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oxygen uptake at  first are proportional. How- 
ever, with time there is a disproportional de- 
crease in the oxygen consumed at  the different 
cell concentrations. 

The auithor expresses his sincere gratitude to Dr. 
Normand L. Hoerr for the encouragement extended 
him during the course of this work, and to Dr. 
George F. Badger for his advice concerning the 
statistical treatment of this problem. 
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Use of Guinea Pig Eye in Study of Intraocular Infections Produced by 
Mumps Virus.* (19255) 

VERN S. BOLIN AND GLEN R. LEYMASTER. (Introduced by Louis Goodman.) 
From the Department of Public Health and Preventive Medicine and the Lockhurt Memonu2 

Research Laboratory, Pediatric Department, School of Medicine, University of Utah, 
Salt Lake City, Utah. 

The injection of mumps virus into the 
guinea pig eye has been found to produce 
corneal opacity and result in the appearance 
of complement-fixing antibodies in the con- 
valescent sera ( 1 ). The experiments in this 
paper deal with the use of the guinea pig eye 
in (a) the study of the neutralization of 
mumps virus by specific immune serum and 
pooled sera from normal mumps susceptible 
children. Further investigations were per- 
formed using the intraocular injection oi 
mumps virus to demonstrate (b) the rise, per- 
sistence and decline of complement fixing 
antibodies in sera, (c) the persistence of 
mumps virus in ocular tissue, and (d) the 
corneal reaction and the subsequent appear- 
ance of complement fixing antibodies in the 
convalescent sera after the intraocular injec- 
tion of 3 recently isolated strains of mumps 
virus. 

Materials and methods. The mumps virus 
used in experiments 1-111 was Ender's em- 
bryo-adapted strain employed in the earlier 

* Presented in part a t  the eighth meeting of Inter- 
mountain Branch of the Society of American Bac- 
teriologists, Ogden, Utah, April, 1951. 

Supported in part by the University of Utah, Col- 
lege of Medicine Research Funds. 

study( 1) ; it had undergone 54 serial passages 
in chick embryos. In  the allantoic sac of 
chick embryos, the virus had a titre (IDGO) 
\of 108.3 50% infective doses per ml. In the 
fourth experiment, 3 recently isolated strains 
of mumps virus were employed for intraocular 
inoculation. The JWE, virus was recovered 
from emulsified parotid tissue obtained from 
a child who had parotitis and meningo- 
encephalitis at  the time of his death(2), and 
had undergone 2 embryo passages. The 
WTFEB was recovered from aspirated testicu- 
lar ,fluid obtained from a patient with orchitis, 
and the 1351Eg from saliva o'btained from a 
patient with parotitis(3). Each of these 
strains had undergone 6 and 8 embryo pas- 
sages, respectively. The materials from which 
these 3 viruses were recovered were injected 
into the amniotic cavity of 7-day-old chick 
embryos. The titres of the viruses were not 
determined. The sera employed in the neu- 
tralization tests in guinea pig eyes were from 
2 sources. The immune sera were obtained 
from the authors (V.S.B. and G.R.L.) 18 days 
after the intramuscular injection of 1 ml of 
mumps vaccine.+ The complement fixing 

t Killed virus from extra-embryonic fluid, V-1061, 
was kindly supplied !by Eli Lilly & Co. 
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TABLE I. The Use of the Guinea Pig Eye as an Indicator for  the Neutralization of Mumps Virus by 
Immune and Non-Immune Human Sera.* 

S o .  of eyes with persisting Results of 
Dilu- No. of corneal opacity (days) CF testst --, Init ial  Conv. 

injected pigxo.  of virus corneas 1 2 3 4 5 6 7 1 0  11 1 2  13  1 4  13 16 sera sera 
JIaterial Guinea tion reacting ______ 

Pooled sera f rom <s' 
mumps suscep- 504-506 1 0 3  4 4 2 0 0 1 1 1 1  1 1  1 1  0 0 <.5 <5 

