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Subj: Fropozal flor research prolect; submission of

Enel: (1) Research mroposal - "The Relationship Between Radiation Damage
and the Imnune Statem

l. A proposal for conduct of research on "The Relationship Between Radi-
ation Damege and the Immume State" jointly by the Naval Radinlogieal
Dafenss lavoratory {(NRDL) at thin Shipyard and the Naval Blological
Laboratory {iIBL} at ithe Dgkland ilaval 3upply Depot iz forwarded here-
with as snclosure (1),

2. Imtiial studles relating to the mroposed program have teen under way
for approximately one yeor as a [oint anleavor conducted by personnel of
NRDL under the auspices of the Birean of Nedicine and Surgery, and by
personnel of ONR Task 5 and MAMRU #1 opersting under MR projects 13

ard 134000 at the Uniersity of Californiz 3t Berkeley. These initigl
studles have indicated the extent and magnitude of the rrohlems inwlved
in altered lost resistence following exposure to iomizing rediation.
Preliminary ztudfes have shown that transeission aof disease 13 greaily
agoeleraiad In an Irradisted populstion, and heve indicated that present
Publie Fealth Heasursg may mot only Ye imedequate but msy be harmful
under such condiitions. The alucldation of these findinga is considered
to be of the utmest Importance ir comnection with rediological defense.

3. The sortion of the weogram under prime sognizance of the Naval Radio-
logical Defenss lakoratery 1s at present implesmented chiefly by Naval
personnel. 4 continuation of the orogram during the Fiscal Year 1951 at
a zomewhat increased level 13 inclested as Jeairabla from the Tesuits

of initlal investigations, The cdetalled outline of that portion of the
Joint croject Srepossd Tor accomplishment at NRDL iz set forth In
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enclosurs {1). It is understood that e details of the complementery
portion of the joint investigations propossd for sccompliszhment Yw pere
gonnel of the Naval Blological Lahor:tory are alrosdy in the hands of
the Offlce of Havel Resecreh.
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I. General Statement.

This protocol represents a p»rogcsal for a collaborative
regearch project in the fields of Radlolbiolory, Zacteriology,
and Immunology. 1t 1s to De pursued jointly by personnel of
the Naval Hadiological Defense Laboratory (KRDL) at the San
“rancisco Iaval Shipvard and by versonnel of the laval Bio-
logical Laboratory (uw3L) at the Cakland Haval Supply Depot,
the latter under the Office of Naval Research Conftract with
the Department of Bacterlology, University of Californlsa,
Zerkeley. For reasons of completeness and clarity the oversall
srogram is presented in this provcsal, and those portlions or
the croject to ve carried out primarily by the waval Radlo-
lczical Defense Laboratory are pointed out under ssction V de-
low. The cost appraisal given herein includes only the expenses
for that portion of the program undertaken by the saval Radio-
logical Defense Laboratory. The cost of the program to the
vaval 3iloclogical Laboratory will be given in a parallel progosal
submitted bv that Laboratory.

The major phases of the propesed investigation can bte ropre-
sented brleflv as follows:

1. The reaction of the irradiated nrost to vaccines; =mecha-
nisms Involved. These studles are to Involve serolo-
gical, patnological, and hematologlcal techniques as
required.,

2. The reaction of thes irradiaztcd host to vacclines;
ponse with differcsnt hosts and vaccinss; variation of
resvonse witn changes in host and vaccine.

rczs-

3. The effc
guantita

of irradlation on antizody production,
5 S

4, Application of irrsdiation to studles In =xparimental
cpldemology.

ha 3

erapcutic  agents as
¢ above studies,

»

Fal

E. The evaluation of promizing t
applicaiblc in the coursc of ©

II. Backsround.

Tre importance of alterced resistance to Infection in the
irradizsted host was ¢mphaslzed followlng the atomic bomb ex-
plosions 2t Hiroshima und sagasakl, whitn 1t became zpparent
that infection nlayed a2 significant role in deaths among casu-
altics resulting from ionizing radiation (1). The terminal
event in many of tre victlms was an overwnelming infection,
¢ven in cases when bong maerrow function apparcntly was return-
ing to normal.




