monkeys were bled tefore
incculation and the serum of each animal was assayed quantitatively for CF
antibody.¥ Monkeys exposed to &erosol inhaled 1000 monkey YIPIDy unitr,
Injected animals received 100 monkey IPIDy units. This dose was basea
on assaye performad with eggs and monkeys inoculated with serial dilutious
of R. ricketisl. Interpolation of data produced an estima.e that 0.67
yolk-sac LDy equaled one monkey LDy All monkeys were bied 3, 4, 5, 7,

8, 9, and 11 days &fter challenge. Each of three male guinea pigs
(Hartley strain), weighing 350 to 400 grams, was inoculated IP with 2.5
ml of heparinized blood from escn monkey. Rickettsemia in the monkeys
was determined by lesions and necrosis of scrotal skin of the guinea

pigs. TIwenty-fcur days after inoculation the monkeys were bled for
CF antibody.

4. C. burneti

AD strain was the test organism. Monkeys received a respirétory
or injected inoculum of 200 guinea pig IPIDy units determined by CF anti-
body response of convalescent guinea pigs. All monkeys were bled before
inoculation and 5, 7, 9, 11, 13, and 15 days after inoculation. Heparin-
ized blood from each monkey was diluted 1:2 in HIB and 0.5 ml was injected
IP into each of three guinea pigs. After 24 days the guinea pigs were

exsanguinated intracardially and agglutinins were determined from the sera
by the method of Luoto,®

5. Venezuvelan Equine Encephalitis Virus

Trinidad strain was the test organuism. Monkeys exposed to aercsol
inhaled 2500 mouse ICLDsp units. Injected animals received 1000 mouse
ICLDs untits, Thesc doses were det=rmined by inoculating intracerebrally
(1C) 90.03-ml samples of serial dilutions into mice and calculating the
mouse ICLDs, by the method of Reed and Muench.? All monkeys were bled
before Inoculaticn aud 2, 4, 6, 8, 10, and 12 days after inoculation.
Heparinized blood was diluted 1:2 in HIB and 0.2 ml injected IP and 0.03
ml injected IC into each of five mice. Viremia was established by mouse
mortality. Thirty days after inoculation munkeys were bled and sera
collected. Neutralization tests were performed by preparing serial
tenfold dilutions of virus~-infected mouse brain suspensions that were
mixed with equal parts of undiluted serum from the monkeys, From each
dilution of this serum-virus mixture, 0.05 ml was injected IP into each
of geven mice. The mice were observed for 14 days, at which time the
neutralizetion index was calculated by the Reed-Muench formuls,:®

* CF tests were performed by Dr. Bemnett 1.. Elisberg, Department of

Rickettsial Diseases, Wa ter Reed Army Institure of Kesearch, wasiiiugiou,
ch.
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6. Yellow Fever Virus

Aaibi strain was the test organiswm. Monkeys recefved a respiratory
or injected inoculum of 1000 mouse ICLDg units. Monkeys receiving a
respiratory inoculum and their controls were bled before inoculatfon and
daily on days 3 through 10 after challenge. Inlected monkeys and their
controls were bled before incoulation and daily for 10 days. Virumia
was determined by diluting heparinized blood 1:10 i{n HIB containing 20%
egg yolk and injecting 0.03 ml IC and 0.2 ml IP {into each of five mice,
Monkeys that died during the experiment were necropeied and samples of
the liver were triturated in 5 ml of HIB; 0.03-ml samples of tane resulting
suspension were inoculated IC into each of 10 mice., Thirty daye after
inoculatica the remaining monkeys were bled and sera collected fci neutrali-
zation tests as described for Venezuelan equine encephalitis virus, '

7. RIift Valley Fever Virus

Van Wyck strain was the test organism. Monkeys either inhaled
500 mouse ICLDg units or were injected with 100 mouse ICLDg, units,
Viremia was determined by bleeding the monkeys and their controls
0, 2, 3, 4, 5, 6, 7, and 8 days after injection; 0, 3, &4, 5, 6, 7, 8,
and 9 days after respiratory inoculation), diluting heparinized blood
1:10 in HIB &nd injecting 0.05 ml IC and 0.5 ml IP into each of five
mice. Twenty-one days after inoculation the monkeys were bled and sera

collected. Neutralization tests were performed by the method described
by Easterdny.11

8. Psittacosis

Borg strain was the test organism. Before inoculation, chest
X-ray,* CF antibody, and blood sedimentation rate prccedures were performed.
Monkeys received either a respiratory or an injected inoculum of 5000 mouse
ICLDg units.’® At 6, 7, 8, 9, 10, 12, 13 and 14 days after respiratory
inoculation or at 4, 5, 6, 7, 8, and 10 days after injection all monkeys
were X-rayed and bled. Blood sedimentation rates were recorded, and
viremia was established by diluting blood 1:5 in Soremsor's buffer con-
taining 107 egg yolk and imjecting £.05 ml IC and C.5 ml IF into sach of
five mice. Twenty-eight days after inoculation monkeys were bled for
serum CF antibody response,

* Taker by Sp4 Arthur L. Self and interpreted by Lt. Col. Nelscn R.
Bleml:, U.S. Army Medical Unit, Fort Detrick.
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The vesults of these studies are summarized in Table 1.

