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decrease; hence, the total liver succinoxidase 
available to the embryo increases by nearly 
50%. 

I t  is believed that both of these enzymes 
are localized in liver in the mitochondrial 
particles of the cell ( 13,14,15). A measure 
of their activity in the assay procedures used 
requires the presence of intact mitochondria 
in the homogenate. Thus if the loss of 
a-ketoglutaric oxidase activity in the cell 
were due to necrosis of the cell and mito- 
chondrial particles, one would expect an 
equal loss in both respiratory enzymes. The 
loss of a-ketoglutaric acid oxidase activity 
relative to the succinoxidase would appear to 
be a specific effect representing a change in 
the enzyme pattern of the tissue. The pos- 
sibility remains that the change in activity 
might not be in the dehydrogenase enzymes 
proper but in some part of the hydrogen 
transport mechanism (which they do not use 
in common). 

One of the most striking changes accom- 
panying the herpetic infection is the acceler- 
ated rate of nucleic acid synthesis. Th'e total 
nucleic acid of the herpetic liver when cal- 
d a t e d  on the basis of the total dry weight 
is 70% greater than normal. 

There is little change in the ratio of DKA 
to PN.4. If this has any significance with 
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Pallade, G. E., J .  BioE. Chem., 1948, v172, 619. 
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regard to the composition of the virus, its 
suggested by other workers( 16,17,18), it 
would be that herpes virus contains both 
DNA and PNA. However, it has also been 
reported that during that period of embry- 
onic development when protein metabolism 
is most conspicuous, there is a rise in the 
concentration of PNA and DNA(19). Thus, 
the rise in NA might as easily be correlatbd 
with the accelerated growth rate of the in- 
fected liver. 

Summary. 1. .4 description is given of 
some of the biochemical changes which occur 
in tissues infected with herpes virus. 2. Evi- 
dence is presented which indicates that 
herpes virus causes accelerated proliferation 
in the host cells of embryonic liver and heart. 
3. The propagation of the herpes virus ap- 
pears to induce a marked stimulation in the 
nucleic acid synthesis of the host cell. 4. It 
is shown that in herpetic liver there ,is a 
change in the normal ratio of succinoxidase 
to a-ketoglutaric acid oxidase activity. Her- 
petic infection of the heart is accompanied 
by a decrease in succinoxidlase and a-keto- 
glutaric acid oxidase activities. 
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Response of Man to Egg-Adapted Colorado Tick Fever Virus.* (17830) 
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I n  a previous note(1) the results of im- 
munization of 4 human volunteers with an 

* The authors wish to  express their grateful ap- 
preciation t o  the volunteers who participated in 
this study, and t o  Miss Maja Platzer for her he1.p- 

egg-adapted strain of Colorado Tick Fever 

ful  suggestions in the preparation of the manu- 
script. 
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TABLE I. 
Presence of N c i i t r ~ l i z i n g  Antibodies in Sera of Volunteers Inoculated with Egg-adapted 

Colorado Tick Fever Livillg Virus. 

Mortal i ty  ra t io  of micc inoculated in t ra -  
cerebrally with srrnm-virus dilutions : Seriini s p c i m e n  

I )XJ'S  post- 7---- -, LDEU virus LI),, doses 
No. inoculation 10-1 10-2 10-3 10-4 104 104 10-7 t i ter  neutralized 

1 0 6/6 3/5 2/6 0/6 10-3.43 140* 
~ - _ _  

15  6/6 4/6 2/6 0/6 10-2.50 1260 
31 5/6 5/6 5/6 2/6 0/6 10-3.40 160 
45 6/6 3/6 1/6 0/5 10-2.15 2820 

2 0 
15 
45  

6/6 6/6 6/6 1/6 0/C; 1 0  -5.60 0 
6/ti 5/5 3/6 0/5 0/.5 10-4 .0  40 
4/4 4/6 0/5 0/4 0/6 ]0.3.2.i -- 005 

3 0 6/6 4/5 O/G 0/6 0/6 O j 6  10-8.40 160" 
15 6/6 6/6 2/6 1/6 0/6 0/6 10-2.90 500 
3 1  6/6 4/6 4/6 0/6 @/6 10-3.00 400 
45 6/6 3/5 0/6 0/5 O / f i  10-2.20 251 0 

