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.A brief review of medical li terature indicates that deple
tion of vitamin .:\ r eserve leads to a marked increase in the 
suscept ibility of certain animals to many infection s. 'Verk. 
nnm 1 reported decreased resistance in vitamin A-deficient 
ruts and rubbit s to an thrax and pneumo-bacilli given by 
month. Lassen 2 obtained a similar result in xe rophthalmic 
rats infected with paratyphoid bacilli by mout h and by sub. 
cutaneous injection. Boynton and Bradford I noted increased 
susceptibility to infection with baci lli of the mucosus capsula
tus group in vitamin A-deficient animals, while in those de
ph-ted of vitn min D this was 1I0t so marked. Ackert, Me
Ilvuine and Crawford" noticed a lowering in r eeiatance of 
chickens inocula ted wi th th e intestinal round-worm A scaridia 
Iineata, us did McClung and Winters 1\ in ruts inj ected intra
peritoneally with Sa lm onella enteri tidis, when vitamin A was 
withd rawn fro m the diet of their exper imental animals. 
Pritchett 8, on the other hand, notably enhanced the r esistance 
of mice to infection per os wit h R. pe..~ tis caviae, by adding 5 
per cent of butter fat or cod liver oil to the ir diet. . 

In view of these findings, we thought it would be in ter . 
eating to determine to what ext ent vitamin A is a factor in 
mainta ining th e high resistance of a lbino rata to warm
blooded st r ains of tubercle bacilli. "~ e chose to exper iment. 
on these rodents beca use of th eir known na tural r esistance 
to th e mammalian bacilli, and because they a re easilv de
p ri"ed of vitamin A reserve. Tha t the a lhino rat is highly 

• n.ie ......,11 " • • beea cc>adll~w wllh ta. .id or ....... t.I 1.-- '" I>Qoart_1 .,� 
1'IIl.. i.. Unlth cI. Pu erto R i<oo ...d the ROI'bt'~1In r .....D.d.doa. 

w.-l..... fo r p .. h1... u ..... ,J • • ••..,. 10, 1916. 

'" 



Dl I':'T AR\ ' "ACTORS IX E..'U'ERI:MEKTAL TL'B ERClJ'LOSIS 3 15 

resistant to th e human tubercle bacillus was demonstrated 
by� Or nstein and S teinbach' in 1925. St einbach S further 
showed that normal albi no rats on a bread-and-water diet 
sti ll mai ntain their high resis tance to hoth human and bovine 
bacilli, hut become more susceptible to the avian va r iety. 

T he animals used in our exper iments were bred from 
mothers maintained on a normal diet. when 28 or 29 days 
old , some of them were pnt on a d ie t of 18 per cent pu rified 
casein, 4 per cent Osborne and .lrendel sal t mixture, 10 per 
cent baker's yeast and 68 per cent cornstarch, with distilled 
water. This ration was continued until the weight of the 
animals became statio na ry or decreased, and signs of dep le
tion of the vitam in A reserve were not iced, Some of th ese 
deplet ed an imal s were then maintained on the vi tamin A
free diet mentioned above, while others were given in add it ion 
0.25 gill. da ily of pigeon peas, which supplied a small amount 
of vi tamin A. Con trols of the same breed were kep t on II 

full maintenance diet throughout. 
The strains of tubercle hacill i employed were well known 

st rains, all pathogenic, i. c. the human H37, bovin e "Ravenel" 
and avian "Trudeau " . 

The exper imen ta l an imals were divided into three main 
groups, with some further subdivis ions. Group I was Inocu
lated with human tubercle bacilli , Group II with hovi ue, nnd 
Group III with avi an. The details of the experiments und 
results a re as fel lows : 
Group l. ( h u..ul"t...l wit h human tuberel e bacilli) , 

A. 8e"en ra t8, t ot nlly dpplf>ted, infected p" 08, wit h doeetl from 1 t o 8 DI!tm. 
The Il.n im,,110 l i" Pd r rom 15 to 33 days, an a"era~ of 23.58 day", lind 

Ilt au loptl.'· sh owed ntl tllh.",mloeis. 
B.� ~;I I ' Vl'n nt". t.otally deplet ed.. in fX' uIRt..d int rape rtt on ...ally. Rcovpn of these 

ltnimllh t e- l'ived 1 Illgrn. eaeh, und t hc re maining f OUT r....pi"..,l 2, 3, 5, 
and R mgm, Tt'to pt'<:·t iw ly. 

Th..� ratlt U"..d f , ,,m 1 to 57 dll)''' fil te r inocula t i"n, lin uv..rlli e of 22.2 
dllYS, and on [>" t hol"gi clIl examinati on f ailt>d to re\"('ttl any Ilvid..nee 
of t uhe n:lIlnlli". 

