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was rather high in Groups 111 and IV, but 
the average was not higher than the maximal 
values in Groups I and I1 without desoxy- 
corticosterone. There were important varia- 
tions of potassium, but they were not related 
to the administration of desoxycorticosterone. 

A group of castrated female 
guinea pigs was treated with fibromatogenic 
quantities of diethylstilbestrol; another group 
was treated simultaneously with diethylstilbes- 
trol and quantities of desoxycorticosterone ace- 
tnte sufficient to prevent estrogen-induced ab- 

Summary. 

dominal fibroids. The average fibrous tumoral 
effect diminished by the action of desoxycorti- 
costerone from 5.5 to 1.7 units. Concentration 
of chloride, sodium and potassium in the blood 
of the groups treated with diethylstilbestrol, 
desoxycorticosterone or both was within the 
same range as in animals not treated. These 
results show that the antifibromatogenic 
quantity of desoxycorticosterone acetate is 
smaller than those doses which might inter- 
fere with the concentration of chloride, sodiuni 
or potassium in the blood. 
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Antigenic DifTerences Between Strains of Scrub Typhus as Demonstrated 
by Cross-Neutralization Tests. 

E. J. BELL,* B. L. BENNETT,* AND L. WHITMAN. (Introduced by J. E. Smadel). 
From the Division o f  Virus and Rickettsia1 Diseases, Army Medical School, and 77. S. T y p h w  

Commission, War Depnrt m ent, Washington, D .  C .  

The question of whether antigenic differ- 
ences occur among strains of scrub typhus is 
important not only from an epidemiological 
point of view but also with regard to the 
development of a vaccine for its control. 
Epidemiologic studies have indicated a marked 
variation in the severity of outbreaks of this 
disease in different geographical areas.’-2 

Furthermore, there have been undocumented 
rumors from medical officers returning from 
the southwest Pacific area that individuals 
recently recovered from the disease in one 
locality have been reinfected in another. This 
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would imply that the immunity conferred by 
the first infection was inadequate to prevent 
the second. However, such an inadequacy 
might be attributed as easily to relative 
pathogenicity of strains as to antigenic dif- 
ferences. 

Although experimental evidence indicates 
that laboratory animals which survive infec- 
tion with one strain are completely immune 
to infection with other strains,lt3v4 this by 
itself is not conclusive proof of the complete 
antigenic 'identity of such strains. For exam- 
ple, guinea pigs recovered from an infection 
with either epidemic or murine typhus are 
resistant to infection not only with the 
homologous agent but also with the heterolo- 
gous agent. Nevertheless, antigenic differ- 
ences between the agents are readily dem- 
onstrable by serological means5 and the vac- 
cination of animals with one of them gives 
little protection against infection with the 
other.c A similar relationship probably exists 
between strains of scrub typhus. Thus, Top- 
ping3 showed that infection with the Karp 
or Gilliam strain conferred immunity to the 
heterologous as well as homologous strains 
while Bengtson7 presented evidence of their 
antigenic differentiation. She found' that sera 
from patients and animals infected with the 
Karp or Gilliam strain fixed complement 
strongly with the homologous antigen but only 
weakly with the heterologous. Not all strains 
are thus separable, for Smadel, Rights and 
Jackson4 found the Imphal and Calcutta 
strains to be indistinguishable in cross-im- 
munity and complement fixation tests. 

The data to be presented indicate that 
differentiation between certain strains of R.  
orientalis can be demonstrated by means of 
cross-neutralization tests. 

Strains of Rickettsia orientalis. Three 

3 Topping. S. H., Pub. Zcalth Rep., 1945, 60, 

4 Smncttl, .J. E., Rights, F. L., and Jackson, E. B., 
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'iHengtson, I. A., Pub. Heulth Rep., 1945, 60: 

943. 

e7.  EX^. Y c d . ,  1946, 83, 133. 

PRW. SOC. EXP. BIOL. AND MED., 1946,61, 76. 

339: (b) Wertman, K., unpublished data. 

