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Influence of Thiamine Deficiency in Mncacu muluttn on Susceptibility to 
Experimental Poliomyelitis.* 

P. F. CLARK, H. ,4. WAISMAN, H. C. LICHSTEIN, AND EDITH S. JONES. 

From the Dt~par tmcs is  of f{cirtf  , iO /O{ / !J ,  .tftdicu/ ~chool, clnd Hiuchctttkiry, College of A g r h l -  
t u rc, Ca i v twi iy  of Kisconmn, Madison. 

For several years, we have been studying 
the possible influence of dietary deficiencies 
on the susceptibility of monkeys and mice to 
experimental poliomyelitis. The results with 
Swiss mice maintained on thiamine-, panto- 
thenic acid-, and riboflavin-deficient diets have 
already been published.lJ Since little was 
known of the exact nutritional requirements 
of the rhesus monkey, preliminary studies with 
highly purified diets were necessary-’ before the 
experiments with the virus could be under- 
taken. The earlier thiamine studies-’ gave 
sufficient basis for approximate thiamine re- 
quirements of these animals: the more exact 
daily needs for this vitamin were determined 
individually for the 12 animals in Series 3. 

Experimental. The methods used in the 
nutritional care of the animals have been 
described in a previous publication? The 
basal thiamine-deficient diet consisted of the 
following parts per 100: sucrose 73, purified 
vitamin-free casein+ 18, mineral salts 4, corn 
oil 2, and cod liver oil 3 .  Each animal re- 
ceived a daily vitamin supplement which 
included riboflavin 1 mg, nicotinic acid 5 nip, 
calcium pantothenate 3 mg, pyridoxine 1 mg, 
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choline chloride 50 mg, i-inositol 100 mg, 
para-aminobenzoic acid 100 mg, and a bisul- 
fite-treated liver extract (Wilson) solution 
equivalent to 2.5 g of original material. I n  
Series 3, monkeys 131, 133, 134, and in Series 
4, monkeys 148, 149, 151, 152, and 153 re- 
ceived in addition to the thiamine-deficient 
diet No. 1, an added pyruvate level, 20 pg of 
a commercial concentrate of biotin or of 
crystalline biotin (methyl ester), and “folk 
acid” equivalent to 5 g of liver fraction L.5 
The thiamine dosage for each animal was 
\elected so that a gradual decline was pro- 
duced. 

The M V  strain of poliomyelitis virus was 
used throughout. -4 5% suspension of cord 
was centrifuged lightly, and the supernatant 
employed either by intracerebral injection in 
the first series, or by intranasal in the others. 
In  Series 3 and 4, the first administration of 
the virus was preceded by irrigation of the 
nasal passages with a phosphate buffer at 
ahout pH 5.” Then, approximately 1 ml of 
the virus was dropped into each nostril on 3 
successive occasions within 24 hours. The 
monkeys were observed at  least twice daily for 
signs of poliomyelitis and/or acute poly- 
neuritis; in some instances a careful differen- 
tiation between these conditions was essential. 
The signs of mild thiamine deficiency in the 
monkey were cessation of normal growth, 
anorexia, apathy, and an unkempt appearance; 
while those of frank polyneuritis were tremors, 
ptosis, muscular weakness, cachexia, and a 
temporary spastic paralysis of the limbs. 
These signs could be readily alleviated either 
by tube feeding or by intra-peritoneal inocu- 
lation with adequate quantities of the vitamin. 
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The signs of poliomyelitis were excitability, 
fine tremors, incoordination, ataxia, weakness 
of different muscle groups followed by flaccid 
paralysis: with this M V  strain of virus, the 
cases commonly terminated with quadriplegia 
and death of the animal. The recorded time 
for the first signs of definite flaccid paralysis 
was calculated from the third intranasal insuf- 
flation. In  all cases necropsies were performed 
on the dead or ether-sacrificed monkeys; his- 
tological studies were made in almost all 
instances. Whenever indicated, as in compli- 
cating infectious diseases, bacteriological 
studies were carried out to aid in the diagnosis. 

In Series I (Table I ) ,  a small preliminary 
study, only 4 monkeys were employed, 2 of 
which were maintained on an optimum diet 
and 2 on a thiamine-deficient diet. All mon- 
keys, rcgardless (:I diet, succumbed to typical 
clinical poliomyelitis and were sacrificed after 
quadriplegia. 