C.� 1,"1", ra t", I"Htilllly depleted, Inoculated intnll...ritone lllly wit h 1 mJrln. of 
t he bnd lli. 

Th<'M' r od~ n tlt l i..,....j f 'om 21 to , :? d ,,)'. , en . ve~ <It 37 dayl , af te r 
in....uIRti..n , /Uld ll.... iD. thl"flt." failed to diIoel._ I n1 eeid..ee.. of Dlilco ro · 
or mien_ opie tuht"rrlll""i". 

I). ~""D I"llta. <lD adO'tJIUtI .. din. i D ~ul llt...t in trlll"'r i\oo .tI..IlUy \I'ith d..-,. of 
t "'trill. 

•\11 t he _imam we.... killed 50 dl :,," af t.., inneub tioD, BD.d the ......ult,. ...,.. 
entil'e11 neg l li"e for t ubPl'eulOfliI . 
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Oroui' II. (lnoeul.W witb bo vine tul OfO rde bMilli ) . 
A. r our I'1lta. totally deplet ed , in(lf'ul.tet.I ia tral"' r ilu nraUy with d,_ 01 

I . 
Tb� nima'" !i" f'fl f rom 6 t o 1% d. , ••f te r in....ul.tioa . 'D ' >?nl j: " "f 

JoI .~ d. y. . r>" t uho>reolOlri ll developed ,,"jt bia tbat iM'ri"<l. " I t i", f'. 

n. Hi][ ""lB, partill1J.y Jepk-~. ia lJ('ulaW iat rapt'ri t<>a...lI, with I U11rl11. dOflf'll . 
T tl. dura tion of lifl:' ..... from H 10 31 d.rs . I tf' r morula tion. an ..,.I'1l~ 

o f 20 d.,.... Patbol~o:al .tudi... failf',d 10 ",",.1 f'\id"'...... 01 tubrro:u
I~i ... 

t.'. Mix rat. on . <leq Ullte diet , inO('ul.tM i.D.traperitoaHl.1I,. ..it ll I IIlltm. <I."""". 
•'\11 tht' . .. im.....'e re kiJlf'd ..lit d.,.. aftf' r iDOl'ula ti oa. and " 0 ..,"iii.....", 

01 t ube~ul~ _t're f OWld . t . utop-y. 

Umap III. ( l aOl'ul. tf'd with . ...ian tubf'rd r ba.tilli ) • 
•'\ . E iJi:bt rata., tot.lI,. <l."p!f'lf'd. inOl'ula l«l ia traperi to a....u,. ..ith 1 mgm. 

d_. 
'Mal:' r.t. li ved from 10 lO 3.1 d.,.. . fUr iaoe ulatioa, I D . '"f'~ of 192 

d.Y'- Of tht' 8 animlllla, of, or SO per t'f'nt , preeeeted d..lI.ai tr mutv
.ad mk~op ic evide ece of t u boort' uIOlli. (1If"f' Table 1.) , aDd :I ~h o'Ke<! 

rlUlf'OWl chaD.lt"l' i.D. the If'o,ioD&. . 

R. Eigh l rll"', part ially df'J'lmod. inO('ulatf'd intraperitoDe.lll,. wilh 1 mgm. 
d_. 

Oat' . nimal dif'd 3.. daj.. I f tl:'r inOl'al . t ion• _hil.. t he I'f'mainiD.: 7 _ .."' 
k.i11cd f rom lH to 56 da~"Il attrr illOl'ul.tion. Tuhforeul ..u. of th.. pr ri 
tonf'U1ll . .... f ouad in of , or SO Pf'I" f'I'Dt ( 1If'f' T . hlr II ) . 

C.� E iltht rat ll On adequate die t , iDoeulllted in tra IOfOrih.._ llr wit h d .....'" nf 
1 mgm. • 

Th r r il l " '<n' ''' iiUf'd lind au to..ied 49 dayw after inue U!lItion (~ T.hlr 
fIr ) , lind IIgai n 50 ~r ("fn t of t hO' IInl m. b1 on . uto..,. .tud i... rt'l'''II.It'd 
Illllr ,n- II.n <l mierOll<' npir tll hf'"ul08is. 

fl r<lul' I\'. «' A,nl rolll..) 
F i ...e fllt8, tot ll.1ly de pleted, 1Iof inoe ul a te d, s tud ied 10 det e rmine 1en.:t h of 

life in dep let ed rate. They lived t rom 6 to 20f d ll.Y", an a \"l'r."e of 
16.2 d a~" • . 

:o.WRBIn ANA'f(11'ofY 

Lesions of tub erculosis were found only in nnirnula inocu
luted with uviun tu bercle bacilli (G roup lII, A, B and C) . 