-The interference of radiation with leucocyte production
1s well known, and an alteration of the activity of thé fixed
and wandering reticulo-endothelial cells has been renortéd (2,
3, 4). Supression of the Shwartzman phenomenon following ip=-
radiation has also been reported (5), Indicating perhaps an
alteration in local immune processes.

Several investigators have concluded that while whole beody
irrediction delivered prior to antigen administration signifi-
cantly inhibits antibody production, irradiation after antigen
administretion vroduces little effect (G, 7, 9). Recent data
of B.I. Kohn (8) indicate further tkhat the irradiation - anti-
zen administrztion tiwe relationships are of great importance.
3y detcermining serially in the rat the antivocdy tlter at a num-
ber of times following antigen adninistration, he obtzined marked
chnangcs 1n the pattern of antibody responsc cven when lrradiation
followed antigen administration.

Since it is generzlly held by radioovlologlsts that infsetion
nlays a »aramount rolk in producin; morbidity and martality
following sXposure to ionizing radiation, it is of utmost inm-
sortance that tlic frazmentary data bearing on the problam be
cxtended, and that mockanisms of the change to ilnvectigated.

28 an Initial step 1t 1s neceseory to estadlish quanti-
tutively the dcgres to which irradiztion alters the reslstance
to infection, cnd the time relationeshnips pertuining between the
two factors. *his should be sugmented by irvestigations into
pocaibl: mechanlisms responsible for alfored susecptlbility to
infection. SBtudics on the :¢ffect of lrrcdiation on actively
zrd passively induced immunity rcegulrs irvestigation, with the
cnd in vicw of deotormining the officacy of ostablished zro-
‘phylactie oractices in public health if irrcdiation boccomss 2
fzetor. an evaluation of the extent to which trensmission of
disease 1= 2ltercd in the irrediatcd populetlion is of greot
importance.

Lii, hagnlfe of “xporimentstion fo Yate,

Yurins the post vear investizotions on = linmitcd =zeale
mave been undortalion oy 2erzonncl of the Mavel Radlologienl
Scfenes Luboratory (providcd by ths 3Surcau of [.:dicine and
Surgery), and by pcrsonncl of the iaiRU #1 ~nd OLR Tacgk 5
(provided under projccts ®R 134096 znd KR 134004, contracts
Y& onr 111, Taoskx Order V, znd contract II7 onr 29527, both
with the Department of Bactirlology, the University of Calif-
ornia at Bcrk;lcy). Acsults to datc have beon preoscntcd both
in progross repar ts of the Haval Radiological Defense Labora-
tory &nd in the 3tatus Reports of the SBerkecley CGroup, z2nd may
vz summ rizcd as follows:

2. Homogeneous x-irrodistlon of miez wes obtilined b
the following method: Scvoh-to-nlnc-week-old Hamru
struain mice were cxposcd in lusterold centrifuge
concs fasteincd to the surfzce of 2 board waich
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rotated an appropriate distance from z radiation source
in order to eliminete non-homegenctles in the radlation
fizld. Two studies on irradisztion mortality ylelded
LD50 valuus of approximztely 665 r and 580 r. Male and
female animals showed similar LD5O values. Using these
rcsults, a value of 350 r whole body radiation was se-
lected and found to be sublethal for 4-5 and 7-9-wcek-
old-mice, regordless of sex. In all cases normal ‘2ni-
mals, chosen et random from 2 common pool, were sub-
Jected to identical proccdures except actual cxposure
to irradiation.