1483. 

strains of R. orientalis were used in the pres- 
ent experiments. The Kostival strain1 was 
isolated in the Dobadura area, New Guinea, 
from a case of naturally acquired infection. 
The Host 2 1  strain,l recovered from mites 
( T .  jletcheri) taken from a wild caught bandi- 
coot (Echymipcra cockcrelli), was also iso- 
lated in the Dobadura area, New Guinea. 
Both strains have been maintained by pas- 
sage in mice and in yolk sacs of embryonated 
eggs. The Seerangayee strains was isolated 
by Lewthwaite and Savoor from a case oc- 
curring in southern Malaya and has since been 
maintained in mice and guinea pigs. 

Preparation of Sera. Kostival and Seeran- 
gayee antisera were prepared by inoculating 
rabbits with a 10 or 20% suspension of liver 
and spleen from infected hamsters. 5.0 cc 
were injected intraperitoneally and 2.0 cc 
subcutaneously on 2 occasions a week apart. 
Two weeks after the second injection the rab- 
bits were bled and their sera pooled. The 
Host 21 antiserum consisted of pooled sera 
from guinea pigs which had received a single 
intraperitoneal injection of 2.0 cc of a 10% 
suspension of infected hamster liver and 
spleen. The guinea pigs were exsanguinated 
one month after the inoculation. 

Neutralization Tests. The technic used for 
the performance of neutralization tests con- 
sisted of adding undiluted experimental and 
control stera to equal volumes of 10-fold dilu- 
tions of previously standardized stock rickett- 
sial suspensions. These suspensions were pre- 
pared from infected yolk sacs or mouse tis- 
sues and stored at  -70°C. The dilutions of 
infectious material were 10-la7, 10-2.i, etc., so 
that after the addition of the serum the final 
dilutions would be lo2 (l:lOO), lo-" 
( 1 :  lOOO), etc. After mixing, the tubes were 
placed in ice water and 0.2 cc amounts of 
each of the serum-virus mixtures were in- 
jected intraperitoneally into 5 to 10 mice. 
Mice were observed daily for 2 1  days at 
which time the survivors were discarded. The 
LD,io titers of the virus in the experimental 
and control sera were determined by the 
method of Reed and Muench, the values ex- 
pressed as the logarithm of the reciprocal 

PntlL.. 1936, 17, 1. 
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TABLI.: r. 
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of the calculated dilution producing mortality 
in 50% of the animals inoculated. The 
neutralizing index was taken as the differ~iicc 
between the logarithrnic esponents of the cs- 
perinrental and control titers. An example of 
such a titration is given in Table I. Th? 
detailed data are from Experiment 4, which 
is summarized in Table 11. 

Results. The results of a series of explora- 
tory experiments are summarized in Table 11. 
In  Experiment 1 the Kostival antiserum was 
shown to neutralize the homologous agent. 
In  Experiment 2 ,  however, this serum failed 
to neutralize the heterologous strain (Host 
21 ) .  A fresh Host 2 1  suspension was pre- 
pared arid used in Experiment 3.  Here the 
Kostival antiserum again neutralized the 
honiologous strain but failed to neutralize 
the heterologous strain. In  Experiment 4 a 
new Kostival antiserum was utilized and com- 
pared with a Seerangayee antiserum with re- 
sults similar to those obtained above, namely, 

the homologous serum neutralized the agent 
while the heterologous serum was relatively 
inert. That this was not due to lack of anti- 
h d i e s  in the Seerangayee antiserum is in- 
dicated by Experiment 5 where excellent 
homologous neutralization was demonstrated. 
In Experiment 6, however, a somewhat dif- 
ferent situation was encountered in that the 
Host 2 1  guinea pig antiserum, which neu- 
tralized its own virus to high titer, also 
neutralized the heterologous Kostival strain. 

Subsequently, a series of experiments were 
performed in which 3 of the antisera used in 
the earlier studies were tested against the 3 
agents. The results summarized in Table I11 
indicate that, as before, the Kostival anti- 
serum was effective against the Kostival strain 
only. Similarly, the Seerangayee antiserum 
was relatively ineffective against both the 
heterologous strains. In  contrast, the Host 21  
antiserum was capable of neutralizing all 3 
strains, in fact, giving a higher index against 
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TABLE m. 
C‘ross-Neutrnliz:ttion Tests Bctwccn Kostival, Sccrangayce and Ilost 21 A titisera ;tnd Tlitir 

Res lwt ive  Agents. 