A. P. TULARENSIS

When monkeys were given a respiratory inoculum by exposing efther the
whole body or only the head to an aerosol, and then were air-washed for
15 minutes before caging, both they and their cagemate controls contracted
tularemia. The control monkeys in the adjoining air-duct-connected cages
did not become infected. However, when the aerosol-challenged monkeys
were air-washed by rufiling the fur, although they contracted tularemia,
there was no transmission of tuiaremia to their cagemates or tc the
monkeys in the alr-duct-connected cages. In Experiments 1 and 2, air
sampling recovered P. tularensis in the air duct frow the first cage
during the first 2 hours after caging of the aerosol-challenged monkeys,
but did not recover P. tulsrensis in the air duct from the second (afr-
duct~-connected) cage. P. tularensis was not recovered in either cage airv
duct by air sampling after air-ruffling the fur.

Monkeys injected IP, SC, IM, or IV did not transmit the discase to
cagemate control monkeys,

B. B. ANTHRACIS

When monkeys were given a respiratory incculum by exposing either the
whole body or only the head to an aerosol and were air-washed for 25 minutes
immediately before caging with control monkeys, both they and their cage-
mutes contracted anthrax. However, in Experiment 6 anthrax was not con-
tracted by cagemate controls placed with the whole-body exposed monkeys
96 hours after the aerosol challenge, nor in Experiment 7 was anthrax
contracted by cagemate controls placed with the head-bnly-exposed monkeys
72 hours after auvrosol challenge. Infection did occur when the cagemate
control monkeve ware placed with the aerosol-exposed monkevs sooner than
96 and 72 hours after challenge, Air eamples recovered B. anthracis from
the cages housing whole-body~exposed monkeys for as long as 88 hours after
exposure (Experiment 6), and from the cages housing head-only-exposed monkeys
for as long as 64 hours after exposure (Experiment 7). When the acrosol-
challenged monkeys were air-washed by ruffling of the fur, although they
contracted anthrax, there was no transmission to either of the controls,

Air samples recovered B. anthracis from the first cage for 4 hours, and
from the second cage for 2 hours after mcnkeys had received whole-body
aerosol exposure, and only from the first cage for 2 hours after head-only
aerosol axposure.

Monkeys injected IF, SC, IM, or IV did not trarsmit the disease to
cagemate control monkeys.

- S
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C. R. RICKETTSI

Monkeys infected by either whole-body or hzad-only aerosol exposure,
and then air-washed for 15 minutes, transmitted the disease to cagemate
control monkeys. However, no infection occurred in the cagemate controls
if they were placed with the 15-minute sir-washed infected monkeys as late
a8 48 houra after infection by whole-body exposure or 24 hours after iufec~
tion by head-only exposure, Air sampling recovered R. rpickettsi from cages
housing whole-body~-challenged monkeys for as long as 24 hours, and from
cages housing head-only-challenged monkeys for as long 28 16 hours after
aeroso’ exposure.

Ruffling the fur of the aercsol-challenged monkeys prevented transmission
of the disease to control monkeys f{n the firat and second (air-dnct-comnected)
cgges. R. ricketisi was recovered by air sampliing for 2 hours from the first
cage and for only 1 hour from the second cage.

Monkeys Injected IP, SC, IM, or IV did not transmit the discase to
cagemate control monkeys.

D. C. BURNETIL

Monkeys infected by either whole-body or head-only aeroscl exposure, . and
then air-washed for 15 minutes, transmitted the disease to cagemate control
monkeys and to the controls in the air-duct-~connected aecond cage, Air
sawmpiing recovered £, burnmeti from the firat cage housing whole-body-
exposed monkeys and from the second cage for as long as 88 &ud 72 hours
respectively, and from the first cage housing head-only-exposed monkeys
and its associated second csge for as long ae 80 and 56 hours respectively.

