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TO: Chief of Naval Research
Office of Naval Research
Degartment of the Navy

-Washington 25, D. C.

ATTN: Microbiology Branch, Code 443

SUBJECT: Enclosed semi-annual progress report (1 January 1952
to 31 July 1952). Contract N6-ori-83, Task Order III,
NR:131-067

DATE: 1 August 1952

I herewith transmit the LOBUND Institute ONR semi-annual report
covering the period of 1 January 1952 to 31 July 1952.

There has been no let-up but rather a steady increase in the de-
mands on basic LOBUND Institute facilities from scientists, universities,
industries, and research institutes. As pointed out in an earlier report,
the justification for Navy participation in the LOBUND research program
1s further supported by these demands. While the LOBUND-ONR program
develops steadily toward standardization of the Reyniers techniques, this
program has by no means been completed. We have continued to route the
different government agencies and others exhibiting an interest in the
LOBUND programs through ONR wherever possible.

The university, recognizing the problem, has authorized the archi-
tectural firm of Holabird, Root, and Burgee of Chicago, to make prelimi-
nary sketches of facilities necessary to produce a working plant for the
production of germ-free animals and the use of these animals at LOBUND
Institute by other agencies. All of our experience to date has indicated the
great difficulties in trying to ship germ-free animals alive. Moreover,
from experience it has become evident to us that it is inadvisahle to at-
tempt half-way measures in trying to set up a series of germ-free labora-
tories elsewhere. It, therefore, seems advisable to strengthen this center
and to afford facilities to others until the center is firmly established and
all of the many working details of a large scale operation have been satis-
factorily completed. If this is done, then one or two other installations
could be set up in the future. Germ-free life research, if it is to be used
in experimental work, should be operated from a few centers in much the
same manner as Oak Ridge or Argonne.

There has been a steady increase of scientific and professional
visitors to LOBUND Institute. Many of these are from foreign countries
which indicates the growing importance of the institute and the work in-
ternationally. Visitors from all portions of the United States also con-
stitute a major load. These visitors are, for the most part, serious
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scientists who come to Notre Dume with their problems and the hope
that we can find facilities for them to use the Reyniers techniques.

Since the accideni on 13 November 1951, which wiped out most of
the germ-free colony, we hzve made a steady comeback against great
difficulties and the present colony numbers more than 120 rats. We
have in the interim attempt.d to establish the proper alarms and con-
trols necessary to maintain the production and use of germ-free animals.

We are badly in need of a strictly controlled colony building in
which we can maintain disease-free stocks of mammals and birds. We
have been quite successful in working out this technique by using a con-
verted quonset hut. However, the colony became contaminated after 18
months operation through the entrance of a wild mouse. The quonset hut

after repair has had to be used to house our control experimental animals.

Thus we are without, at present, a disease-free breeding stock. It is evi-
dent, both from the literature and from the many requests we have had,
that there is a great need for a disease-free source of experimental ani-
mals. This is especially indicated not only by scientific laboratories,
wishing to set up their own stock colonies, but by farmers and agricul-
tural centers into which one or another diseases have crept. We take our
mammals by Cesarian section, rear them through weaning germ-free and
then carefully contaminate them with the organisms we desire after which
they are moved into control animal buildings. Experience has shown that
we can operate and keep out of these stocks all pathogens, protozoa, exo-
parasites, etc. Thus it is possible for us to obtain and supply swine,
chickens, and other laboratory animals free from infectious diseases. I
believe, based on our successful experience in this area, that we should
attempt to establish sufficient facilities to maintain needed stocks and
from which we would then be in position to supply any other organizations
with the nucleus for developing a clean colony.

We have completed the preliminary work on plastic diving suits for
use in situations involving highly infectious micircorganisms by other ser-
vices. These models have been delivered to the government agency need-
ing them.

In this period we have held a colloquium on the growth effects of
antibiotics in germ-free chickens. This colloquium was called together
to report the preliminary studies made at LOBUND Institute over the
past two years. Interest in this problem is very great and it was neces-
sary to know whether or not germ-free chickens would respond by in-
creased growth to antibiotics. The answer is that they do not. T'he col-
loquium was very well attended and continues to bring in daily requests
for further information and for elaborating these preliminary studies.
The colloquium again indicated the very good interest of the scientific
body in germ-free techniques and served as an excellent example of the
use of these techniques in a very practical problem.

e = e e =
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Special attention should be directed to the newly activated program
involving germ-free colony apparatus. This is an attempt to simplify the
present apnaratus and to work out many details of sterile entry which
should prove valuable in work other than germ-free life production where
absolute protection of the individual is necessary. We wish to increase
work on this particular project.

The work in biochemistry and nutriti>n has continued :o produce in-
formation of fundamental importance. Emphasis should be placed on the
basic LOBUND program in this field which involves the study of germ-
free animal metabolism. This work has been held to a minimum because
of the great demand for the animals by other agencies leaving us with very
few for our own studies.

The work as reported on total body radiation indicates a pattern of
considerable importance to the radiation sickness studies. We have also
initiated in this period the studies on the physiology of Cesarian-born
laboratory animals. There is a lacunal in the literature both with res-
pect to the nutritional requirements of the suckling young and the physi-
ology of the hand-fed germ-free mammals. This program is in its ini-
tial stages and will continue to be developed.

It has become increasingly necessary to establish routine histo-
logical facilities. We have studied this problem and are initiating a pro-
gram to this end.

One of the interesting developments, with respect to the growth ef-
fect of antibiotic-fed animals, was the morphological changes with res-
pect to organs and systems in the animal. This work opens up the possi-
bilities of studying the direct effect of antibiotics on the animal system
rather than on the microbial systems which ordinarily are found in con-
ventional animals.

The work in virology is beginning to crystallize. Here we are work-
ing in a totally new area inasmuch as nothing is known with respect to the
effects of viruses in germ-free animals. It should be noted with consider-
able interest that we have been successful in isolating a virus from infec-
tious hepatitis sera. E€hould this eventually prove to be the virus of infec-
tious hepatitis, the use of germ-free animals would be more than justified
because up to the present time no experimental animal existed for this
purpose. We would like to continue to press the basic aspects of the vi-
rology program but it is unlikely we will be able to do so with the demands

to turn what few animals we are allotted into more applied virus problems.

The liver necrosis problem with the Army through ONR continues
with the finding to date that germ-free rats do not show liver necrosis as
dc control rats f.ed on the Gyorgy diet.
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The ceollaborative project on the etiology of dental caries with the

University of Chicago (Zoller Memnorial Clinic) is ready for publication.

We are at the moment gathering up a few loose ends before submitting
this work to the scientific press.

The immediate over-all problem before us is to continue to plan
toward expansion of LOBUND facilities and to strengthen the basic re-
search program. The latter problem will mean that we must withdraw
from some of the applied work pressed upon us. This, however, is
more than justified with respect to the future. Unless there is a well
of basic information from which to draw, little is gained.

Respectfully submitted:

James A. Reyniers
Principal Investigator
Director, LOBUND Institute
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I, ADMINISTRATIVE

{Compiled by Robert F, Ervin, Task Administrator
and Assigtant Director, LOBUND Institute)

A. Personnols

As 9f 30 June 1952 48 persons were employed on this Tegk Order.
The salaries of 39 were paid ocut of the contract and 9 were paid by the
University of Notre Dame. The total number employed 31 December 1551 was
44,

Turnover continued high in about 157 of the total jobs. Personnel
in the other 857 have been stabilized. Typing, animal feeding and the diving
job have sufifered the greatest turnover. Steps are being taken to overcome
this problem. As the averesge ege end sxpsrience of this staff has increasad,
job turnover in the 15{ has caused less disruption to the overall research
effort.

B. Physical Plant:

The sir conditioning system in the Germ-Free Life Building has
been partially rebuilt so that its efficiency is much greater. Safety
controls have been and sre being irstalled to prevent sccidents such as
happened in November, 1951 with its disastrous effect on the germ-free znimal
colony.

Steps hava been initisted to install an enlarged histological
technique section in the radiation wing of the Gemm-Free Life Building
Technicons supplied through ONR by NMRI along with new laboratory furniture
suppiied by the University, will soon Le in operaiion,

C. Publications:

Science and Society, a symposium ndited by R. F. Ervin, wes
published In Werch, 1552. I% includes a paper by Admiral) Thorvald A, Sol-
berg, USN (ret.) entitled "Basic Research and the Navy”. Another peper "Germ-

Free Life and Dentel Research" by Dr. J. Roy Blayney presented some of the
collaborastive findings under this Task Order.

A new textbook Bacteria by Themas and Gralnger, published in 1952
by Blekiston carries a large 1llustrated section on the germ-free life
research program at 1L.OBUND Institute.

D, Colloguium:

As stated elsewhere in this report, a colloquium was held at
LOBUND Institute 4 June 1952 on the subjest "Studies on the Growth Effect
of Antibiotics in Germ-Free Animals®. Some 85 registered and attended the
two sessions. The proceedings, pspers and data presemted have been for-
warded in a special report to ONR Washington.

E. Collasborative Programs: Lo

Nc new collaborative programs have been initiated and the technical
progress of the pruograms are rsported in the individual research sections of

.

>
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this report, However, certain other aspects should be mentioned.

Dental caries {Zoller) - Captain James A, Fnglish of ONR
Washington attended & meeting here 8 July 1952 with Dr, Frank Orland cf
Zoiler and our research staff. The present status of this project and of
the forthcoming publication wsre gore over in detail.

Liver nesrosis (Army Medical & Univ. of Pennsylvania) - Dr. Martin
Forbes of Dr. Paul Gyorgy's group is now stationed at LOBUND Institute
and working on this problem.

Amebiasis (NIH) - Mr, Bruce Phillips of NIH will come to tke In-
stitute in July to carry out additional experiments on this project.
II. APPARATUS AND TECHNIQUES
A. Germ-Free Production
(Compiled by B. A, Teah, Chief of
Germ-Free Life Producticn)

1. Apparatus and Techniques

Improvements in apparatus design and technique to better produce
and rear animals germ-£:rss, are listed as follows:

8. A Minnespolis-Honeywell slarm system, governing & high and
low stage for both tampsrature and germ-free air lines, has been in-
stalled and integrated to give a warning signal for any epproaching
danger level in either building being operated.

: b. A complete segregation ¢? mammalian and chicken work was
effected in this period, i.e., 21l chicken work is cerriec out ir the
Biology Building and all msmmelien work in the Germ-Free life Building.