Infectious titer in  
7 , Nrutrali~ing 

E s p .  Infectious Test group Control group index 
NO. agent Inlnlunt~ S(’I’UI11 ( log)  (1% 1 (1%) 

P, Kostival 
9 7  

9 9  

8 Sceranga yee 
J 9  

> >  

9 Host 31 
9 ,  

9 9  

Kostival rabbit KO. 2 3.3 
SeerangaTee rabbit Bo. 1 5.1 
ZIost 31 GP A-0. 1 3.7 
Kostival rabbit Xo. 2 G 2 
Seerangaye  rabbit No. 1 3.6 
Host 21 G P  No. 1 3.5 
K o ~ t i ~ l  rabbit No. 9 5.4 
Seerangayre rabbit No. 1 4.2 
Host 2 1  GP No. 1 3.4 

ti.0 
6.0 
6.0 

i . 2  
7.2 
5.7 
5.7 
5.7 

7 *> .- 

2.7 
0.9 
2.3 
1 .o 
3.6 
3.7 
0.3 
1.5 
3.3 

SCC explatintory notes of Table I. 

the Seerangayee virus than against its own 
Host 21 strain. The significance of this fact 
remains to be determined. It is to be noted 
that all homologous serum titers had dropped 
considerably since the experiments recorded 
in Table 11. I t  is possible that this was due 
to technical details in performing the test 
which have escaped our notice, or that it was 
related to the fact that the sera were stored 
at  4°C. Workers in the virus field recognize 
that the antibody titers of certain sera di- 
minish when stored at  4°C. Attempts to 
restore the activity of scrub typhus sera by 
the addition of freshly drawn rabbit or guinea 
pig serum were unsuccessful; this was in con- 
trast to the results of Morgan9 and Whitmanlo 
in reactivation experiments with Western 
equine encephalitis antisera. 

Discussion. The experiments reported above 
indicate that distinct differences can be dem- 
onstrated between certain strains of R. 
orientalis by means of cross-neutralization 
tests. I t  is of interest that while the Kostival 
strain from the Dobadura area of New Guinea 
produced a serum which had little capacity 
to neutralize the Host 21 strain obtained from 
the same area, yet the serum from guinea 
pigs inoculated with Host 2 1  had considerable 
capacity to neutralize the Kostival agent. 
A similar situation existed between the 
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Morgan, T. 11.. J. I n m m o l . ,  1945, 60, 359. 
10 \Vliitman, L., to be published. 

Seerangayee strain from Malaya and the Host 
21 strain. Several possibilities arise to ex- 
plain such a phenomenon. I n  the first place, 
the origin of the strains may be responsible 
for these differences. Host 2 1  was recovered 
from mites taken from a wild caught bandicoot 
(Echymipera cockerelli) whereas Kostival and 
Seerangayee were isolated from human cases. 
Perhaps the parent mite strains are anti- 
genically more complete than those isolated 
from humans. Secondly, both the Kostival 
strain and the Seerangayee strain had been 
passaged either through chick embryo 
(Kostival) or guinea pigs (Seerangayee) with 
much greater frequency than the Host 21  
strain. This may have resulted in a partial 
loss of antigenic structure. Thirdly, the Host 
21 antiserum was prepared in guinea pigs, 
whereas the other 2 antisera were obtained 
from rabbits. Although experiments have in- 
dicated no difference between normal guinea 
pig and normal rabbit serum in virucidal 
properties, it is possible that this difference 
in animal species may play an important part 
in the specificity of the sera produced. 

Summary and Conclusions. The antigenic 
relationship of 3 strains of R .  orientah was 
studied by means of cross-neutralization tests. 
Antiserum produced in rabbits to the Kostival 
or Seerangayee strains neutralized the homo- 
logous strain only. However, antiserum pro- 
duced in guinea pigs to the Host 21  strain 
showed a broader coverage. 




