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Introdustion

Resistance to infection may be either nastural or scquired,
the principal difference being that in the acquired type the body pro-
duces specific aﬁtibodies. They are formed in response to antigenic
stimuletion and manifest themselves as complement fixing, agglutinsting,
precipitating or neutralizing antibodies., The presence of neutralizing
antibodies are detected by neutrelization testss Up 10 the present time
these tests have remainsd ths only method of dstermiming past or present
exposure to many of the diseases caused by filterable viruses as well as
the pressnce or sbsence of past infection. Sinee neutrslizing antibodies
_are used to a large ‘extent es indicators of immunity in virus diseases,
" it becomes of importance to 1nvest1gate those conditions which could
' conceivably affect uhe p;oduc»lon of Qedtrallglng substances.  There foré,
the influence of the following factors on immunity has been selacted for |
g investigation: l;? ratigue, 2. ,aenyuratlon, 3. vrcgnanuy; and; 4. ﬁn ST
aourishment, elther partial or complete. Burthenmore, accordzng to many
‘1ﬁvestigators the presence of neutralzzzng antlbodies and 1mmunity uo‘ ":,
vxrus lnfectlon do not necessarlly parallel each otner and an att.mpt ;; } 
“has been.made in certavn instances to correlate the 1eve1 o’ antzoody“ :
.ﬁttained wi th the degree of cérebral r931stanceo'- i

The virus of aeatern equine encenhalomyelitis (WoE.ﬁ.) was

selected for these 1nvest1gatlons for the followzng reasons./ l.‘ m1ce fﬂﬁVh

vaccxnated w1th H.Enho respond by produczng a high lpvel of anuibody.,ﬁ

/.

éQ These antibodies are fo*med in a comnaratlvely short period of time,'?“

“V;;reachlng thelr maximum titre in apnroslmately two weeks. 5._ Such
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vaccinated mice develop a high degree of active immunity: and 4. the
relationship between antibodies snd cerebral resistance in mice after
W.B.8, has been fairly well studied.

Western equine encephalomyelitis virus has all of the charace
teristics of those obligatory intracellular parasites known as filterable
viruses. Thess requirements are: 1, the ability to multiply omly in
the presence of living susceptible cells; 2. the ability to traverss
filters which will retain most bacteria; 3. the invisibility under the
ordinary microscope; and, &, the failure to respond to sulfonamide

therapye

untry for

«
o
&
13

L4}
+
@®
(]
o®
&
et
'J
13
et
I
™
n
Q
Q

Although WeE.E., hes probabl
ﬁany years, it was £irst recognized as = sepsrate entity in 1e3L (L),
when 1t‘§es foﬁad te be tﬁeweeﬁse ef rrlenizootic among horses and mules
in Sellfornieg Sinca then cases.have been‘reperted_*_cgiverieue parss
N iof she country.ae'well‘es abroed., More recently W.E.E, has been found
fh;to attack human beings with subsequent inva51on of the central nervous
ijisystem, Becovery is followed by the production of specific substances
if?ln the blood stream which 1nhibit the activ1ty of the virus. This virus
e;is one of a\small group which causes encephalitis in man, tne others
,;f?belng Eas»ern equine, st. Louis, Japanese B and Spring~Summer. All five frﬁj
isslated n;§ fhgy have. several features in’ commnn“ l.: They " |
: can cause epldemics invman¢‘ 2. Thev occur chiefly during the eﬁmmer '
.rmonthezu 50_ The 71rus is fouﬁd in the blood stream early in the disease,

L 8nd 4o there is good evidence that they are transmitted by insectse

The virus of @ed.E is strzctly neurotrouic and when experlv

in Jeoted 1nto mice tends to localize in the central nervous -
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system causing encepliitis and death, After peripheral inoculation of
sufficient virus, if death does not ensue, the animal responds with a
rapid production of entibodies. These protective substances are like-
wise produced after the peripheral injection of surficient smounts of
formalin=inactivated virus. By the use of such vaccines, it was found
that the protective capacity of the serum and the active immunity of
the animals were equal in degree to that induced by active vimus (2).
It was also observed that as the micegrew older they showed not only
an increased resistance Vo peripheral imoculation of active vimus (3},
but alsc su increassd ability to develop an immune response after the
injection of formalin-inactivated vims (4). 4Antibodies eppear as early
as the fourth day, attein their peak a few days later and maintain &
'slightly diminishing level for several months (2, 5)e The resistance
g curve roughly parallels ‘the antiboay curvee R i |
A search through the literature has disclosed the fact that
" some work had been done on“the problam"of estaoxisnlng a relatxonship o
between resistance tc virus infection and certain specxfic factors,’
\such as andernutrition, aehydration, pregnancy and fatigue.? The effect  "
on anzibody formation after virus antigen stimulatiou, however, has been 
almost comu;enely neglecteu. “In %the studies to be prasented only those\
facto & have been selected which frem the literature appeared most likely
to exert an influence. Fatzgue has recently been lmplicated 1n polio-
‘“gmyelitls and has been chosen for that reason. The effects of dehydration
M“‘ihave 5een offeréd as é causé fof increaséd sﬁsceptibility to infection-?ﬁs,

";also decreased susceptibllity.‘ Pregnancy seems to influence antibody‘;

: produc ion, bu ts effecuwon active immuni J is st l’ obs~Lreo-ff‘»
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The close relationship between resistance to infection and

undernourishment has long been observed, but the reasons are still

not evident. It has been postulated that'some of the members of the

"B® somplex function in the enzyme=coenzyme systems which catalyze
oxidetions in the tissues. In some manner the #B® complex vitamins

re involved in the intemmediary metabolism of the body and thus

maintain the health of the tissues generally. Thiamin specifically
the

48 concerned with meny functions which nfluence/general bhealth of
the individuale. Loss of appetite, polymeuritis, dsoreaszsed gastrie
motility, faulty carbohydrate metabolism are some of the conditions
aseribed to thismin deficiencye Ribollavin islessential for maine

N %

to,ibing tiﬁe beaa.m of the?ce.ls ez.‘.d 'it-‘,i,..too; has vbeoz; accussd of
exerting‘éo‘effeot on immunity to infectione Some‘attention hés beern
given to protein depr1vation on resistance to infection. It is an
established fact that anxibodies, regardless of theirx method of forma=~-

.._tlon, are proteln in nature, and it is, there;ore, qulte posszble that

. the protein intake may influence the antibody productxon and determine

Uthe immmnity of th° host.

. Finally, carbohydrate metabollsm 1s carrxed onato a‘largo
‘eztent in the 1iver. Since ‘the liver is one ofvthe chief sites of |
antihody fozmatlon, it may ot be beyond the reslm of nossxbility to

' 1nfluence antxbouy productlon by a decreased carbohydrata intake.

In thxs atudy only those antzbodles have been considered ?‘ 

\which are produced as a result of antlgenic stimulation. This would

xuomit sucn natural antibodies as ccmplement bactericiulns, opsonins : b‘

B and phagoeytes,fu would ;ncluuo aégln+inat¢nb, nrﬂc itbting, ce§¥
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plement fixing and neutralizing antibodies, As far as neutralizing

entibodies are concerned mo distinction will be made between those

formed sfter antigenie stimuletion and those formed otherwise,
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Methods and Matsrials

Yiruso=~ The strain of Western equine encephalomyelitis (W.E.¥,) virus
ussd in thess sxzperiments was oblainsd from Doctor P, X. Clitsky amd

hes been msintained by numercus mcuse brain passages. 4t firsi, in-
fected mouse brains were stored in 50 per cent glycerol, but more recectly
the source of supply has besn either material kept frozen in dry ice or
material lyophilized from the frozem state. Virus maintained in the
frozon state was fcuafi?bzzter suited %0 our purpose and was prepared as

follows. <the brains of mice succumbing to intraceredrsal injeciion of

W.E.E., virus were removed undsy aseptic conditions, ground up with sand

and-enough undiluted, inactivated pormal xabbii ssrum was addsd 3o msks
2 10 psr cent suspension. .After centrifugation 1500 r.p.m, for 5

" in glass sealed amnules’. Ihese were q_uickly frozen in a ury ice-alcohol
S mixture and then stored in a dry ice box. | Only those suspsnsions wers

"'vused which were negative on culture and which titred about 8 5 before

*};'freezing. The keeping quallty of the vims was found to be much enhanced

f’when stored in undiluted serum. For use, an ampule was thawed rapidly

:’:and the saspension designated 10 l or l.lO. ;\_ Dilutions were prepared in \'

o ndma?l rabbit serum to make a \fina'l coneentratién of 10 per cent. This ;

L ves found to be & more satisfactory diluent thaﬂ.n‘“ broth. ,}.

When a 20 per cent nrus susoension was required, onlf h&li’

R the amount of diluent was used; othemwe the procedure was the se.me o
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In the studies on the factors influencing immunity one ampule
of 10 per cent virus was sufficient for the two iypes of intrscerebral
neutraelization tests as well as the cersbral lmmunity test performed on
the same daye. Thus, for convenience, the following gemeral procedure
was used, The ampule was tbawed amnd dilutions of 1:50, 1:500, etce,

were prepared for the regular neutralization test. These were dis-
tributed, the sera added and the mixtures set in the 37° ¢, water bath,
Next a dilution of 1:2,000,000 was made which was added to the series
of serum dilutions and these mixtures wers incubatsd at 37° Ce Durisng
the two hour incubation period serial tenfold dilutions of the virus

o= bl

were injecied 1ntracereorally into the vaccimated ui*e &s well

PR N
as vhv

LA 3
alSe o-'al G
prmsetitry g . ) WL

‘he_mice~emnleyeﬁ in tneee investlgatie;g»gere}of_?he_
same strain of albinos obtained locally, and most of the anilnls were
bred and reared iv our own laboratory. Unless otherwise specified the
mice were given adequate amounts of purina dog chow checkere, wllch were

';gxept saspended f“om the side of the ‘ age by & wire beske ‘Hhater‘l,
.liberal amounts was Bupplled from a bottle. Mice used for\the inzfe4 :

‘_peritoneal neutrallzation tests weTe between 14 and 15 cays ola and of
4’eltner sex. Such mice weighed in the nelghborhoea of 7 grems., For the)\

preparation of virus or veceines, mice apnroximately 5 weeks old were

: used, also without regard to sex. For the intracerebral neutralization

£ 'tests the mice ranged in age from 3 to 5 weeks. The mice to be vaocinated

jand thelr controls were those selected from among healthy, non-pregnant'ljeﬁii

g virgin females b This was accompllshed by segregatlng the females at anf;

' early age.‘ For most experiments the females were used when they were Bt,‘

weeks old or a little over and weighed between 20 and 23 grams.‘
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Immunizatione== The procedure asdopted for the vaccinetion of mice was

reached after prelimipnary work to be described later. W,E.E, mouse
brain suspension inactivated with 0.4 per cent formalin was sslected as
the immunizing agent® for ithe tests to be described under the neading,
experimental, With one exception the dosage in these seme tests was
0.3 cc. intra-abdcominally on 3 separate days with & 48 hour interval be-
twoen injections (0.3 x 3). In one series of tests a single dose of
003 ¢¢o (03 x 1) was administered intra-abdominally., The reaaon for
the choice of vaceine =nd dossge will be discussed under the heading
orientation. In all cases only one day's supply of formalinized vaccine
was removed from the stock bottle at & time, Four mg. of powdered NaHSO
" was sdded to each cc. Of vaccine to meutralize the’ effee?‘e‘ef the free
formalin still present in‘ the suspénsion.

’S.era for Keu‘vsraiizetyien Testsa-a Twe weeks after the initial -doee of
vacci.ne, the mice were bled from the heart under light ether snesthesiae
Only sufﬁcient blood was obtained from each group of mice to perrem |
. .the teste. In this way as man;y anm.als as possible were saved. Bowever,
:'some anmals dia dle ai‘ter the ce.rdiac puncture and in some inat&nces
the number ef animals remaining was small. The bleedings from each
group were pooled in a long, narrow centrifuge ’cube, allowed to clot at
Toom temperature and the serum  drewn off after centrzfugation. Sera
‘Were tested for neatralizing capacity on the following day ana the Te=
‘mainder was frozen in the dry we box.‘ With the exception ot a few
_iintr&perltoneal neutraliz&tion tests ’ all sera were tested the day aftel:

(N bleeding.
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Neutralization Tests,»= For the conventional neutralization test with

undiluted serum the following procedure was adopted. 4An empule of virus
wes thawed repidly. Fram this 1310 suspension dilutions of 1:50, 1:500,
atce., Up to 1:5,000,000,000 were prepared in 10 per cent rabbit serum
saline, s separate pipeite was used for each dilutiom. X
smounts of the proper virus dilution was addsed to 0,15 co. amounts of
undiluted serum and the mixtures thoroughly shaken. These mixtures
were kKept in an ice bath until all were ready amd then incubated for
2 hours, in =2 S? G, water bath, A4t the end of thils time the mixtures
were returned to the ics bath and then injected intracerebrally into

Py

mice under light ether anesthesia, To facilitate delivery of J.00 <c.
intracersbrall y TS 'Cle fisted with 27 ¢
nesdles were used. With some exceptions 4 mice w;re e@pioyéd for ea&h‘

C@ilun #ionQXH’igheat dilutions were injected Iirst end the comirols ware
doné’last. The mice were observed for 10 days and then discarded. ‘Those
,dying w1thin %4 hours after 1noculation were regarded as nonrspecific o

\deaths and were not 1ncluded in the results.

As a further test fcr antiboay in the sera of vaccinated miee f b

 : jthe procedure of’Morgan and Olitsky (2) was ut;lxzed. Dllutions ot
V{?serum.were tested against constant amounts of virus. To this end qerial B
;"twcofola or four—fold uilutions of the serum to be tested were prepared
;"in undzluted normal rabbit serum Which was 1nact1vaued at 56° C. for one-
‘ f hal¢ houz. To each of the serum . dilutions wes added en equal amount M

n:(0.15 cc.) of a virus suspension containing about 50 LD5° doses of active'”‘f‘“

‘{ﬁvirus. This was nrepared in the following mannere Frem the same frozen_w

'\iampule of virus, Whlch was used fer the conventionel neutrallzation

'test‘described above enough suspension was withdrawn to make a 1:2,000,600'. 
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dilution in 10 per cent rabbit serum saline. This when added to the
serum dilution became 1:4,000,000 or the log of 8,6. Since the frozemn
virus suspension titred 8,3, then 8.3 minus 6.6 give 1,7, whose anti-
log equals 50, the number of LQSO doses required. Sometimes the con-
trol titre was above or below 8.5 so that the number of LD5° doses
ranged between 25 and 80, From this point on ths procedurs was the
same as for the neutralizetion test. The mixture containing the 50
LDSO doses and the proper serum dilution was shaken, incubated av 370 Ce
for 2 hours and then injected intracersbrally inte 4 mice,

For the intraperitoneal neutralization tests (8) virus &ilu-
tions of 1:850, 1:500, etc., were prepared in 10 per cent rabbit serun
saline as before. Later in the investigations a 20 per cent suspension
of virus was prepared so that dilutioms of 1:5, 1:50, etc., were obtained.

The 'virus dilutions were added to cqha_ amounts of undiluted serum; the -
mlxtures thoroughly shaken and 0.03 ce. immediétely injected intra-
abdcm.nally into 14 to 15 day ohlm*cea ‘The mice were observed for 2 .

