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due to one of two factors or to both, (a )  dilu- merization or dissociation of a highly 
tion with extracellular water, (b )  depoly- polymerized hyaluronic acid by hyaluronidase. 
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Whether or to what extent gastric and in- 
testinal digestion inactivates poliomyelitis 
virus is a problem that has an important 
bearing on intestinal entry of infection and 
on the source of virus in the intestinal con- 
tents and stools. This problem has nlot been 
studied a s  closely as might be desired in its 
relation to the conditions of normal diges- 
tion, although such studies as  are available 
indicate that the virus displays a considera- 
ble degree of resistance to inactivation in 
the gastrointestinal tract. Thus, Fkxner, 
Clark and Dochezl found active virus in the 
intestine 2 hours after administration by 
stomach tube: and by th.e same method of 
administration Clark, Schindler and Pres- 
ton;2 Clark, Roberts and P r e ~ t o n ; ~  and 
Levaditi, Kling and Lepine4 found active 
virus in the stools within 48 hours. The ef- 
fects of H-ion concentration upon virus in 
the range with which we are here concerned 
has been studlied by Loring and SchwerdP 
but their experiments were limited to periods 
of 1-2 hours and were done a t  room tempera- 
ture. So far as we know no studies on the 
- 
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inactivating effects of individual digestive en- 
zymes on poliomyelitis virus have been re- 
corded. 

In  the present experiments the test condi- 
tions were intended to approximate those ob- 
taining in the human stomach in respect to 
temperature, time, pH range, and presence 
of pepsin. In  children over one year of age 
(the group most susceptible to poliomyelitis), 
Cutter‘; has shown that the fasting gastric 
contents 10 minutes after stimulation with 
histamine display an average acidity of pH 
1.5 and occasionally reach pH 1.2. In  young 
adults, the level is pH 1.0-1.2.i Hammon and 
Izumis showed that poliomyelitis virus is not 
inactivated a t  levels of p H  4.0 and up. Gas- 
tric evacuation begins a few minutes after 
ingestion.9 At 4 hours, after ingestion of 
various types of food, the stomach is nearly 
empty.9 On the basis of such data, we have 
selected for our studies a range of pH 1.0-4.0 
and exposure periods of 5 minutes to 4 hours. 
All observations were made a t  37OC, or ap- 
proximate body temperature. 

The Lansing (Armstrong) mouse-adapted 
strain of poliomyelitis virus was used. Stock 
10% and 20% suspensions of infected mouse 
cord in physiological NaCl solution were 
clarified a t  18,000 r.p.m. for 5 hour, then 
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stored in ampoules on dry ice, and appro- 
priately diluted with saline solution a t  the 
time of use. Swiss mice. all. with a few e\r- 
ceptions, of the Webster strain from the Car- 
worth Farms, were employed, using a stantl- 
ard intracerebral inoculum of 0.03 cc. 1'04- 
tive results were determined either bj- the 
appearance of paralysis or. in the case of 
mice found dead without observed ~yn ip ton i~ .  
by histological exanination. \\-bile differing 
from the current practice of judqinz rewlts 
by the gross fatalitji rate, our method .-ome- 
what increases the accuracy and significance 
of the results by eliminating deaths from 
nonpoliomyelitic causes. In the tables. the 
numerator expresses the number of mice 
showing polionij-elitis and the denominator: 
the number of mice tested. pH rletermina- 
tions were made elt.ctronietricall!-. both he- 
fore and after incuhation of each prepal-a- 
tion. Mixtures were adjusted with HC1 with- 
in the range pH 1.0-3.0: for pH 4.0. ;in 

acetic acid-SaOH mixture ~ a ?  u?cd. .It tht. 
end of incubation a t  37' C', each   reparation 
was returned to approximate neutrali;!. 1,- 
the addition of NaOH. In the pepsin ex- 
periments, acid solutions of Lilly's pepsin 
were made up to contain 12% pepsin in the 
final mixture with virus and adjusted to the 
desired p H  The  proteolj.tic activity of each 
pepsin preparation was te3ted on coagulat~d 
egg albumin. & i t  the end of each incubation 
period, enzyme activity was stopped by the 
addition of NaOH to approximate neutrality. 
For the controls, pepsin inactivated a t  70°C 
for hour was used in the same amount; 
as in the tests. (Results shown in Table, I 
and 11). 