<5 
40 

tible chililrcn 
(IISC) +virus 

507-509 10-2 1 1 0 0 0 0 0 0 0  0 0 0 0 0 0 <5 20 
<5 

-_ 

80 
310-512 10-1 - 2 2 0 0 0 0 0 0  0 0 0 0 0 0 < 3  40 

<S 
40 

513-515 1 : 2  3 : ! 1 0 0 0 0 0 0  0 0 0 0 0 0 < 3  80 
40 

3 

80 
T'irus 5'98-530 10-3 - . ' 2 1 0 0 0 0 0  0 0 0 0 0 0 <s 80 

160 
160 

331.333 10-2 G 6 6 4 4 0 0 0 0  0 0 2 2 0 0 < 3  320 
1280  
640 

534-336 10-1 3 4 4 5 5 3 5 3 5  1 1  4 3 2 1 <5 320 
16.0 

1280 
337-539 1:2 6 4 6 6 6 3 3 4 4  3 3 3 3 3 3 < 3  8 0  

160 

1 

- 

Iininuiie sera + 340-342 - 
norinal allan- 
toic fluid 

0 <5  <5 

Pooled sera from 543-543 - u <5 <5 
111 s c + 11 orm a1 
allantoic fluid 

-____ ~ ~ - ~~~ -___________ 
" Guinea pigs in gr'ouys of 3 injected in both eyes lritli each sample of sera and dilution of virus. 
t Soriiial nllaiitoic fluid controls were negative in  each instance of lowest serum dilution tested (1:5).  

$ Conralrsceiit scruin tiltres are indi\-iciually expressed (except No. 540-545) a i d  correspond t o  the 
Titres expressed as tlie denominator of the dilution. 

respective guinea pig number. 

antibody titre of each of these sera prior to 
pooling for the neutralization tests was found 
to be 1:20. Serum was obtained from 3 chil- 
dren who gave a negative history of mumps. 
The ages of these children were 2.5 to 5 years. 
Each serum in a final dilution of 1 in 8 was 
tested against 1000 IDs0 mumps virus. Each 
serum-virus mixture was injected into 8 chick 
embryos. The results showed that the sera 
prevented the growth of mumps virus in 1/8, 
2/8, and 1/8 chick embryos. I n  each instance 
the protective titre of .serum was less than a 

dilution of 1 in 8, and the tests were consid- 
ered negative (4). When the unheated sera 
were employed in the neutralization tests, the 
3 samples were pooled and mixed with the 
desired dilutions of virus. Each sample of 
sera was stored in a glass vial a t  -20°C until 
used. 

Neutralization tests were carried out by in- 
jecting mixtures of serum and increasing dilu- 
tions of virus into the anterior chamber of the 
eye. The serum-virus mixtures were incu- 
bated for one hour a t  room temperature prior 
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to injection. The methods employed for in- 
traocular injection of materials, the use of 
antibiotics in the inoculum, and the means of 
determining the levels of complement fixing 
antibodies in the sera of guinea pigs have been 
described( 1). The normal allantoic fluid em- 
ployed as a control for eye injection and com- 
plement fixation tests was collected from 
13-day-old chick embryos. In  these experi- 
ments convalescent blood was obtained from 
the guinea pigs on the 16th to 18th day after 
the injection of virus into the eye. 

Experimental. Exp. I .  Thirty-six guinea 
pigs were divided into 12 groups of 3 guinea 
pigs each. Mumps virus was injected into 
both eyes of the guinea pigs of 4 of the 1 2  
groups. One group was injected with virus 
dilutions one with one with 
and one with 1 : 2 ,  while the remaining 8 
groups were injected with either pooled sera 
from normal mumps susceptible children or 
specific immune sera mixed in similar final 
dilutions of virus. Immune sera and sera from 
normal mumps susceptible children were each 
mixed with an equal volume of normal allan- 
toic fluid, and each mixture was injected into 
both eyes of 3 guinea pigs. The volume of 
each mixture injected into each eye was 0.03 
ml. The results are shown in Table I. 

The specific immune serum neutralized the 
virus and completely prevented the corneal 
reaction in the 24 guinea pig eyes. Fifteen 
of the 24 eyes injected with pooled serum from 
normal mumps susceptible children and virus 
developed no corneal reaction. The cqrneal 
opacity in the 9 reacting eyes was mild and 
lasted only 24-48 hours. The corneal reaction 
in the eye of one of the latter animals (No. 
506) reoccurred 3 days later. 

Of the 24 eyes injected with the various 
dilutions of virus, 5 failed to develop the cor- 
neal reaction. Four of these 5 eyes were in- 
jected with virus dilution lC3. The corneal 
opacity that developed in 19 of the 24 eyes 
persisted from 48 hours to 14  days. The cor- 
neal reaction in 2 of the 3 guinea pigs injected 
with virus dilution lob2 persisted for 94 hours 
and in the third guinea pig (No. 533) for 48 
hours. Guinea pig No. 533 developed a sec- 
ond mild corneal reaction and severe iritis 
11 days after the initial corneal opacity. Four 

' 407 

guinea pigs (534, 535, 536, 539) injected with 
virus dilution lor1 and 1 :2  developed similar 
recurrent corneal reactions 5 to 11 days after 
the injection of virus into the eye. 