¢. Three new panels for sterilization of cages and claves were
installed. :

d. The majority of valves in use eare now Hilis-McCanna type
diephragm velves, replacing packing stem style., This change affords =
tighter valve and a safer operation.

e. All claves befors loading for sterilization ere now being
sprayed vith a disinfectant as a precautionary messure in routine operation.

f. An inter-communicetion system has besn installed between the
Biology end Germ-Froee Life Buildings thus giving a speedier and more con-
trolled cperation,

g. At present a visible ball fioat regulator is being tried
for eventual use on all germ-free cages. Its purpose would be to con-
tinually show and govern the optimal air flow into the germ-free units.

h. An all neoprene glove for use on the germ-free ceges designed
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and formuleted by Dewey and Almy Co., is now being used on some germe~
free cages., These gloves at this time have given very satisfactory
resutlts. They withgotand sterilization very well, age very slowly
and possess very excellent resileacy., It is believed that with this
glove, replecing the Americen Anode type, ithe number of glove mishaps
end contaminations will be considerably rsduced.

i, A shower stall for quick washing of interior and exterior
of all cages was installed.

Jo The majority of cages ir ths Cazrm-Free Life Building are
equiped with new oil traps ss previously reported,

k. A dual lighting system has been installed in all chicken cages,
so that each group will receive equal lighting.

2. Animel Production

In this six month periocd. the work was handled in the following
equipment: 6 series 50 cages, ¢ series 20 cages, 10 series 100 cages,
Y series 200 cages, « operaling cages, 2 examining units 2nd 1L Xeray
cage, - & totsl of 34 cages; an increase of 6 cages in the past six
months. '

. In the July 2951 to December 1951 rsport, it was stated that the
number of hend-fed rets produced wvas very low. In this period the
number of experiments to rear hand-fed rats has decreased over that reported
time - this belrg mainly due to lack of equipment and perscnnel and also
lssc demand on this source because of the germ-free colony. It must be
stated, however, that with the experiments attempted, we would have reared
at least 207 and added them to our stock colemy but glove breaks caused contami-
nation of all animals we had successfully dbrought up to 20 days of life.

Our stock colony of germ-free animels has increased markedly
from the previous report. At present we have & colony of 120 enimals -
this in spite of the serious loss of most animels in November, 1951.

The chicken work previously reported as routine has successfully
continued and incregpsed due to increase in number of cages allocated to
this work,

in the past six months, turksy work in Cerm-Free Life Production
has prograssed so well that it is now considered as routine s the chicken
vork. .

B. Germ-Free Colony Apparstus
(Compiled by P. C. Trexler, Assistant Director)

The operation of the germ-fiwe colony tenk during the past year
has indicated that thes formaldehyde entry bath is the lsast desirable
feature. This bath complicates the entry procedure and garment design.
In addition, the diver intruduces a considerable emount of formaldehyde
gas with each entry. Preliminery exporiments with flexible vinyl struc-
tures indicete thet a 257 formalin solution sprayed on sterilizes rapidly
end can be readily neutralized and wasked off. Thus it should be
porsible to substitute a formsalin spray for the bath as far as sterility
is concerned. The batin also serves as a tight entry port. A simple
liquid serl door hes been designed which serves 2s an entry port.
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At the pressnt the full size model of the germ-free cclony

tank in the Dioclogy Building is being refitted to test the above design.
Tt iz 76lt that this tank cen be put ints germ-free production.

ITI. BIOCHERMIISTRY AND NUTRITION
(Compiled by T. D. Luckey, Chis? Biochemist)

A. Introduction

During the past six months the Division of Biochemistry and
Nutrition have spent the most energy on the problems of the rat bio-
chemical survey, the chick vitamin survey, the effect of antibiotice on
the growth of germefree chickens and the preparastlion of LOBUND Reports
No. 3. The work presented was prepared by: J. Pieasants, Mrs. ¥, Beaver,
Miss A. Pappas, Mrs. L. MacAllister and Miss L, Takacs.

B, 2iochemistry

l. Germ-Free Ret Survey:

The material for the germ~free rat survey was taken last fall,
This material has besn processed in the laboratory and conventional rats
are being meinteined to the proper age for & control group. Some of this
latter group have already becn sacrificed but the data have not been pro-
cessed. Detzils of this project will be reported lster.

2. Germ-Free Chick Survey:

Part of the detail of results in this project was reported pre-
viously (Semi-Annual Progress Report, July « December 1951). Further process-
ing of the data from hantem chicks reveals some very interesting phenomena
with respect to the growth of the animal. Analysis of the cecal countentis
(#st weight basis) of White WyandottsBantam chicks (Fig. I) indicated the
young germe-free birds hed a much higher riboflavin content than thet found
in conventional birds. This difference disappeared whan the chicks became
4-6 months old.

The amount of iiver tissue functioning for the birds was compared
as mg dry liver per 100 gm body weight. This comparison (Fig. II)} indicates
the germ-fres birds have less functioning liver per unit of body weight than
do the conventional chicks. This effect is merked in the 30 day old group
and appeared to become more noticeable after the age of about 200 deys.

Examinstion of the liver ash on the seme basis (Fig. III) indicates
the germ-free chicks have lower quantity of ash in their liver per unit of
body weight tben do the conventional) chicks. This difference is increassd
with sge since the germefreo chicks have a continuel decrease up to 5 months
and the conventional birds appear to increase the amount of liver ash per
unit body weight after 5 months.

The other factor investigated showed that an interesting pattern
was liver pantothenate. As seen in Fig. IV, the store ¢f liver pantothenate
per 100 gm body weight continually decreasocs as the germ-free birds grow
older while the conventional bantam chicks show no consistent pattern.

[
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Thegse date are given to sxemplify ths differences betwesen gorme-

free and conventional bantam ckicks,
groups are mere aumerous if less dramatic,

The similarities betwean 4he two

Speculation as to the function

of these differences in metabollc pathways is purpossly withheld.

C. HNutrition

1. Chick Survey

The following experiments have been run in & gsurvey ~f the nutritive

requirements of germ-free chickens.

Diet No.
Complete=practical Cu 10

Conclusiors

Need high protein

Complete-synthetic type Ca 20 No iiver, yeast, etc., neoled
Vitemin-A deficient 2 Germ~Free chicks need Vit. )
Vitamin-E deficient 1 Current experiment

Vitemin-K deficient 10 Germ-free chicks need Vit, K
Thiamin deficient 4 Germefree chicks need thismin
Riboflavin deficient 2 Germ=free chicks probsbly need this
Niacin deficisnt 5 Germ-free chicks probally reed this
Folacin deficient 4 Germ-frese chicks need folecin
Biotin deficient 3 Germ-free chicks nsed biotin

14 is of interest thet a previous report stated that no r«wuirement for
Vitamin K could be demonstrated in germ-Iree chicks. It heas recerily been
shown to be required ssveral times and the early failures have not \'sen
satisfactorily esplained.

The general picture of these qualitetive experiments 1s that “here
are no big nutritional differences between germefree end conventional Thite
Wyandotte Bantam chicks.

2. Rat SurVez:

One preliminery experiment should be summarized becesuse it h-u
rether far-reaching implicetions. Two germ-free rats, available for i%e
nutritional survey, were fed diet L-283 (see Table I for composition).
Ono of these died soon after bioiin therspy wes inaugurated. Two conven-
tional rats were used ags controls., All rsts were maintained in metabolisw
cages. The germefroe rats exhibited symptoms which were interpreted as
e severe bictin deficiency. They vere given injections of biotin end
biotin was added to the diet. The biotin excretion increased about 40
times in the feces and about 1000 times in the urine. This was to be
expected since 507 is a high dietary level for biotia.

TABLE I
L-283 RAT Composition
November 21, 1950
CONST ITURNT AMT. /100 g diet
Casein, Labeo 25 gm
Sterch, corn 59 gn

Cellophane =pangles

2 gn
Salts L-II . 6 gn
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TABLE I (Cont'd)

CONSTITUENT AMT, /100 g di~}

Jorn o0il 5
Vitemin A 400 I.U.
Vitamin C 20
Vitamin D

Vitamin E (alphs)
Thiamin

Riboflevin
Pyridoxine
Pyridozamine

ce pantothenate
Nicotinamide
Niscin
p-aminobonzolic eacid
Choline chloride

8
3
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Most unexpectedly in the germ-frse rat, the folic meid concentration
rose about 5 fold (fifty times based on one previcus determinstion) in the
urine and with a 10 fold incresase in fesal concentretion in a period af
4 months, This phenomenon was mich less apparsnt in the conventional rats.
Water intske and urine output tripied in the g&rmefree rats and doubled in
the conventional animels., The effect of these fectors upon daily excretion
of folic acid is seen in Figure V. It should be emphasized that there was no
change in folic acid conmtent of the diet. The figure indicstes emincrease
in folic ecid excretion by the germ~Ires rats upon the sddition of dietery
biotin. This excretion rose to 20 times its original value ineperiod of
four momths.

The possibility of biosynthesis of folic acid in the rat is obviously
implicated. This limited experiment suggests that biotin is required by the
germ=-free rat; that folic acid is not required =~ but is actus 1y synthesized
by the tissues in the presence of biotin (and not in the zbsence of biotin).
Confirmation of these results would certeinly. change our sttitude concerning
the indispensability of certain vitamins ard may slter the basic concept of
vitemina generally.

3,, Rearin§r Rats

We have previously presented our observations on a "seasonal factor”
in the successful rearing of handfed newborn rats. It now appears that this
factor may be better considered as a cyclic factor since it cannct be
correlated with sessons, temperature, light, etc. We sesem to be emerging
from a particularly long "bad® season.

4. Antibjotics in GormeFree Chicks

We have worked for slmost 2 years on this probiem in an attempt to
angwer the simple question, "Will dietary antiblotics produce = growth response
in germ~free birds!". Our rosults wore presented to interested people (in-
vited by personel invitations and through annocuncements in eccepted scientifi
journals) ia a colloquium held at Notrc Dawe on June 4th. Since the
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pregantations have been submittéd to ONR as & specisl report, it is pro-
posed to summerize ths results very briefly st this time. As sesn in
Figure VI, the usual growth response weas obtained at LOBUND using con-
ventional birds feod sutoclavaed diats with and without sterile smtibiotics
iron the same belch as that fed the germefree birds. The results with ihe
conventional chicks gave an average of 47 better growth with 50 mg of
terrsmycin per Xz of foeed and 77 better growth with 50 mg procaine
penicillin per Kg of feed (practical mash with & high protein and vitamin
content). The conventional turkeys grew 7T/ faster when 50 mg procaine
penicillin par Kg fesd was added. In conirast it is noted that no growih
response was scen in germ-free chicks or poults when different sutibiotics
or sulfasuxidine were added to the diet. This resuit implies that the
mechanism of action of the antibiotics in promoting the growth of conventicnal
animals is either through the vehicle of the microflora of the host or
through a system cf the host conditioned in some way by the micrnflore.