-1 total of 7 thiamine-deficient monkeys 
were used in Series 2 (Table I ) .  In  order to 
maintain the animals, each one received 
100-275 pg thiamine in one or two intra- 
peritoneal injections a t  some time after inocu- 
lation of the virus. Although 4 of these animals 
never showed clinical signs of the infection, 
conclusions on this basis are difficult, because 
these monkeys were acutely deficient in 
thiamine, and died of polyneuritis within the 
average incubation period of the poliomyelitis 
infection. These 4 non-paralytic animals died 
4, 7 ,  9, and 11 days, respectively, after the 
third intranasal insufflation of the virus sus- 
pension. The cord sections of 3 of these 4 
monkeys, numbers 66, 69, 42, present lesions 
typical of poliomyelitis, while in the fourth 
monkey, KO. 72, the lesions are less definitive, 
but are consistent with a diagnosis of early 
asymptomatic poliomyelitis. 

The 3 remaining monkeys showed typical 
clinical signs of the infection and typical 
pathology. Because of the premature death 
of animals from the acute thiamine deficiency 
in this series, it was deemed advisable to 
establish the daily minimum thiamine require- 
ments of each monkey more exactly. so that 
they might survive throughout the period 
necessary for establishing the virus disease. 

I n  Series 3 (Table I ) ,  18 monkeys were em- 

ployed, 3 of which were control animals on a 
natural diet consisting of skimmed milk, corn, 
carrots, potatoes, and whole wheat bread. 
Fifteen were placed on a thiamine-deficient 
diet, but 3 of these were fed in addition, 4 g of 
sodium pyruvate daily by mouth, by stomach 
tube, or by intraperitoneal inoculation. Blood 
pyruvic acid levels were determined on all 
monkeys except the 3 on a natural diet.” I n  
addition to determining the susceptibility of 
thiamine-deficient monkeys, this series was set 
up to test the hypothesis that the increased 
level of pyruvic acid resulting from thiamine 
deficiency might play a role in resistance to 
poliomyelitis. typical protocol for one 
monkey, So. 120, in this series is given in 
Table 11. Of the 12 deficient monkeys, 2. 
S o .  58 and No. J Z f ,  showed no de-hitive 
paralysis. but No. 58 died one day after signs 
of weakness were observed. Histological 
studies of central nervous system sections 
from So. 58 showed definite although slight 
lesions of poliomyelitis, while No. 127,  which 
never shuwed any signs of poliomyelitis, was 
sacrificed 28 days after virus was administered, 
and showed lesions suggesting abortive polio- 
myelitij of the type we designate “indeter- 
minate.’: The other 10 deficient animals 
showed frank flaccid paralysis of 2 or more 
limbs. 

The 3 control animals on a natural diet were 
in poor condition. and were used only because 
of the war and consequent shortage of animals. 
One of these monkeys, S o .  102, died shortly 
after the first intranasal instillation of the 
virus, while the other 2, although weakness 
was recorded for both acimals, never showed 
any signs of poliomyelitis. Monkey No. 101 
died 11 days after virus was given, from acute 
dysentery, while Xo. 100 was sacrificed 56 
days following the start of the experiment. 
Microscopic study of central nervuus system 
sections from these 2 animals revealed “inde- 
terminate” lesions not definitely those of polio- 
myelitis but consistent with the suggestion of 
early damage by that virus. Since the mon- 
keys maintained on a thiamine-deficient diet 
plus pyruvate were from the same shipment as 
the control animals, the cause of the resistance 
of 2 of these animals, No. 133 and So .  134, 
to poliomyelitis may be queried. It may have 
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1nfluriir.c~ of ‘l’l~i:cniinc~ Lewl  and of Incrcased Pyruratt .  on Susreptibility of M. mulntta to  MIT Strain 

Yolioniyeli tia Virus. 

Series Monkcy No. 
NO. sex 

1 36 P 
3 7  F 
38 F 
39 3‘ 

I1 40 hf 
42 Y 

51 M 
66 M 

69 F 

70 F 
72 h’ 

111 27 111 
28 F 
33 F 
52 F 
53 M 
58 hl 

75 M 
93 lq‘ 

107 JI 
108 M 
326 F 
11’7 k.I 

1 00 

101 

102 

Wt, kg  

2.3 
2.4 
2.1 
2.3 

2.7 
2.9 

2.8 
3.3 

2.0 

2.7 
1 .5 

~ _ _  

4.8 
3.G 
4.3 
2.7 
3.4 
3.6 

3.3 
2.8 
2.4 
2.9 
2.2 
?.@ 

First 
signs of 

Diet p:~ ralysi s 
No.’ (dt1ys) ~’athologyt 
- ~- - _ _ _  

I x 3 f  
1 10 
2 
2 8 

1 x 4+ 
1 2f cervical 

1 + lumbar 
1 7 So scvdions 
1 I+ 

1 3+ 

1 I 4+ 
1 t 

K O  sections 
c 3 )  ,. 