Ruffling the fur of the aerosol-chellenged monkeys prevented tranamic=~
slon of the disease to control monkeys in the first and second cages. Airx
sumpling recovered C. burneti only from the first cage for 2 hours after
whole~body exposure and ruffling the fur of the mounkeys; there wae no
recovery after head-only exposure,

Monkeys injected IP, SC, IM, or IV did not transmit the disease to
cagepate control wmonkeys,

E. VENEZUELAR EQUINE ENCEPHALITIS VIKUS

Monkeys i{nfected by whole-body aerosol exposure, aand then aixr-washed
for 15 minutes, transmitted the disease to cagemate contzols and to the
contrels in the air-duct-cornected second cage., When the monkeyer received
a head-only challenge and & 15-minute air-wash, or received a whole-body
chalienge and then & 10-minuts air-ussh followed by a wipe of the entire
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body by a towel moistened with 2% quaternsry ammonium compound, only the
cagemate control became infected; the monkey in the air-duct-connected
second cage did not. As in previous experiments, afr-ruffling the fur
of aeroacl-exponed monkeys prevented transmission of the disease to
cagemates or monkeys ia air-duct-connected cages.

Alr sampling recovered VEE virus at the following hours after aerosol
exposure:

Experiment lst Cage 2nd Cage
1 48 40
2 36 32
3 24 12
8 2 1
9 1 0

Monkeys injected 1P, SC, IM, or IV did not trausmit the disease to
cagemete control morkeys,

F. YELLOW FEVER VIRUS

Mcnkeys infected by either whole-body or head-only aerosol exposure,
and then air-washed for 15 minutes, transmitted the disease to cagemate
control monkeys and to the controls in the air-duct-connected cages. As
in previous experiments, air-ruffiing the fur of the aerosol-exposed
monkeys prevented transmission of the disease to cagemates or monkeys
in air-duct-connected second cages.

Alr sampling recovered yellow fever virus in Experiment 1 from the
first cage for &s lonz &8 32 hours after exposure of the monkeys and
from the second cage for &s long as 24 hours after exposure. In
Experiment 2, the virus was reccvered from the firest cage for as long
as 16 hours and from the second cage for as long as 12 hours after
exposure of the monkeys. In Experiments 8 and 9, yellow fever virus
could not be recovered by air sampling.

Monke @ injected IP, SC, IM, or IV did not transmit the disease to
cagemate control monkeys,

G. RIFI VALLEY FEVER VIRUS

Monkeys infected by either whole-body eor head-only aerosol exposure,
and then air-washad for 15 minutes, transmitted the disease to cagemate
control monkeys. Cagemete controls were rot infected when they were placed
with head-only challengad wmonkeys 24 hours after challenge, nor when they
were nlaced with wvhole~-body challenged monkeve 48 hours after challenge.
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Air sampling recovered Rift Valley tever virus from the cages for as
long &8 8 hours {n both erperiments.

Afr-ruffling the fur of the aerosol-exposed monkeys prevented trans-
misslion of the disease to cagemates or monkeys in air-duct-connected cages.
Alr sampling did not recover Kift Valley fever virus from the cages.

Monkeys injected IP, SC, IM, or IV did not transmit the disease to
cagemale control monkeys.

H. FSITTACOSIS

Monkeys infected by either whole-body or head-only aerosol expoasure,
and ther sir-washed for 15 minutes, transmitted the disease to cagemate
control monkeys &nd to the controls in the air-duct-connected cages.

In Experiment 1, air sempling recovered the microorganism for as long
as 40 hours from the first cage and for 36 hours from the second cage;

in Experiment 2, for 24 hourse from the first cage and for 24 hours from
the second cage,

Alr-tuffling the fur of the aerosol-exposed monkeys prevented trans-
mission of the disease to the control monkeys and resulted Iin recovery
of microorganisms for omly 1 hour from the first cage only.

Monkeys injected IP, SC, IM, or IV did not transmic the disease to
cagewdte control monkeys,

IV. DISCUSSION

Experiments during 1944 and 1945 showed that air~washing animals for
5 or 10 minutes after whole-body acrosol exposure prevented infection of
cagemate control animsls in the cases of Brucells suis with mice and guinea
pigs, Malleomyces pseudomallel with hamsters, meningopneumonitis virus
(in 9 of 10 mice), and in psittacosis (Borg strain) with mice anc P.
tularensis with mice.’® However, later work demonstrated infection of
normal cagemates for th: following combinations: 3. anthracis with guinea
pigs and monkeys;** Brucella suis with gulnes pige; ® C. irmitis with
monkeys;'® C. burneti with guinea pigs;'’ influenza virus with swine'®
and mice;}® Newcastle virus with chickens;?° Pasteurclla pestis with
guinea pige;®! marmots,?? and monkeys;'’ Rift Valley fever virus with
monkeys;?” and Mycobacterium tuber~losis with gulnea pigs.?>
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Alr-washing the monkeys and guinea pigs for 24 minutes after whole-
body expogsure to &n aerceol of B. anthracis spores did not prevent {nfec=
tion of the cagemate controls.! When guinea plgs received whole-body
exposure to & B, suls aerosol and were then air-washed {n & ventilated
cage fcr 1 hour or for 6 days, infection was trunsmitted to cagemates.®
This and other experiences led us to & practice of placing each animal

in a separate ventilated cage, or caging together only those animals
that received the same dosage.