" weeks and then discarded.,

“ﬂ’éérébréi Besist;ncé Test$;§~: On fhé Samé dayéthe‘neﬁﬁréiizatgoh t;sfé"
were performed, the mice that had supplied the sera for the tes-s, ay
‘: vaccinated as well as controls, were subgected to an intracerebral re-)if{¢“' -
‘sistance test. Serial tenr?old‘dilutions of virus prepared 1n 10 per
| cent rabbit serum salzne were inaected 1ntracerebrally.» Ether anesthesia

was used anu O 25 cc. tuberculin syrlnges were used to ingect 0.03 cc.»:  :

The highGSt dll“tions were inJected first anc‘ccntrcls fo*'a dilution ﬂf.V\

wera injected last.: Animals Were observed fo ?21 days and those cylng '@1C

i wlthsn 24 hca;s va*e r gu dea as- nonrepeciflc. Pasnaee n&S ;esorted FI Xk
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in order to establish the cause of death among some vaccinated animels,
In such cases the brein wes removed asepticelly and, if & Gram®s stain
revealed no contaminating organisms, the brain suspension was cultured
on & blood sgar platve and then injected intracerebrally into 5 mice.
A mouse brain which wes sterile on culture and which caused central
nervous system involvement and death in two days after passege, was
regarded as positive and, therefore, specific for W.,E.Es In some cases

where the brein had been cannibalized the spinal cord wes used for

DASSAga.
Caleulaticns According o Resd and Mueneh.e-~ The yesulis of both

neut:alization,gnd cerebrgl resistance tests were calculated according
to the Beed and lMuench method (8} In the cass of a’ simple tivration

t the LDEO titre was expr essed as the logarithm of the dilutlon where .
50 ner cent of the animals succumbed,\ Where several titratzons were\
done to compare different groups of mice, such as cerebral resistance
tesvs, the 1mmunity 1ndex wes obtalned.‘ This wes expressed as the ratio "

,\between the LD titre of the controls and the LBEO titre of the test

50
”,‘animals. Thus the immunity 1ndez of uhe controls was always l./ FO£  :[o‘f
"1neutralization tests 1n‘which unuiluted aerum was used the metnod was fﬁfﬁf”g

‘:Hfthe same.‘ The LﬂsO titre was figured for eaeh serum and the ratio ?N " /

"Vbetween the controls ana test animals computed. This 1s called the
1 neutralization zndex and shows how many LD50 doses were neutrallzedo “

‘Again the index of the controls was almays 1‘ Rt

For estimatlng the fifty per cent end point‘o' a serum when “

' o¥tested against‘a constant amount of virus, the methoa is:that described*f;

”“jby Reed and Mnench for a protectiva serum. The fipal value obtaine
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represents the highest calculated serum dilution which could still

protect at least half the mice.

Vaceine.~- In the studies on the factors influencimg the production
of immunity the vaccine employed was a fermulipized mouse brein sus-
pension. The preparation has been described for two other types of

b
=

| ]

ice 1B 1o &

[
ﬁ-.

encephelitis virus and is essentially the same {7}.

days old are injected intracerebrally with a }.0"e dilution of frozen

w.k.E, virus., Two days later the mice showing nervous sympicus are

chloroformed and then exsanguinated by cutting the heart. The brains

are Temoved aseptically and drepped intc cold ssline sclution to re~
~move any adherent blood. The breius are weighed after the ssline has
v”been drained ‘5ff and are “then grouna in g moitar. Saﬁé ie'uaed asfﬁff"
Han abrasiveg_ Celd physiologlcal saline 1s aaded in the proportion

of g cco for\each gram of mouse brain. The crude suspension is next4

filtered +hrough enough layers or gauze £0 remove gross narticles

and sanu. bome of the filtrate is removed for culture and inureo":;“

e eerebral titratlon in m;ce. To the remainde; »0.4 per eent by

volume of the concentrated forty per cent fo)maleehyde is added.and

is stored in the

the mixture is thoroughly shaken. Thls vacci

refrlgerator and snake tdazly. When first aseﬁ for vacclnatlon it

is tested intracerebrally in mice in order to detennine whether or

not all the v1rus has been inactlvated. Four mg._of powdered NeHSO

is added to each ec of vaccine.. This amoun” is not suxflclent to

neutralize the formaluehyde still present as tested by the Schryver

method but nevertheless, 1s suff‘clently effective for 1nocu1ation.? A
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A

Three different batches of formelinized WeE.E, mouse brain
vaccine were prepsred in the msnner described. 4an infectivity test
to determine whether the virus had been completely inactivated was
rerformed on esch batch two deys prior tc its first use; In sll
cases thcvse tesis were negative, To¢ be effective, & vaccine before
the addition of formalin should have Vtitred at leamst 8.0. Reference
to Table I reveals that the three lots of virus used to make the

vaccines titred 8.5, 8.8 and 8.5 respectively.

Fatigue.-- Non-pregnant virgin female mice weighing beiween 21 and
23 grams were placed in 2 revolving drum which had & diameter of 15

inches snd made 13 revolutions per minute, The animals were kKept in

= e B A - < e o antme - o < A AR &L B
i rotsting drums T ThLrse noUrs in-vhe morning and an adQivilinal

h..three hours in tne afternoon.‘ There was a rest period of about one

H’:hour between the three hour runs aurlng whlch time the m-ce weré
vallowed food and water. It was calculated that the an;mals ran a ;
little over three and e half miles eacn day | Animals in these ex=

',perlments were exercised elther one or two weeks.‘ The one week anx-."

mals were fatlgued for seven consecutive aays and then allowed to -

rest for one week.r A# the end of thls time they were bled and tegted‘
~for lmmuhlty. Lhe t"o wee& sroup was fatlgued for ;ourteen conoecus-””f
"’.'tive aays and then bled ana tested 1n the same manner. The three

 Aidoses of vacclne were made to co1nc1de Wlth the first third and !

" fifth days of fatzgue. Vaccinations were made after the animals had

eceivedfabout‘twofhours of”exercise 1In one series of zests only one :

ose’ of vaccine was emnloyed. dhen this occur*ed it was inaected on

1tne firSt d&y Of I&tlsue, ‘and azso afte‘ tne anlmals haa oeen two -

AT
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Table I

Foricalinized W.B8.E, Mouse Brain Vacoines

Amount ‘ Titre
Vaccine Date Prepared befose Test for
batch Preparsd C3a forzalin- infeciivity
ization
1 6/23/43 75 8.6 S5 days = negative
Iz ?/23/43 147 8.8 24 days - negatvive
I11 9/20/43 a71 8.5 9 days - negative

" 'The negativetests for infectivity indicate when vaccine was

Tirst used and do nct necessarily mean when infectivity was first
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Debydration,~~ Mice to be dehydrated were placed in individual com-
pertments with wire mesh bottoms sufficiently large to allow feces
and urine to pass through, Liberal amounts of purina were ellowed

each mouse, but the water supply was restricted. Preliminary work bad de-

monstrated that adult mice could go for 3 to 4 days without water, but
would die shortly theresafier. Comsequsatly the following procsdure was
adopted, The mice were numbered end their individual weights were
rocorded dajly., Water was withhsld for three days until the average
weight of the mice was between i4 and 15 grams, Then & MSESUTed &mOunt
of water was given sach mouse. To do this, graduated 10 cc. pipeties
whose tips were broken were utilized and the required emount of fiuigd
drawn up by m=ans of s rubber bulb which was left on the pipette. It
was thén inserted into the mouse compartment and usually the thiratly

gnimsl drank ell of ths a faw minutea. Between 0.3 c¢e.

and le5 cc. was given to each animal daily depending on the weight re-
corded for that day. In genmeral the mice maintained their weight around
14 grams when ithey weore allowed to drimk 1 ce. of water each day and as

a rule survived if they managed to stiay above 13 gramse

Pregnancy.~= Virgin feuales weighing betwoen 22 end 24 gré.ms were
selected andv§istributed 3 tb & cage. A heelthy male of the same atock
- Was a&ded‘to eéch aagé; fhe females wére ﬁumbered’and vaginai smears

wére taken and examined every morning.v The presence Of‘spenn in the
vaginai tféctiwas regarded as the first déy ot insemigation. Subsequently
daily émears wére made and indiiidual weighfs recorded ss & check on the
continued pregnanby. The dﬁte of delivery was recordéd and in neariy

»every_Case ths periodwof,gestgtion was 19 days. The young were allowed
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to remain with their methers throushout the experiment. Fregnancy
was astaplished in those mice that eventuully save birth, However,

in the tirst experiment three Temules thst did not give birth were

cesgation ¢r the estrus cycle 8= well sg A mounting Welshit curve,
As a result of the vaccinution these thres mice resorbed thsir young

3 to 5 days after the tnird dose of vaccine. Aividence ot resorption

&s & sharp drep in Yhe vieighi ¢urvse

- ~ b s ~ ) -

sderieedilige== ITulina QU CLOW Was

%

monta an mdavefondine, Ir thpan tagts

EERRRIRIE 2 - asin e ——

-

ccmpartnents contairning wire mesh bottoms to zilow paassge cf fecss.
The solid dog chow was selected Dscause it couicd be welghed out ip one

3 v ~ ' . 3 o “~ R} -~
piece and weulc pno% fall through the wire floor. The analysis of ile

deg chew on the lsbel is given below:

{_

Crude protein not 1esS3 tH8Me « o o o o 2 » «21le0%
Jrude fet not lecs tham, . . v . . . ow . oo oe £
Srude ibrse NOT DOXre TREAN. o o o o ¢ o o s o ToUR

P Y o~ N i o
Nitrogen free extract nob 1e59 thalie o o o 048.00

1% is said to contain ihe feollowiug ingredien®s: Leal, meal, dried
cximmed milk, wheal gorm, barley =alt, dried beet pulp, corn gri
cereal feed {from corn ==¢ wkeat), dried raisins, soybsan oil meal,

supplemens, brewsr's dried ysast, Vitaunin 4 end

4]

molasses, rivofiavin
D feeding oils, 1% stcamed bone meal, 1k ized cals,

The enigmals were numbered and placsed in their 1nai
cubicles., In ii)liual mei"hts were taksn on the mice deily snd/weizhed

Tood was given each mouse, Freliminary work had demonstrated
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tpat mice could go Tor 2 to 3 dsys without food. alter that time

there was slight chance of survival. Therefore, the food was with-

held Tor the first 2 deys until the weight had dropped tvo around 14
grams. <Lhen the messured emcunts of food were given to meintain the

weights of the cnimais at this ievels On tbe
about one gram of food was given Yo sach mouse, This wag ircressed
on subseguent days uatil about 3 grams of food were copsuwed deily by

each mouse, waich is slightly less than the required minizum of 4 grams

. s s “ 3 b - IT4+T+T a0 Aver SO cram
uaily par mouge to mairvain a Lgdy weishv o7 & AiTTLe ovVeTr <& ETr8lSe

Of course, these ars all aversge figures so thal wore or less food

sl
&)

was given to each individual mouss, depsnding On ac

vy

R ~ Vo o m vee o = R S, P R R B
viaT dQy e nawol was T AT T G s a vy
v oo

Synthetic diets.~= Ths synthetic diet employed in these experiments

was that used by Woolley (9). It was found to be adeguatse IoT mice.

SUCTOSGserssrsovevssseseseell Zhe Wicotinic Acidecereeees 10 T
Vitamin-free casein......18 gme Dyrldoﬂina.............400 Y
S81ESeevecsvsccnccncanes 5 Ehe Calcium pentothenatie.... 2 e
Tortified corn oil.ee.v.s 1 S CRolinS.ceseeasecsscusseall Bgs
Thienif.eeeceoscooeservee 200 Y Inos5itOliesscesvenssss s k00 T
HiDOT1EVIDessaseanneeaes D00 T ' ' '

Salts (10) PRI ~ Foriified Cormn 0il \11)
NECLevtvnrnennnnonsensssdTD ~ Corn Oilessccsoanosronzel00 g6
Kol JovesecnveessoSdD Yiteamin & coencsnitratct .
vagng%POn§¢.nﬂ90.,....'.190 (200,000 tsP units)»oo 1 Mo
LgoOdo7b20°...oa......,.ZOQ - Viosterol o ‘
CaC0Z v venecsnanecesssellO (10,000 USP? units).se. 1 zZm,
Fe (G 6ﬂ=07) 880, 000000. 55 Concentrate of Natural
LIO......,....a.o.........l°6 mixed tocooherolsl‘ o« L g,
.MDDOQQmﬁBO.......»‘..cao 0a7 A ¢9tnyl l”& Navhthc«

Z»cx 0000000000500 00000 005 qulnoneo‘oooooo»ooooo 10 NZe
cuﬂvo5QZquocoonoc.easc 0665 ’ : : ' :
L2324 €m3.

1 . - v — o
~ Kindly supplied by Dr. P. L., Herris, listillation Products, Ince.
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Kice were placed in boxes equipped with screen bottoms and
the presceribed diset given in libersl smounts, Group weights were
taken deily and the aversge weights recorded. For optimum results

h ddets

-~ PT7-% < PSR Y
F A~ LA

»1

not in use. ihe ration utilized was Voolley®s diet slighily modi=
fied to meet the needs of certain experiments in wiicih deficlemcies

viere reguired. The diets are listed bslowe

1 Synthetic or adeguate diet.-- This diet was precared ace

cording to she Zormula wiih no modificatiocns., Mice on this dlet did es

well as animels on the stoekx purina dietl,

2. ©BY deficient dielee= This was the adeguaie diet Irau waica

P 52 L I o T R L L —
WAt d VAL WAL T w0 | Wasaiaiasay -

choline and inositol) had been omitted. On This

3, Thiamin deficient diete=- This was the adsquate ration wita

the exception thet B, was completely lacking until near the end of the

experimental period., Then in order to keep the mice alive they wers

- . T

8 &0&-

£

put on & diel conitsining 40 thiamin per 100 gu. of raiion.

:quate ai t contalned 20 Y although mice cun get along Wlth 80 Y (12).
0n +hls fo mula ths aninals d;d not ingre se in W°1 ght during the fi:st
zacks st a,tiﬁe when thé control mice were géinihg in weight.‘ Then they
-began 1o lose ﬁeight éné at S wéeks vere shqwing such obvious»symptoms

as bunching, ,eakness,uremors and spasticity. It was at this point that

40 Y thiemin was included in the diet to reduce the mortalily,

4o Riboflavin deficient diet.w« On this dlet which contalned no

P

n, mice showed no gain in weight for & weeks and then very

(o]
O
[ 23
'._A
[+
3
(=S
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slowly began to lose weight. They were still losing weight at the
end of six weeks when the experiment was terminated. o obvious
signs were noted other than those which accompany weight loss,

$. Carbechydrats deficisnt dist.-- In this experiment the

sucrose, which was the source of the carbobydrate wes replaced by
casein, otherwise the formula remsined unchanged. The additional
casein was equal in weight to that of the replaced sucrocse and
consequently the diet was light and fluffy. This last may be a
possible expianation for the failurs of the mice o put on w8ight

on this diet. It is known that removal of carbohydrate from a diet
leads to no weight reductionm. Toward the end of the experiment, how-
ever, tie w§iéht-of tue gica ro;avalmost

-=  Since e¢nsein was the source

of protein, it was renlaced by e weight of sucrose equsl 1o thaw
of the replaéed casein.' Kiée on'such a deficient diet'lost weight
steadily fram the very first d#y‘and began tc die st the end of
three weeks,llfhey snowed symptoms related ;o fhé loss of'weight.
The animals here tazn, hat hunched and scraggly, but active

' and spry at all times.

; Finally, it should be mentloned that in some cases inf" ‘

-+ o ~a
T v WmaCcy LS S

o

S . conserve

p trolsvfor'more than one fac:orfat a times.
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Orientation

The following experiments were performed before the cholice
of a vaccine or the proper dosage bad been made. Not until sfter
these tests had been campleted, was the decisicn mads to usc the mousse
brain vaccine administered in 3 separate doses Tor opiimum resulis.