TABLE: r. 
Inactivation of Lansing Virus  at Varying 11 I I 

Levels. 
I : 300 suspciisiolls. 

1 ticub:itioii t i i i i v  

* hiiotlier series of tests. 

This group of experiments shows complete 
inactivation of virus in 5 minutes a t  p H  1.0. 
At pH 1.5, partial inactivation occurs a t  5 
minutes, and complete a t  15 minutes, while 
at  p H  2.0, partial inactivation begins a t  about 
2 hours and is complete a t  4 hours. At pH 
3.0 and p H  4.0, no inactivation is found a t  
4 ham. In  other tests not tabulated, inactiva- 
tion was complete a t  pH 3.0 in 2 2  hours, but 
incomplete a t  pH 4.0 in the same period. 

The data indicate a slightly greater degree 
of inactivation with pepsin than by acidity 
alone, but the difference between tests and 
controls is small. The optimum proteolytk 
effect of pepsin is stated to occur at pH 

Efec t  of Trypsin. Supplementing the 
study of gastric digestion on virus, the ef- 
iect of trypsin was investigated. For tech- 
nical reasons, mice could not be used for 
this purpose and the experiments were per- 
iormed on monkeys with a freshly isolated 
>train of poliomyelitis virus in its first pas- 
-age. -1 suspension made up to contain 10% 
Ixincreatin (Parke-Davis) and 10% virus 
adjusted to p H  7.9 was incubated for 4% 
hours a t  37°C. The activity of the pan- 
creatin was confirmed by visible digestion of 
egg albumin and by determination of pH and 
free acids in casein digest. At the end of 
incubation pancreatic activity was inhibited 
by lowering the pH to 4.2 by the addlition 
of HCl. In  6 Rhesus monkeys, 0.5 cc of 
the virus-pancreatin mixture was instilled 
daily into each nostril for 5 consecutive days. 
Three monkeys developed typical paralytic 
Iwliomyelitis, and one, nonparalytic polio- 
myelitis as demonstrated by characteristic 
lesions in the cord. Two monkeys showed 
no evidence of infection. Of 6 controls given 
virus in saline suspension by the same pro- 
cedure, none developed clinical signs of 
poliomyelitis and the olfactory bulbs of 2 
.,bowed no lesions. I t  would appear that ex- 
posure to trypsin not only fails to destroy 
the virus but may even increase its in- 
f ec tivi ty . 

Comment. Our experiments indicate that 
a t  high levels of acidity such as prevail in 
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TABLE 11. 
I11 a e t iva t i ng  E fC ec t of P cp sin. 

Virus cone. 1 :20 1:200 1 :so0 
7- 7 -------, 7 T 

hcubatioii  Active 1nnc;tivatcd Active Inactivated ,2ctive NaC1-HCI 
fEr timc, hr pel)sin pepsin p “11 si 1.1 p (’p s i n p cp s i n c o 11 t r o Is * 

2.0 ?h 9/10 10/10 3/10 6/10 9/10 
,> 1 0/10 1/10 0/10 2/10 3/10 
,, L! 0/10 0/10 0/10 0/10 0/10 

7 7  2 6/ 1 0 9/10 

3.0 M 9/10 
>, 1 T/10 

+ F o r  other comparative figures with SaC1-HC1-virus niixtuws, w e  Table I .  