4 0 6/6 5/5 5 / 6  1/5 ()/ti 10- .LGO 0 

31 6/6 6/6 3/5 1/G 0/.5 0/5 10-3.RO 200 
45 5/5 3 / 6  0/6 0/6 0/6 10-1.60 10000 

15 6/6 5/5 3/6 1/5 0/6 104 .50  1 5 

10 0 
15 
47 

12 0 
15 
47 

15 0 
15  
30 
54 

6/6 6/6 2/6 2 j G  104 .00  0 

6/6 6/6 4/6 1/6 1 0 4 . 3 5  45 

6/6 4/6 0/6 0/6 ] ('-5.2.; 0 
6/6 6/6 6/6 2/6 304.55 3 

6/6 5 / 6  0/6 il/6 10-5.40 0 
6/6 5 / 6  5/5 0/6 1 0 4 . 4 0  10 
6/6 6/6 5 / 6  @/6 1 0 - 4 . 4 0  10  
6/6 4/6 1/6 0/6 1 0- 3.35 110 

5 / 6  6/6 6/6 1/6 104.SO 30 

i i/6 5/6 1/6 1/6 10-8.55 50 

17 0 6/6 6/6 2/6 l j 6  10-5.80 0 
15 5 / 6  6/6 5/7 1/6 104.30 30 
30 3/5 1/4 6/6 0/6 104.10 50 
54 0/4 0/6 O/G 0/6 10-2.no 6310 

.- 

Based on average LD,, \-irus t i ter  of 10-5-6 in normal serum. 

(CTF) virus were reported. In view of the 
good immunological response obtained in the 
inoculated individuals and because of the 
relative innocuousness of the procedure, it 
was decided to repeat the experiments with a 
larger group of volunteers. 

The Florio egg-adapted 
strain of CTF virus was employed (1-3). The 
inoculum was prepared in the same manner 
as described previously( 1). One batch repre- 
sented the 37th egg-passage(1) and the other 

Strain of virus. 

- 

2. Koprowski, H., and Cox, H. R., J. Immunol., 

3. Koprowaki, H., and Cox, H. R., PROC. SoC. 
1947, v57, 239. 

EXP. BIOL. AND MED., 1946, v62, 320. 

the 74th egg-passage of the virus. Both 
batches were distributed in lyophilized form. 
At the time of inoculations enough physio- 
logical salt solution was added to make a 
10% concentration of the embryo suspension. 
Prior to inoculation both preparations were 
tested for their immunogenic potency in mice 
(1) and were found 40 give a high degree of 
protection to mice challenged subsequently 
with mouse-brain adapted virus. Twenty in- 
dividuals, 17  males and 3 females 21  to 60 
years of age, volunteered for the inoculations. 
Individuals 1 to 12 received a subcutaneous 
injection in the region of the biceps muscle 
of 1.0 ml of a suspension representing the 
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TABLE 11. 
Neutralization Tests on Sera of Volunteers Inoculated with Egg-adapted Colorado Tick Fever 

Living Virus. 

Mortality ratio of inice inoculated intra- 
cerebrally with srrum-virus dilutions : Serum specimen 

Days post- r i LD,, virus LD,, doses 
KO. inoculation 10-1 lo--? 10-3 10-1 10-5 10-6 10-7 titer neutralized 

5 

6 

m 

8 

9 

11 

13 

14 

1G 

13 

19 

2 0 

0 
49 

0 
45 

0 
4i 

0 
48 

0 
47 

0 
47 

0 
56 

0 
51  

0 
54 

0 
55 

0 
54 

0 
54 

5/.7 515 1/4 0/6 
6/G 6/G 4/6 115 

51.5 616 9 / 6  1/3 016 
3/4 2/6 I/6 016 

515 4jG 4/6 o/ci 
616 416 0/6 115 

G I G  6/G 4/6 2/G 
616 G i 6  4/G 1/6 015 

6/6 6/G 4/6 ?/G 
6/6 515 1/6 0/6 0/G 

515 6/6 216 0/5 
6/6 5/G 1/6 O / G  

G/6 6/6 2/G 1/G 
5/6 5/6 1/6 0/6 

6/G 6/6 416 116 
6/G 416 0/6 @/6 

6/6 616 4/G 0/6 
6/6 4/G 216 116 

6/6 G / G  5/6 2/6 
G/6 616 3/6 O/G 

6/G 6/6 3/G 3/6 
516 2/G 015 0/6 

6/G 513 2/G 016 
6/6 3/6 2/G 0/G 0/6 

1 0 4 . 6 3  
10-3.33 

10-2. 8 5 
10-l.i.5 

10-.5.3r, 
10-3.00 

10-6.50 
10-4.3.5 

10-6.50 
103.160 

1 0 4 . 7 5  
10-2.50 

10-5.90 
10-3.40 

10-6.35 
10-3.2.5 

10-6.25 
10-3.60 

10-6.6-5 
1o-r.w 

104.30 
10-2.60 

10- 5.7.5 
10-3.30 

0 
200 

1415* 
17780 

0 
225 

0 
140 

0 
795 

0 
175 

0 
315 

0 
1260 

0 
445 

0 
445 

0 
5010 

0 
280 

* Based on average LD,, virus titer of lO-f ; .OO in normal serum. 