,( 1 .  

- 

1 $4 3 t 
1 (i a+ 
1 18 -J+ 
1 9 :: + 
1 t i  3 + 
1 1+ 

1 3 + 
1 1 2  J+ 
1 13 I +  
1 (i 3 + 
1 12 i+ 
1 * 
3 r+ 

3 t 

n 

Remarks 
. .- ~~ ~ 

Quadrip1egi:i 
9 1  

J, 
1 J  

Quadriplegia ; polyneuritis 
l’olyneuritis: dicd 7 days following inoc.; 

Quadriplegia ; ylynrur i t i s  
I’olyneuritis; died 4 days following inoc. ; 

Polyneuritis ; dicd 9 days follo\ring inoc. ; 

l’olpnruritis ; flaccaid par. of one liiuh 
Polync,uritiq; d i d  11 days following 

l’olyncuritis; flaccid par. of 2 limbs 
Quadriplegia 

Fl;icc.id par. one limb 
I’olync~uritis ; qunddplrgi:~ 
KO definite par.; mirkcd ataxia. tremors, 

weakness 8th day following inoc. 
t’olyiic~uritis; flaccid par. of 2 limbs 
Quatii ipkgi:l 
Hrmipl cgia 
Quadriplcgie 
Quadriplegia ; polyneuritis 
Sacrificed 58 days following inoc.; no 

signs 
8:icrificed 36 days fiillo~ring inoc. ; irr i ta-  

ble, weak 7 days 
General ~ e a k n e s s ~  cspecially legs, 10 days 

folloning inoc.; died 11th dar ;  clinical 
and hart. eridenec of dysentery 

Died a f t r y  first intranns. insufflation; 

no paralysis 

no par:iIysis 

no paralysis 

inoe. ; 110 pnr:ilysis 

7 9  

dysrnterp 
r Quadriplegia 

Sariificed 33 days following inoc.; 110 
131 Jf 2.4 4 4+ 
133 F 2.0 4 2 

134 31 0.1 4 f Sarrificed 29 days following inoc.: no 
signs 

signs 

Quadriplegia 
c 1 1  

1 7  

, 7  

1 J  

I V  16 P 1.9 2 10 4+ 
w- 144 &I 2.7 2 

146 F 4.0 2 9 4+ 
147 4.1 2 9 4+ 

25 F 2.0 2 3+ 
145 4.6 & 2 Sacrificed 33 days folloir-ing inoc.; no 

n 

> 
signs 

148 2.3 4 8 4+ Quadriplegia 
149 F 2.1 4 9 3+ Flawid par. of 2 limb.; 
151 M 2.5 4 2 Genrr:ll weakness, no signs of paralysis; 

132 M 3.4 4 8 3+ 
153 M 3.0 4 8 4+ Qua driplegin 

~ __ _ _  ~- -_ - __ 
* 1. Thiamine dcficient diet; 2. Optimum dirt (CCI ntrol animals) ; 3. Sa tu ra l  diet (control animals) : 

t Stagrs of poliomyelitis lesions in Maearn niirl 
Indcterminate: A few (4  t o  6 or 8 per set 

4. Modified thi:imine-deficient diet plus 4 g sodium pyruvate per day. 
t a  :iq used in Table I : 
on) focal areas of microglial infiltration: most of 
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tlic g-inglion cells :ippc:~r nor111:11 ; sonic, hoveLvr.  show chroniatolysis with margination of 
Sissl  cul)st:ince and x few show more ni:lrked degeneration nit11 satcllitosis of microglial cells 
and Ipq)hocptrs ; congestion of vrssels witli occ:isional slight hemorrhage. Only :in occasional 
l)olyin~~ri)ho~iuclear leucocyte olr)wrrr~l 111 the s niis : no mcningitis ; no pcrivascular round 
cell infiltration. 