Biochemical analyses of germ~free and conventional chicks fed thass
drugs ars presented (Figs. VII, VIII, IX, X, and XI) in a nanner thet
permits comparisons. These date indicate an interesting change in the
metabolism of folic acid, biotin snd vitamin Byjs. The change in liver ash
may have been snticipated from a report in the literaturs on the effect
of feeding sulfa drugs.

D, Collsbsrative Problems

1. Zoller Dental Clinic Collaboration inm the Use of the Germ-Frse Technigus
in the Study of Demtel Caries.

The first phese of this work is completed and is being preparsd for
publication. The results are briefly: 13 hendfed germ-free rats showad no
lesions when fed Diet L-128 (composition given previously); 21l of 16 con-
ventional rats fod the same sutoclaved diet for the same period o time
developed laesiong; when the hendfed germ-free rats were taken to the conven-
tional siockroom at weaning(20-30 deys) and them placed en ths cariogenic
diet for 5 months, 6 of ten had carious lesions, ths othsr four had noze.,
Whon normglly-born germefrse rats (2nd and 3rd generation) wers fod & scuc-
what 3iflersut coniition, these rats egein showed no lezions whils 1Y of
20 conventicnal rets developed lesions.

Preliminary experiments on the second phase have besn reported pre-
viously. Briefly steted, the results sere verieble with about 1/3 of the rals
showing some lesions, Ths current experiment in this phase involving 12
gormefree und 812 conventional rats all fed diet L=128. Four of the 12
gsro-{ree rats ramein germ-free, sight of them were inoculsted with L. acido-
philur 1~f456. Four of these were subsequently taksn to convembicnal caimel
quarters exposal to the usual polyflora, It is hoped thet deta frow this
experimsnt will be availeble for the next report.

2. University of Pennsylvania Medical School:

Colleborstion with Dr, Gyorgy: The susceptibility of germ-free
animals to diet induced hemcrrhagic liver nacrosis.
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Thres srporiments have besn run which indicate the germ-free rat is
more resistant to this syndrome than the conventional rat fed the same
autecleved diet. A fourth sxperimemt is underway which may prove the point
indicated,

E. Apparatus and lethods

1. Msrry-Go-Round Cage

A cage has been designed and built for reering experimemtal
groups of chicks in such a manner ag to minimizs differences in enviromment.
The cage is arranged as three pies stacked on e stand which revolves 1/10
r.p.m. Each ple has slx segments, which ere squal in size, shape, light
and space to each other by virtue of the revolution. Chicks in different
tiers are of course, in diffsrent environmenta, so only six groups on the
game level are strictly comparable. The unit is now being tested to detsrmine
whether this standardization of environment will produce a practical reduction
in varisation between experimental groups of chicks.

2, Germe-Free Turkeys

A noteworthy accomplishment during the past six months has been the
adaptation of the apparatus and msthods for rearing chicks to reariang turkeys.
Suffice it to say no particular problems are lnvolved and we have successfully
used turksys in critical experiments ca the effect of antiblotics on growth.

¥. Future

The next six months may well be emtitled "Germ~Free Rat Survey Pericd”,
Other areas to be rounded out should be the rat milk anslysis program ezud the
entibiotic problem., Problems im progress indicate mot only thoge menticned
herein but thc decontamination of adult animals, the use of carboxide to
sterilize liquid diets, the protein components of germ-free blood serum and
development of the small germ-free jear.

In the more distant future should be the installailon of a micro-
chemistry laboratory and more zctive use of radioisotopic techniquea.




3

IV. BACTERI 0LOGY AND SEROLOGY
(Compiled by Morris Wegner; Chief Bacteriologist)

2. Buacteriologicsl Testing ¢f Germ-Free Cages

This function of the bacteriolegy lsboratory continues ss a
service to various LOBUHD projscts being run ia germ-fres squipment.
The work includes:

1. The systsmatic check on bacterio.‘.ogic sterility (germ-
freeness) of experimental animals being run under gern-free conditions.

2. The systemstic check on animals being run in germ-fres type
equipment to which known strains of bacteria have been acded (e.g., rates
monoconteminated with Lactobacillus #435 for the demtal caries project).
This includes checks on the purity or stability of the purvosely inoou-
lated strain as well as the comtinual search for accidenta! contaminants
which might possibly be imtroduced viz somo essidemtal failurs in the
operation of the equipment.

3. The detormination of the type of contaminstion wilch might
accidentally occur im experiments originally scheduled to be vrun gemm-free.
This pkase is imperient for two main reasons:

a. The type ¢f contemination somsiimes furnishes & ciew to

the portal of entry of the anccidental comtaminant.

b Accidentally contaminated animals can be used in certain
projects (e.g., accidentally contaminated animals have been used in the
X-ray experiments). In such cegses, we attempt to identify the oranism
in order to define ouvr experinmental corditlons more fully,

With respect to the above functions of the laboratory, the smount
of work involved hes necessarily increased with the lncresse in the number
of germ=free cages being run (including the transfer of the gorm-frie
colony spparatus, "Big Tank", from research to production). It was there-
fore necessary to divert considcrable energy to fulfill these functisns
during the expension of facilities and apparatus.

As of Juiy 2, 1952, we have added Mras. Marjories R. Osterhout <o
the staff to assist in the germ-Iree testing service.

B. Bacterie in Feces of Germ-Free Animals

That bacteria or bacteris-like forms can be seen by the ricroscopic
examination of steined fecel presparations mude frem germefree eniwals has
been discussed in previous progress reports to ONR and in LOBUND ieports
No. 2 (1949) p. 99 « 103. These forms csn not be cuiiured by varicus
culture procedures. They are believed to be doad bacterisl cells rhich
are in the diet end tend to asccummlate in the.feces of germu=~fres srimals
23 dead undigosted transiant cells.

Our attemtion has been refocused on this phenomsnon because 1 the
" past six months to ome ysar, the bacterla-like forms seen in the fece. of
adult germ-free rats have changed quentitetively as well as qualltatiuly,




ol8

Quantitatively, mors bacteriz-like forms sre encountered when Gram-
stained smears from feces ere oxemined. These forms represent an incrsase
over what we previously encountered but generally, the numbers are still
less than that seen in the feces of animals from which vieble organisms can
bs cultured,

Qualitatively, the majority of organisme appear mich like spire-
formers end indeed free bacterinl endesnores can be seen in the feces; but,
culturas arec negativae.,

Generally, the mized diet (L-128) fed to these animsls does not show
these spore formers upos microscopic observetion but this may be due to the
difficulty in concentrating microbial forms from the dlst. Similarly,
examinngion of the individusl dietary ingredients has noi revealed any partioular
ingrediert 23 a contributing source of the spores. In this respsct, our methods
of obgervation mey be inadequate to detect the organisms, particulsrly if
they were to come from the oily or large particle constituents of the diet.

With respect to culture procedures on the fteces from the germ-free
rats, we have tried the following, 2ll with negative resulis:

1. 5% blood agar plates st room tempersturs 37%C and 55°C.

2, Seme a3 (1) but under anaerobic conditions.

3, Seme as (1) and (2) but using Brein Heart Infusion Ager without
added blood.

4. Brain Heart Infusion Broth and Fluid Thioglycollate Medium
at the throe aforementioned temperstintes.

5. Incubation of the focal materisl itself to note any increase
in numbers whers the feces tharselves serve 23 the sole
source of nutrisnts.

6. Inoculation of feces onto the chorio-allantoic membrzne or
into the yolk sac of embryonated chicken eggs.

On the basis of the presence of sporss ir the feces, we heve in-
vestigated these forms from the stsndpoint of spore "dormancy™ described
by Fogter and Wynne and others. Hest shock of the spores es recommended
by Mefford and Cambell to overcome dormency hes not been successful,

On. the basis that inhibitory substances mey he prosent in our media
vhich interfere with growth or spore germination, 0.1{ soluble starch
(Olsen and Scott) or 0,17 activated carbon (Pollack) have been added to the
media with no success.

Our present belief, backed by much evidence, is that these forms
are dead transient cells coming in with the food., However, if .they are
viable, but need emvironmental end nutritive conditions as found in The

Toster and Wynne, J. Bact. 55:623 (1948)

Mefford and Cambell, J. Bact. 62:130 (1951)
Olsen and Scott, Nature 157:337 (1946)

Pollack, Brit. J. Exp. Path. 28:295 (1947)

yos
.
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gestro-intestinel tract in order to grow, then & oritical experiment can
be set up to shov transmiseion and establishment of these forms in germe
free animels showing no previous histery of these microscepic forms.

C. Bacteriological Aspects of LOBUWD X-Rey Radistion Studies

Ag in the previous prégress report, there has been no systematic
bacterliological study of the X-rayed razts since, for the most part,
we have boen studying dose-mortality rates and have not wanted to
influence results by performing cardiac punctures on the animals.
A fow tests were run on the heart blcod of animls maintained in germ-
free type equipment but having a limited flora., Resulis are recorded in
the main body of the Xerasy reports in Section V of this report.

Do Isolated Control Animel Goloql:

: The isolated Control Animsl Colony ran from November 6, 1950
to February 6, 1952. The following list of organisms and the date of
thoir detection is shown in the foliowing table.

Organism Date of Detection
1. Micrococcus pyogenes ver, albus Nov. 6, 1950
2, Micrococcus conglomeratus "
3. Baeillus coagulans #
4, Beacillus pumilis "
8, Penicillium spocies ®
6. Micrococcus epidermidis "
9. Bacillus species {terminal spores) "
8. TYaast "
9. Fusiformss B
10. Escherichia coli Nov. 10, 1950
11. Lactobacillus species i
12. Aerobacter asrogenes Nov. 22, 1950
13, Psoudomonas species =
14. Proteus species Dec. 13, 1950
15. Streptococcus fecalis Jan. 31, 1951
16. Streptococcus liquefaciens Feb, 21, 1951
17. Streptococcus salivarius Merch 7, 1951
18. Spirilles July 10, 1951
19. Escherichis intermedium Bept. 26, 1951
0. Paracolobactrum asrogenocides Nov, 28, 1951
21, Alceligenes species Feb. 6, 1952
22. Chilomastix» Feb. 6, 1952

*» These organisms seen in wet mounts prepared from cecsl
contents but not cultured.

The Animal Colony was discontined on February &6, 1952 when the
protozoan flagellate Chilomastix was detected in the colony. Our originsl
objectives had been to muin faln anirals free from protozoans, selmonsllosis,
worm and insect infestations.
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The source of @hilomastix was undoubtedly from e wild mouse
which gnawed its way through a wall into the isclated room. The rats
in the isolated colony were still free from salmonellosis and worm end insect
infestation according to our tests.

F. Sterility Testing of Antibioties

¥ie have previously reported that activated carbon will effectively
inactivate antibioctics so that sensitive organisms can grow out in carbon-
containing media containing ordinarily inhibitory antibiotic levels.