For convenience in the early experiments a commercial W.B.E, veceiune
prepared by Lederle Laboratoriea2 was used, This vaccine, stated to
contain chick embryo preserved with 0,35 per cent phenmol and C.l per
cent formslin, was found to be effectiive inm protecting against H.E. Ee
In the experiments to be reported it will be referred to &s the Lederle
veeccine., The mouse brain vaeccine used for comparison in the latter
nail of these expe:imentS'ia.the ofie USed i
verious physiological factors on immund
thesise Oniy %he mers importsnt expsri
these will be deséribed Sriefly.

The f\rst ezperlmenu was set up in order to determine the
neutralization range over verying psriods of timee 4 largse group Qf

mlce was givén §ne dose of the Lederle vaccine,‘O.S cc. ihtrar&béominél1yg
mhey were bleu 3, 4, 7, lo.and 14 aays after vaccinatlon ‘and the sera
stored in dry iceg All of . the sera wers tested sxmultaneously and the
final resuins ére set forih in Tablie Ii. &= ’
as the 3rd day and remained at a rather low titre until the l4th day when

ep index of l,SOO"ﬁas‘obtained. Frcm this response iv was apparent thet

& minimum of 2 weeks was necesgsary for a good antibody T85pONSTe

2

w
-

L
4]
O
L

flnulj supplied by Ur. h. R. “ox, Leaerle h&bOL&u is
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ter Intraperitoreel

Pevelopment of Yeutrslizing Antibodies =
rle . Vaccinre.

Vaccination with Lede

D

B

L
{7’1
tfj“)

Neutralizing Antibodies (intracerebral methed)
Mixtures 23 37° C. for 2 hours
T f‘“" T - » - - - 1
Serun LEYS aiter Diluticn of virus in mixture | LDgso | Neutra
in vaccination — — = = £y S ) «‘—421-.» zati
. ~ — i —_— -0 —f — - - PR R 3 4L G4 .
Mixture tled 107% J2077 1 107°] 1077 [ 107°| 1077 10 index?
f !
I L
Control B
. — : Qi) o/ 1/2 /2 SN .
rabbit g ] 373 ; o E - a/2 5.2
; z ; ! z !
. : ) [
i i i
| | { : |
Veccinated 3 : | 3/ ( 2/3 1173 1 ¢/3 bo7.8 10
mAITICe i ! ' ' ! ’
neuEe ) i ! ; : !
¥
0.3 cc. A | 1 3/3 11/3 lo/3 | 0/3 I 6.7 | 60
o | ey
DR I R — R . ’ . -~ f- i ¢
alaoiinally i ; i V273 3/5 U/ 073 i .5 | 1C0
i f ; { ;
A a/n it p - . i
ic ;J,f3 ;-/l’v 3/32 172 : 6.7 60
! » l » |
i i3/3 i/ N2 gl e .7 . 1&en
v A ..~/ - [ e ) : PR H AU
| | l |
| s i f

e L. . T £ 1
¥* Neutreiirzetion Index -~ =30 titre of controls

~ titre of vacc:_n:'bed mice
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It then became necessery to determine the potency of serwm in
another way, that is, by testing dilutions of serum against dilutions
of virus. & large group of mice received 0,3 cc. of Lederle vaccine intra-~
abdominally. They were bled at 1, 2 and 3 weeks and the sera drawn off,
Ten~fold dilutions of these sera were prepared in normal undiluted radbit
serum, Both the urdiluted and diluted vaccinsted mouse sers ware tesicd
for neutralization in the usuel manmner, The summerized results are pre~

sented in Table 1II and they show first, & low neutralization index.for

body when the serum is diluted at least ten times, In the 3 week test
serum diluted 1:10 still afforded scme protection. dut in general the
conclusion may be drawn that the low titre of antibody present in un-
dilﬁted serun 1s'almbstvor coméletely‘lost_on dilution.

After the insbility qf cne dose of vaccines to elicit 2 sitrong
antivody rssponse had deen demohstiated, it seemed ressonabie to test
vthe effect Qf varying doses:on the immuné résponse. Groups of animals
were glven vaccine acéording to the Schedule.in Teble IV and then bled

-and tested at 1 ?eék;'z‘weeks an& 4 W88K5e 1Th6 rééults ghown iﬁ Téblé.'
.IV’ n;in demonstfate‘thﬁt‘iﬁygéﬁeral néutralizatién indexes weré low

; for the undlluted serum and that dlluted serum became 1neffective an’;'
neutralizing u.E.E. virus except 1n lov dilution. - Examinauion o¢.the
’serum LD50 column shows that low serum dilutlons protéct against 50
iLDSO doses of virus in tne one week test and against 32 LDSO doses of
‘_vi'ru° in the 2 week test. The 4 weex test revealed somewhat higher |

‘:values, but results were not con81stently hlgh ané more 1mportant this

' ;‘pe*i0d of t;me was impraetlca.e The broad concluszon to beydrawn from" o
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Teble ITII

Pevelorment of HNeutrslizing Antibodies after Intraperitoneal Veccinetion
with Lederle Vaccine
Vaccination: one dose 0.3 cc. i.n.
Neutralizing fntibedies (i.cer. method)
= . . . leutrali i : of S
Serum in Pilution hedtrﬂ~}zatlon Indgx of Serum
nixture v of serum Cne week | Two weeks ]Three weeks
! in mixture test test ! test
H M "
? H ‘
F
. . . ! -
Vaccinated Undiluted 150 60 i 150
pice ) 5 |
' i !
. ! | |
0.3 cc. intra- | 1:10 i =4# -7 ' 10
abdominally . ! i
S ; i
5 !
1:100 ! ~4 -2 ; 4
i
:f i
1:100D 1 2~ -2 ' -2
; i
)
; |
i [
i i
* 150- ignifies no end noint
o4 imifies IDzn Titre higher than that of control
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Pevelcoment of Neutraliz

fntibodies after Imtreveritonesl
Vaccinaticon with Verying s

2 0of Lederle Vaccire

-

Vaceinztion Schedule: 0.5 cc. T.P. ONE COSCevevensevscnaneenseeslef X 1
0.5 co. T.P. ONE COSCuevrseesanvencarneveealed X 1
2 cdoses O0.5 cc. I.P. 2 days avaTteeceeese 0.5 X 2
7 doses Q.3 ce. T,P. 2 deys aneTltececeese0.3 x 2
2 doses C.15 ce. T.P. 2 deys avart........0.15 x 2
3 doses 0.2 ce. I.F. 3 successive daysS....0.2 x 3
3 coses 0.1 cc. I.P. 3 successive davs....0.1l x 3
Neutrelizing Antibodies (i.cer. method)
| | Neutralizing antitodies—-using
Lnterval! Vaccinstion | Neutreli- serum cilutions
mice | | zstion LDz~ | a +q T oan
S Les 50 Serur diluted Serunm
bled ' T.P. | index of | doSes ™
- - -
| E serum used | Und.| 1:5| 1:10{ 1:20 50
e T I o
| i s |
P05 x 1 5 P15 —— 1575 1 5/5 1 12
;03 x1 | 25 50 13/5 1 ——15/5]5/5 [«1:1
Cne © 0.5 x2 400 o/s | —13/5 | 5/5 1:7
P 0.3 x2 650 /8:2\| 0/5 | —15/5 | 4/5 | 1:4
week | 0.15 x2 | 500 \&.5)Vo/5 ¢ ———1s5/5 L Li/s | 1sa
la s - ) : LA 9 /- '-/: Pl ‘ - -~
Ves N O : (V) <“f 0 ——— 2/3 2/2 L3
0.1 x 3 &0 P 2/8 | | L/5 1 1:2
} 0.5 x1 | 650 /L) 3L LS | —— 1:2
C.3x1 | 300 32 13/2 0 3/412/28 1 —ee K152
o T o : - - . P o ‘y .
Twe Ce5 X2 1C0 G/ | YAl 4/l | ——— 1:0
C.2x2 | 1C (8.0 /4y 2/4 2/ | ——= | 136
weeks C.l1s x2 | 30 6.5/ /4 | YA{3/h | —— | 1:6
i 0.2x3 ;1000 2/hL ¢\ 3LV LSL | —— | 1:1
0.1 = 2 I 14— , —_— —_
—-— e 1 e - ——— ——— i
b !
ok x51 ‘ ! 150 32% 1 2/L 0 —13/4 | 3/L 1 1:2
TS T j100% L 1/4 4 2/443/8 | ——— 1115
Tour, D R s ' ‘
6.3 <1 | - 32 O/t { —={1/L  L/L | 1:20
' c3 -\. L ] 30»' i
oo 160 {0/L | 2/t {2/t | —— 127
weeks | . S ' P ‘
‘ ; i o » P
| 0.5 - b e 32 1 0/4 | ——10/4 | 2/4 1 1:20
C.5"x 2 t &C0 AN b A~/ R “ sy boa =~
: o - LUy i (O l L2 /4 l —— l LU
i ' i ' ‘ : '

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A

these experiments was that the Lederle vaccine was ineffective in
indueing the formation of sirong neutralizing antibedies. Further
evidence to substantiate this claim was found in the next experiment.
Since Morgen and Olitsky (&) had demonstrated that suffi-
cient dosage of formalinized virus could evoke ap immune response in

mice equal to that obtained after active virus, it now appeared de-

T SN 0 Uy

sirabls to ropsat their work using the Lederls

et mal ]
) s o

-~
coine as the

of formelin insctivated virus. Consequently cne greup of mice received

6 intra-sbdomipal injections of 0.85 ¢c¢. (0.235 x 8). Injections were

-

made onr the first 3 days of the first week and first 3 days of the

2 wook, The enimelas were bled 2 weeks after the first dose was

s&gon
given. For comparison a second group of mice wes vaccinated with

] -

living virus. They received 2 intra-abdominal injecvions oOF

an
vwve

&

Ce
of 10.3 dilution one week apart (0. x 2) and were bled 2 weeks after
the first‘dosao | o ‘ | o

The results, shown in Table v, éemonstrata the inability of

mice vaccinatea thh the Lederle vacclne to produce an immune Tesponse

- at al comnarable to- that of anipals vacclnﬁted with active virus,, In'
fact, under comvarao;e clrcumSuances the values after the forma;lnlzed
v1fus are much lower th&n those renorted by liorgan and Dlitsky after
vuccinatlon wztn fonmalinlzed vivus.7 The results of the intracerebral
immunlty test showed a distrlbution of aeatns among the Lederle vaccinated
mice over 8 wzae range of virus dilutlons anu no sharp end noint. This

' is strongly 1nd1cative o: a low grade immunlty.. Fina;ly, in the %est

| for neutraliaing antlbodies oy the intraper1toneal methoa in young mice

"ﬂlno nlfference was apparent between both groups of vaccinated mlce.
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Immunogenic Cepacity of W.E.E., Virus
Comparison of Formalinized (Lederle) Virus and Living Virus
1, Neutralizing Antitodies—-I.Jer. method
! o | Serum L0, Protecting
Vaccine . Tosag i Meutralizaticn ageinst i against
R { \
; i Index 10 50
: | LD;q deses LDsjcdoses
{
. ‘ ‘
Living virus | 0.25 x 2 E 1000 1:790 i 1:40
i .
3
Form. virus i 0.25 x 6 | 400 1:60 1:10
®* Control titre 2.3
2. Intracerebral Immunity
i 0.03 vo. intrecersteetic TR
. : .03 cc. intrecere iy . .
Crour of Mice | , : - cer Cfal d ’L‘50 | Tmmunity
P 10TH10TF 107 1074 1077 1070 107 107F 1077 TR Anaex
: T T e b T
_ N : ! | i 1 ,] . . . 1 o
tnvec. (ontrols , - o~ - 1 - -} = 132/303/3 |13 | 8.7 ——
| : | | % | ’
Living virus ; ; ' ; ! : 5
nS ; | i
0.25 x2 .3/4L :0/3 io/’3‘ -y - b - - 1.3 b 5,000,000
Vaq, L : i ! DL ; ! i
: Vo e | i i j P [ i -
Form. virus :2/3 i1/32 .2/3| - . - - | - - - 1 2.0} 5,000,000
H + i
0.25 x 6 | L | | | i |
i I i i
3. Neutralizing Antibtocdies--I. Peritcnezl rmethod
- 0.03 ce. T.P. —— 14-15 dav mice
—_—— X - — s sy ™
: Ddiution of virus in mixture LDzq leutrali-
a . 03 o > o+ AN
Serun in Ifisxture = . T Sy - B - = - R o zawion
1:20 10 2}10 10 “‘10 T 6;¢o 1107811077 [titme] Tndex
| ,
- ' - S N S PR S PN -
Unvec. Controls e R 2/ I;/p ;2/9 0/3 8.0 I —_——
{ : AR o I
Living virvs {2/3 /3 :0/3 i¢/3 10/3| - 1 -y - | - 2.7 2,000,000
Vac i . | ! f S ' ;
- {Form, virus [2/3 Io/3 /3 50/3 if\/; o/3 ‘ S - 1.5 iB,GO0,000
H +
e l 5 | L I l
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However, this method is not sufficiently sensitive to pick up quantita-
tive differences ir antibody content as will bs seen from this test as
well es others,

Since the Lederle vaccine was ineffectiive in producing a
atrong immunity against the strain of virus used throughcut all these
exrperiments, it next seemed logical to test another vaccine., Therefore,
vaccine was prepared ffom W.E.E. infected mouse brains &cocording to ths
directions in methods and materials and its immunizing potentialities
at of the Lederle vacaine., Cne group of mice received
the Lederle vaccine while a second received the mouse brain vaccinee.
Both groups received 6 inira-abdominal injections {Je25 x &) us vefore
znd were then tested £ weeks afier the first dose.