Irradiated mice, when cxposed to air-borne strepto-
cocel, were found to be about three times more sus-
ceptible to infection than the normzl controls. This
effcet wos observed st intervals from 3 to 30 days
after x-lrradiation but was no longer present 50 days
after cxposurc. A limited number of trials indiczate
thet incrcased -scnsitivity is also o function of x-ray
dose. The dose rotc dependence and cnergy dependence
of the phcnomenon huve not as yet been investigated.

Since rcsults unéer (b) above depend upon calculations
involving respirntory capuaclity, this factor was svalu-

ated in normal and irradiated micc with ths aid of F
tagged bacterlza given via the respiratory routc.

Ho differsnce could be noted; in addition, rclztive per
cent distribution of P92 was independent of the duration
of the post-irradiction period.

.. Bxperimerits dealing with ¢ aultaneous expoéure of normal

and irradiated mice to air-borne P, pestis and M, tu-
berculecsis ars eurrently under way.

Ag the Initial step in applying the above data to studies
on immune animals, a living avirulent antigenic strain
of P. nestls was administered subcutaneously according
to a standard oJrocedure for immunization to groups of
100 sublethally x-irradiated mice 6 days after their
exposure. Ninety-one irracdiated mice (as opposed to
17 normals) succumbed, apm rently as a result of the
vaceclination.

In three subsequent trials, this observation has been
confirmed with two different living avirulent strains,
with a heat treated straln whose viability was marked-
ly reduced, and with a Seitz filtrate of a 1living
avirulent strain, but apparently not with one of the
above living strains administzred under somewhat differ-
ent conditions 35 days following irradlation. ZExperi-
ments to conflrm and extend these observations are

under wav. wothlng is known at present corncerning the
specificity of this phenomenon to P. pestls or the
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oscibllity of its presenting o more genceral appli-
ution to the use of living vocclnes following. ex-
posure to radiation.

f. a4 pulmonary infection in the rat colony at NRDL was
taken advantage of to study the effects of irradiation
on a natur:lly occuring endsmic infcction. Results in-
dicate that not only is the evidence of infectlon in-
creased in the irrediztcd population, but that the
combination of irradiation and infectlon is much more
lethal than either one alone.

IV. Other Research Projects in Progress.

The Blologicul Brainch of the Naval Radiclegical Defense Leabo=-
ratory is at »resent carrying on an extensive program, dealing in
zenerol with the effects of lonlzing radiation on mummals. Supnort
is providsd for the most part by the Bureau of iedicine ernd
Surgzry ~nd theé "NEPA (Nucleor Encrgy for the Propulsion of iir-

ralts) projcet.

V. Prownoced Ixnerimentation.

As pointed out in (I) above, the prorosed zrogram is to e
prosscuted jolntly by personnel for the waval Radiolegical Do-
fense Laboratory ond personnel from the iavel Bilologzical Labo-
ratory. In the breakdown given below, the portions of the pro-
gram to be performed primirily at cacen laboratory are indicated.

re Experimcntztion :t thc Neval Radiolo;ical Defensc
Laboratory. - . "

Laboratoriss, personncl, 2nd equipment (including com-
plete equipment for immunochemistry studies) will be
provided by the Naval Rodiologicsl Defense Laboratory;
NBL will =2id in plznning experiments and will provide
consult.tion. It will also provide such culture media,
biolozic:zls etec. 2s mey be pertincnt and convenlent.

1. Thc Besponse of the Irradizted Eost to Vacecine.
Mecnanism Involved.

It ic proposed to invcstizate the phenomcnon of
lecthal response of irr:zdisted nosts to z2virulent or
dead vaccines os reported under {III-s) above. Aaviru-
lent P. pestis will be employed, snd fractlonaction of
trhe bnetcorium will be used to furthir clucideate the
observed findlings. This stroin yiclds antigens omen-
zblc to usc in quantitative antlbedy titer tcchniqucs
such 2s those of Heidelberger, wnich may cid in investi-
gating the ubnormzl resnonse obscrved. It is hoped
that this study muv 2id not only in explaining this res-
ponse, but that it may shed light on the naturs of the
basic alteration in the immune state thot is produced
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by irradiction.