Of the 12 guinea pigs injected with pooled 
sera from mumps susceptible children, mixed 
with virus, 5 developed no complement fixing 
antibodies. The remaining 7 guinea pigs de- 
veloped relatively low complement fixing anti- 
body titres ranging from 1:20.-1:80. Of the 
12 guinea pigs injected with specific immune 
serum and various dilutions of virus, 11 
showed no complement fixing antibody in sera 
diluted 1:5, the lowest dilution tested. The 
12th guinea pig (No. 527)  injected with virus 
dilution 1 : 2 developed a complement fixing 
antibody titre of 1:s. The 1 2  guinea pigs 
injected with the various dilutions of mumps 
virus without serum developed complement 
fixing antibody titres that ranged from 1:80- 
1 : 1280. 

The 6 guinea pigs injected with normal 
allantoic fluid mixed as a 1:2 dilution with 
pooled sera from mumps susceptible children 
or immune sera demonstrated no corneal 
opacity and no complement fixing antibody in 
a dilution of 1 : 5, the lowest dilution tested, 

Exp. I I .  The rise, persistence and decline 
of complement fixing antibody against the 
mumps virus was studied in 4 guinea pigs. 
Each animal was injected in the left eye with 
0.05 ml of mumps virus. The right eye was 
not injected. Sera were collected prior to 
virus injection and every 4 days thereafter for 
28 days. Eight samples of sera were obtained 
from each animal. 

Fig. 1 demonstrates the absence of comple- 
ment fixing antibody in the sera of the 4 
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TABLE 11. Production of Corneal Opacity and Complement Fixing Antibodies iii Guinea Pigs as a 
Result of Intraocular Injectiton of Recently Isolated Strains of llumps Virus. 

,,--CF resultst- 
Source Guinea c-.Persistence of the corneal reaction-, Initial Conv. 

of virus* pig No. Eye t 24hr 48 72 8 days 1 6  days sera sera 

-- 

JWE, 267 R 
L 

268 R 
L 

269 R 
li 

L 
501 R 

L 

L 
503 R 

L 

WTFE, 500 R 

135E8 502 R 

2+ I+ 
0 0 
4+ 4+ 

0 0 
t 0 

e 
4+ 3+ 
0 0 
0 3 f  
0 -+ 
0 0 
0 0 
0 0 
5 -I 

0 
0 

44- 
0 
0 
0 

3+ 
-t. 

3 f  
0 
0 
0 
0 
0 

0 < I 0  160 
0 

4 f  < 10 40 
0 
0 < 10 160 
0 
2 t  < 5  160 

0 
3+ < 5  80 
0 
0 < 5  20 
0 
0 < 5  80 
0 

* Kumerical subscript of JWE E number of egg passages. 
t Right eye, etc. 
$ Normal allantoic fluid controls were negative in  each instance of lowest serum dilution tested (1:5 

or 1 : 10) .  Titres expressed as denominator of dilution. 

guinea pigs before the injection of virus and 
on the fourth day. On the eighth day sig- 
nificant levels of complement fixing anti- 
bodies were demonstrated. These levels per- 
sisted until the 20th to 24th day and then 
commenced to decline. 

Exp. 111. The next experiment demon- 
strates the persistence and levels of mumps 
virus in ocular tissue and the appearance of 
complement fixing antibodies in the convales- 
cent sera of the guinea pigs after the removal 
of the virus injected eye. The left eyes of 42 
guinea pigs were injected with 0.05 ml of un- 
diluted mumps virus. After virus inocula- 
tion, both right and left eyes were removed 
at  intervals of 2 hours to 8 days. There was 
a total of 15 intervals, the longest being 192 
hours and the shortest 2 hours. The tests for 
virus were performed by injecting ground sus- 
pensions of ocular tissue (sclera was dis- 
carded) in increasing dilutions into the allan- 
toic cavity of 7-day-old chick embryos. The 
virus diminished rapidly in the injected eyes, 
since at  2 and 4 hours the amounts of virus in 
the ocular tissue showed end points of 
and lC3, respectively. The level of virus 
persisted for 2 days. This level of virus then 
dropped to and persisted for 2 days. 
During the next 4 days the end point was 
10-1 or less. At 8 days, one of 8 eggs showed 

that ocular tissue still contained mumps virus, 
The right eyes were tested for virus. In  each 
instance, the test was negative. 