Table VI shows‘the decided sﬁperibrity ct thé mouse braiﬁ"
veecine over the Lederle vaceins ﬁhen vested for neut*al;z tion by the
intracerebral method, ‘The neutralization index induced by the mouse
brain vaccine was mnch hlghev than that induced by the Lederle vaccine

;;being 3,200 sgainst 800. The serum LD50 of 1:500 against 10 LDS0 doses
‘_“and t;e‘se:um d.bo P; ?é& aqainsﬁ 50 JDS doses for. the mouse brain
#accine was significantly higher than‘the respective values of 1:50 and
1:11 for the Lederle vaccine.  The neutralizatidn index by the intre=
\peﬂitoneal method revealed no‘dlfference between the 2 vaccines, thus
.confirming the‘previous observation of theylnadequacy of this methed of -
testipg'for”quantitative differences ih neutraliéi;g antibodies. The .
‘cerebrgi::eéiétande tést also revéaled the superioriiy'of‘thé mouge
‘}:biain #aéciﬁe. Fhereas this vac01ne proauéed an meunlﬁy index oflat  ‘

. least 2 000 OOO with good ené n01nts, the Lederle vaccine showed an o

index of 400 OOO ‘with no end p01nt at the hlgher uilution.b This is 1'
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more than & ten-fold drop in immunity. Again, the distributiom of
deeths over many dilutions is indicative of the low grade immunity in-

duced by the Lederle vaccines

In summary it would appear that the Lederle vaccine itself
was inadsquats, or scme other fector was responsible for the failure
to produce an sdequate immune respense in mice. In & personal communi-
cetion liajor A. B. Sabin hues suggested that differences im Ihe siraims
of W.E.E, virus may be the underlyipng cause for the wesk immuncgenic
ability of the vaceine. ZExamination of the last few tests tend to bear
out this possibility. Mice injected with the mouse brain vaccine were
protvecied sgainsv 1
with a heterologgus preparation (Lederle vaccine) were protected to a
lesser degree against ths seme strain of virus. Nevertheless, reporis
indicate thqt the Ledarle vaccine hes produced good 1mmunity when tested
agalinst its hemologous strein of virus. As 8 result the mouse breain
vacciné was employed in al;ythe tests in which physiologicel factors
were étﬁdied;>  B | | |
| -'Finaliy,‘a;g§m§a:ison was mace ﬁetween twé doses and S doses
ot méﬁéé bféin‘#acciﬁé“oﬁ iheir resneétife immunbgenic caﬁacifies end
‘h’the ;esults are set forth in Table VII. Thrée doses’of vaccine apneared
{dlstlnctlj auperior on the basis of the neutralizatlon 1ndex and the 2
- serum LDSO tests.v The intraperitoneal neutral*zatlon 1ndex was about
the ‘same ;or both dosages, but no srnd novn»s we‘s obtained end again _
it‘c&n be pointed out th&v thls method does not give suff101ently
.accuraue quantitative results. Flnally, the immunitﬁ 1ndex was ap-
. pavently th° same for both 5roups, but as nc end Doints were obtalned |

we' can only say tnat con51aeraoie cerebral resistance resulted from
either 2 or 3 doses of vaccine.
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There finsally renainsd the possibility that the intraperi-
toneal neutralization test in young mice is a more suiteble msthod for
detecting differences in antibody titre. If it could be shown that
tte use of undiluted serum, over many dilutiomns, could obviate the
necessit)y of using serum dilutions, then the intraperitoneal test would

be the neutralizetion test of choice. An experiment was set up to
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method and the results are suumsrized in Table VIII,

W.E.E. hyperimmune rsdbbit serum, which wes on hand, was
utilized and serial ten-fold dilutions were prepared in normal rabdit

serum. The serum dilutions were distributed in tubes and appropriate

virus dilutions added 1o eack tube. The wixtures were thoroughly shaken

(&)]
%]

& 15 day o1
mice.‘ Tﬁo;tegts were done and the résulfs were.combined to foﬁn.Tablg VIII.‘
 _The £esu1t$vdém6nstféte that séfum‘dilufibgs'afe sfili ﬁeéessary‘foi a
qLantitative antxboay cetermination when the intraperitoueal method 1n
n'young mice is employed. "By us‘ng the hyperimmune serum definite neutr&liza-
  t1on was ootained with & sexum dilutlon of 1 1000 and slieht neutraliz&-
: ft1on, W1th a dllutzo“ of l 10 000 ‘xhe fact that seram uilutlons were |
”mjnecessary, and tne test aic not permit a quantltative aiflerentiation;:f
‘k‘betveen sera, as well as that tne malntalnlng of a anstant‘cunp¢J o‘h 3;'
| 14 09;;5 ééy,o;¢ iic;:w;s:gi’ dltional incanvenlencé; ruled out the
i :intraner1tonéal.néutralléatloﬁ test as a pract£cal methoa fér defectlng _]I
'”m  quantiuative dlf;ere;ces 1n anfibody content;hic’ G |
| ‘Ffan the'results ? wes f‘na1ly dééwaea to do thé follog;ng;yw

"f;l,x Lse the mogse brain vaccmna

s of 0;57¢c.‘ eech intre- abcminully inte 21 gre
Tomsle mice

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



*9TQRY #TUl dn 2)Bu 03 PAUTQUOD 9duw S189% 043 JO s} Tusad oyl, 930N

T Lt £/0 | €/1 | ¢/« - - ~ {000°000°¢T+ T
£ €L £/0 | €/0 | €/¢ - - - 000 00T T
el L9 e/o | g/0 1 /¢ - - - 000°0T+ T
00G¢9 oY - | g/ 20 /2| - - 000°Ts T
Jooofoustt et | - | - | 70 szl /0| - 00T5T
000000 | §°T - - - T/0 | /0| €/2 _ OH"HH
4000°000¢G | _T"T - - - ¢/0 | 2/0 | S/0| peniTLU
—-—= 8°L §/0 1 s/e | §/4 - - - mopzaﬂqu
O g | 60 [6-0T | 400 €-0T | =00 [ 08T} pequryg
..ﬂw.wpsmz Oq ..u!lxii.\&“.,wwmmﬂﬂﬂ.mmQx‘SEu BANXIW IO *00 .m.ci.mw;!‘ T HaLLes

R

ounuuT
~a0dLy .

Cta i

RS UUpSS IOV

TemIoN

Ieg
3Tqq Yy

P01y A ST-YT Ut
L£1uouoy paadeaiul pagsa], uouy , ,
dd ) Jo Apoqiguy BuyzZTisIinel 9y} U0 UOTINTIU JO 08Iy

IIIA @194

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



&5

3. test for immunity st 2 weeks
4. titrate the antibody by means of the intracerebral neutralization
test usings
(8) wundiluted serum against decimal dilutions of virus

(b} dilutions of serum against 50 LDy, doses of virus.
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Experimental

Effect of Fatiguee Some work has been reported on the relation of

fatigue to immunity, but the results are conflicting and a gensral
statement on the subject is iupossible. Some investigzators find a
degreesed resistance to bacterial infection after exercise or fatigue,
while other find exactly the opposite, that is, an imcreassd resistances
According to recent reports the seme state of affairs holdas true for
filterable viruses. ZXatigue can reduce the resistance of monkeys to
policmyelitis {13), whereas no definite etrect has been odiained iz
mice infected with influenza virus {l4). 4 survey of the literature

on she relationship between fatigue and the productiocn of amtivodiss

afver anltigsnic stiaila

e asemas

decreases in tiire were also reébrted;' The same survay disclosed the
important fact that absolutely ho work had been atteupted on the Te-
lat‘onshio between fatigus and the antlbody produced by & filterabdbls
'71rus. It Vve; the”efore, dec;aea to incluae in tnese 1nvestlgat1ons

e stauy of the effect of fatigue on the neutral1zin; ant*bodles of W.a.E.

E;perlment l. Mice weiehing batween 21 and 20 grams were

aslacted fggm the stock of nogmreznant virzln females and divided 1nto
3 gfoups‘of 10 mice each; One group was‘exerczsed 1n the fatlgue
machine for 1 week another for 2 ; weeks and a third group was set aside

- 1o be used as controls. All three groups were vaccinated simult“neously
and reueived O. 5 cCo 1ntra-abuominally on 3 separate days; Thers was a

48 hoar 1nterval oetreen injectlone. A group of normal mice was kept

in Teserve as unvaccinated controls, . The weight curvesg of the vaccinated
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mice are shown in Fig. 1. Among the 1 weoek group, 3 snimals died
during the first week of exercise, ore died during the second week
and two died after bsing bled from the heart. In the 2 week group,
one mouse died the first week, noue the second week, but two died
after bleeding. None of the controls died before or after cardias
puncture., arfter exercise mice lost weight at the average rate of
spproximately two grams a day. They menaged to regain soms of the
lost weight at night, but did not achieve a return to the normal
level., This loss in weight was not in any way due to the withholding
of food from the mice, because tae food baskels were rewoved Irom the

vaceinzted controls as well, and they demonstrasted nc such weight losse

and the sera tested for neutrelizing capacity. At the same time, the
animals whbée sera wers being tested were subjected to a test for
cerebral 1mmﬁnitv. Reference to Table IX.reveals nc significant dif-
ference in antibouy ‘titre as measureu ny the conventiona; method of
-mizing undiluted Qerum with decimal dilutlons of v1rus. The one week
lJand two week exercxsﬁd groups of mice showed neuuralization indexea |
"of 650 and 2 OOO resnec*xvelv, which cocmpares favorably w1th the index
| l C2C a¥ a‘ned b*‘.hé veceinated cont ro’sa These values do not differ
_much f*om oﬁe anothers Theré‘was no'difference in antibody titre when
-ithe same sera were tested in another way. Two-fold‘dilutions of sers
v, were added to a constant amougt of virus dilution, *n this case 32 LD, 50
'-‘dosesa.'The”LD5o dilutions éf sera were 1:5 f§r'the'one week group,»l:ll
" for the‘tﬁo,weekigioup'and l:ld for the ﬁaccing%éd ¢ontrolé (Table X).

‘5. Here again, there‘was no difference vetween fatigued and nonfatigued
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nice as regards antibody production. A compsrison of Table IX with
Lable X shows that the results obtaipned parallel one another.
Table XI reveals no striking differences between these sams

sera when they were tested for neutralization by means of the intra=
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5 day mice,
The animais tested for intraceredbral immunity showed con=-

I
L

on the

-5
]

>
o«

siderabls resistance, bui since zo end peints were cblaine
survivors and since we were primarily concerned with the antibody, this

aspect of the work was not repeated.

Experiment 2. This test was set up to determine whether or not

£ anticer could bring cut eny differences in antibody

m~ mmtaT T e
Q. Dedkhde b U4 CAMA Al
response between exercised and nounexercised mice. Therefore, three

groups of 10 mice each were vaccinated with ome dose of 03 cc. intra-
on the tirst day of esxercise
abdominallx’ 48 vefcore, one groun waa exercised one week, ancther for
two weeks and still enother set aside as nonexerciaed controls. (A |
fourth group received neither exercise nor vaccin&t;on and acted as
coﬁtrols for those recelv1ng antxgen. The weigﬁt cﬁrves,of thié series
v;of animals were similar to tnose ahown in Fig. l. Th*s tiﬁe only three
'v,mice in the one week group dled and none in any of the others. Preliminarj
‘testS'had demonstrated that the neutrslization range after one dése ofvf'
'i\vaccine wes the same as thab sfter three doses, when the.ﬁéSf was done
i1with’undiluted serum. Howeﬁer; when the test was perfgfméd by @singl
;diiuﬁions.of Serum; some ﬁrop in titfe wasg observed. Theré was also
fé'ﬁarkéd dr&p.in the‘resisténce 6f mice testéd'fbf‘cerebral immug;ty
”7Taffer onlyvone dose of‘vacclne.(  |
Two weeks after vaccznétion the mice were tésted.for neutréllzing‘v

eantibodiiss as well as activs imm@nxuy; Neutralization wWas éetermined
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by the two methods previously cutlined. Froam the dets in Table XI1

no significant difference could be observed, when the sera were tested

either undiluted or diluted. The results further corroborate the
findings of other investigators that, although the neutralization index
is the same whether one or turee dosses of vaccipe is givesn, differsnces
in the antibody content caun be discerned by using dilutions of serum.
fhen the mice that had been bled were tusted for cerebral rosistance

a slight difference was noted between exercised animals and controls

as sesn in Tahle XTIIT. It is true that fewer exercised than conirol
mice succumbed at the lower dilutioms, but, nevertheless, over a wider

e . A e

rapge of dilubions more ravigusa rthermore, ho

izals succumbed, Tz b

end point was reached for either of the two fatigued groups. This lacx
of cdmpiete protection'bvér a ﬁiagyrange of dilutions contrasts somewhat
with tne cont trol group of vaccinsted mice which completely resisted the
dilutions sbove 1074, | | o

From these exnerlment< one msy concluae that fatigue exerta

no influence on the fonnatlon of neatra1121ng antlboales unde* the con—
iiticns:set_forth,in:these teSyS. However, theve is a possibilit

Kthat“afféf slighf sntigenic g#imulatlon.there is a”qeqregsed qerub;alf‘
rvsistance after exerclse._,: | ‘ |

gﬁfbct of Dehydrationo From a review of the lzteratare on the effecﬁ

_of dehydration one may concluae that dehyaration of the body tissues _
leads to an increased suacenuibility to virus 1nfection. However, it
.has been.nointed out by Sp“unt (27) that an increased reszstance is 5 ‘”‘“
‘possible unuer certain conditlons of dehydration. Yo aftempt has be;ﬁ

/_made +o °ssay the level of aﬂtioody pIESﬁnt at a time when the res#stancé

of’the host_tp 1nvasion nad been decreased, hnrefore, uenyarat1on as‘

it affects immunity was included among these studiese
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Table XII.

Development of Neutralizing Antibodies in W.E.E.
Vaccinated iice after Exercise.

Neutrelizing Antibodies (intracerebral method)
Serum virus mixtures at 37°C, for 2 hours.

Undiluted serum Serum dilutions
Serum in mixture
LDsog Neut. LDgo doses | Serum LDsQ
vitre Index used
Unvaccinated contirol 8,8 - -
80
Contirel 3.C 3200 : 1:2
/ R
Vaccinated 8.5 Control
0.3 x 1 Exercise 1 wk.| 5.5 1000 | |6.6 y 1:4
Exercise 2 wksL 5,3 1600 ' . o 1:2
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Female mice averaging 21 grems in wsight were placed in
individual compertments ané were subjected to the regimenr of re-
stricted water intake. On the fourth day when the weights of the
animels had become stabilized between 14 and 15 grams, they were
given their initial dose of vacecine followed by the other two doses
on the sixth and eighth days. Two weeks after the first dose of
vaccine, or on the eighteenth day of dehydration, the animele wers
tested. 4as shown in Fig. 2, the snizsls mairtaimed a uniform weight
of about 14 grams. Fig. 2 also shows the uversge water consumpiion
per mouse and the resuliant weight curve. Eight mice comprising little
more than half the total survived the dehydration program and 3 of these
€xi day the serun was tested Tor neuiraliza=-

tion and thé vsceinated Ei:alwere téstei foé immunity,. Since we wers
primarily interested in the antibodv the mice were returned to an
' é&equate water supoly 24 hours afte; the 1ntracerebralAinjection. This
was also to make certain that the injected mice died of virus infection
and pnot orf uenydraflon. it will be noted that the mice &lmost returned
- to thelr previous normal helght 24 hours aelfter they were put on an aﬁe-
J  quate watcr 1ntuke and’ chen nut éﬁ wéight rore slowlye ##ventually they -
- “eturneq to thelr Loz mal neisht | h
E The summarzze& da*a in Table AIV show §hat ﬁo‘signifiéént“i
différences were present. The neutralization index of the dehydrated
i(anim&ls was almos» as hlgh as that of the vaccinated controls. How=-  :
‘wever, slnue no comnlet= enc Doint was reached on the serum of the de-
‘, ‘hydrated mice, even this slight dlffe €1nco yould tend %o dis“ppear..
k‘;When tested by'means of the serum dilution method the sersg obtalned '

f from the thirsted anlmals revealed a slight dron in ‘the rrot ti.e
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Table XIV

Effect of Dehydration on Development of Neutralizing Antibodies
(intracerebral method)
Undiluted serum Serum dilutions
Serum in mixture
LDsqg Neut. |LDgo doses Serum LDgq
titre Index used
Unvaccinated contrel 8,3 - -
50
Control 4.5 £200 1:20
Vaccinated ('-. :
0.3 x 3 : 8.3
\Dehydrated 5.0 2000 + 6.6 1:8
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power . 4&gainst 50 LD doses of virus the dehydrated wouse serum
diluted 1:8 protscted half the mice as ccmpered with a dilution of
1:20 for the vaccimated controls. To become gignificant in these tests
a drop in protective power much greater tham 1.:8 would be necesssIy.

Since no end points were obtained in the cerebral immnity test, these

ot

results are not tebulated, It may be of interest to mention that

mmm AP el DL e
VLT VL vMT LayY

t
®
0
€
+

succumbed after the 10'4 dilution end one of two died after an injection
of tae 10~5 dilution of virus. The cause of death was verified by
passage and culturs. 4 larger nuuber of animals should be used to
determine whether there is & decreased resistance, but, since our
primary concern was with antibodies, no furiber work Was dome om this
problem, | | |

These results indicate that dehydratlon induced by a re—
strieted water Lntaxe does not 1nfluence antiboay formation..i
Effect of Pregnangx. The clinical observation has been made that

th
. pregnancy moaifies/response of women to certaln diseases. 'In the

'labo*atory, on the other hand it has been amply demonstrated thatv;
:"nregnancy can inte*fere with the develogmeht of an acquired lmmunitj.