3 7 th egg-passage, whereas individuals 14, 16, 
19 and 20 were given subcutaneously 1.0 ml 
and volunteers 13, 15, 17 and 18 received 
0.1 rnl intradermally of the 74th egg-passage 
material. Blood specimens were secured from 
all of the individuals prior to and at  various 
intervals after the inoculations. 

Neutralization tests. Serum samples ob- 
tained from the individuals before and after 
inoculations were submitted to neutralization 
tests against mouse-brain adapted Condon( 2 )  
strain of CTF virus. The only deviation in 
the technique described previously ( 1 ) was 
that the serum-virus mixtures were incubated 
for 26 hours prior (to inoculation in mice in- 
stead of 2 and 26 hours. 

Results. Clinical observations. Of the 12 
individuals (1 to 12) who were inoculated 
with the 37th egg-passage material, 2 (nos. 
3 and 6 ,  Tables I and 11) had a history of a 
prior laboratory infection with CTF virus (4) 
and one (no. 1, TzcbIe Z) had lived in a n  
endemic area for (many years. These 3 indi- 
viduals showed no ,clinical reaction whatso- 
ever to the inoculation. The remaining 9 
individuals in this group developed enlarged, 
tender axillary lymph glands on the side of 
the injection which subsided within 2 to 7 
days after inoculation. Four of these volun- 
teers had a mild attack of an illness which 

4. Florio, L., Stewart, M. O., and Mugrage, E. 
R., J .  Exp.  Me&., 1944, v80, 165. 
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FIG. 1. 

Clinical findings in  a volunteer inoculaRed with the egg- 
adapted strain of Colorado tick fever virus. 

lasted 2 to 5 days and resembled CTF except 
for the following aspects. The onset was 6 
to 7 days after inoculation, as comipared to 3 
to 4 days in the individuals infected with 
“human” or “hamster” passaged strains of 
CTF virus(4). There was a single instead 
of a dual episode of illness and the onset and 
disappearance of symptoms were gradual, 
rather than relatively abrupt. In each of the 
4 individuals a low white blood cell count and 
differential blood picture characteristic of 
CTF was found(4). Three of the volunteers 
(nos. 2 , 4  and 8 ) ,  2 of whom had reacted with 
enlarged lymph glands and 1 who had become 
ill after the inoculation, were submitted to 
intravenous challenge inoculations with a hu- 
man strain of CTF virus 10, 6 and 6 months, 
respectively, after inoculation with the egg- 
passage material. No signs of illness were 
noted in any of these 3 individuals following 
the challenge inoculation with the human 
strain. 

In  the second group of 8 volunteers (13 to 
20) inoculated with the 74th eggdpassage 
virus, all became ill after an incubation period 
of 6 to 7 days, and 7 had enlarged lymph 
glands near the site of injection. The disease 

lasted from 3 to 4 days and again only a 
single attack occurred in contrast to the typi- 
cal ICTF infection(4,S). As in the previous 
group, the onset and subsidlence of symptoms 
were gradual but the course of the disease 
seemed to lbe (more severe, particularly in those 
volunteers who had been inoculated by the 
intradermal route. Fig. 1 depicts the clinical 
findings in a volunteer of this group which 
may be compared to the findings in Fig. 2 
of a typical case of naturally acquired CTF in- 
fection. Volunteers 13 and 19 (Table 11) 
were challenged by the intravenous route with 
a human strain of CTF virus 3% and 5 
months, respectively, after immunization with 
the egg-passage virus. As with the 3 indi- 
viduals challenged in the first group of volun- 
teers, no signs or symptoms of illness were 
observed following the challenge inoculation. 

Serological data. In  order to determine, on 
a preliminary basis, when the highest level of 
circulating antibodlies would be encountered 

5. Cox, H. R., Colorado Tick Fever, Chap. 27, 
Viral and Riekett-sial Infections of Man, edited 
by T. M. Rivers. J. B. Lippincott Go., Philadel- 
phia, 1948. 
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FIG. 2. 

Clinical fiiidings in a typical case of naturalIy acquired Colorado tick fever 
infection. 

after immunization, sera from 6 individuals 
of the first group and from 2 individuals in 
the second group were submitted to neutral- 
ization test. I t  is observed in Table I that 
the pre-inoculation sera obtained from indi- 
viduals 1 and 3 showed significant neutraliz- 
ing properties when compared to the pre- 
inoculation sera of the other volunteers, who 
showed an average LD3{, virus titer of 10-"'. 
This is not surprising since individual 3 had 
become infected previously in the laboratory 
with CTF virus and volunteer 1 had lived in 
an endemic CTF area. Antibody titers de- 
termined on the 15th and 31st post-inocula- 
tion days indicated that these 2 individuals 
showed a somewhat more rapid serological re- 
sponse, a fact compatible with their previous 
history. All volunteers, regardless of previ- 
ous history, showed their highest levels of 
neutralizing antibodies at  the 45th to 54th 
day after inoculation. The serological re- 
sponse varied, however, from individual to 
individual, as shown by the fact that serum 
samples from 10 and 12 neutralized only 45 
and 50 LDrSO of virus, whereas serum samples 
from 4 and 17 neutralized 10,000 and 6,310 
LD.-,o of virus, respectively. 