Of the 4 guinea pigs that had their eyes 
removed at  2 hours, 2 developed complement 
fixing antibody titres of 1: 10 while no com- 
plement fixing antibody could be demon- 
strated in the sera of the other 2. In  36 
guinea pigs the convalescent sera showed com- 
plement fixing antibody titres ranging from 
1 : 10-1 : 80. These animals had stheir eyes re- 
moved at intervals of 4 hours to 8 days. One 
guinea pig that had its eyes removed 8 days” 
after virus injection developed a complement 
fixing antibody titre of 1:320, and one with 
the eyes removed a t  44 hours developed no 
complement fixing antibody. 

Exp. I V .  Three recently isolated strains of 
mumps virus were injected into both eyes of 7 
guinea pigs. Control eyes injected with nor- 
mal allantoic fluid were not included. Two 
animals were each injected with WTF6 and 
135Eg viruses, while 3 were injected with the 
JWE2 virus. The volume of undiluted egg 
virus injected into each eye was 0.05 ml. 

As may be seen in Table 11, the 3 recently 
isolated viruses subsequent to 2,  6, and 8 pas- 
sages in eggs produced an irregular corneal 
reaction in a majority of the eyes of the 
guinea pigs. The 7 guinea pigs developed 
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complement fixing antibody titres that ranged 
from 1 : 20-1 : 160. 

Discussion. From the data presented in 
Table I, it is clear that specific immune serum 
antimbody will neutralize the mumps virus and 
completely prevent the corneal reaction and 
the appearance of complement fixing anti- 
bodies in thg convalescent sera of guinea pigs. 
When mumps virus is not completely neutral- 
ized in serum-virus mixtures, low titres of 
complement fixing antibodies may occasion- 
ally occur in the convalescent sera as was in 
the case of guinea pig No. 527. 

The pooled sera from mumps susceptible 
children clearly showed an antiviral effect 
against the mumps virus. The duration of the 
corneal reaction in those guinea pigs injected 
with increasing dilutions of virus was 16 days. 
I n  contrast, the corneal reaction lasted only 
72  hours in those guinea pigs injected with 
virus mixed with normal sera. All 1 2  of the 
guinea pigs injected with increasing dilutions 
of virus without sera developed complement 
fixing antibody titres that ranged from 1:80- 
1 : 1280. The antiviral effect of the pooled 
sera from mumps susceptible children ap- 
peared to prevent and modify the production 
of complement fixing antibodies, since 5 of the 
12 guinea pigs failed to develop complement 
fixing antibodies while the remaining 7 de- 
veloped titres ranging from 1:20-1:80. 

The normal pooled human sera empIoyed 
in the neutralization tests in guinea pig eyes 
was obtained from children who were consid- 
ered to be non-immune to mumps virus infec- 
tions. When serum-virus mixtures were in- 
jected into chick embryo, no neutralizing an- 
tibody was demonstrated in a sera dilution of 
1 in 8. Xumerous tests for mumps neutraliz- 
ing antibody in human sera have shown that 
the single serum dilution of 1 in 8 seems to 
distinguish between the immune and non- 
immune. However, it  is possible that the 
neutralization test in chick embryos is not 
sufficiently sensitive to demonstrate border- 
line cases of immunity in children (4).  

The results in Table I demonstrate that 
normal allantoic fluid when mixed with either 
pooled normal sera or specific human sera and 
injected into guinea pig eyes plays no part in 
the corneal reaction or in the appearance of 

complement fixing antibodies in the convales- 
cent sera. 

Within 24 hours after the injection of large 
amounts of mumps virus into the eye, the 
corneal reaction occurs. The results in Table 
I show that mild corneal reactions were ob- 
served. The duration of these reactions was 
48 hours to 1 2  days. During the interval of 
10 days, they disappeared and reappeared 
several days later and persisted for variable 
lengths of time. This recurrent corneal re- 
action was observed in the eyes of guinea pigs 
533, 534, 535, 536, and 539. In  the case of 
guinea pig 533, the corneal reaction persisted 
for 48 hours and disappeared. Then on the 
13th day a severe iritis appeared simultane- 
ously with the second recurrent corneal re- 
action. The recovery of mumps virus in other 
experiments 8 days after intraocular injection 
indicated that the virus was in the ocular 
tissue a t  this time. The virus may be in part 
responsible for the unexplained iritis and the 
mild recurrent corneal reactions that occurred 
later in the course of infection. 