Our next step wss to determine whether various organismz sre
oapable of developing in media containing 1% carbon. We also wished to
check whether growth 4n the cerbon medium could initiate from samell inoculs.
These tvo steps were necessary since we can generally suppose that s
contaminated sample of sntibiotic might contain a varliety of contaminants and
escondly that the contaminants mey only be present in small numbers.

Twenty=three stock strains of bacteria representing 14 genera were
checked for their ability to grow in the basal medium ¢ 11 activetoad carbon.

~ In a1l cases, growth in the presence of 1% activated carbon was
equivalent tc growth in the basal madium without carbon except for the
members of the genus Strertccoccus and Lartebacilluz. In these latter
genera, good growth vae obtsined in the carbon-irse medium bu® 1little or
no growth ocourred in the presence of 1f cerbon. Of those thst could grow
in presence of 1% carbon, growth could be initiated from imocula diluted 10°°,

With regard to the synthesizing power and nutriticnal requirements
of various bacteria, the lactobacilli and streptococci are generally
classified as "requirers” whereas the other genera used arec generally
regerded as "eynthesizera”. Since activated cdrbon is an sbsorbing agent,
it is probebly making essential nutralitee in the medium unavailable to the
"requirer” group, thus interfering with growth.

Attempts to replenish 2 probeble vitamin deficiency in the carbon
medium by addition of Difco Yeast Extract up to 2¢ and = peptons-amino
acid defioliency by addition of Difco Casitone up to 2{ has not resulted in
eny appreciable increase in growth for the streptocoécus-lictobacillus group.

Using Lactobacillus ossei as a test organism, we have checked the level
et which carbon Interferes with growth in C.1% steps from O to 1Z. Serious
interference with growth occurs at the 0,3{ level and higher, whereas 0.1%
carbon 2llows growth equivalent to the basal medium.

Thus, while our origins) goal was to develop the technique on the
more convenient basis of a high (1f) carbon content -~ smsll volume medium,
we shall have to increeee the volume of the test medium so that the final
carbon concentration is lowered to sbout 0.1%. These latter tests are
pending.

F. Dental Caries Project (Collaboration of LOBUND Institute and Zoller Clinic)

The present phase of the dental ceriles préjec‘c is the study of the
role of lactobacilli in the ceries process. The experiment, indexed 39D1-9,
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consists of 12 germefree littermate rats divided into 3 groups of 4
rats each snd hendled in the following manner,

Group A (4 rats)

Maintain germ-frees throughout experiment on a cariogenic diet
(L-128 4 57 dextrose water),

Group AI (4 rats)

Spent first 48 days germ~fres and later contaminated with
Lactobacillus /465. Rats to be msintained on caricgenic diet in the germ-

fres-type apparatus barboring the single type organism throughout the
experimsnt.

Group AIB (4 rats)

Same as Group Al above except that after contamination with
the lactobaciili, the rats were brought out of the germ-free type apparatus
and put in the animal colony in order to ascquire the animal colony flora.

All groups are current and will be sxamined for dental caries
incidence after 150 days on the cariogenic diet.

From the bacteriologic standpoint, we are following qualitatively
and quantitatively the incidence 6f lactobacilll in the oral cavity of the
rats involved in Groups AI end AIB, OGroup A (germ-frse)is not involved.

In Group AIB, we are determining quantitatively and qualitatively,
the oral lactobaclilus count as measured by growth of lactobacilli on
snaerobic Tometo Juice Yeast Fxtract Agar (TJY agar). The lactobacillus
count on TJY agar will be compared to the "total count” of oral bacteria

as measured on & non-selective medium; namely, aercbic and anaerobic 57
horse blood agar plates,

With regard to the Group AI, these rats only harbor a single typs
organism, Lactobacillus #465. Therefore in this group, no qualitative

differentiations sre necessary, the Lactobacillus #465 count representing
ths total count of the oral flora.

At the termination of this study, the bacteriological findings will
bs correletsd to the cariesz incidence.

A gscond objective in this work is to follow the survival or establigh-
mernt of Lactobacillus #465 in the rats in Group FIB after they have been
brought into the animal room environment and thus into competition with other
bagcteris.

The quantitative data is too meager to be reported at this timse.
Qualitatively, we have 4 different lactobacilli involved in the AIB group,
including the #465 strain shich still persists in the orel cavity of the
rats after 26 days in the animal room environment.

. e X




-23=

G, The Bacteriology of the Cecal Contents in Chickens Fed Growth Promoting
Levels of Antibiotic.

This work was done on the conventional starter-battery-housed control
chickens used in conjunction with the germ-free experiments devised to study
"The Effect of Feeding Antibiotics upen the CGrowth Rete of Germ-Free Birds",
The bscteriologic objaciive was to observe any marksd changes in the
bacterial flora shich might be an indication of the mechenism of action
of the antiblotic growth promotants in conventional animsls,

The relative changes in intestinal flora produced by feeding procaine-
penicillin G ere shown in the graph. The bars represent the relative changes
which occurred in treated chicks at four wesks of age, using the untreszted
chick date as & basie of 1.

. The greatest relative change was seen in the streptococci with
approximately a 42 X inersess in thu treated birds., However, in terms of
actual count the streptococci made up less than 0.8{ of the viable total
flora detectable by our culture procedures.

Lectobesilli showed a relative decrease in tho treated group, due
mainly to inability to detect two of four lactobecillus strains recoverable
from the untreatsd group, but not found in treated birds.

Yeasts, micrococci, serobic and aneerobic spore formers and bactervids
were also included in the study but were too few in number {to merit considera-
tion.

Terramycin treated birds gave essentially the same results.

Observetions were also made on wet mounts made from cecal contents
of trested vs non~treated birds in order to obaerve what changes occur in those
fecel forms which can be seen microscopically but which do not lend themselves
to cultivetion by our usuel techniques. The following comments refer to
these noncultivatable fornms.

Fusiform orgenisms which make up a large portion ¢f the visible but
roncultivatable flora were not appreciably affécted by penicillin (P) or
terramycin (T) treatment. Large sarcinae seen in the non-treated and P
treatsd group where completely absent in T treated birds. The reverse was
true of protozca in that Chilomastix was present only in the T group but not
in the P or untreated groups. Lastly, long filamentous chains of organiems
were much more prevalent in the T group slthough they also appeared to a
lesser extent in the othsr groups.

While these visual differences did occur between P and T trsated
birds, ths fact that they both are active growth promotants rules out
these differencesz as being directly responsidie for the growth response.

Cur limited experience agrees with most publications in thia fisld;
namely, that bacteriocloglcal analysis of the fecesms net revealed any
drastic chenges in the fecal flora to account for growth promotion.
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The Effest of Feeding Procaine Penicillin G
on the Cecal Flora of Chickens

=10

?% .
L [
oD dﬁg.
8 o
4130
9 : 1 3
LIS B B

cultured.

¢ Alcaligenes were the most predominant organisms
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H. Serovlogy Laboratory

fctivities in the serology leboratory were greatly curtailed during
the past six months due to lozs in personnel and pressures due to increased
activity in the bacteriology laborstorry,

Migg Helen Budeit left us in March 1952 and we were unable to secure
a replecement for har until July 1, 1952. During the first months of the
yoar, Miss Budeit’'s services were also often required in the bacteriology
laboratory in order to meintain the germ-free testing division during illness
of other {technical personnel,

Our activities in serology were: (1) the further study of ihs

Universal Serologic Rerction, snd (2) the ,-onﬂm...n... of the

SANT A Ve was VAIIWMA VAWVIL Vi uuv s‘ir"’ai
for "naturai” hem.-.""lut_:sira end "neturai” anti-becteriasl antibedies in
the serum of germ-fres and conventional animals, We hope to be sble to
make a detsiled report in the next prcgress report,

V. PHYSIOLOGY AND PATHOLOGY

(Compiled by Dr. H. A. Gordon, Chief Physiologist,
vith the assistance of Wm. Scruggs and Patricia Wolfe.)

During the period covered by the present report, this lsboratory
mades progress along three lines:

A. In respect to the basic germ-free program, it initiated a
study dealing with the physiology of the Czesarian-born baby rat. This
work has been undertakan tc strengthen our knoeledge esbout the sariiest
poriod of extra-uterine 1ife whick, so far, has been investigated only
sporadically, and which plays an important role in some phases of germ-
fres research.

B, Next, this laboratory sccumlated and evaluated data for tha
project concerned with {the amtiblotlc effect in germ-free animais.

C, Finally, it carried on with the irredistion of germ~-frese and
conventional rats in accordence wita LOBUND's ecommitmewis to the AKC.

In addition, the laboratory performed as LOBUND ‘e pathology service
unit. With the sharp incrsase in enimal production, there was 8 concomi-
tant increasze in this activity during the past six montha. The number of
autopsies performed sums up as follows: chickens, 118; rats, 534; turkeys,
60; guinea pigs, 5; rabbits, 7; a %“otal of 724 snimels. This number is
more then three times last semester's total.

The progress made with other older projects, not mentioned in the
introduction, will be described in the final section of this report.

A. Physiology of the Caesarian-Born Baby Rat. Absorption of fat during

- P N Y csnm ol RS Lo awmdmata £ad - Y smd bl a
j'u‘a;o fi:’uv GOWSS U1 A31iS il SNLADGL0 20w LoV GL Gnw mu;x;uz.vu. Ulﬂ"ﬁﬂ.

A preliminary report.

1., Outline of the experiment.

The initietion =nd meintenence of normal sbsorption of food
in Czassrian<bern, hsndfed baby rats, kept on artificial diets is of

se X2t
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cruclial importance in the development of germ-free animal colonies.

The 1ittle urnderstood physiclogical phernomena occurring in the intestine
during the first few hours seem to play sn Imnortant role in the life of
the aniral, Our purpcse, therefore,is to study the absorption of various
nutrients during this period as influsnced by various agents (environ-
mental and physiological, for example) which may affect absorption. The
first food element studied in this series was fat.

2, Materials and Methods
(a) Experiments]l Animals

The infant rats were delivered by Caesarian section from time
pregnancy dams (of cither LOBUND or Sprague-Dasley stock) at term. They
were then cleaned and kept at 20° - 349 C until they were ready to bs
fed. In each experiment the 1litters wers thoroughly pooled so as to rule
out possible litter differences.

The animals were gacrificed by decepitation, allowing the blood
to flow into a centrifuge tube, From three to eight 2nimals wers used
for each run of each aspect being tested. The blood of all animals of
any given group was then pooled at the time of decapitation in order to
cancel out as nearly as possible any individual veriations.

(b) Veriables tested.

Diets. Eightaen or 247 steam-sterilizsd cream (numbers represent
ths percentags of butterfat) prepared according to standard LOBUND formulas
was used. The diets were given in the amount of 0.2 ml/rat.