Eematologiesl and pathologiczl studles on
irradizted animals drying from vaccine administration
willl be curried out.

2. The =ffcets of Irradiction on antibod- Productlion,
uantitative Studics.

The same antigen used in (1) will bs used to in-
vestigote, by mecons of Heidelberger's technique, anti-
body responsc as affected by irradiation given ot vorl-
ous times relative to antigen udministration. It is
hoped that the role of the antibody suppression in the
altered immunlty obzerved following irradiation will
be clarified by these investizotions. The effects of
redlzstion on the pusclvely immunized cnimzl, and the
ability of an animsl, actively immunized previously
but with minimal blood. titer remaining, to respond
after irrodiction to o chull nge dose of antigen will
be investigated.

Femetologie datz specificclls reloting to the
perishaoral leultocyts and bone marrow rosponscs of
irrodi.toid~infected aniaals will te obtoined os in-
diczted. Thc hem.tological resvonse of “Immunized™
animale that. hove been irredisted znd infeeted will
be studicd. The minimum dosc that will z21low a peri-
pherz]l WBC rcsponsas to bacterial infection will be
Guternined. The wBC will be followed in irradiatcd |
animals in which 2 leukopenia hoc proviously been in-
duced by meons of benzene or o virue infeetion. Pa-
thology reclating to these infoction studies will be
carried out as indicated.

3+ The BEvaluation of Promisins Therapcutlic acents as
Apolicable in the Courge of the Above Studles.

In vicw of the importance of infcetlon in irradia-
tion demage ond the lack of sffective therupeutic agents,
the dovol Radiological Defense Laboratory will investi-
gete the efficaecr of any promising thercspeutic drugs
or roegimens.,

b. Expurimentation at thc Hoaval Biologicnl Labora-
tOrT.

Lavoratorice, personncl, and cquipment will

be provided br HBL, WRDL will =2id 1in planning
cxperiments and will provide consultation. It
will also provide 1rradiation fzelilitics, ond
wllloe responsibvle for all mattcrs pertoining
to irradiation zaspeets of the cxperiments.




1. The Reaction of the Irradiated Host to Vaccines;
Hesponse with Difforent kosts and Vaccincsg
Varistion 1n Responsc with Chanscs in Host and
Vacclne. '

It is proposcd theot during the filseal yoear 1951 a
good decal of emphasis be placed upon the clucldation
of the finding reported in (III-s} above, initially
using BCG, avirulent P. pestis, E. coll and cowpox
virus. It lg anticipeted that, whethcr the phe-
nomenon proves to be specific or gensral in a2ppli-
cation, it willbe necccssary ¢ventually to cvaluate
variztion in host rcsponsc as o function of pre-
history cnd condition of vaccine; age, cex and
specics of host; type end degree of radiation; and
time relationship between irradiation and vaccination.

It should bc pointoed out thet the prcsent vaccine
of choice for P. pretis 1s an avirulent lyophilized
living culture.

2, Avplication of Irradiation to Studies in Exneril-
mental Epidemiology.

another aim of the study s the use of irradiated
animals to increasc the susccptibllitsy of the nost to
dissase @nd theredby, 1t is hoped, to lnecrezse the trans-
mission rate. This portion of the project is of prime
interest to the Naval Radlological Defehse Loboratory
as 1t offers opportunity to evaluate the response of
individual hosts, and of populations fellowlng irradis-
tion z2nd exposure to respirstory infaction. The p»ro-
gram will include studics on strestococesl Infection,
M, tuberculosisz, K. pncumonlse, and P. pestlis in-
feetlons.