Oroup TIl A was composed of eight totally dep leted rats. 
of which four ' presented tuberculous change s at autopsy. 
T hese changes consisted in the forma tion of smal l, di scret e 
tubercles that projected from th e perttonenl surface of th e 
spleen, liver or intesti nes. Cent r al necrosis and casea t ion 
wer e not noted in the tu bercles so si tuated. In all of the 
a ffected ani mal s a fa irly large moss composed of tubercles 
was found in the mesentery, a la r ge cent ral a r ea of caseous 
necros is ha vin g developed in ita center in one of the tats. In 



DIETAR" P ACT'ORS rx F_'\.""PF.Rt M P.:'TAI, rr -ezecmoers 3 1 j 

two other animals ea r ly foci of necrosi s were observed in th e 
mesenteric ma ss, hut no wid espread caseati on. 

Group III B included eight par tially depleted rats. of 
which four cont racted tuberculosis. Small, d iscrete and non. 
casea t ing tubercles were found in the peritoneum ove r th e 
spleen of three an imals. The fou rth rat had one small mass 
at th e hilus of the splee n, composed of conglomerate , non
caseating tu bercles. In one of th e infected f8L~ the re were 
larger con glomerate tubercles in the cmentnm and mesen tery 
in addition to those on th e spleen, hut th ese did not form the 
relatively large IIUu<lOt'l'I found in th e animals of Group III A. 

Group ITI C comprised eight rats fed un a n adequa te 
diet. Four animals became infect ed with tuberculosis. In 
tw o of these th e only evide nce was in tilt' pnrtinl replacement 
of a "moderately enla rged abdominal lymph gland hy g rou ps 
of epithelioid cells . In a third a nimal , di scret e t ube rcles 
were found ever till' spleen. In the fou rth infected r at there 
was a large area of reaction with epi thelioid cell s in till' sub
peritoneal laye r of the anter-i or abdominal wall, with pa rtial 
replacem ent of th e musculature h~' tht':'p cell s. This h-sinn 
may ha ve marked th e po int of in oculation. Culeium l Ull) 

been deposited in parts of this urea and in the uffec ted 
abdomina l lymph ~lunds of ur n- (II" the ani mal s in th is gr-oup. 

DlSCU:-;SIOY 

Xo eouclusions ean he d r awn from the negat ive re sult 
. obtai ned in the totully depleted rat s that were inocula ted 
intrape r'ito neally wit h bovi ne tubercle bacilli (OI"OUp IT A,), 
sinc·t· thoy lived for an average of on ly 8,,2 dnys after inoeul u
t ion. Thp :-lI' ex pet-imeuts dem onstrate never theles s the high 
reais tunee of the white rat to infect ion with humuu 1111(1 

bovine tuberr-l .. bacilli , and aubs tant iute the observati on s o f 
othe r investigutore. T his natura l prot ectio n nppu rentl y is 
not broken down by UH' ab sence of vitamin A in the diet. 

A" Tl>g-uI"tlll in f'octio u with the avian organis m it was Iound 
that 50 pe r cen t of the animals developed tuberculosis irro
speet ive li t' whet h..r t il ..)" wen' kept on an adeq uate or defi 
cient di et. This pe rcentage is in keeping with previous fin/l
ings, such us those of S tei nbach. It is interesting to non
that t he tubercul ous changes which occur red in this gro up 
of a nimal s W " C( ' limited exclu sively to the peritoneum and 
abdominal lymph gla nds, 
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Although de pr-i va tion of vitamin ,A had no demonstrable 
infl uence on the incidence of infection in rats inoculated with 
human, bovine or avian tubercle bacilli, it should be pointed 
nut that there wen' some differences in the pathological 
character of the tu berculous process induced by infection by 
the aviun organisms in totally depleted an ima ls. The course 
of the disease under such cond itions was acc elerated, th e 
nreas of tube rculous change not only being definitely larger, 
but caseation being also present (see Table I, Group III A, 
Rats Xo. 5, fj and 8) . 

SU MMARY 

1. 'Vh.ittj rats maintained either on udequnte die ts, or on 
diets partially or totally deficient in vitamin A, were inocu
la ted with human, IHI\'1ne or avian str ains of tubercle baci lli, 
by feeding or hy intraperitoneal in ject ion. 

2. All ra ts inocula ted with human and bovine organisms 
failed to develop tuberculosis, irrespective of the die t on 
which they were kept. and of the method of inoculation. 

3. Fifty per cent of all rats (even when on normal diet } 
which were inoculated with the avian strain showed tube ren
Ioeis of the per-itoneum and abdominal lymph glands at 
au topsy. 

4. The evolut ion of th e avian tuberculous process seemed 
to he nccelernted in the totally depleted rats as compared 
with tho se mai ntained on a partially deficie nt or adequa te 
diet . Furth erm or e, caseatio n W8!'1 noted onlv in animals 
totally deplet ed of vi ta min A. . 
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