Pre-treatment. Using the working hypothesis that in the coursse
of natural parturition and immediately afterwards the alimentary canal
of the new-born mammal receives some impetus which iniijates proper
absorption, ws investigated the effect of the following substances by
feeding them to the new-born rat: Tyrode’s solution (in tsxt referred %o
as Tyrode wash), amniotic fluid (/mfetin, Lilly) and the colostrum factor
(reconstituted, homogenized chyle from the stomachs of 1 and 2 days old
normal suckling rats). These substances were given per os. in the smount
of 0,2 ml/rat. - =

Environmental changes. The animals wers exposed to low (5° 1o 10°¢)
end high (35¢ to 410 T) temperatures throughout the period of observation.

Physiologlesl sffects. Tyrode's solution saturated with intestinal
phosphatase (Armour Leboratories) of brvine origin was added to the 247 cream
in a 1:3 proportion. The effect of phosphatzse on fet sbsorption was
studied in untresated and Tyrode-pretreated baby rats.

Pharmacological effeots, Fet~gbsorption was studied in rats which
vere under parasympathetic stimulation (Prostigmin,® 5«gn/rat s.c.) and
depression {Atropine, 1,4g,/rat s.c.). Starved end mothar-fed animals were
addad as controls to the above mentioned groups.

(¢) Methods and Schedule of treatment

All experiments were run in the open conventionsl environment.

“Kindly provided by Dr. ¥. J. Schiffrin snd Mr, Y. J. Strozberg of
Hof fman-LaRoche, Inec.
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One hour after delivery, the rats of each particulsr group were
given the substances memtioned in the parsgraphs “pre-treatamt” or
pharmacological eifects” (when so scheduled; otherwise, the animals
received nothing at this time). Two howrs following this, they received
8 single dose of the diet under test. Cubstances given par os. were
introduced by way of stzmach titbe; suboutaneous injections vers mede under
the skin of the dorsum. Two hours after the feeding, the animals of each group
vere decapitated and bled. Thus, the experiment terminated 5 hours alter
the delivery.

(d) Study of fat absorption

The absorption of fat was studied by the usual ohylomicron (CHC)
analysis of the systemio lipeauia which occurs following the ingestion of
fats. Counts were made in the serum obtained from the mixed arterial -
venous bdlood resulting from the decapitation. This technique was supple-
mented by ths histological study of fat particles in the epithelium of
intestinal villi (results of the latter approach are not included in this

report) .
3. Results.
The preliminary results of this series are given in Teble I.

TABLE X
oml zrons
n ' | min ' mAX
NPT
Starved k. ¢ 1 0 -]
" RPT .
mother suckled ' ] 33 27 4
NPT .
181 cresm 15 22 10 34
" Tyrode wesh ,
181 oream 20 47 17 76
 Tyrode wash
4L cream 18 99 8l 111
Colostrmm facltor _
181 cream 10 17 . (] ) |
on fsctor ] :
187 oreanm 5 14 13 16
[ToTa ) .
181 oreem 18 2 0 6
Heat .
1687 cream 5 a 23 38
NPT
_%hoqhatno £ 181 creams - 14 3 81
yrode wash
_&ghﬁau ¢ 181 cream 15 |12 78 166
o 8,C. ; '
181 crean 10 47 a 42
Prostignln
187 oresm © |18 (1] N
tropine )
187 oream 10 | 54 43 7
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Legend tc Table I on preceding page as follows:

NPI' = no pre~trsatment
Cold, heat g 28 spscilied under "aterisls and Methods”
¥ = number of chylomicron counts made
M o mean number of chylomicrons per standard field of vision
Minemay & minimum « maximm nucher of chylomicrons
observed in standard rield of vision.

4, Comnent and Summeacsy

As it is evident from the results of this sories, the lipemia
following the absorptiorn of fat in beby rects can bs considerably influercea
by a number of environmental, physiological and pharmacologicel factors,

In the fasted new-born baby rat, the chylomicron count wes
practically nil,

The normal count in the dam-suckled animal was around 30/standard
field of vision ia our experiment. 3

It 137 cream is substituted fer dams® milk, the CHC is slightly
reduced. However, if the animels were previcusly fed some Tyrode's
solution (Tyrede wash), the CHC was restored to normal in the group fed 18%
cresm, or even surpassed ihs normel in ihe 247 creem zroup.

The hypothetical "colostrum” and Amniotic fluid" decreased rather
than incresged the CHC when the animals were fed 187 creza.

Cold, as spplied in this experiment, drastically reduced vhile
heat had essentially no effeci on the CHC.

Phosphatase added to the diet substantially increased the CHC.
When this effect was combined with ths previous administraticn of Tyrode,
the CHC wag incrsased nearly four-fold when compared with thst of the normel,
mother-suckled groups.

Prostigmin, & parezsympathominetic drug, often reduced considerably
the CHC; probably through its effect on intestinal motility. Atropine
seemed to ceuse & slight increase in the CHC.

Some conclusions of this experiment may be directiy epplicable to
the problems of handfeeding baby rats.

B. Morphological effects of entibiotic feeding in germ-free and Gonventionel

chickens.
Details ¢f this work have besn reported et the Colloquium held ut
LOBUND Institute on June 4, 1952. All deis presented have been reported
perlior to CNR Washington.

C. A study of total body x-irradiastion in germ-free and conventionsl rataz.

1. An effort to determine thes LD 50/30 days of totel body x-
irradiation in germ-free rats.

[} T
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Methods

During the period covered by this report, 14 male germ-free and 13
conventionsl rats (ms contrels) hevs beem expossd to total bedy x-irradiation.
The germ-free animals were 4th generation germ~free and had been reared {rom
weaning on our sterilized Diet L-128. The conventional animals were rearad
on sterilized Diet L-128 from weaning end were the progsny of parents which
8180 had been rsared on the same diet,

The animals were irradiated in two groups (for particular dates
see Table II) of germ-free rats and their conventional contrcls; in both
cases, however, the conventional animals were irradiated on the ssme day.
Table I1 shows the survival time of 4hese animals vhile Figure I illustrates
these results graphicelly.

The physical factors of the irradistion werse; auu EvP, 15 ma.,
15r/min., TSD 50 em., HVL .25mm. Cu ¢ .4mm Sn ¢ lmm. 23, The rats were
rostrained individually within aluminum annular cylinders of 1 mm. thickness.
The irradiating beam penetrated a 1 mm. Al port cover before it reached the
restraint. The total filter used, therefore, was .25 mm. Cu f .4mm. Sn £
Smom Al

While the number of animals irradiated so far is insufficient to
fix precisely the ID 50/30 days, our deta indicate it to be grester than
600 and less than 800 roentgens for gsrm-free animals and lowver than 600
roentgens for conventional LOBUND strain animals reared on the same diet 2
as that of the axenized animals. It musi be pointed out thst our present
resulte, when compared with the results reported in our last semi-anrusl
progress report* seem to indicate that the LD 50/30 days is variable and is like-
1y to be depandent on seasonal factors which are in operation.

In spite of the apparent seasonal variability of the LD 50/30 days,
our data show that for doses of total bedy x-irradistion which are uniformly
lethel within 30 days (800r and 1000r), germefree rats survive spproximately
twice as long as their conventional controls. While the first germ-free
animals were first generation germ-free and the later ones 4th generation
germ~-fres, we do not feel that the differences in survival ere dus to this
factor inasmuch as the conventional animals show a similar decresse in
gurvival,

Clinical Courses

All the rats, both germ-free and conventicnal, which received 600r
or more and which died within 30 days showed corneal opacities. The degree
of opequeness could not be correlated with irrasdiation dose. During the
first 48 hours following irrsdiation all the animals showed normal behavior
and took food and water which was offered ad libitum.

On about the third post-irradiastion day most of the conventionsal
animels showed anorexis and fecal and urinery incontinence, while in the
germ-free animals these conditions were seen as terminal only. The
conventionel animals which esurvived the acute phase of the syndroms begen

sLOBUND-ONR Semi-Annual Progress Report, Contract Né-ori-83, Task Order
ITII, 1 July 1951 « 31 December 1951.
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TABLE IIX

The Effeot of Total Body X-Irradiatiom om Survival Time of Germ-Free Rats

Germ-Free
Numbsy Date Exposed Dose Survival Days
(Roentgens )

103 L/16/52 1000 10
103 L/16/52 1000 9
817 1/10/ 800 10
818 1/10 800 12
833 L/16 800 1
8zl L/16/52 800 12
835 ;\H@M 2 800 10
836 L/16/52 800 11
617 1/10/52 é00 62+
618 1/10/52 600 17
€33 r\ummm + 600 €2+
&L L/16/52 €00 16
333 L/16/52 300 17
LN r\wo%m 200 62+

Averags Survival Times

1000R = 9.5 Days

moox < HHOW U’%D
€00R = 39,25 Days
300R « 39.5 Days

Couventional Comtrols

Number Date Exposed Dose
{Roentgens)

1035 L/16/52 1000
1036 L/16/52 1000
819 1/10/52 800
820 1/10/52 800
837 :\ummm 800
833 L/16/52 800
mww r\wo\n. 2 800

L/16/52 800
615 1/10/52 600
635 L/16/52 €00
636 r\po\wm 600
235  L/1efse 300
336 L/16/52 30

Average Survival Times

Survival Daya

1000R = 5 Daya
800% - 6 Days

€00R - il Days
300R - 38,5 Days
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300% —

200%

100%—

Figure |
600r
GF
800r 1000r
GF GF
300r
GF
Controls j » Represents survival time
of conventional controls
for all radiation levels

Wher the average surviving time of the conventional control
rats for each radiation-dose group is taken as 100%, the white
bars show the relative surviving time of similarly irradiated
germ-free rats.
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tc improve in these regards at about 6 days post-irradistion., Those
conventional animals which did not survive the 30 day pericd invariably
were moribund from 6 to 24 hours before dying; on the other hand, the
germefree animels usually died relatively abruptly and without showing sigas
of weakness., Occasionally a germ-fres animasl would become sommolent
irmedietely prior to death, but this was the only visible indication that
ths animal was not normel,

Summary of Autopsies

Both groups of animels had certain macroscopic lesions which were
common. Thase included decidwdly brownish-vellow livers, hyperemic
pulmonary changes, and hemorrhagic mesenteries, The lesions were similar
in degree and kind for both groups but it must be emphasizred that the
germ~free rats showed these changes in epproximately twice the time that
the conventional rats showed identical lesions.

2. An effort to determine the effect of total body irradistion
in dicontamineted rats.

Two diconmtaminated, previously germ-free rats and four conventionsl
rats were sxposed to 2000r total body x-irradiation under the ssme physical
conditions as those used with the germefree rats. There was no difference
in the survival time of the dicontaminated and in that of the conventionsl rats.
The contaminants in the cage were micrococcus ursas snd micrococcus (species
as yot unidentified). The bacteriologist’s revort on the results of blood
culture taken from a moribund diconteminated ra%t is submitted below.