VI. Scientifiec Personnel.

1, Viector P. Bond, w. D., Prinlepal Investigzator a2t the
Neval Rediological Defecnso Laboratory. a.3., Unlversits of
California at Berkelcy, 1943; i4.D., Univers ty of California at
Sen Franclsco, 1945. Onc and one hzlf vears iraining in radio-
tiology at the Dorner Laboratory of Mediczl Phrysics, University
of California, Berkeley. One and one half years research ex-
perience at the Naval Radlological Defense Laboratory. 4 por-
tion of the work accompllished during this time hae been re- -
ported as NRDL publicstions AD(92)B, aD-199(B), and AD-198X;
other work 1s in preparation for publication. advancement to
candideaey for Ph.D. in #edical Phyelics has bzen gronted Dr.
Bond by the Universl ty of California at Berkcley.

Born in California, 30 November, 1919
avails vle at NRDL; Valenecia 4-1900, Ext. 2672,
Will devote cne half time to the project.
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2. I. L. Shschmeictcr, Ph.D,, Principal Invcstizator =t
the University of Celiforniac ot Berksleyse 4.Bo, Univorcits
of Californie af Btrkcley in 1934; l.a., in Bactiriology
cbtained at the University of Cd ifornila at DBerkcley, 1935;
Ph.D., obtd ned aut the Univerd ty of Ccd ifornia at Scrkeley,
1949, Teuching oxporicnee in vacteriologzy, 4 to 5 jyoars.
Lecturer in Public Hezalth (Biomctrics cond Epidenmiologr). Dr.
Shcchmeigter has had 15 jears rescarch cxpericnce of which 12
yoars hove becn sxnt in independent rcsearch. Hc has publish-
cd 15 papers in 3Bezeteriologys wWork relatin: to proscnt »rojsct
is now in prcpzration feor publicction.

Sorn in datvia, 1913. vaturclizcd in
1839. |

ayoilable at desitiU 71 Thornwall 3-3445,
w11l spend 3/4 time on the project.

3+ Myron S, 8ilvermon, ae3., 3octeriology, Cornell, 1237;
M.8., Boacteriology, Corn:ll, 1938; Ph.D., to bc tzken June 1550,
Universlty of Califernia at Zerkeler. Two vears teaching ox-
pericnce in pacteriology; 8 vears rescaren oxpericnce. Reccnt
¢xpericnece at tne Univerelty of Cal ifornia under Dr. Socnford
Elberg was corcerncd witin the lmmunochemistry of 2. pestis, in-
volving fractionation, purification and characterization of uznti-
gens, &nd quantitative studles of antigen - antibody renctlcens.

Born in lew York, 1915.

availablc through NRDL, Valencila 4-1300, Ext
2872. ’
Will spend’ full tire on the project.




VII. Cost Estimcte.

Thig estimzte includes only that portion of the project so
be carried out primarily ot NRDL. Estimates are bosed on cost
for onc 7ear, tho program is to begin 1 July 1950.

Sclaries

Principel Investigator (Victor P. Bond, ii.D., USH) Ko charge
Princinal 3actoriologist (kyron S. Silverman,

Ph.D.), GE~8 w4 ,600.00
Boeteriologist (to be obtained) GS=7 3,825.00
Tcechnieizn (Hematology, Tissue preparction)GS-5 3,100.00
Technician (Scrolegr), U. 8. Nevy No charge
animal Czaretaker (Laborer) 2,919,00
Puthologist (1/5 of full tize) 1,500.00
TOTAL $15,944 .00
Ovcrhead  (15% of selnrice) ¢ 2,390,00
Equipment
anizzcle (Rabbits, Guinsa pigs, rcts) % 1,500.,00
anizal food 500,00
wlscollancous supplies (Drugs, pocial medic ctes) 300,00
Miscellneous small eguipment (mognetic stirrer,
Soltz filbers steo) 750400
TOT..L 3 3,050,00
Irrodiation focilitises, 100 hours
at ,3.00 per hour 300,00
Travel
Onc trip to Camp Diztrich) 350.00
TOTAL $ 650.00
GRAND TOTAL $22,034.00
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