the zormal fasting gastric contents, virus is 
rapidly and completely inactivated. At some- 
what lower levels (pH 2.0-3.0) pepsin has 
a slight inactivating effect. However, the 
actual effectiveness of this “barrier” in pre- 
venting the passage of virus into the in- 
testine is certainly far from complete since 
the optimal conditions for inactivation are 
present in the stomach only a t  times. The 
ingestion of milk raises the pH of the con- 
tents and maintains it, a t  least in infants up 
to 19 months, a t  3.2 or more for a t  least 
2 hours.ll With carbohydrate foods (Ewald 
test meals) on the other hand pH levels are 
frequently a t  the inactivating levels. Thus, 
Kahn and S t o k e P  found in 5 human sub- 
jects aged 4, 5,  6, 9 and 43 years old re- 
spectively with gastrostomies that after one 
hour, the p H  was 1.32, 1.56, 1.57, 1.73 and 
3.31. At the height of digestion of an  or- 
dinary meal containing meat, the acidity of 
the gastric contents is stated to lie in the 
range pH 1.3-2.5.9 Mucus and saliva are 
said to raise the pH somewhat.13 The rate 
of gastric evacuation is another factor of 
importance. After ingestion of most foods, 
evacuation begins in 1-7 minutes, and with 
fluids a considerable amount may leave the 
stomach almost a t  once. On the other hand, 
emptying requires 3 hours or more, being 
especially rapid with carbohydrates (95% a t  
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3 hours), a little less so with proteins (80- 
85% a t  3 hours) and quite slow with fats 
(30-50yh in 3 hours).9 

Taking the varying conditions of gastric 
acidity and motility into consideration it 
seems clear that when virus is swallowed, 
some of it is destroyed in the stomach and 
some enters the intestin’e intact, but the pro- 
portions cannot be well estimated. Condi- 
tions of high acidity, such for instance as 
occur after ingestion of carbohydrates and 
meats, favor inactivation while highly buf- 
fered fcods, particularly milk, tend to pre- 
vent it. Virus contained in that part of the 
iiigesta which leaves the stomach tom0 soon 
to be highly acidified is apt to escape inac- 
tivation. 

Since the pH of the intestine has a range 
of about 6.0-8.014 and since, as we have 
shown, trypsin has no inactivating effect, anjj 
virus reaching the intestine is likely to re- 
main intact, and to have the opportunity of 
causing infection. Virus can also become 
concentrated in the large bowel as water is 
abstracted from the contents and thus be- 
come easily demonstrable in the stools. While, 
as we1; have mentioned elsewhere, we be- 
lieve that primary intestinal entry is an ex- 
ceptional event, we suspect on the basis of 
the frequency of lesions in the celiac ganglia15 
that secondary intestinal entry following 
pharyngeal entry is not uncommon. 

At the p H  levels prevailing in Summary. 
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the stomach when only gastric juice is pres- 
ent, and a t  the height of digestion of carbo- 
hydrate and mixed meals containing meat, 
poliomyelitis virus is rapidly inactivated. 
Pepsin contributes slightly to inactivation. 
Since the pH levels necessary for virus in- 
activation are present in the stomach only 
part of the time, and since part of the gastric 
contents are evacuated before such levels can 
be attained, a certain proportion of ingested 

virus has the opportunity to escape intact 
into the duodenum; here and in the rest of 
the intestine the pH is too high to inactivate 
it and trypsin has no inactivating effect. Virus 
entering the bowel therefore must be pre- 
sumed to remain active, thus providing con- 
ditions suitable for secondary intestinal en- 
try of infection, and also for concentration 
of virus in the contents of the large in- 
tes tine. 

AUTHORS' INDEX 
(Tlw nirrnurnls  inrtiratv the p a g e )  

VOI,UME 63 

Adams, J. M., and Smith,  S. Rtsplratory cli,easv 
p r e 1-e 11 t i  on, y- g lob ul i n. 146. 

Allison, J. B., Seelcy. I<. I).. Rrou-11, J .  € 1 . .  antl 
Fergiisoii, b'. P. Protcin tlepletinn, rcpletioii, 
body fluicls. 214. 

Alt, H. L. 64. 
Alture-Werber, Erna, x n t l  1,oeu-c. 1,eo. Strt.1)- 

Arnbrose, A. M., ant1 1)e Iltl,, I-. I,-iiicntiiic, 

Anderson, R. C. 483. 
Arnold, A. Ilit. D:! activity. 2\30, 
Ascoli, A. Erucella ahortu\ .  rc>i,tance to. 4t.x. 

Axelrod, A. E. 52.3. 

toniycin cletn., hotly fluid,. 277 

my  o s i n  i 11 e corn 1) a r i so 11. 42J. 

326. 