‘hence, ‘no gene"alivatﬁon about the relationshlps of pregnanc to

"immunltv is nosolmle. uonseguently, expcrlments'nere aes;gned uo ]

aetezmine vnetger p*egnancy could 1nfluence the ﬁroduction of 1mmunity.‘
, :The Level of antloody as Well Ea the degree of cerebral res43uance o
“was, therefere, selected as the means of meaeurlnb the 1mmun1ty o*o-

: In the first experiment 14 mlce whlch had been 1nseminated

ywere 5iven three dooes of vaccine 1ntrager1noneally. Of these 6 were
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eventually discarded for various reasons, while the remaining eight
mice were bled for serum 2 weeks after the first dose of vaccine.
The mice ware vaccinsted during the period of insesiination so that
of the mice that delivered ome gave birth before and 4 gafier being

bled. Probably as & result of the intraperidoneal vaccinaticn the

remaining thres mice rbed their young 3 to © deys after the thixéd
P . S S D S N o P BN 11 P R Py Sy A dea cmermremmeranr o~ e s
dOS0 VL YOCCLIiCe ALTY WTLC Qirlhic 4O Chisd QUYGULTU L D4 TsUABVY DAV e

they had been insemineted same tice before the first dose of vaccine.
The time of vasccinstion in relaticn to the period of pregnancy is
shown in Fig. 5. The iuportant thirg is thet the mice bled for serum
hal b
could exert its effect over the maximum period of time.
In the résults obieined (Table XV, Expt. 1) there are no
vstriking differences between nonpregnant vaccinated controls and
:p ant vacc.nated miceol The slivht decrease in antibody shown bv
the pregn&nt mive is demonstrated in the thres types of neutra*lgation
'tests.‘ Thev are a neutrulizatlon index of 550 comnaiea wzth l 000 in
V‘che contro‘s, a serum LD;O of 1 & comxareu with l 10 and an intra- “};
‘Derltoneal “eutrallaatlon 1naex of lGO,COO compa“eu mlth at le&st
i, 600 000 for the controls. The last comparzscn would appea" to be
significant exCep~ fo: tne f@ct uhat too few animals‘xere an*;oyed in
'_fhis teét. .ﬁ6ﬁe€e£, 5* in%efést is the :act that thle serum tested
fbj 3 different methods showea pronortionﬁte drops in titre of doubt-:gy
* ‘ful sxgnlflcance 1n all S of the metnoas when comna*ea i th the control
7 _vaccinated mousévseruﬁ 1n’eaéh c;se; An 1ntracerebral immunity test
WaS performed on the 7 vacc1nated Dregnant mice aa ‘ell as +he VcCClnaved
éo“trois;ﬂﬁ °ummi“" up thﬂ *ﬂsul+s al _ﬁth can oeVS“‘d isu£hét *hé
animals r931sted at least 100 LDgn doses of vaeccine since no lowe¢ andv

c0int was resched.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(3S04 1) NOILVYNIJIVA GNV AINVNS3IAd 40 d40l1d3d ¥ 9ld

«—— NY¥08 S¥3LLIT——> SAVAd «—NOILdIINND 40 QOI¥3Id —

0e Ge 0¢ Gl 0l S 0

[ I ] i | L I T T 1 ] | { 1 | | | \ ) ] | | | | | | 1 | | ] 1
auﬂ_m uz_wu<>

] o ©

= | mnEE ™ ° o ®

[ . ] ®

NY0og 3Ll ISNOW TYNCAIAIGNT =
GILVYNIWISNI ZASNOW TVNAIAIANT e

(33504 £) NOILVYNIOOVA OGNV ADNVNO3dd 40 dOId3d €914

——— NY0Y SYILL ——— SAvVd «—— NOILdIONDOD 40 Q01d3d —

0¢ G2 02 Gi W] S 0

IR ) 1 I 1 | | ) } | i | I I | | | I T T i I | I ] { 1 i i [
a3ang dl uw:oodu_w

H . “ E m © ® o © P

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In the second experiment only one dose of veccine was ade-
ministered intraperitoneally. It was given abcut themiddle of prege
nancy. This time only 7 pregnsct vaccinated mice were choser and
Fig. 4 shows at whet time duripg the pregnzncy the vaccine was given,
all 7 mice were impregnated before voccelnetion and with one exception
all gave birth befors tests for immunity were perfcrmed., The cne
exceptich produced & liteer I day
were bled 2 weeks after the initial dose of vaccine.

Exeminetion of Table XV, Experizent 2, reveals %wo things.
First, there is no difference between nonpregnant mice and pregnant

whean
mice as Ter as antibody content of serum is concerned/they are com=-
pared on the basis of the serum LUgg. The dilution of serum proteciing

50% of the mice against 80 Ligy dcses ©

gioupé 6f mice, léz being the calculatéd dilution._ Second, there is
éﬁ alﬁést‘teﬁ—fbld'dIOp ih €he neﬁtfalizétion index of the serum obtained
from the pregrant mice ss comnéred with the nonnreananf. This drop in

' protect1ve power zSsumes more s;gnificance whexn welook at Lable KNI.

HIn this table are recorded ;he resul s of the test for cerebral 1mmunity
Jfﬂon tnose mice whose sera vére tested for neutrallzatlon in Exp°r1ment 2.  »£
*u-The vacclnatea controls 5ave complete end noints end an immun;ty ‘ndex -

,0? 6 000; Wnlcn is contr r-s*k:ect thh’tne resuxzs of tne va501néteu pregnan;

‘mice.' They snowed no sﬁch comulete ena points and haa an immuni y 1nde#

'””:oz less than 500, a drop of more than 12 LDso doses. “he dlstrlbution of‘ :

‘lfldeathe emonc the pvegnant mlce over many dlluolons also 1ndicates a lcw

:{gvade type of protection. Lhere 1s then a correlanion prusent which is o
‘”bO“ne out by'tne lowered neutralization inaex of the serum on the one ,'

hand and the 1nwered { nity index}of the ﬂice on the othero
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Thus & slight decrecase in immunity is produced during preg-
nancy. This decreuse is shown by & drop in meutrslizing capacity as
well ss a fall in cerebral resistance and becomes manifest after slight

antigenic stimuletion, but not after larger amounis of antigen are ad-

ministered,

Effect of Underfeeding. In the articles on the efriect of underieeding

on resistance or the production of immune bodies, The resulis reported
are ivregular and, thererore, of doubiful significance or they varied

n genaral the conclusion is that a lowered

jntake of food is mot a fector in diminished resistance to infectiomn.
In tact, rrom recent work, thbe impression sained is that with holding
food leads to increased resistence to infection (lS)e
Upvto the present time no eiperiments have been conducted to
determine whether the ﬂeut:a ziné substances present in the blood
stream after virus stinmulation caﬁ be.infguenced by simple inanition,
althouch some WOTK has beea aone with bacterlal anulbodies. Corse~
quentlf; experlments were planned to tost the effect of underfeeding
*ﬂncn the immune response in mice after 4nocu.a ion witn_u.b.ﬁ..‘The‘
”wreeultsvvo be renortediaeme ‘ rate a drop ln tae eeutralizins canaclty
o of the b‘ood wniuh is cor reletea w1t" a lessened ublllty o resist e 
e‘eereﬁre1ﬁin*ectlo§.}' . "
In the first exnefiment 12 V1rgln female mice averaglng 21
. egrams in ;eight wers fLaced on a Ql * of purins dog chow insuf flcxent
fefln a&ount to meet their neeas. 'mhey lost welght rapldlv and weighed
abou; 14 grams bv the fourth day, Vhen they recelved uh?i“ first dose

of vaccine, They received doses of vaceine in all and were bled 2

- weeks after the first dose, During This 2 week perlsa their weight
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avereged between 13 =nd 14 grams which was & little too lowe 48 a
result only two mice survived the ordeal. These wers bled to death
and their serum tested for neutralization.

4although there was insurficient serum for a complete test,
the results (Table XVII, ZExpt. 1) were striking encuck tc warrant a
second trieles The neutralizution index of the undiluted serum dropped

L an =~ < . R
o - ” AW
L0 L2233 LO&D T CONpETEeC O Tyv

(]

or the vaccinaisd controlse This

was a drop of more than 100 LDgy doses. The drop in protective power
&lso bocame evideat, when the blood was tested by the serum dilution
method. 4gainst 50 LD50 doses of virus the serum from the underfed

mice showed a serum LDSG of 1:3 s2 compared with 1:20% for the vsaceinsted

conirols. This was the first svidence of a marked drop ir the produc-

Th: test was repeated in Experiment 2 with substantiallylthe
same”teéults. Tﬁisbtimé, hoﬁeﬁer, io0 miée Survived thebunderféeding,
2 of which diec after bleeding and one the following day, probably as
‘abrésuli'of trauma,  Thé neutralization index‘of the underfcd vuccinated
&nimals HAS less +han;l‘ESO compﬁred ﬁifh 300 for the v&c01La«eq gontrols,
a dron o? dt 1eust lO LD doses. <Lhe se;uL d‘lutlon sho ’eG S drcn, too,
' belng l l as comnared to_l;s qu the COntrolg,_:T the test fO“’ce“ebral
' [aimmuuzty no enu'poxnu§?w§;élobtgingd, buf 5 6f5p in active immunity‘apf‘ o
-:‘pea*ea no<81b*e.‘ | - |
| In E“nerlmenﬁ 5 thic test Qas ;epcated cnce mofe’on a larger
;.number of mlce in o“der to have enouén au“71?ors for the int racerebral
'::immnnity test.' For -tﬁo micé‘averagzng glightly overial grams in
"welght were numbe¢e“ and d;strluutea 1n their indivlcnal cublcleo.i

,’Hhen thelr average welghts had dronnea to 15 groms th ce as well as
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their adeguetely fed controls wers vaceinsted and 2 weeks later bled.
The weight curves of both groups of mice are depicted in Fige 5. The
curve shows that slightly more than 3 grams of fcod was sufficisnt

to maintein the weights of the mice &t 14 tc 15 grams while at a &
gram level the mice slowly began to put on weight. The food allow-
ence was increused 10 4 graums the dey after the intracerebrel re-

ce toest wes done in order to minimize the nessibility of mice
dying of starvetion. Imnitially, there was a slight increase in
weight; tien as cre of the offects of the virus the weight curve

began to drop. &after this period the surviving mice slowly put o

weight. The control mice on an adequate fcod supply &lse showed a

Bxemination of the results (Lablc XVII, Expt. 3) Teveals
tnat aga;n there is a ducrc&se in the meuira lxza ion index aund the
seruz LDg, of blood obtalned from unaerfed mice. The index of the
unuerxea mice was 1uo, or a d;op o 50 “DSO dosss aslc : v

- B, 000 for the con»ro;s. The serum LD50 fell from 1.16 for ‘the con- .

- tro‘s, to 1.4 for the under;ec.m.ce. The serum V&s obuained from )
25_surtiv ng underfed mice Who were subsequentYy testea for actlve Hf
'*?mu&iﬁf $ab1e XVIII p“esents the result of this te to The vac~ ‘
'cinatea controls gave a8 reasonaoxy gooa end’ p01nt o; ‘1e3 an@ an’
immuniuy index of 25, OOO 000. In OOADarlSOD the unaerfed anlmals

were only vartla;ly resxstant 1o all the dlluuions up to and ino‘

'"cludlng AO 6, thu & nnganxve end poxnt at lO ”he calculaued
o LD5O titra was o.6 w*th an immunity index of 126 OOO or & drop

50; aoout aOu aDgo dosese To maxe ‘sure that the underfed mice aia
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not die from starvation, the brains of those found desd were cullered
and tested by passsge. Only those mice that were megative on culiture
and positive on passsge were regarded as dying from specific causes,
After the depressing effect of underfeeding on the immune

response had been established, an attempt was made in Experiment 4 to
aceentuate this effect by a more prolonged period of feed restriction.
Fifty mice averaging 18.5 grems in weight, to allow for gain in weight,
were put on a diminished food intake, They were kept on this regimen
for 2 weeks before they were given their 3 doses of vaccins and then
kept on this restricted foor intake for the duration of ¥the exps sTinsnve
Coutrol mice of the same weight had been set aside aund were vaccinated

8t the same vime. Thoe weight curves of ths mics undergeins

<t

he pre-
24 underfaeding scheduls as well ss the controls are ?résented in
Fige 6o Time of vaccinatior and bléeding with respect to the underfeed-

ing program is also shown. Twenty-nine surviving mice were bled & weexs

after vaceination and tested for immunity,

ct

. From the results {Teble XVII, & p;. 4) it can be sesn that ths
neutfalizatlon 1ndex of the underfed.mlce fell from l 600 to 80, a drop
"of 20 uDso doses. ' The serum LD50 was 132 wnich Was in keeping with tne,
.»prevxous results. However, the vaccinated control serum was only 1:6 f.3

whan tested agaianst €0 “DSO dosas of w¥i ﬁ
The results of th° in.racerebral immunlty’test {Tabie XViii,

ﬁxpr. 4) were the same as those obteined in DxpDrlment 3 thet is, &

.partlal protec*icn of vaccinatﬂd underfed mice. The ,mmunxty index of

'the anderfed mice was 63,000, or a d*op or 100 LDSO doseq as comna*eﬁ
"wlth the value of 6,300,000 for the controls. There was a’good end poinf

for the vaccineated sonnro;s, but rata;ztles occurred over a wide range

of dilutions for the underfed vaccinated animels,
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The results obtasined in the several unrderfeeding experiments
were cambined, Frozen aupules of virus prepared frae one beteh of
material were used in the peuiralization tesis. Control titraticns
demonstrated LDgq titres between 8.0 and 8.5 with a cumulative LDg,
titre of 8,3. These values are in &ll probability, basically the
same 80 that for convenience we can regard £ll tests as having been
done with the same ampule of virus., Therefore, the results of the
four tests on underfeeding were coabined and the cumulated results

tabulated. Good end points were obtained in both types of calculated
numbers of mice are employed wers eliminated. The index in the ex-

a decrease of 52 LDz, doses (Table XIX). In Teble XX in which results

on the serum dilution method of testing are brought together, & decided

drop’iak damonsﬁréted' in t’né abiliti,; ¢f ths serum of undsrfsd snimels ic
neutrélize W.E.ﬁ. virus.' A serum dilufion of 1:11 from vaccinated
controls could nrotect 50% of the tesat aniuals againstVSG LDy, dosss
whereas the figure uroaped to a dllution of 1:2 for the sera of *he |
'underfed mice when tested in the same mannér. o | | 8

““In summary, these tests prove that underfeeding ca uses‘a mérked

‘vdrcp'i“ éntibé‘y tit-é as llvas a lb“éred resistauée to ééreﬁrél in-
fection,

Effect of’Nutritional'Deficiencies. An éxtensive literature has been o

accumulated on the relatlonsnio betweean nutrition and resistance to
' :in*ectlon and the excel;ent reviews oy Robertson (;6) and by C;ausen (1 )i
cover tne fleld 1n an adequate manner. Altnough the consensus 1s that

deficiencies leaa %o a lowered reszstance to 1nIectlon, no

o

nusvritional

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A

ST/T1 oa\mﬁﬁma\ma

08 S*9 - 8/0 {21/v - pejaapup
_ i _ pPa1BUTOOVA
00S°*2 0°S - - ¥/0 }91T/0 |9T/01 91/31|231/31 10a3uU0)
- ¥'e | 9T/0 |9T/%TI9T/91 - - 1 - - 10J3U00 P81BUTOOBAUL
Xspul 9J311 | g-0O1, g-0Ol] 2-01| 9-O1| ¢~OI| 3-0%| »-0T :
‘qaeN CSa - — M S eJanaXyuw Uy wnJgey
oINIXTIN o

Kasuumg eatjernUN)