Except after respiratory challenge, parenterally inoculated (ae
differentiated from naturally infected) monkeys seldom transmit infection
to cagemates. A literature survey revealed no instances of this sort,
although it seems probsble that infectifon of cagewates would occur after
inoculation with M. tuberculosis or monkey B virus.

Cross infection might hsve occurred during these experfments if the
cage had bzen constructed so that urine and feces did not drop out of
reach of the monkeys. From other rcports and unpublished work at these
laboratories, it is known that urine and feces of infected moukeys contain
B. anthracis and VEE virus. There are reports of failure to recover the
microorganisms of yellow fever and psittacosis in urine and feces, but
no information was found on this point in regard to monkeys infected
with R. richettsi, C. burneti, or P. tularensis. However, it 1s surprls-
ing how many specfes of parenterally inoculated animals excrete the
orgenisms in their urine and feces without any resultant infection of
normal animals that are held in the same solid-bottomed <age.

It {s & good policy to Gse closed ventilated cages unless experiments
have showm that unimoculated cagemates are not infected by aerosol-challenged
animals, After 7 days in the ventilated cage, {t is usually safe to transfer
the animals to ultraviolet-irradiated cagce or to open cages. In the asbsence
of cagemate infection, caging of animals fnoculated with microorganiems
pathogenic for man is permissible on ultraviolet-irradiated cage racks. These
hdave been shown to be effective in reducing organisms released from within
the cages.®® This reduced but continued precaution is deemed necessary
because, with few exceptione, all iufectious microorganisms that produce
illness in experimental animals are excreted in the urine or feces or

both.?® ¥rom these, secondary aerosols ray arise to infcct the snimal
caretaker.

In the absence of cannibalism, infection of cagemates by
parenterully injected animals kept in solid-bottomed cages so that urine
and feces contaminate food and water 18, in our experience, a clear
warning of damger for the animal caretaker.

21V oawmoaAd

One method of eliwinating the need for ventilated cages i8 ruffling the
fur of all monkeys exposed to an aerosol. Tne animals can be placed in
cages that permit urine and feces to drop out of reach., Ultraviolet=-
irradiation should be used to insure thet secondary zerosols that may

come from excreta will not penetrate the barrier and infect laboratory
personnel.
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. SUMMARY

Monkeyes were inferted by individually exposing the entire body or only
the head to an aerosol of B. anthrucis, psittacosis agent, C. burneti, Rift
Valley fever virus, R. rickettsi, P. tularensis, Venezuelan equine encepha-
1itis virus, or yellow fever v.rus. When each of thdse monkeys was placed
with an uninoculated control wonkey in a ventilated cage comnstructed so
that urine and feces would drop out of reach of the monkeys, the comtrol
monkey became infected as a regult of inhaling the specific microorganisma
shed from the fur of the aerosol challenged monkey. In some instances air
from this cage infected a second control monkey in an adjoining alr-duct-
connected ventilated cage. Air-washing the aerosol-exposed moukey for as
long as 25 minutes or wiping It with a disinfectant-moistened towel, or
& combination of these two methods, Jdild not prevent inf.:tion of the com-
trol cagemates, However, In all instances forceful air-ruifling of the
fur of the aerosol-exposed monkey for 10 minutes by manipulation of an
air jet, fcllowed by a normal S-minute air-wash, did prevent infection
of the coutral cagemates. This finding opens the way for s2liminating the
requirement for veatilated cages, sc that when the fur is ruffled after
serosol exposure, the monkeys can then be kept in open-front ventilatad
cages or equivalert, or ¢n ultraviolet-irradiated cage racks, either of

which would permit substantial savings in time and equipment.

Monkeys injected with the above microorganisms intraperitoneally,
subcutaneously, intramuscularly, or intravenously became infected but
dld nei infect unincculated cagewates when each lujecied woukry was
housed with one control monkey in an open wire mesh cage comstructed ao
that urine and feces dropped out of reach of the monkeys.
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