Bssteriology Report

Rat #2000 ~ 2 2(151 grams) which had received 2000r
X-ray irradiation was sacrificed by exsanquination (heart punc-
ture{ on February 5, 1952, One ml heart hlood, taken aseptically
in 8 sterile syringe was inoculated into 10 ml fluid thioglycollste
medium and inoubated at 37°C,

The culture was examined 1 day, 3 days, 7 days, 20 days,
end 48 days after inoculation but no evidence of bacterial growth
was detected. '

Six dicontaminated (with two micrococci) rats and six convemtionsl
ratc ware exposed to 800r total body irradiation, the conventional rats being
irradisted 2 days prior to ths exposure of the previously germ-free znimals.
One of the six previously germ-free rats was dend and in complets rigor at
the time it wes removed from the irradiation restraint. The results of this
experiment are summarized in Table III.

3. Summary of the project

Fourteen germ~free and 13 conventional rats were sxposed to toial
body x~irrsdiation in doses ranging from 300r to 10C0r during the sacond
quarter of 1952. While an insufficient number of eniwsls have been used
to pinpoint the LD 50/30 days it appears at this time that for germ-fres
rats, this dose lies between 600r and 300r, being rather clese to 60N
roentgens. Conventionsl rets irradistsd on the 3zems given day as the
germ-free rats sppear to have an LD 50/3C days, considerebly lower than
800r yet greater then 300 roentgens.

— e
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That germ-free animels at & given uniformly lothel dose tend to
live twice as long as conventional animals is confirmed, but ths total
survival time for both categories of animals is one~half that of animals
irradiated during the 3rd and 4th quarters of 1951. One peossible resson
for thig variation in survival time is discussed.

The survival time of previously germ~free dicontaminsted rats,
while longer than that of conventicnal enimals, is not as long as thut
of germefree animals, This difference is teken to be a reflection of the
previously germ~free and present bacterial status of these animrals.
A praeviousiy germ-free existence does not seem to affect the survival
tims of animals exposed to extremely high doses of x-irradiation (2000
roentgens).

D, Other projects

Among the other active projects, connidevable progrsss hag besn
made in the preparstion of 1L.OBUND Reports No. 3, In the tumor »nroject
we have evaluated the lymphoc¥ytic stetus of several conventional,
methylcholeritrsne injected, tumor bearing, and tumor-ncn-bearing chickens.,

VI. VIROLOCY
(Compiled by John ¥, Reback and James A. Reyniers

w3th ths =s5s5istance of Mirlaxn Sacksieder

A. Introduction

In a recent discussien of purification procedures and criteris of
purity with respsct to viruses, Sta.uley and Lzuffers expreas the
following credo:

"It should be emphasized . . . . that as many ‘ests as pos-
sible involving chemical, az well as physical nethods of frac-
tionation should be made, for a single negative result indi-
cates only that the matserial is homogeneous under a given

set of conditions. However, when attempts to fructionate the
material by a variety of methods yield no evidence for the ex-
istence of arn impurity, the burden of proof for the existence
of an impurity can be regerded as resting upon thcse who wish
to postulate its presence.”

A somewhat analogous point of view may be taken as rsgards the
guestion of virus-fresness of the Reyniers germ-free animal. From
previous reports in this series, as from tho present one, it should be
svident that we are following several lines of investigation in the
virus field, some bearirg directly on the basic problem, some less
20, All of our work, however, is conducted with a certzin vigilanecs
towards what the separate results might contribute, directly or
indirectly, in snzwei to the question of the presence or abasence of
viral agents (active, latent, or symbiotic) in these enimals., The
demonstration of the pressnce of a symbiotic, inseparable virus (hiterto
inapparent) in the G!'zmt?uld of course conciude this matter at that point.
However, if in the course of time no positive demonstration aprears to
be forthcoming, then "proof” for the negative will be dependent on such
bits of oblique or circumstantiai svidence 23 may hava been garnercd,
mors or less incidentally, along the ny. For the present, ve may operate
sN.E. - Stanley, W. W, and Lauffer, W.A. "Chemlical and Physical

Procedures™, Ch.2, p. 30, in “Viral and Ricketisial Infecticns of
Man", ed. by T. M. Rivers, 1948. Lippincott, Philedeiphis.
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add-
cn the assumption that the standsrd bacteris-free animal is also
virus-fres, remaining watchful, meanwhile, for any sign that this may
not be so,

B. Current Studios

Our observetions on the action of the virus of Rous sarcoms on GF
chicks have perhaps developed sufficiently to be presented in some detail,
a8 is done in Section C of this report., It is felt, however, that brief
mention should at l1east be made of certain other problems which have also
teken our atiention, in greatsr or lesser measure,during the past six months.
These may be listed as follows:

1. Atteopt et induction of lymphomateosis in GF chlcks with filtra{es
of tumor material.

2. Eyzluetion of the GF chick as a possible host for ths virus of
infectious hepatitis (humsn). Note may be made at this time of the possible
serial pessage through 3 consecutive groups of GF chicks of a filtrable
agent cbtained initially from a pool of acute phase human hepatitis sers.

3. Thers appears to bs no effect on imoculation (IC, IM, IV, and
IP) of the virus of Theiler’s mouse encephalomyelitis inmto GF chicks.
However, t¢ests for survival of the virus are being mmde by titration in
mice of serum, brain, and Intestinal contents from the inoculated GF
chicks.

4, Attempt st X-ray stimuletion (a) of the virus of Rour.. earcoms and
(b) of the filtrable agent from human infectioue hepatitis in GF chicks
(a) after subclinical response to iroculation and (b) after contect exposure.

5. Effect of transmiwsion of serum from X-rey irradiated GF chicks to
standard GF and standard conventional chicks.
L 2
6. Observations for, and cursory sttemptz &t in vitro cultivation
of, vossible parasites (or symbionts) in the RECs of normel OF and conven-
tional chicks and other hosts (the "Rottino RBC parasite”).

7. MAttenpts to induce propagation or survival of animal viruses
in associstion with microbial cells., Vo are giving tims principally to
the viruses of Theiler’s mouse encephalomyelitis, Rous chicken sarcoma,
influenza PR8, and Kikuth's canary poxz, witb limited attention to the
pneumonia virus of mice (PVM) &nd Baker's feline pneumonitis virus.
The microbiel cells being used in conjunction with these agents are
Seccharomyces cerevisiae Carlsbergensis, Rhodotoruls rubrum, a pure (British)
Daker's yeast, Staphylococcus mureus, Lscheriohia coli, Bacillus subtilis,
and T oscma cruzi. Colorimetric snd phH effects of the virus-microbe
ta363§E¥§§5§—§?6"13T1010d, and tests for the viruses are made, after o
gories of transplants, by serolegic methods or by apprepriste iroculation
into mice, chicks, or embryonated eggs. Some indicative results have been
cbteined, and some of the work is being repeated with some rsfinament and
greater emphasis on control.

These investigations are underway. Detailed report will be made in
s2ck inatence &t the appropriate time.
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C., Rous Sarcoma in GF Chicks

Ths remainder of this report is given to our observations on the
effect of Rous sarcoms virus in 1 to 2 momth 0ld GF chickens. Some
deviation from the usual pathogenesis es vussrved in the conventional bird
Is noted to occur with the inoculation of this agent into the GF chick;
probably more notsworthy, howaver, is the similarity in overall response
in the two types of host., We have already reported® the similarity in
Newcastle virus pathogenesis under the two ecological states (GF and
conventionael). At least these two viruses (Rous and MDV) evidently are
capable of eliciting the syndrome and pathology commonly atiributed to
them without the assistance of, or the need of any sort of synergism with,
octher microorganisms.

Materials and methods

The viral sgent used throughout these experiments was obtainsd
originally from the Stine Leboratory of the Dupcnt Company, through the
courtesy of Dr. C, O. Prickett. Six half-grown Rous-infected chickens
wore received by us on Janunry 27, 1951 and 811 of sur work has bssn
done with the agent isoleted from those birds.

Several slightly different methods wers ussd in the preparation of the
required virus ultrafilirates. Conventionally, freshly harvested Rous
tumor tissue was sliced into smell pieces and these were minced with saline,
in a TexBroeck epparatus, to yield a suspension contsining approuximately 30
percent of solids (VAN). The value of further maceration with sand, or of
antolysis, or of a combination of these two procedures, to liberate the
virus elements for purpose of ultrafiltiation, was found to be equivocal,
as determined by the activity of the resultant ultrafiltrates (Table 1).

In some instances, then, the TenBroeck homogenate was further ground in

a mortar togesther with sterils Berkshire send, the $hole thereafter centri-
fuged a short time at low speed in order to sediment the sand. When resort
wes made to autolysis this was done by holding the galine - suspended 30
percent macerate overnight st 4 C.

Filtration of the suspensicn was then made through a coarse (C)
fritted-glass funnel (40 micron pore size). Finslly, filtration of the
C filtrate was made through ultrafine (UF) fritted gless (1 to 2 micron
pors size). In the latter process, the bulk of the C riltrate was held
et 4 C, end sliquots of this were transferred to the UF filter funnel at
appropriate intervals; whilo the ultrafiltrate was held at O C throughout
the filtration period., Thus active filtrates were obtained in 7 of a
total of 9 geparate trials (Table 1). Anslysis of the results fails to
disclose an optimal method, Intremuscular inoculstion of 0.25 ml (end
possibly less) of such filtretes will produce tumor in 30-day chicks,

The ultrafiltre tes were ampuled aseptically, final portions
boeing tested for bacterial sterility in thioglycollate, nutrient, and
Sebourand's broths and in nutrient and Sabourand’s ager media. If not
immediately used, ths genled filtrate was quick-frozen and stored at -20
to =60 C. As need arose, the ampule was cleansd vith sulfuric acid -
dichromate solution, rinsed with distilled water, immersed for a time in
2 percent mercuric chloride solution, and then passed into the GF cage via the
germicide trap.

“N.B. - LOBWND InstItute -ONR Semi-Annuel Report, 31 January, 1952
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Resulte of Experiment #1

Attmapt to establish Rous sarcoma in two 30-day GF White Leghorn
chicks was without success. Ccntamination of the GF cage occurrsd sbout
13 days sfter inoculation of ths chicks. Thesc birds, removed from the
cigs at the time of contamination, fuiled to show tumor, when held under
conventional conditions for a period of nearly 3 months, That this
ultrefiitrate (#I1I) contained active Rous sarcomz elements was demonstrated
by the results in 2 of 3 conventional control chickes, inoculated at the
samo time as the (initially) GF chicks and showing tumor in ebout 2} weeks.
However, the third bird of the control group also showed no sign of "take"
es long as 3 months after inoculation.