I n  view of the fact that the serum samples 

obtained 45 to 54 days after inoculation 
seemed to contain more antibodies than the 
samples obtained a t  shorter intervals after 
inoculation, it was decided to submit only 2 
serum samples from each individual to the 
neutralization test ; one pre-inoculation speci- 
men and one obtained a t  47 to 56 days after 
inoculation. It may be observed in Table I1 
that the pre-inoculation serum of individual 
6 showed significant neutralizing antibodies 
when compared with the sera of the other 
volunteers, who showed an average virus 
titer of 10-G.o. Since volunteer 6 had con- 
tracted a laboratory infection with CTF 
virus prior to the inoculation, this enhanced 
serological response conforms with the history 
of prior infection. The serological response 
of all of the other volunteers was good, with 
the possible exception of individual 8? as 
judged by the neutralization index of 100 or 
more obtained with the serum samples after 
inoculation. 

From 3 of the 5 volunteers who had been 
challenged with the human strain of CTF 
virus, serum samples were available for de- 
termining their neutralizing potency. It may 
be seen in Table I11 that the sera obtained 
after the challenge inoculation indicate a 
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TABLE 111. 
Comparison of Neutralization Titers in Sera of Three Volunteers Inoculated with Egg-adapted 
Oolorado Tick Fever Living Virus and Challenged with Human Strain of Odorado Tick Fever 

Living Virus. 

Mortality ratio of mice inoculated intra- 
cerebrally with serum-virus dilutions : Serum specimen 

Days post- I \ LD5$ virus LDS0 doses 
No. inoculation 10-1 10-2 1 0 3  1 0 4  10-5 10-6 10-7 titer neutralized 

0 
L. 0 6 / 6  6/6 6 / 6  1/5 0/6 10-5.65 0 

31 6/6 6/6 5/6 1/6 0/6 104.50 15 
20 days after 

challenge* 5/5 3/6 3/6 0/6 0/6 10-2.50 1415 

8 O t  6 / 6  6 / 6  3/6 0/6 1 0 " s . ~  0 
1 5  6/6 6/6 6/6 2/5 1/5 10-5 .'i 5 2 

64 days after 
challenge$ 6/6 1/6 1/6 0/6 0/6 10-1.70 19950 

19 Ot 6/6 6/6 3/6 0/6 lO-s.00 0 
31 6/6 6 / 6  3 / 6  0/5 0/6 104.00 100 

challenge$ 1/6 0/6 0/6 0/6 < 1 0 - 1 . ~  >100000 
65 days after 

* Challenged with human strain 10 months after inoculation. 
t Pre-inoculation serum sample of volunteer 20 used because of insu.l%cient amount of serum. 
$ Challenged with human strain 6 months after inoculation. 
$ Challenged with human strain 5 months after inoculation. 

marked increase in their neutralizing indices 
and show neutralizing antiibody titers as high 
or higher than those shown in Tables I and 
11. Since the volunteers were not bled im- 
mediately prior to the challenge inoculation, 
it cannot be assumed with certainty that the 
rise in circulating antibody occurred solely as 
a result of the challenge inoculation. On the 
basis of the results summarized in Tables 
I and 111 which show that the serological 
response of normal ind'ividuals increased with 
the duration of time following inoculation, ist 
is apparent that this fact must be considered 
also before attributing the higher neutraliz- 
ing values to the challenge dose. 

Summary. Twenty volunteers were in- 
oculated with the egg-adapted strain of CTF 

living virus. Reactions ranged from en- 
larged, tender axillary lymph glands to single- 
episode at  tacks of illness resembling Colorado 
Tick Fever. Five of the inoculated individuals 
were subsequently challenged wimth a human 
strain of CTF living virus !but they showed 
no reactions whatsoever to this second in- 
oculation. All of the individuals developed 
neutralizing antibodies, but the 3 who pre- 
sumably were immune prior to 'the inocula- 
tions showed a comparatively earlier and 
greater response. Sera obtained from the 3 
individuals after they had been challenged 
with a human strain likewise showed a high 
neutralizing titer. 
Received April 11, 1950. P.S.E.B.M., 1950, v74. 