'897p0oQIUY JuiLrRJIANSN U0 Juipesjuepun Jo 909933%

XIX @198l

¢ X 20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table XX

o

fTect of Underfeeding on Neutralizing Antibodies
Using Serum Dilutions

50-80 LDsq doses (S-SStZ 8.5

Cumulative Summary

Serum in mixilure

Und. 1:4 1:16 1:64

Unvaccinated control 16/16

Control 1/16! 5/16 8/16 111/12 1:11
Vaccinated
0.3 x 3 Underfed 3/16} 13/1¢] 15/16 4/4 1:2
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such general statement is possible about the formation of antibodies,
Decreases in agglutinin titres have been reported after certain
nutritional deficiencies, but this is not a constant finding and the

many reports of negative results testify to tke controversial nature
of the subject, Reports of the effect on neutralizing entibody forma-~

tion after viral stimulation are meglizible and for that reascan &

4+l . MDD
v4T O

+ 8y N nes mada T Aaari
34 288 sceen azae - Qel

2 _
eugcrLo

»1
&
fuh

21

=

ig
flavin, carbohydrate and protein and their effect on antibody forma-
tion as well as cerebral immunity,.
In order to study the effect of the removal of specific
dietary factors from the synthetic diet, one must first compare the
coxplete syuthetic diet with the purina ration in its abilily vo
elicit an immune respounse in.miéé; Mice avsraging K< grams in %e;s
were divided in%o 2 groups, one group wés kept on the stock purina
die‘ and tné other was put on the synthetic diet. Thev were give#
three doses of vaccine intraperitoneally snd then bled 2 weeks safter
the first doee.:””hé serum was tested for neutralizing substances and
‘.‘Jtze mice for active immnnity 10 decimal dllutlong of virus glven intrae=
"cerebrallv' Two such tests were done and the results of one are given
: bélo§. The neutrallzat1on inde& of l,oOO was identica; fo‘ both 5roupa
,of‘ﬁiée (Table XKI).' Lhe serum LD50 was sl ightly higher for the synthetlc
'group being 1:12 as comnaréd to 1:8 for those on the purina alet. The
'tcst for cerebral lmmunity shcwed a somewhat similar resnonse. (Table XXII}.
The rebponse in the mice on the syntheuic dlet was slightly higher than
 ~ii1n those on the puring diet. At Plrst glance the dlfference in the
lf 1Lmun1ty 1ndex betwe#n lO 000, 000 end 2,500, 000 appears qulte large, ﬁut

. examination of the detailed account shows that opnly one more mouse died
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Table XXO

Comrarison of Synthetic end Stock (Purine) Tiets
on Immunogenic Cavacity of Wice

LDlg50 ! Neut. | Llzp i Serum
s XES tos L7 b2
Serum in Vixture Titva | Tndav | dncas TH.
Titre |} Index ! doSes Llsg
| used
/
'
Unveeccinated Control 8.3 I 50 —
! \
l
N . Stock diet 5.2 11300 [£8.3) 1:8
Vacein. §°7 c1es 2= | A i(—-—j-\ ’e
0.3 x 3 L | N6/
Synthetic diet 5.2 13C0 | 1:12
|
] !
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on the purina diet over comparadle dilutions. Therefore, we may
safely conclude that mice on an adequate synthetic diet are capable
of producing an immune response to #.E.E, equal to that of mice on

a stock diete

ToPast of Removal of the "B®™ Complex, 4After it was established that

the synthetic diet did not affect the immume response in mice, the

oo - ~ as s m oo _.so o veoe
8IIectT CI Tlie removal QL 2pecil o IS

i

sponse was tested. In the first experiment the entire "B" complex
wes omitted from the diet and its effect studied. Ten mice whose
averasge weight wes 32 grems were vaccipated in the usual sanner and
tested at the end of 2 weeks. Vaccination was iastituied after the
mice hed been on the deficient diet for 17 days. Because on the &isi

=T G313 5EN £ e X .y
©liCidiiCy, SGES 01 val &iLT

fu

day ot
synthetic diet which inciuded all the ™B"™ components on the =22ad da&
and the a?th day. Othe“wxqe the mice were sept on the "B" deficient
regimen Tor the experimental period.
Atvthe egd of 2 weeks, the D surV1ving mice were bled ;or

'se'um; Three ot hese died iﬁmﬁdiatelv after cardiac nuncture. The
ftwo reaamning mibe ve“e tmsted intracerebrally wzth 300 LD50 uosee

: “oL V1*us, one of tnese subsequent ¥ succumbed to the uisease as was

- qe:oﬁéuraueu oy mouss ﬁass&ge. Tne seru; ¢t The %8091&&96& » cv testad
fo# neutrallzatlon are shown in Table XLILI° The nouuralizétion index
;of tuev"B" defzclenu mice dropoed from 6 300 for the controls 0 400,
‘whwuh was more than a ten~‘old loas in Dotency. ’Thé'same sérumvtested
vé?a1nst S0 Lb b doses of v1:u$ deaons*rated & d*on wh*ch alfhouéh not
as mar“cd, waa somcvhat lower.‘ rrxhe allution of l 8 for the deficient

"”anlﬂa1s was onTy sllghtly lower tnan the more than 1: 16 for the controlb.
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Teble XXTIII

Effect of "B" Deficient Diet on the Procduction
of Neutrzlizing Antibodies

I Serum Undiluted Serunm Diluted
1
Serum in Mixture | LDgq | Neutrali- ; LDg, | Serum
| titre | zeticn doges LDg,,
{ |  index used
: 1
j t i
] Unvzecinated Contro i 2.3 : —_— Poose -
| L | +
Fxn. 13 acein. {Syr etic diet ‘ A.5 1 6300 (_8_.}_) 1:16
P03 x | 6.6
¢ ln " Ta N - I ¥aYa) 1,0
[ « SLTU e i Loy i LeT
i { i |
3 4 )
—— et s e s
| T I T
P fvecainated Contral I a1 _— ' zn .
i T T v T
! | ‘ !
Fxo. 2 | ) Synthetic diet | 5.2 | 13200 lrg.3\ | 1:12
- i Vacein. i ; i )
{3‘3 * 3 ("hn LRI X s ) : - /' Z M ~
i : Teflic, diet | 5.5 650 | 1:2
1 | l |

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41

4s no end point was reached for the controls, 1:8 may represent a
more sjignificant drop than appears at first,

In the test on the "B®* deficient diet, the mice were al-
loved the synthetic diet contaiﬁing the ®B" complex on 2 occasions,
Ir the second experiment the "B" camplex wés entirely eliminated from
the ration and the mice weres vaccinated earlisr. Ten mice were placed
on the ¥®3BY¥ delicient diet and were vaccipsted one week later, They
werae maintained on the diet tproughout the experiment, The weight
curves of the mice on the deficient and adequaie diets are presented
in Fig. 7.

The results of experiment 2 sre shown in Table XXIII,

There was & drop in neutreaiizipng capacity of the deficient serum

strikxing whereas the neutralization.index showed only e minor fall
in potemcy. A camparison of the "B deficient neutrslization index
in experiment 1 with that in experiment £ shows that both have ap=-
proximately the ssme value which might lead one to think that the
control Synthetic diet was at fault, Howeyer, the low index was
ﬁot’éuegfa the diét sinée‘the same geutralizatiog irdex of.i,SOO
was obtained on the ﬁurlna diet controls dohe at thebsémeiti@é;

- Seven ‘acéinated deficient nﬂée sur?ivéd.the cafdiacf’
ﬁﬁncfure and Weré é&bséqﬁéﬁtiy tested foﬁ éeiebr&l resistéﬁégo' No
s end.p01nts were reached and we can only say thcy resiSued more thaa

f[lso OOO LDSO doses of virus. 4Again since we wers prlmarlly interested
'in the antibody this work was not repeatéé.- B | | | ‘
¢hus mice shon somvvhat of e drop in an+1body titre after
removal of tne WB¥ complex from the diet, No concluszons aoout the

cerebral rosistance can be drawne
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Effect of Removal of Thiamin and Riboflavin, These experiments were

planned to include deficiencies of thlemirp and ridtoflavin over long
periods of time, but it soon became evident that mature female mice are
more rapidly depleted of thiamin than are weanlings, 4s & result mice
were vaccinated after they had been on their respective diets for only
two weeks., There were 14 mice on the thiamin deficient diet, 14 on the
riboflavin defic
on their diets throughout with only e slight modification in the thiamin
dist, at one point, At iwo weeks the mics wers vaccimnatsed and then bled
two weeks later. Two mice on the adequate diet Gied after cardiec puncture,
none died on the riboflavin diet, but a few did so on the thiamin de~
ficient diet ostemsibly from lack of By as early as the 1l6th day of de-
ficiencye By the Z2nd day ail . 3,
sueh obvious signs of deficiency és tremors’and'weakness. it was.at this
pﬁinf that sﬁb—obtimal amountsbof'thiamin were included in the diet to keep

' the mice alive. Ten mice finally survived for the immunity testse

Asg seen in Big. 8 the mice averaeed 18 to 19 grang in welght

,_at the start, *hose on the adequate dlet galned conu-nuously until their
;tést for cérebral resistance. They lo0st weight at = time When ‘ths virus

éas preseht'in the bcdy;‘:ﬁowever, this weight %as”leWiy restoréd aftér
 the effect of the virus had worn offe - Mice om tﬁézﬁiboflaviﬁ defiéien£‘ 
diet shewed a constant decllne in wezght and were stlll losxng welgntiwhen

" the experimant was ter@inated. The thiamin deficiency casﬁed & sharp

"Alqsls‘ which woula have snded fataliy for all of iuicé, lyb‘ut"vfor‘ the 'minimal

't'allomance of thiamin to meintain their ﬂelghts.
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43 usual the serum obtained from the vacecinated animsals was ex-
emined for neutralizing antibodies and the mice themselves tested egainst
decimal dilutions of active virus, Passage and culture was used on the
vaccinated mice in order to establish the cause of death., The results
are summsrized in Tables XXIV and no significant dsvistions can be ob=
served. The neutralization indexes of 300 for the two deficient diets
compare fevorably with the index of 630 for the conirol groupe The same
can be said for the serum LDSO of i:3 for both deficient diets when
compared with 1¢8 for the gontrole, The immunity indox shows at Lss
a slight decrease in cerebral resistance for the deficisnt diets. Two
things should be pointed out here. First, the figures obtained for the
two deficient groups are noticeably identical for the three tests and

~in all cases are lower than the conirols by about the same amount, thus

showing romarkable parallelism. Sscond, @sszpits ths rather low concens
ration of antibody present in the serum, the vaccinated mice demonsirated

a strong active 1mmunity as evidenced by the high immunity indexsse
| .”Thus, reﬁoval of é;ther thiamin br riboflavin from the diet
"leaﬁs 1o ﬁo sigﬁificant changes‘in the immﬁne responsé of the vaccinsated
-miée as comna*ed With adeguately fed controls. However, one 1dnor«ant
‘Nitem to be noted is the presence of the high 1mmunitj indexes associated

.with »
wita »

(D
|+
2]
{0
[
2
ty

Effectiof Carbohydrate and Protein Deficienciea, The deficiéncy tests'

wore concbuqed wzth a study of the influence of carbohyd ate ané protein
'deflcient d1et= on the immunity engepdered in mice after VWeEeZe Since

preliminary work bad established that mice begin to die after thfee weeks
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on the protein (casein) deficient diet, it wes decided to vaccinate the
mice efter they had beem on ths diet for one wesk, This would allew a
period of two weeks for the bleeding experiments, Therefore, & group of
16 mice was started on the carbohydrete deficient dist, 16 were placed
cn the protein deficient diet and & contrcl group of 1S wers given the
adequate synthetic diet. One week later the animals were vaccinated and
subsequently during tie next two weeks were bled for serum. In the test
for cerebral immunity 15 mice on the carbohydrate free diet, 12 on the
rprotein deficient diet and a
cardiac puncture. The weight curves of thesc mice are plotted in Fig, 9
and it can be seen thaet the mice on the sdeguate diet chowed constant
wailzht increments until the cerebral test for immunity, Mice on the
cérbohydrate free regimé slowly lést weight for some unexplained resson
apd Ihen slowly gained until a subnormal ievel was oblained. The protein
deficient animals at first lost precipitously énd then more slowly. Two
days aftar being bled Iroam the hear¢ the mice were put on a diet contain-
Cing 2% casein in order tcnujamiaedeaths fram tsin insufficiencyo |
‘They were kept on this dle for sxz days and then the casein was omitted
: entirely from the uiet for tne remainder of the empérlmente |
The resul 8 of this neutralization test are summgrized'in‘Table‘

asuiralization

tr
@
o
cu
()
W
o
fu
a
fu
-t
a
<t
Qa
b
cr
[
ct
@
‘:.J
[<{]

index of 2,000 a£d a serum Li:’go‘ of 1:8. In contrest thé';udéx of tae
|  carbohydrate free and uhe proteln ueficient aieu dropﬁea sé‘lob:ﬁhich ﬁas
liﬁ. Te ‘han a ;enrfold deerease. The serum bD’o fell to/l 3 diluticn for
the caroohya;ate deicient and‘to 1.2 for the protein aeflcient diets. )

”'v; is set'forth the results‘

tu"

Quh of these ars nl;icanu. in Teble
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Table XXV

Effect of Protein and Carbohydrzte

a3 43 - - w3 e
Neficiency on Immunity

Neutralization test (i.cer method)

Serum Undiluted |Serum Diluted

Serum in lixture LDsn | Neutreli-;LDgg Serum
titre | zation [doses
index used

Unvaccinated Control ! S.0 — —
25
/Afequate diet 47 2000 1:8
Veccin. ) carbohyirste ceficient |} 6.0 | 1co 2.0V 1:2
0.3 x 3 | | .(6.6 )
Protein Geficient 6.0 iCco i | 122
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of the resistance test. The vaceinated conirols showed the ususl high
immunity indez of 10,000,000. The vaccinated mice on the deficient diets
also skow rather high indexes, but to a lesser degree tham the controlse

Examination of the detailed account in this last table shows & distribu,

tion of mortalisy over & wider rapge of dilutions in the deficient
enimals then im the controlse This distribution somewhat resembles that
seen in other experiments, such as in underfesding in which & lower grade
of immunity prevails. Since not enough of the higher dilutions were em=
ployed the only thing to be said at the present time i3 thet the cerebral
resistance of deficient animals is not gquite as high as that of control

eninsls after vaceiration,

in summaxy, tnerefors, removsel ol eillier carvouydraie or provein

otk by & drop in humoral antidodies and a scmcwhalt dotreassd carcbral
resistance., To be noted is the firding of low titre antibodies in the

presencs of strong cerebral resistancse

Summary of Control Tests, In Table XXVII are listed the vaccinated
controls used in the various experiments and the immune results obtained
~with 3 doses of vaceine. Itvshows first tﬁ&tcthe neutralization index