B.ailey C. C., Dailey, 0. 'I'.. I,c~ech. li. 5 .  1)ial)ci 

Bailey, 0. T. 502. 
Baker, J. A. Virus, hog cholera, serial pas5ag:c. 

Baker, J. A., ant1 Little, It. 13. Milk. abnormal.  

Baldwin, Francis March, and Fanzer .  Basil 1. 

Bang, F. B. \-iru5, SCII ca,tle. fllaimeiitou\. 5. 
Barker, S. B. 533. 
Baronofsky, 1. D. 23. 
Becker, J. 463. 
Bennett, B. L. 176. 
Bernhart, F. W. 108. 
Biddulph, C., and Neyer ,  R. K. Horrnoiic 

gon a tl o t roplii c, pa r a h  1 - 

otic r a t> .  92, 95. 
Black, S., and Thoinson, J .  1:. C'irciilation, cros'. 

tl  1-8- r 11 1 ore th y 1 5 ul fi de. 400. 
Blivaiss, B. B. Feather growt 11. thyroidectornj . 

tliyro.\in. 98. 
Bodkin, R. E. 377. 
Boissevain, C. H,I[ul)ercle 1). growth inhihitioii. 

I~usa r ium > I ) .  323 .  
Bolomey, R. A.?J)9. 
Bondi, A., Jr. 4.72. 
Bowman, D. E. I?ntitrpptic factors, soy hcaii. 

5.17 : l ' ry~)sin.  iotlinatetl, protease act ivi t j ,  
R.P. 408. 

excretion. 15. 

from tlialuric acid. 502. 

183. 

virus. 106. 

Sphygmograph, electro-tiiagnetic. 263. 

hypo]) h y 5 e c t om i z cd 

Brandon, B. A. 302. 
Briggs, A. P. Diabetes, ketosis, acetone hotly 

Brousseau, D. 187. 
Brown, J. H. 214. 
Bucher, N. L. R. 2, 4-dichlorophenoxyacetic acid 

Bunting, H. 120. 
Burch, G. E. 543. 
Burkhart, Blanche. 296. 
Butcher, E. 0. Hair  qrowth,  S a F .  474. 

injn. effects. 204. 

Callomon, F. T., Kolmcr, J .  A,,  Rule, A. M., 
and .Paul ,  A.  J .  Tuherculosis expl., strepto- 
mycin, diazone. 237. 

Cannon, M. D., Mannering, G. .J., lllvehjem. 
C. A,, a n d  Hart .  I:. R. Guinea pig diets. 314. 

Carr, C. J. 70. 
Casals, J., antl Olitsky, P. K. Liver dysfunction 

tests. 383. 
Castle, W. B. 319. 
Charipper, H. A. 462. 
Charney, J. 108. 
Chen, G. 486. 
Chen, K. K., Anderson, R. C., and Maze, K. 

Sulfa 17 i 1 a mi doc y cl o p ropy 1 t 11 i a d i a z ole h y 1) ogl y - 
cemia, alloxan, reversal. 483. 

Cherrington, M. E. 310. 
Chow, B. F. 126. 
Chu, W. C., and Cutting, it;. C. Penicillin, setis- 

itization. 347. 
Colfer, H. F., ant l  Essex, 13. E. Brain, radio- 

potassium autography. 243. 
Commission on Acute Respiratory Diseases. 50. 
Cournand, A., Motley, H. L., Himmelstcin, A., 

Dresdale, D., antl  Richards, D. W., Jr .  Heart ,  
electrical, pressure pulse waves latent period. 
148. 

Cox, H. R. 178. 
Crandall, L. A., Jr., Lipscomh, A.,  and Barker ,  

S. R.  Glucose, acetone hodies, al imentary 
utilization, normal,  diabetic. 533. 

Creasy, J. C. 26. 
Cushing, V. D. 102. 
Cutting, W. C. 337. 

Darby, W. J., Cherrington, Lf, E .  and  Ruffin. 

Darsie, M. L., Jr. 453. 
Davis, John Emerson, Serum cholinesterase, 

Davis, R. N. 309. 

J. M.  Plasma tocopherol, sprue. 310. 

anti-anemic subs t .  287. 