Results of Lxperiment #2

0f two ultrafiltrates, one (#IV) was found to be sctive in both
GF and conventional 27-dsy chicks, while the second (#V) proved
ineffectusl for either ecological state (Teble 2). Both tissus homo-
genates, from which thes corresponding filtrates were prepared, wore
active in convemtional birds (Table 2).

The same ultrafiltrate (#IV) induced sxternally detectable tumor
in a GF bird (#172, Teble 2) 3 days earlier then in a conventional birgé
(#F4, Table 2), though the effect on the latter proved more devastating
in terms both of extent of ssrcoma and of survival time., Conventional
chicken #F4 died on the 1Cth day following appearance of tumor. This
bird showed the marked green discoloration of the ventual surface, usually
associated with Rous tumor in such conventional birds. Autopsy disclosed
a typical massive sarcoma in the tissues cf the right breast (area of
inoculation), and gross and microscopic metestases were fourd in the
liver. All other organs and tissue appeared normal.

Eleven days after appearance of tumor in GF bird #172, coriamination
of the GF unit occurred, Still normally active on the i3th day, this
bird, now 2 days contaminated, was taken for sacrifice end comparison with
the conventional control (#F4). Chicken #172 showed a marked but delimited
tumor in the tissues of the right breart (area of inoculation). There was
no discoloration. No metastasis could be found. It was grossly evident
that the turor was in a state of regression during the period just prior
to contamination and sacrifice of the chicken. Houreover, microscopic
examination revealed & high lymphocyte response throughout the srsa of
the tumor, suggesting that the host organism: may heve had the situation
under control st the time of autopsy.

I+ is surmised that the tumor would have dissppsared completely
had the chicken been spered, Though rars, such complete regression has besn
observed in conventional birds in this laboratory (cf. Experiment #3) and
elgevherae.

The green discoloraticn invariably found in the region of the breaci
tumor in conventionel birds, whether inoculated with filtrate or cell hash,
was zbsent in the filtrate-inoculeted GF bird. Bacteria have not thus far
been cultivated from this green fluid (conventional birds). It is suggested
that the material may be a decomposition product of heme strucltures in the

AR

blood.

¢ N.B, -- Personal commnlcation from Dr. C .0. Prickott.
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Rssults of Experiment /3

Two cell-containing coarse (C) filtrates and their corresponding
csiiefres ultrafine (UF) filirates were inoculatsd, the former inio
conventional chicks alone, the letter into beth conventional and GF chicke.
Table 3 is a chronological record of tumor incidence and mortality.

I+ mey be noted that, in general, the C filtrates induced recognizablse
tumor (usually more than merely pslpable) within 2 weeks after inoculation
(conventional chickens), with death resulting in 1 to 2 weeks fcllowing
the initial appesrance of tumor.

A 1:2 incidence was obtained with each of the two ultrafiltrates
in both 33-1ay and 60-day White Leghorn chickens held under otherwise GF
conditions (Tsble 3). Aliquots of ths same ultrafiltrates were active in
conventional birds. A seline homogenste prepared from the induccd
proliferative growth in one of the GF birds (#661) was shown to bo
caprble of causing the typical garcoma in conventional chickens.

0f two 33-day GF birds inoculated intramuscularly with Ultrafiltrats
VI, ons (#651) gave mo response over a period of 73 days. At that time, this
bird, still germ-fres, was exposed to about 420r of X-rays. After another
month this chicken vas sacrificed and examined. No Rous pathology wes found.
The second G chick (#656) began to show palpable growth on.sbout the 16%th
dey. In 2 daws this developed into what appeared, to external examinstion,
to be a fullblown tumor. The chicken diled on the 19th dey. Examinstion
digscleged & tumorcus mass with very considerable cholequation. No similar
effect due to Rous virus inoculsticn has been observed in this laboratory.
The considesrabls liquefaction (to be distinguishad from the usual
hemorrhagic necrotic center) would point to an atypical pathogenesis.
Breast tissue was replaced by a viscoas gelatin-like msterial. Therc weg no
indication of metastasis to the viscera. Though some possible anemia was
noted, the orgens otherwise sppeared rormal.

One month later, Ultrafiltrate VII was introduced into the same
GF unit. A second group of twc 60-day birds was inoculated. Again a 1/2
incidence obtained. Chicken #654 was hold under observation for 77 days with
negative results. Chicken /661, on the other hand, exhibited tumor in ebout
3.-1/2 weeks. Initinlly, under palpation, the tumor seemed atypically soft-
In the ensuing 2 weeks, this developed into & rather typical massive sarcoms
(external inspection). During the first week moderate discoloration was
observad, suggesting the grasn discolorstion usual with Rous tumors in
conventional birds (e¢f. Expesriment #2). By the end of the second week,
howsver, no gresn discoloration was apparent, and the external appearance
of the tumor was that of a pasty yellow-white mass. The bird becams sluggish,
then sedentary, then moriburd. Death, attributable to the tumor, occurred

42 days after inoculation. Germ-free conditions hed been preserved throughout.

Autopsy revealed 2 typical Rous searcome sxtending throughout the entire

right breast. A “welling off"” o histologic delimitation to this region,
however, waz apparent. There was no bone degenerstion or destruction.

The liver was 3ligntly engorged but otherwise normel. Hemorrhagic aress

from mesenteric vessels wera found in the region of the gizzard and elserhere.
The spleen, though somewhat frimble, otherwise appeared normsl. Lungs,
kidneys, gonads, heart, intestines, etc., appeared normal.
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It mey be noted (Tsble 3) that under GF conditicns = sherter
incubation period obtsined, with production of rather marked off tumor
growth showing no free green fluid or tissue discoloration.

Contamination of the GF unit with Becillus subtilis was detected
9¢ days after the first inoculations with Rous virus, and 30 days after
the last tumorebearing bird in this cegs had disd.

(X~-rey sxposurs of a virus-inoculated but resistant bird failed
to induce tumor formation within a 30-day period. Also ore instsnce of
complete regression cculd not be re-activated by irrediation. Nor did
X-ray treatment produce any proliferative responss in a bird previously
inoculated with norwal chicken tissue and maintained in cloge contact with
tumor<besring birds for teo months prior to exposurc. See Table 3.)

Results of Experiment f4

Incidence 0f tumor was noted im 3 of 4 filtrate-inoculeted 28-day
White Leghorn chicks while these wers mainteined under othsrwise GF conditionsg
thereafter, however, fungus and bacterial contaminsticn of the GF unit occurred,
8o that wmortelity, attributabls to tumer growth, in the cese of these
3 birds, wos obsarved ocnly under conteminated conditicns (Teble 4). Chronolog-
ical tsbulatlion iz made of the incidence and developmext of tumor in these
GF birds and in conventioneal controls, in conssquence of the intramuscular
inoculation of beth groups with the same virus-containing ultrafiltrate
# IX). Included ars the results with a homogenate of <he proliferstive
tissue from one of ths "GF" birds (#383), prepared just after the GF unit bacane
contemineted; this homogenate waz shown to be capable of inducing Rous
zarcome in 2 streins of chicks held under conventional conditions. Nete
mey he taken (Table 4) of the two sttempts at Xeray stimulation towards the
end of the sxperiment.

As hes been the practice in this report, only the pathological
findingy with the GF chicks will be detailed:

CF #383 — 28-day germ-free bird inoculzted intramuscularly with 0.5 ml of
Ultrafiltrate IX on April 22nd. Incidence of tumor detectsd 13 days after
Tnoculsticn, though tumor did not develop into an unmistsksbls form until
ebout 3 weoks after inoculation. Incidence of tumcr was characterized by

a definite pinkening and a smell upraised area over the site of inoculation.
L2ter 2 days the pinkish elsvated area measured ca. 0.5 x 1.0 cn. In amther
4 days sn unquestionsble tumor hed developed. There was no discoloration
of the srea. The tumor was ellowed to grow until Mey 28th, at which time
sacrifice of host wes mede. The GF state had been maintained to within e
day or two of sacrifice, at which time a mold contamination occurred.
Examination showed B8 massive sarcomatous growth with no discoloration of
the tissue ard no free green fluid. Five or six separate secondary foci,
yellowish and caseous-like in character, though rather firm, were found

in the tumor tissue of the right breast. There were numerous metastases

to the liver, spleen, gcneds, and the blood vessels of the mesentery.

Tha "potato eyes” effect on the spleen was especially striking. Lungs end
intestines wore normal; there was no metastesis to the left breast.
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GF #3082 ~ OF bird inoculated intramuscularly with 0.5 ml of Ultra-
rete IX, at 28 days of age, Incipient tumor detected 23 days after
Tnoculation. Area continued to enlarge to s marked growth during the
ensuing 8 days. There was nc discolcration. In the following deys
the tumor mess became pronounced but appeared to be circumscribed. The
bird was alioved to go to death (June 14th) 53 days after inoculation,
30 days after the first signs of tumor incideace, A rather firm tumor
vas found, ca. 6 to 7 cm. in diametier with one caseous focus only at
the site of Inoculaticn. Some necrosis (not marked) with hemorrhage was
found in the center of the sarcomatous mass, Spleen reterded. Gall
bladdsr engorged. Bilious stccls and considersble bile throughout the
intestinal tract, but asspecially noticeable in the rectum. Possibly
some involvement of the right kidney. Lungs, heert, liver, gizzard,
gonads, left kidney not involved and normal in appsarance. Sternum
deformed, and tumor growth found progressing to a slight externt around
the point of the keel bone to the left breast tissues. Tumor incidencs
occurred under GF conditions, but fungus and bacterial contaminetion
developed about 2-1/2 weeks prior to death of this bird from tumor.

GF #390 «= OF bird inoculated imirsmuscularly =% 28 days with 0.5 ml of
Ultraflltrate IX, Tumor incidence wes dstected about 17 days after
Inoculation. The incipient tumor in this case was characterized by en
area of hardening at the site of inoculation. The small incdurated

ares was palpasble for a psriod of 3-1/2 weoks before more definite

signs of tumor appeared. About 44 days sfter inocuiation a hard

atypical delimited tumor growth became apparent. The growth developed
somewhat during the ensuing 2 weeks, but remsined circumscribed. The
transition from the incipient to the "atypical” sarcometous stage occurred
only after ths GF unit has become conteminatsd with a mold. The chicken
vas sacrificed on June 18th, 57 days after inoculation. This was perhaps
the “"cleanest looking"™ Roue-imoculated bird thus far posted by us. Ail
tissues were firm, cleap, nermal. The tumor in the right breast was found
to be an intagrated balil of firm tissue, ca. 3 cm. in diameter, excopt for
s small (ca. 0.5 om) necrotic-hemorrhagic ares in the upper central part
of the tumor. The tumor "ball"” seemed actually to “pull away” from the
remainder of the muscle-connsotive tissue in the right breast region.
There was no grez2n discoloration. Yellowish tissue was noted in certain
centrally situated sections of the tumor. The general appearsncs of the
breast tumor, as dlssected vut from under the skin, wvas reminiscent of an
unleidd hen's agg; section of this, however, disclosed the firm sarcomatous
tissue elready described, Liver, lungs, heart, spleen, gonads, kidneys,
intestines, gizzard, etc., appeared normel. The left breast tissue was not
affected. No sign of metastesis from the right breast was observad.