“Telueg range

between 650 'ami 6,300 there being less than & tem-fold

(vdifference between the lower and upper'limits.‘ Therefore, as valiues

. drcp below 650, fhey assume & greater significance. The séme’may be
léaid of the sérum LD5g range ﬁetwaen‘lzs and 1:20. Values of 1l:2 and
l#S‘aré‘dQOPS which can not be ignored. Einally,‘ezamination of the
column'undér immunity index reveals that where end points were obtained

the lowest index was 2,500,000. Usually, however, it was higher."Hére
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Table XXVII
Canzcity
erization of Vaccinated Controls

of W.E.E. Vouse Rrein Vaccine
o

N e w s B T —
VACCINE | ., atrals Serun Dilution - co ! Died
T ea&t;,_—‘ Lsg | i Twrnity | o5 by
Batch | keht zadle ) Serua incex . .
used (et index CGOSES | iD- veccinated
; 15C | 'used | ~50 f ; nice
1 z T
~ - " : 1 T .
I 87 1C00 32 | 1l:10 103,000 ! Purins
! | i H '
i . { i + $ o
IT | &7 | 6300 . 500 1:20+ [ 1,000,026, { Purina
! €200 50 1:167 ! 63,000 | Syathetic
oo | ] ? |
IT §10C § 130C | 53¢ | 1:3 ; 2,500,000, { Purina
i | 1300 j 50 @ 1:12 ilO,LO0,000' i Synthetic
i ! S , .
TT 1o N AANN ! ~z L B e tam Ay ~ C 4L, T ie
= ’ AN v <D o LiCQ LUy iy CYIICAETLC
; ! ; } . { {
| : i ' j
TIT: 638 | 5CCC ! 80 ! 1:16 25,000,000 , Purina
B . . . 1 1 1 .
| T H H S . ' L i
IIT 75 1 650 . 50 '} 1:5 10,000,000 ; Synthetic
i ; - | %
M - s ! .
IIT| 86 I 1600 116 6,300,000 ; Purina
x {
‘ t |
i ] i

ies no end noint reached.
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again & drop in the value of the immunity index belew 2,500,000 becomes

of consequence,

ddditional evidence is brought forward when the same results
are summariced in another way. 4As previously mentioned in the two types
of neutralizstion tests as well as the cerebral immunity test the same
ampule of frozenm virus was used., HDowever, all the ampulss were preoparsd
from one bat¢h of virus so that to all intents and purposes we can regard
the results obtained on all the vaccinated control mice as the results of
cne large single test., Conscguantly, the 2igures reporited 4in Tabls XXVIII
are the cumulative results, They are a neutralization index of 2,000,
of seTum LD;, of 1:9 against €0 LD50 doses and finally an immunity index
of 5,000,000 Thnese values on tihe control animul furtoer empnasize ths

ceinated eunlimuls after

Ei
<
[+}]

WS values obvained o

Ao +ha e} fals! - P Srmamcebavan A P T 'A ~ — 2 -
- Vi ~ Il - - ‘t
) S 20 l, 00,000 axre of importances and the Grop cén mosv cervainly
be rezerded as dus to the specific physiological influence studied and

not to experimeatal errore .-
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Table XXVIITL

Summarization of Vacelinated Controls

Accumilcted Results

{ Neutralization Tests
e Lo SOETUYE Active Imrmunity
Groun | (i.cer. methed) -
oki LDzq Neutrali-| Serunr Dilutions Intrecerebral Tes
TN i 1,5 zation %) oo a}h I _,TMN : 1.; .
. g TiTre index ~Y50 g ’(:‘ i S50 ! tmnmumn Gy
; doses 50 | titre | index
- } N [
T ? |
‘ ! !
| | ‘
. . ; 1 . ;
Unvaccinated| 8.4 ! 1 i ¥ | <1:0.5 8.6 | 1
! | i ?
, ! : ! j
R T PO bl 1
Yacclnated | 5.1 ’ 2000 | ¢ 1 19 [ i.7 1 3,000,00
! : b o
| L
* A11 controls injected with this number of LD 0
coses of virus succunbad. 3
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Discussion

These experiments were designed primarily to establish a
ralationsuip belweon certain selscted physiological fectors and im-
munity to the virus of Western egquine encejhalcmyelitvis. It has al-~
ready been found in meny diseases that with incressing aze there de=
veleps an incrsasing imaoune response manifested by either an increased
antibody producticon or a greater resistance to infection, When
maturity is reached many other factors pres nt themselves which cen
vate of ilmminity, &nd this repori deals with & few of
them. Fatigue, state of hydration, pregnsncy and cartain aspects of
undernourisioment were siudied wivih regard to their erffeet on the pro=

A AP drmmiind dar T o
Vii Ve devcisiaasds vy e -~ hais

greater amgphasls
duction and %herever poasible this was coprelated with active immunity,
The relaticnsiip Between fatigue and susceptibility te infection
hes beer the subject of speculetion and investigzation for & long tirme,
That fétigue decreases resistence to infection is & sosgibility thet has

o o : skip
been considered and attempts 1o ‘esteblish a relatior/have beer besed

eitherlonfthe prbducfibn'of &ntigodies cr cn the develomment of active
immunity aftéf vaccinétidﬁ; iﬁ'fhe present rerort botk aspecté of
 ‘immﬁﬁit§‘are éonéide:ed énd éxémiﬁétioﬁ of the déié féils to‘fsvééi’
aﬁybsignificant effect upén the”immunity engendered in vaceinated miceo
'If.ié_true th&t:ezercisé after tﬁé:lesser antigenic stimulation exexrts
:é"slight iﬁbibitory inflﬁenoe on thé development of’aétife immunity,
b@t“ugtilfmorebwo:k is done on this'sﬁﬁjeét it cén be genéfally stated

ert an influences This firding is in accord

that fatigue fails %c ex

with those of others who studied veccineted animals after periods of
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exercise, Thus Boycott and Price-Jores (18) fcund that fetigue had no
infiuence on the moritalily of rails ilnoculated wiith Gaertvpers bacillus,
There was, bowcver, increased lllness and mortelity when the organism
vwas given orally. Friedberger, et al (1%) obsserved no difference be-
tween fatigudl and nonfutigued guinea pigs in respect te vibrio anti-
body production. No striking differeunce was noticed by Wedberg (20)

—

ER ) - B e o
244

- - - 3 —
¥ OF vacginaved rab

|
1]
fote
54

-1
P eay

kS

He concluded thst Tfatigue does not materially affect the capacity to
react to antigeric stimulation. 3More recertly Sarracince and Soule (14)
reported fatigue to be without erfect om experimentel influenza virus
infecticon in mice, In fect, some irnvestijators report 8 decreazed sue-
ceptibility after exercise. Using rats, Oppenheimer and Speeth (21)
stated that fatigue tended to increaseresistence to tetanus toxin and
definitely inqreased resistance Yo Type I pneumococcus. This was

further corrcborated by Nichélls and Speeth (22) using Type 1 pneumococcus
in guinea pigs. On the other hand questicnable diminished aggiutinins
after tyﬁhoid‘vaccination was reporied by Trommsdorff (23) in guinea.
Pigs. a.mére,definite Sedﬁtion iz typhoid eggiutinins was obtéiﬁed by
La:a and ﬁe Jesus (24)vin fatigued guines pigs than in‘coﬁtrols not

exercised, - Miorscver, the effect was more promounced ip females thean

in meles. Hmploying rats inTected with Pseudcmcnes aerugincsa. Merrill
and Howe {23} conciluded that fatigue favors susceptibility to infection
and that fatigue after infection wes more disastrous than before. Howe
' period =
P4

ever, they noted that a training/before infection terded to increase the '

resistance of the rats, . The close associ:tion of & history of physicel

overexertion just befere attacks of policmyelitis in huﬁan beings pramnted‘

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



49

Milzer, Lewin and Levinson tc study the disease in monkeys (13)e
They observed that exercised animals developsd & higher incidence
and more serious paralysis than the controlse

The failure to obtain a definite altered lumuné response
in exercised mice may be explained by the fact that mice normally

leed an sctive existence and that vigorous exercise is not a radical

shown to be a factor in reduced immunity it may be that the drop in
weight was not drastic enough. Nevertheless, the 1083 in weight afiaer

exercise was sufficient to slightly decrease the resistance of the

mice Vo cersbral lmisc
The results obtained with dehydrated mige show tha# no marked
chenge in antibody production occurs. The literature failed to re~
veal any ot;ev attempts at establishing e relet‘onshin between de=
hydration and its influence on immune body production. However, the
fact thet dehydration or its attena&nt phenomena ied to an increased
susceptibility to virus infection was established. Kins (26) noted
an cnhanced activity ¢f eguine encephalomyelitis virus in mice dehyara#ed
as a resuit of'a previous inoculafioh df Scﬁ‘glycerine. The.same sffect
wWes produded by peripherél inoculation of éon¢entrated salt solution.
Moreover, a resiricted #ater inteke which gave a Slood ébncentration
equal to that produced by glyéerine or salt led to no such increasse of
invasiveness of the central nervous system, The aufhor concluded, thers-
fore, tﬁaﬁ dehydraiion, sudaenly pfdduced, facilitatéabthe abiiifynbf the
virus to penetr&te the nervous sys»am. Gradual removai of Water did noti

result in anv siznlficant dehvdration of the braln 71uh a consequent
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failure to fecilitate eniry into that organ. Quite another explanation
was offered by Sprunt (27) who showed that dehydration of the interstitial
spaces caused an increase in the number of veccinial lesiors. However,
the end result is the same. Dehydration leads to an increased sus-
ceptibility to virus invasion. He postulated that hydration tends to

< | — [ g
AW LhEe Virus

localize/in situ because fewer cells are exposed to it, while dehydration
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after streanuous exercise thus suggeting that pe: haps dehydration brought
on by the exercise may bave facilitated entry of the virus into the nerve

cells causing infection,

Dlwmarn  Hla
& & wais  wia

sistagce.of the dehydrated indiyidual depends nct so much on bhumoral
antibodies as on the increased ability of the virus to enter susceptible
ceils. Therefore, it ;s not surprising thet withholding of water from
the mice has not led to antibody chenge. That the one dehydrated ACuge
suceumbed to 10™° dilution of virus is an indicstion of the decreassd
resistgnce to‘yirus infection in the presence of an unaltered antibody
le?él;’~ ) ‘ o
- Duiiﬁg‘pieéﬁancy phyéioiogical éhangeé“oceur whicﬁ ﬁarkédly |
| éfféct the body tiésuas and in some way this changeiisvfeflected by
van alfereé‘immune response; Observationé ha#e bsen made over’many‘
years that pregnancy modifies the coﬁrse of some diseeses in'wdmano
Experimentally this was borne out by ths work of Rosabr and associates
{28) wﬁo demonsirated that pregnanc& iﬁcregées fesistance to vaccinia
virus. Mdrebver;:they,foﬁnd a lower incidencé oflboth l&calized andv

generslized lesions in pregnant r&bbifs as cem?ared to meles. Using
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the neutralization test as ap indicator, bul mot as & sure sign of immunity,
Jingeblut and Engle (29) tested the sera obtained frcom 12 pregnent women

and found that they all neutralized the virus of poliomyelitis, Their

conclusions were quite obvicus, However, recent observations, although

limited in number, lend no credence to this possibility. Peelen (3C)
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and Harcon and Hoyne (31) reported the inebilit

the course of the dizesnse in humssn poliomyelitis. In sddivion oo
that congenital poliomyelitis does not occur,
Far from substantiating any of the above findings Hodes (32)
reported a decreased &bility cn the part of pregnant mice to elicit &n
immune response to St. Louis virus as meésured &y thsir
Moreover, he also showed that pregnancy nqt only interfgred with the
development of immhnity, but it elso diminished a previously established
immunity. Th; guthor finally concludgd that since pregnancy did not
increase the susceptitility of the mice i% must in some marner affect
the tissués which weré rende:ed immune by vaccination. This last was
corroborated ﬁo‘a cerﬁaiﬁ'extent in thevexperimentsAfepbrted hére.» I3
iiil be recaliéd that ﬁheré»thévsmaller ai9unt of &ntigén'was given
Jja slight dibp.in imm#hit%’wgs_ﬁroducedhin pregﬁant_miqe;i'There‘ﬁas a
decreased cerabral résiétgﬁ@é'which confirmed Eodés'worké In addition ‘v
zthé decfeased ié§e1 Qf aﬁtiﬁoay_ﬁés noted;u Tﬁe Grop in igmuniby dia
,'not;beccme manifest when"thé’doge of vaccine wasvinéieased.b No other
wo?k oﬁ‘the efféct oflpféghancy on geutrglizing antibﬁa;es aépearsiin_'
‘wthe'litératureo. e
| The.relationship pétweén ﬁ;ggnanéyvand brucellosis éxpéri-

" mentally induced is of considerable interest. Accordingfto HuddleSqn (33)?A
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celves were insusceptible to Brucella sbortus infecticn up to the time

of breeding but beyond this period infection was quite common during
pregnancy. Of ipterest tco were the changes in egglutinin titre which

were noted among goats experimentslly infected with Brucella melitensis.

Nonpresnant animsls showed at best only a slight rise in agglutinstinpg

POWET whersas pregnantv goats responded with a high titre antibody con~
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low levels
The problem of underfeeding is impertant for many reasons,

not the least of which is its relationship to infection. The long
essoclated observation of starvation and increased suscepiibiliiy o
discase has prompted investigation along this line, but no conclusive
statement is possible at the éresent.tiﬁe. It seams very likely from
the present experimentis that a marked reducticn in mmunity tekes placs.
There is a drop in cerebral resistance which is paralleled by & fall

in neutralizihg antibodies, aud more important theée declines can be
obtained when thebexperiment is repeated, Obviously the action is onme
of a 10nerea ablllty on ohe part of the starved tlssues to produce
immune substances after ant;ggnic stimulaticn. In the well fea animal
_vaceination‘leéds to a»strongiimmunity as evidenced by a hlgh level of
iesistance as weil as bf néutréliziné‘antibcdies. ‘A ristricted Tood
intake, on the'othef hand,_affects the tissues in & msnner which becomes
manifesf efter v;cci atlon by a reduced ca“acluy cn the part of these
tiséues'io form the solubie immune substaﬁcés which are founéd in tﬁe
blood st”eam as hell as those which are bound up in some manner wzth ’

the cells and Which cause tissue ;mmunwty." fhus whether the impaired
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immune response is due to fewer healiby cells remaining or whether it

is due to & lack of some subsiance or substences in ths cells remsins to
be seen. XRegardless of the mechanism the diminished immune respouse

is spparent, Ixawples of lowered immune response after veccination

appear in the literature. Xfller {34) ncted thet underfed pigeons showed
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lower tidre agglutinins sgainst Vibrio metchnikov

On the other hand, the vitre was higher in the svarved pigecus &

vaccination witk B, pyocyaneus, Be dysenteriae and B, typhosuse

However, the agglutinins did nmot perallel the immunity since the starved
pigeons were more susceptible to typhoid., Tremmsdorff (23} not only

APLA
Ca

"~ A +tho affPorte nf huncer» on
- - -~ - T - e - —

——
vaccinsted guinee pigs. The resulis were irregular so thet at best
only gquestioneble diminished agglutinin titres could be reporiede

Although no other studies cp the influence of underfeeding

on immume ressonse after veccimatiocn were emcounteresd, O reports‘
dealing with incrsased resistance aftef the withholding of food are
decmed worthy of mention. béprivation of food results in either
fewer or smaller vaccinial lesions in injected rabbits, 4s expla;ned
by Sprﬁnt (a7) thi;vis présumébiy dus o the reduction cf available

. nutriénts‘in the céll for’th§ §érésiti2ing virus, Therefofe; agcording
ifo_this concept, inc:éﬁsad reSisténée to virﬁs infecfiéﬁ éan b; brought
abouﬁ to a gerfain extent‘by dépriving‘susceptib;e cells of materials