This picture is considered consistent with early asyniptomatic poliomyelitis but is not patho- 
gnomonic.; in this instance, sinre poliomyelitis virus IWS introduced, these lesions arc probably 
due to tha t  virus.; 

Slight perimscul?r round c(31l infiltration wpwially in intdulla : larger amount of microglial infil- 
t r a t h  than in tlic ‘ (  indrterniin:itr” c*ntegory; rxtvnsive clironiatnlysis with margination of 
S iss l  substance and eccentric nuclei ; necrosis of few ganglion cells with invading inicroglial 
l ihagxytes and 1ymplioey;es but  \-cry f(.\\ T)olyniori)liorinrIr;ir leumcptrs; usunlly slight hcm- 

Animals with this degrer of d:magc, 11a ve comiiionl! shown tiemors, ataxia, and weakness, 
but no paralysis. 

Typical lesions with perir:iseular cwffing, ocdema, wnily recognized necrosis of nerve cclls with 
ncuronaphagia, composed of ahout ( quil 11 umbers of inicroglial cells, lymphocytes, and poly- 
morplioriuclcnr Icucocytrs. 1)iu:ippe:irance of :in a~iprwiahlc  number of ganglion cells. 

Xirked typical lesions r i t h  cxtensivr ncrrc cell ricvrouiu and neurono-ph:igocgtcisis ; most of the 
invading cclls in\ olved in this p r o w s s  a rc  polymoi pllonnclrar leucorptes. Round ecll nienin- 
gitis. 

Orerwliclining typical Iwions Kith l~nrd ly  a normol g:r riglion r d l  I ~ f t  at any lcrel of the cord 
studied. 32anr ~ ~ ~ i l y r i ~ o r ~ ~ l i ~ ~ i u ~ ~ ~ : ~ ~  Icucocytes tlirnugliout. 

1+ 

orr113gc. 

2+ 

3+ 

4+ 

‘J’AJ3TitC 11. 
T.Tica1 protocol of a U. nirdulta Monkey l\l:iintained on a Thiaminc-deficient Diet and Given 

M V  Virus by the Intmnasal Houtc (Monkey Xo. 126) .  

10/ 1/43 
10/15 

M-3 + 2% g isulfited liver extr. 1ivr day. 
First signs of thiaminc deficiency. 
Xinimum thiamine requirement established as 50 pg ,per day. 
Blood pyruvic arid determination after 36 hr starvation x 3.4 mg per 100 ml blood. 
MV virus given intranas. 3 times during Ilrevious 24 hours. 
Blood pyruric acid lrvrl = 3.02 mg per 100 ml l i lood. 

11/24 
11/29 
11/30 Temp. 103.3°F. 

Temp. 103”h’. 

104.0 very irritable. 
104.9 continued irritability. 
104.9 
104.2 
106.2 

304.2 
100.2 
97.4 

dead 8 :).in. 

,, 7 ,  

1 ,  9 9  

f:ice hyperciuie; niarkcd irrit:thility ; slight incoordination of more- 

fine liead tremors; rl:trcid Imrulysiv of both arms. 
ptosis; qu:tdriplegi:i : markid head tremors 
no significaut vliangc; respir:ition quitc normal. 

mcnts. 

Nrcropsp performed a t  9 :i.m. So gross changes observed. 
Xicroputliology : 4+.  Extremrly acute polioniyc~litis; not :I singlc noinial nerve cell 

Parcnc1iym:itous degencmtion of all the viscera ; obscrvcd in the rord stvtions. 
marked hypcrplasia of germin:~l centers of splceu. 

Cowlusion : Marked acute poliomyelitis. 
__- - _. -. ~ 2 

been due in part to the generally poor nutri- 
tion of the animals. 

Series 4 (Table I) presents another attempt 
to determine whether with monkeys free from 
dysentery and with no complicating deficien- 
cies, the pyruvate hypothesis has any validity. 
One of 5 monkeys, No. 151, fed a thianiine- 
deficient diet plus added pyruvate showed no 
sign of poliomyelitis infection but died 22 days 
after inoculation with interstitial pneumonia. 
One of the controls, No. 145, maintained on a 
complete diet also showed no signs of the 
disease and was sacrificed in 33 days. Both of 
these animals showed the “indeterminate” 

pathology as described in Table I. 
Summary. The influence of thiamine defi- 

ciency on the susceptibility of M .  mulatta to 
experimental poliomyelitis has been studied in 
40 animals. The results indicate that this 
species, when deficient in thiamine, does not 
exhibit an increased resistance to poliomyelitis 
virus in contrast to the well-demonstrated 
resistance of Swiss mice similarly fed.lPs 
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