GF #381 — GF chick inoculuted intramuscularly with 0.5 ml of Ultrafiltrate
YX cn April 22 et 28 days of egs. Contamination of the GF unit with e mold
‘was detected on May 28 snd with a coccus on June 14th. No externnsl signs
of tumor have become manifest in the 12 weeks since this chicken was inocu-
leted. On June 18th, en attempi et stimulation of the virus wag made by
exposure of the host to 300r of X-rays. No effect whatsoever has been
obgerved in the 4 weeks since irradistion.

GF #384 = Uninoculated GF chick maintained in close contact with kous-
Tnocuisted birds, from 25 days of ege. No contact transmission chservad
during 12-wack perlod, despite close asscciation with tumor-bearing birds.
Bird exposed to 300r of X-rays on June 18th. Noc effects after 4 wesks.

= PN




Discussion:

It is clear from thess experimemts that uitrafiltrates of Rous
tumor tilssus will induce the sarcoms in GF chicks. Close comparison at
this time of the effects of thia virus under the two ecological stiates
(G¥ and conventionsl) is meds difficult (1) becauss of the limited
number of obssrvations to dete under strictly GF conditions, end (2)
bDecause even under conventional (nstural) conditions the virus of Rous sar-
coma appears to manifest a rather varisble pathogenesis.

However, a few statements, subject of course to possible future
revision, wsy be made. The pathogenesis of Rous virus in conventional
chickens and in the limited number of GF chickens thus far studied would
seem to differ in the f5llowing points.

Effect of Rous ultrafiltrate Effect of Rous ultrafiltrate

inoculated intramuscularly inoculated intramuscularly

into conventional ohickens into GF chickens

1. Average incubation period 1. Average incubation period
of 3 to 4 weeks. of 2 to 3 weeks.

2. Discoloration of tumor area 2. No discoloraticn of tumor
due to dark green fluid. tissue.

3. Progressivs tumor growth 3. "Walling off" or delimitatioxn
without sharp boundaries of tumor growth

4. Usually marked hemorrhagic 4. Limited necrotic hemorrhagic
necrosis in center of tumor oenter, if present at sll.
mass.

The GF pattern here presented is besed on observation of chickens
#172 (Experiment #2) #656 and 661 (Fxperiment #3), end £382, 383, and 390
(Experiment #4), 211 of which devsloped tumor under otherwise GF conditions;
hovever,in Experiments #2 and 4, the GF units became contaminated prior
to the time of death or sacrifice of the tumor-bsaring birds.

It seems that s sherter incubation period, compared to thet observed
under convemtlonal conditions, wmay be associzted with the otherwise GF
state of the host. Otherwise, no great differemnce in susceptibility of
CF as compared with conventional chickens has bess sbserved., Ultrafiliratss
active in one ecological state have been found, with one exception (#III,
Exp. #1) also to be active in the other. '

Under conventional conditions, e thick dark green fluid is usually
found vontral to the breast tumor, in the boundary between the epidermsl
and muscle laysrs. In later stages, portions of the pruiiferative tissus
itself may show discoloration. The source of the fres green fluid has
not been definitely determined. Howsver, extensive cemiral necrosis
with hemorrhage usually occurs in the bresast tumors of the filtrate-
inoculated conventional control chicks; whereas such necrotic centers
either do not eappear or are not as marked in the tumors of the virus-
inoculeted otherwise GF birds. This may explain the absence of the green
discoloration (heme compounds?) in the sarcomatous tissue of the latter.
It h=a= not been possible to cultivate bacteria from the green fluid.
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Again because of the few cbwervations mede go far where the GF
state was preserved from inoculati>n of virus tc dsath of host, it is
not possible to mmke any statement, desirable as it might be, as
regards compareble life duration under the two ecological states
(GF and conventional), following incidence of tumor. Certain cther
factors also sargue sgalnst any intarpretstion of the data ln tems of
differences in 1ife duration of tumorebearing birds under GF as compared
with conventional conditions: (1) moribund birde often were sacrificed
for purposes of psthologicel examination, end it is not possible to say
how mich longer & "moribund” btird might have lived; (2) preciss date
of onnet of tumor was sometimes difficult to determine; (3) filtrate
dosages administered were not always strictly equivalent.

Other tian in the differences suggested in the preceding

parographs, it would appear {though this observatior may prove prematurs)
that pathogenszis umder GF conditinne, due to Rous virus, persliele the
picture found in the inoculated conventionel birds. This would seem to
hold as regards duration and extent of tumor growth at the siteof
inoculsiion, degree and variability of metastasis, rate of tumor
incidence/filtrate incculations made, possibllity of regression of tumor,
inevitabl e mortelity attributable to ths proliferation, and so on.
However, the possible differencss thus far observed may be important
snough to merit further study.

D. Sumg

Description is given of our experiments with the virus of Rous
sarcoma in GF chicks. A provisional discussion is offsred covering soms
of the similarities and differences in Rous virus vathogenesis under the
two ecological siates (GF and convsntional). The similarity in
pathogenesis in the two types of host would appesr more noteworthy than the
total of the observed differsnces. However, strietly on the basis of the
limited number of observations here reportad, attention should perhaps be
drawn to the following possible "deviations” noted with the GF birds:

(1) a shorter incubsticn period before incidence of ‘tumor (as detected
by pelpation and extersnal inspection); (2) the absence of free blus-green
£luid and tissue discoloration in the breest tumor; (3) a lesser
hemorrhegic necrosis in the bresst tumor tissues; end (4) the more
definite histologiz boundary of the tumor mess.
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VII. SUMMARY
I. Adeinistrativs Section

Tha nresent personnsl status and changes in physical plent
are reported, Also raported are publications; a colloquium on
antibiotics; and the collaborative programs.

I1. Apperastus and Techniques Section

&, A report is submittzd of the refincments in germ-free
apparatus and methods. Also included is a swwary of gsrm-free
animsl production during the past six months.

B, A veport is given of preliminary steps being tested to change
the method of antry for the diver in connection vith the germ-free
colony spparatus.

III. Bijochemistry and Nutrition Section

The survey problems represent our biggest efiort. In blochemistiry
the chicken survey is over the first hurdle - gross wnalysis -« and is

getting set for a more specialized type of work; the survey of the gem=frse rat

ie in full swing. The nutrition survey of the germ-free chicken indicatss
fow, if any, qualitative differences between the germ-iree and gonventional
chicks, while the nutrition of the gorm-free rat is a problem of the future.

Antibiotics were found to exhibit no positive sifcct action on the
grovth rate of germ-free chicks ard turkey poults.

The dontal caries project is into the second phase (that of in-
oculated rzis) while the results of the first phsse (ghoving caiies do not
occur in gsrm-free rats) sre being written up.

Although germ-free rats (6) were found to bave no livsr necrosis
in those experiments when most of the control conventional rais hsd died
with the disease, this experiment is to be repeated to give a2 mors .
conciusive answor.

The "LOBUND Merry-Go-Round™ now revolves with a purpose - to test
the effect of environment on varietion in experimentel work with chicks.

Gsrm-frss turkeys wers rearsd successfully,

IV. Bacteriology and Serology Ssction

The work ir ths bacteriological tssting of germ-fres apparatus
has increaszed as more equipment for germ-free sxpsrimentation has becoms
available. It hat thus been necessary to divert considerable emergy tc thic
phage. A new helper wag hired Zuly 2, 1952 to assist in this work.

Spore~forming organisms sesn in the feces of germ=fres rats are
discussed. Thege organiams have not been cultiveted by routine culture
technique, embryonated egg technigus or by speclal procedurer used for
overcoming "dormancy" of endospores.
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A 1ist of 22 organisms found to be prasent in the isolated
contrel rat colony is given. The 1ist covers the period of speration
from November 6, 195C io Februsry 6, 1952. On February 6, the cclony
was still spparently sclmonella, worm andé insect free but had acquired a
protozoan, Chilomasiix, from a wild mouse which had geined entrance to
the arimal Toom. =

Twenty-thras stock strzins rspresenting 14 bacterizl genera were
checked for their abiiity to prow in lcboratory media to which 1%
activated carbon wes added as an sbsorbant. Such media has been proposed
for sterility testing of antibiotics for whick no inactivators are known.
Poor growth nf streptococci and lactobacilli in 17 carbon medium
necessitates reduction in carbon concentration, probably te the 0.1% level,

Qualitative and quantitztive studies esre being conducted on ihe
incidence of lactobacilli in the orsl ocavity of rats maintainsd mono-
contaminated vs animels maintained in s conventional laberztory animal
room environment. Thase studies wiil lster be corrslated to caries
incidencs in tbe various groups or individuals within the group.

The bacteriologic changss oscurring in the cecal contents of
chickens fed growth-promoting lavels of antibiotics are reported.
Although some changes were noted, none were considered responsible for
the growth promotion effect.

V. Physiology and Pathology Section

A. 1In an effort to study ths physiclogy of food absorption in
Caesarian born rats, we have examiried the absorption ¢f fat in such rats
during the first 5 hours of 1ife. ¥We¢ found that the lipemie which
follows the ingestion of fat cam be greetly influencsd by well defined
environmental, diotary, physiological, end pharmacclogical sgents.

B. Refersnce is made to the work of this laboretory on the growth
ef fect of antlibiotics in germ-?ree chicks. The data obtained was presented
at a colloquium held 4 June 1952 at Notre Dame. The detailed proceedings
of this colloquium have slready besn reported to ONR Washington.

C. It appesrs that the LD 50/30 days of total body x-irradistion
lies between 600r and 80Cr for germ-frse rats. Comparable conventional
rats irradiated on the eame day appear to have an LD 50/30 days considerably
lower than 500r, yet greater then 300r. Germefree animale at a given
uniformly lethal dose tend to live twice as long es the conventional
controls,

VI. Virology Section

A. A new "working hypothesis" is suggested as regards the
problse of the virus-freeness of the Reyniers yerm-fres animal .

B. A briefly elaborated listing is made of problems currently
under study by the Virus Laboratory.

C. Observations on the =ffect of the virus of Rous sarcoma
in GF chicks are presented. The similarity in histologlc response
0f the GF as compared with the conventlonel host 12 the more notaycribh
feature; however, some cbsarved differences &rs reported.
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