KO complement fixing antibodies were dem- 
onstrated in the sera of the guinea pigs before 
or on the fourth day after the injection of 
virus into the eye. However, on the 8th day 
significant amounts of antibody were present. 
I t  is possible that neutralizing antibody is in 
some way related to the final disappearance 
of virus in the ocular tissue. .lfter the initial 
precipitous drop in titre, which was a lO$IOO- 
fold decrease in virus during the first few 
hours, the virus continued to diminish slowly 
in the ocular tissue after the fourth day. I n  
general, the earlier the virus infected eye is 
removed after virus injection the lower the 
complement fixing antibody titre in the con- 
valescent sera. 

Recently isolated strains of mumps virus 
when injected into the guinea pig eye produce 
the corneal reaction and result in the pro- 
duction of complement fixing antibody titres 
that are comparable to those produced by 
Ender’s strain of virus. The corneal reaction 
to the 3 viruses appears to be more irregular 
and less severe than the reaction produced by 
Ender’s virus. 

Conclusions. (1) When a mixture of 
mumps virus with specific immune serum was 
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injected into the eyes of guinea pigs, the serum 
completely prevented the corneal reaction and 
the production of complement fixing antibod- 
ies. Pooled sera collected from normal mumps 
susceptible children, when mixed with mumps 
virus and injected into the eyes of guinea pigs 
irregularly prevented the corneal reaction and 
the production of complement fixing anti- 
bodies. ( 2 )  Subsequent to the injection of 
mumps virus into the eye of the guinea pig, 
complement fixing antibodies appear in the 
convalescent sera between the 4th and 8th 
day, persist a t  significant levels until the 20th 
to 24th days, and then decline. (3 )  Mumps 
virus persists or grows in guinea pig eyes for 

a t  least 8 days after inoculation. (4) Chick 
embryo adapted strains of mumps virus re- 
cently recovered from parotid tissue, saliva 
and testicular fluid when injected into guinea 
pig eyes produce the corneal reaction, and 
complement fixing antibodies were demon- 
strated in the convalescent sera. 
_ _ _ _ _ ~ _ _ _ - . _ _ _ _ _ _ _ _ _ I _ _  
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Influence of T e m p e r a t u r e  upon Radiation Sensitivity of Therinophilic 
and Mesophilic Bacteria. (19256) 

ROY B. AfEFFERD, JR.,* AND L. I,EON CAMPBELL, J R . ~  (Introduced by J. B. LOefer.) 
From t h e  Southwest  Foundat ion for Research and Educatiolz, Sun Antonio,  and the Department of 

Bacteriology, Un ivws i t y  of Texas,  Aust in .  

Thermobiosis has been the subject of con- 
siderable speculation, but of little experi- 
mentation. Gaughran ( 1 ) indicated that there 
was no fundamental difference in the effect of 
temperature on the respiratory systems of 
stenothermophilic and mesophilic bacteria. 
He postulated that the thermophilic organism 
may produce a substance to protect its pro- 
teins against heat. Allen(2) postulated that 
growth a t  thermophilic temperatures was pos- 
sible because of an increased rate of synthesis 
of cellular proteins. She pointed out the rela- 
tive ease with which thermophilic stratins may 
be obtained from mesophilic cultures, and 
suggested that a very simple genetic change 
must be involved. Militzer et aZ.(3-.5), and 
Georgi et aZ.(6) have recently shown that a 
number of thermophilic enzymes are much 
more heat stable than are those of mesophiles. 
The influences upon radiation sensitivity of 
temperature and of oxygen tension during ir- 

* -4ided by a grant from the Damon Runyon 

t U. S. Public Health Service Predoctoral Research 
Foundation (DRIR-121). 

Fellow. 

radiation have been examined by several 
workers. Hollaender et aZ.(7) reported an in- 
creased X-ray sensitivity when Escherichia 
coli was irradiated in an aerobic atmosphere. 
The same was also observed at  low tempera- 
tures (2"C),  but only when oxygen was 
present. Wyss( 8) reported that hydrogenase- 
producing organisms can resist radiation much 
more effectively in an atmosphere of hydrogen 
than of nitrogen or methane, and that an 
oxygen atmosphere markedly increased their 
sensitivity. The demonstration of heat-stable 
enzymatic proteins in thermophiles sug- 
gests the presence of heat-stable nuclear 
proteins. Since thermophilic strains may be 
readily selected from mesophilic cultures, it 
seems doubtful that an independent genic al- 
teration would be necessary for rendering 
each specific protein heat-stable. I t  appears 
more reasonable to believe that the modifica- 
tion resulting in an increased heat stability 
is established in the non-specific protein mole- 
cule before its final specilficity is determined, 
i.e., early in its synthetic sequence. 

The present investigation was undertaken 