~ required by ﬁhé multislying viTus. Foster and aéséciates {15) attempted
to establish évcorrelatiéh betweéﬁ thiemin daficieﬁcy in‘mice snd their
susceptibility toAthe”Lansing strain of polidmyelifis. Tﬁéy’ccﬁcluded

that By deficiency inereased the resistance of the animals to the

Lansing strain. Since this vitamin deficiency leads to an imvairsd
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appetite, these investigetors undertook a study of the effect of a
reatricted focd intake on the ability of the mice to resist polio=
myelitis., Hers, sgain, the conclusion was reasched that far from dee
creasing the susceptibility of mice to the Lansing strain undere
feeding caused an incressed resistance. These few reports temd to

bear out the comcept of an increased resistance to virus infection
by keeping tha tissue eells in gn und
examples are cited by Sprunt. Howsver, the same notior does mot apply
to starved animals that are vaccinated, Bere there is a decreased
resistance to infection which is brought about by an inhibition of
the imumne producing mechanism, till another mechanism prevails among
rapidly growing mice wihich can prevant ihe spread o diseases A4S
r Sabin {35} tk
sistance or immunity o the animal, but_rather cn the insusceptibility
of certain specific tisédes which act.aé a barrier to further spread
of the virus to the nervous system. He showed that the development
of>increasiné resistance to intracuscular injecticn of vesicular
‘stomaﬁitis duevtévaée‘wgs éefinitely‘:etarded by réstricting the amount .
-of food consumaa.'.Thié reéardatioﬁ wasinot the res&lt ofvvitémin de=
‘ficiencies since these wsre suppiied in liberal amounts, Thus under-
 fed mize even ai‘thé age of eight weeiks wers fully as susceptible to
intramuscular injectiqn‘of virué és twb-week old ﬁice‘at & time when
‘well fed mice were déveiOping resistance as earlyvas the fourth week»
of lifeo
The’effécﬁ 6f removal'of thé entire %BY compléx from.the diet
'0h ré$iéfa#ce‘to infe;tion generally.has been reported in the liferature

as a decreased immunity, %The findinge in the rreseat report tend to
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substantiate this conclusion. In one case a definite drop in anti-
body titre was detected by the use of undiluted serum and only a

suggestive fall by the serum dilution method while in the other caze
a slight decline was recorded with the use of undiluted serum end e
definite decrease by the serum dilution method., The clinical obserw

vetions by Biddle end asscciates (38), that "B¥ deficient patients

asena csurane snd Stwanitoe
CewNl Qo SIS

coceus hemolyticus prompted hiorey and Spies (37) to investigate the

effect of varying types of "bB" deficlemcy in human beirgs on thaeir
ability to produce agglutinin$ after B. tularense vaccination. Patients
with a mild dsficiency demonstrated fairly good agglutination titres,
those with moderate symptoms a diminished titre and Those with severe

| | ' ‘ v i of complsts

A blra el
VOVME Pvanv

SympToms & more marxed dimlpuvion, 8inos
disappearance. JThe authors ‘znally conc;uded that "B™ deficient
patients not only show a ;overed immnne response, butﬁa;so a lessened
ability to mainﬁain whaetever titre was present. It appears that the
abo#e results were due tﬁ'the lessened ability on the part of the de-
ficient tissues té p;oduée‘the agglutinins. Breakdown of}resistance
aftér QB" deficiency im fats was dembnstrated by Robertson‘and Tisdali
'(38). Tgese aufhors found that rats rendercd vitanin B deficient werse

. more susceptible to Selmonella muriotitis (rat typhoid) then healthy

.controlg. From the results it would ap pcar that the "B® com?iex aids
‘in maintainingbcelluiar resistance to infection ss well‘as in producing
antibodies. )
. Avtempts fo\implicate specific factors of iﬁe,“B" complex iz

dissase resistance have beer many with emphaéis on thiamin and riboflavin.

Although deceressed resi:stance hes been postulated Tor vitamin deficient
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animals, no such conclusion can be drawn from the present experiments,
Mice deficient in either Bl or Bz were just as responsive to immunizae
tion as were control mice, The deficient animals developed neutralizing
antidodies and cerebral resistance to the same degrse as did the cantrols.
No other work appearsed in the literature on vaccination against a virus
disease under conditions of vitwain By or vitamin B, deficiency. There
Were; hOowWsvVeI; 59
result of the above deficiencies. Cowdry, et al, {39) recorded that By
or By deficient rats injected intracerebrally with herpes virus wers
slightly more susceptible than the controls, However, these results were
not clear cut. 4ccording to Sabin and Duffy (40) deprivins young mice
of By or 52 duripg their period of growth retarded the normal development
éf tis censtifuticnal bu::;ér. lfement ot tha.ner?‘us.system.ta a
neurotropic virus (vesicular stomatitis). Moreover, this type of re=
sistance, oﬁce aéquired,‘couid'not be brokén déwn in fﬁil grown animals,
even after they had been rendered vitemin deficiemt, On the other hand
reports have &ppearsd which iadicate en increased resistance to inocula-
tion of virus after thiswin deficiency.. As previpusly mentioned, Fostér
and coworkers (15) pointed out that vitaﬁin By deficieﬁcj increased the
' resistance of mice to the Lanaiﬁg stréin of policmyelifis. This Was core
robbrated by dassumussen and associstes (41} whg extended the work %o include
Theiler's virus,
The results obtained indicate thal removal of either protein
or carbohydrate leads to & lowered acolvxty of the immanit producing
mechapnism in vaccinateu miceo Both gr oups of mice showed some deerease
~ in cerecbral 1mmunity and an Pnprec*able dec11ne in antlbody &s determlned

the
vy Awo metnoas of uestlng for neutrallzlng antibodies. S*nce carbohydrate
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deficiency per se does not exist in the presence of adeguate &t or pro-
tein, it was more or less of a surprise to find thet removal of cerbo-
hydrate frowm the diet resulted in a lowered state of lmmunity. Neverthe-
less that it did occur leads to the belief that in some way the metabolism

was altered sufficizntly to exert an iufluence on the mechanism of

immunity. Ssxo (42) in & statistical enelysis found that mice showed no
Ahamra i4m wansd atornan +AaA mwanmAannaniie iniocnatd A whan thoe Adot wae VYAaw in
vuw‘:\- dd e D S e D W i\ CA :.l.-‘v“vvvvvuv et A A -t s W e - - -y~ - -

carbohydrate, but showed a lowered resistance when the diet was low in
protein, A decreased resistance to rat typhoid in rats on & protein
inadequate dist wes reported by Robertson and Tisdall (38). Eotte (43)
found & slizhtly decreased resistance to mouse iypiheid on a low protein
diet, The effect or a low protein dietl on antibody formation was made
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%y Canpou, ¢
hypoﬁroteinemic rabbits exhibiﬁed a definitely lessened §apacity to
produce égglutihins when éomparéd wiﬁﬁ‘well fed raovbits aftar‘typhoid
vaccination. Besides the article,cited other reports indicated that
deficiencies in vitemins A; B, C or D decreased sgglutinin production.
at the‘sage timé‘some.investigationg reported ncgative resulss, Con-
Séqﬁently,aﬁ th§ p:ésént timthhié aSpéctvof thé work is gtill'con»

‘ tfoverSia1;' T£é ﬁhole édbjgct is thoioughly r;viewéd in;fhe'article

‘5 by Robertsbn (lé);"Notedﬂélso was the'almost ccmpiete ébsence in the
1iter§turé df fé?orts é?dﬁt factdré ihfluencing:neﬁt?aiizing.anﬁiboay
Spidduction. The infiﬁeuée of agé (4) has already been megtioned in
whiéﬁrit‘wés found thét vaccinated mice showedtincraasiné antibody‘
titres with small inbrements of age;:‘Feilér‘and associates (455’ré~‘
qudéd no_chgngé.in inflpenza‘virﬁ; antiSody formatién in paﬁienfé

with merked vitamin A or vitamin C deficiency, However, these patients |
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were not vaccinated with influenze, Wilson and others (46) using
monkeys infectsd with influenza virus, also reported negative results,
They found thst scme monxeys on the various deficient diets succumbed
to intranasal instillation of influenza A virus, whereas none of ths
controls died, Studies of the humoral asntibodies revealed no differeace
in titre betwsen deficient animals and controls. To be noted iz the
fact that the diet whien was deficient for the monkeys, appeared on
analysis to be adeguate for mice.

The relationship betwesn level of antibody and degree of
cerebral resistance has besen studied in eguine encephalomyeli

correlation was established by Morgan (4) who found thet antidody in

néutralizing antibodies despite different titres of resistance, He
zéﬁhﬂ that antlboules appeared uhere therevwas'ﬁovréSisidﬁcg and were
present wné;e tne resistance was negligible, High‘indexés of resistancs
were alSo obtained‘at the same antibedy level, In all of'the gbove iests
_unoiluted seTum was used.: Certain diécrepan¢1es s8 med to c;ea‘ up
wheﬁ gntibédy was **:.1;'-&‘3;13'q by tLe Sefum dilufién method.' Us-nb this
method quégﬁléﬁa Olitsxy (2) demons rated thai differeﬁf’antiéeré
apparentiy-ﬁére'eqdal'in nsut raxlzﬁnc.cupac’ty when thé?‘;ere‘tésted
‘undiigted; b&t "neﬁ tes»sﬁse re muue with d*lutlons of ve‘;ﬁ, dlfferent
Aléveis’Of protection wére obzained. Lnus a si ﬁble dose of eithe |
.£i1led vacclne or llVlno vaceine yrodu»ed in mlce annro .mately ;ne‘
'same titre bf;antibodies When undiluted Serumkﬁas,uéed. ‘noweveri when
- serum dllutlons wefe‘uséd 1t nas Pound that sermn‘obcalnnd from mlce

' vaccznated vith l*v1ng v1rua could be élluted as much a5 one hundradfo1dt
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and still protect the animel. The sera of wice vaccinated with
killed virus was not protective to the same degree., Furthermors,

the level of neutralizing antibodies in mice vaccinated with killed
virus could be made to equal the level in mice vaccinated with living

of vaceine inoculsted, From

:

virus merely by increasing the

their results these authors concluded tha? since a change in gerebral

3 am

resisience was reflscted by a simd

. P N
|8 CR2AnZe in &l
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lation was Gemonstrated between titre of antibody and the degrese of
carebral resistancs.
It is apparent from the resulis obtained by Morgan and
sky 12) +that scrum dilution is the method of choice for a quanti-
sativs determiuation of entibody titre. Their method, whersby different
serum dilutions were mixed with apnrozixate y 10 univs (8 to 15 Lﬁso
deses) o* virus showed tha+ entiserum could be diluted to as high as
1:10,000 and still protect animais. Since 1t was shown by Sebin and
vierd (47) that a peutralization in@ex o2 less then 10 is negative and
an index between 10 and 49 equivdc&l, it can be seen thait lorgan and
Olitéky Weie using ac agount of virus, which was 100 closé to tae border-
line and, iherefo-v, of doubfful signifiéance. The use of suck émall
amounts of visz mey exp_ain the dls»rlbution of su“vivo*a ovér a wide
‘range of dllutions in thex* ne‘t“alxﬂ tion experiments. More cloan eut
results were obtained in our ex pe*zm»n.s b enploying 50 “DSO doses of
i*u§ in uhe se“um alxutlon neutraxlzatlon testse

'in general when’a group of vacclﬁated mice shovea a decreased

'rasistance,they also sncﬁed é decrease in neutralizz f'antibodies. ch-

ever, *he reverse de ncv obt&ln s1nce in at leaSu two of the tesus low

levels cf‘antibody wiere accompanied by bigh levels ©
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(Tables 241V and XXV). Furthemmore, when & drop in cerevrel immunity
occurred there was left behind a uwarked immunity to infection as
measured by immunity indexes of 63,000 to 1,600,000, Only by direct
comparison with the vaccinated conirols did the diminished resistance
beceme percopiidble, From this it would sppear thet an effoct of some
of the physiological conditions on vaccination is to depress the cellu-
lar immunity scumewhat, but aet to the extent that soluble imuwupne sub-
stances in the blood stream are diminished (Tabla XXV)e

The finding of low levels of antibody in the prescnce of

high titres of resistance is not compatible with liorgan's concept of

or
]
g

A wmeawnl ATl mamvaman mmd AA

s

parallels the desree of cerebral resistance in eguine encephalouyelisis,
If, as Margaen believes, trus witration of antibody can be obtained by
serum dilution rather than virus ailution, it would be difficult to
vacuxc#le ﬁegli;:ble éeer Llgg titres of 1:2 or l 3 with imounity in=
dexes of more ihen a million (Tabies XXIV end &XV). On the other hand,
it could be corroooraued that quantltatlve di ferences 1n antibouy
»content decawe apparent on;y when serum ﬁllutxons are used. }As &n
exaﬁpie, miée‘vaccinated with th*ee doses o; v@cclne T'es‘,onded nith a

thousandfbld gréaterAcerebral resistance than those With cne doae

4

~

'(Laoles A¢LI and ;). When unulluted serum wgs usad bOuQ groupa

: producgd soproximately the same neutralization index, but the differencs
'infaﬁtibpiy cbﬁtent'bééémeiapparsnt;"when it was found that.sénﬁn from
the thres-dose group‘of animels could be diluted fufthér than ﬁhat from
une one-dose groﬁv ana st 111.ratain>itsiviotectivé power‘( ables XEI and
ZX;).» Tn thls way a reTatzonship beoween antzboay an 4esistancelwaa

démonstr&ted,“
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The immune rssponse of the vaccinsted mice under the various
physiological conditions studied was seldom as good as that of tﬁe
vaceinated controls. The decrease in immunity, although orlftsn small sand
of no significance, was a decrease nevertheless. 4nalysis of the results
showed that four of the conditions studied (underfesding, "B® deficieney,
carbohydrate deficiency, protein deficiency) led to a marked ioss of
woight and & definitsly dimimisned immuniiy, Howover, 1ioss ¢f weight
per se was not respcnsible, since no such decreese in immunity was noted
for some other conditions (fatigue, denydration, thiamin deficiency,
rivoflavin deficiency) where a dsfinite loss in weight occurred. Alithough

PAISOMNNAD
e Caae T~

L]

~ cegeq - -

r was found in the
during pregnancy, it should be borne in mind that the increased weight
of pregnancy is more apparent than real,

Veceination stimulstes the bealthy body coils to the Droducﬂ
t*on of t*ssue‘lmgun1tv and of czrcu15t1nc &LtiDOGLEJ Whlcn neutra*i"e

the oeffects of the viruse A4An effect of a lowsred weight is to decrease

the number of available healthy cells for anvibody forwation as well es

O
-4,

the numbei‘ T heaithy ceilé‘for dissipating the effects of thé invading
0fga§i$@$;‘ In pregnancy theré’is noyweiCht loss, bdt brdfound chagges
f;ake pigcé’iﬁ body and the mechan& wnereby it diminlshes immugity N

"iskstiliﬁuﬁkﬁoﬁﬁ.“The éuggésfion isbﬁade ﬁhét it‘affecté“the fiésﬁééi

: Whiqhtéfé'made immﬁﬁe by vaccination in ébme ianner. The'effecté exe
:teﬁd io sn tlbodj nr ion botb qua*ltét*vély and quanu;taulve;y. |
’?or.éxéajle, a’lqwered neutralizatiog inﬁex was reflected in = lowe*ed
serumn iDgo dendﬁiﬂg a qdéntitafiﬁe‘éhangé. .Cccasioﬁélly,a deééeased
neutfallzatlon -ndez:qu encountersd whlch daid not-: RCﬂomcaﬁy a iecr;é d‘

Tam Luso, vhue denotlng & qual;tatlve change.
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an effect of cervain biological conditions is Vo dimipish
the imaune »esponse of vaccinated animals. One of the wenifestutions
is a lessened resistance to cerebral infection. This typs of lowered

regsistance must not be confused with the lowered resistance that ocecurs
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emount of lowered resistance which is carried over from nonvacoinated

to vacecinated mice under th: same physiologicsl coaditionse
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albino mice were tested for immunily two weeiks after vacceina-
ionm with the formalinized virus of Western equins encephalomyelitis,

ssistance were detexmined, For

e]

in~ antibodies and cersbral

undiluted serum was used, antibody response did not elwsys parallel
the degree of resistaace.

The immune response of mice subjected to vaxious physiological
2d that of eoptrol snimals, Spec ificallsy

conditions rarely sgual

following obssrvaztions wers msdes

1. YFatigue 4ié not cause any chenge in the level of meubralizing
entibodies. 4 guesvionedlie decreaas i resistanse ccsurzed after smell
emounts of vaccine,  bub not after larger doses.

2. Denydratics had no effsct on antidody produciion.

(2]

.
E

'U
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8, MNice on a synthetic diet exhibited the same lnmune responss

to vaceination as 4id mice on a stocx dled,
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