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A Toxic Substance Associated with the Gilliaiii Strain of R .  orientalis. 

J. E. SMADEL, E. B. JACKSON, B. L. BENNETT,* AND F. L. RIGHTS. 
J'?*om the  Dicisioii o f  Viws  n?id 1;icX.r ttsicil I ) i ~ r t i . s ~ . ~ ,  -l rnzy Medical School, Washiiqton, D .  C. 

A\ substance toxic for mice occurs in yolk 
sac tissues infected with R. iitooseril and K. 
prowazcki.' These related toxins are neu- 
tralized by typhus antisera,l*' but are not 
immunologically identical."* The present re- 
port describes the occurrence of a specific 
toxic material in yolk sacs infected with the 
Gilliam strain of R .  orientalis. 

Materials and il4ctlzods. The Gilliain strain," 
received from Dr. S. H. Topping, was niain- 
tained by serial passage in yolk sacs of 7-day- 
embryonated eggs which were incubated at 
35°C after inoculation. 1-olk sacs infected 
with the 25th to 36th egg passage yielded 
toxic material. The methods of preparation 
and testing were as follows: Sacs of embryos 
moribund on the sixth to ninth day after 
inoculation were harvested, and smears, 
stained by a modified Rlacchiavello's technic, 
were examined microscopically. Those con- 
taining 25-100 recognizable rickettsiae per 
field were pooled and a 2070 suspension pre- 
pared in sterile skimmed milk. Following 
low speed centrifugation, 55, :/1 and I,$, dilu- 
tions of the supernatant fluid were prepared 
in 0.9% NaCl solution containing 10% nor- 
mal rabbit serum. 0.5 cc of each dilution 
was injected intravenously into each of 5 mice. 
Deaths were recorded up to 18 hours when 
survivors were discarded. Tosin-neu tral iza- 

tion tests were done as follows: A dilution 
of a 2Oc/o suspension of freshly harvested in- 
fectious sacs was tested for toxin in 5 mice; 
if  4 died within 2 hours, the material was 
considered suitable. Serial 2-fold dilutions 
of sera to be tested were then prepared in 
10% normal serum-NaCI solution. These 
vere mixed with equal volumes of the stock 
20% suspension of sacs which had been stored 
meanwhile a t  0°C. Intravenous injection of 
mice with 0.5 cc amounts of the mixtures was 
begun immediately and usually completed 
within an hour. A control titration of the 
toxic suspension was performed at  the end of 
the test. Toxin-neutralization tests were done 
with pooled sera of guinea pigs and serum of 
one patient recovered from infection with the 
Gilliam strain, and with pooled sera of rab- 
bits hyperimmunized with splenic tissue of 
mice dead from infection with this strain. 
Antisera against the K a r ~ , ~  Kostival,6 Host 
2 1 ,ci Seerangayee? Volner: Imphal: Wild 
Rat No. 2,t  and CBI Rat+ strains of scrub 
typhus were also tested for antitoxin. These 
hiid been shown in other experimentdo to be 
capable of protecting mice from death caused 
hy infectionll with the homologous strain. 

Results. Mice injected intravenously with 
toxic preparations appeared normal for 1 to 
1)5 hours, then developed dyspnea and weak- 
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*Member of United States of America Typhus 
Corn mission. 
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A Toxm OF SCRUB TYPHUS 

TABLE I. 
Neutralization of Toxin of R .  orientalis (Gilliam Strain) by Hyperimmune and Convalescent 

Scrub T;-phus Sera. 

Results 
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Death Antitoxin Toxin Antisera 
7 I’ 3 of titer 

M:tt crin 1 Dilution S t r:tin Source Dilution mice” (ail. of serum) 

Gilliam 
Yolk 
sac 
31st 

passage 

None 
9 7  

) 9  

Gilliam 
7 )  

9 )  

9 )  

9 7  

? 9  

7 7  

9 9  

9 9  

9 9  

9 9  

Karp 
7 )  

9 9  

Wild rat  KO. 2 
Y 7  

7 9  

Imphal 
? 7  

? 9  

Volner 
7 9  

2 9  

CBI ra t  
7 7  

7 7  

rabbit 
7 ’  

7 7  

7 -  

guinea pig 
? ?  

7 7  

7 )  

hum;in 
? 7  

7 9  

guinea pig 
7 9  

9 9  

rabbit 
9 7  

9 9  

9 7  

9 7  

9 9  

7 9  

9 9  

7 7  

7 )  

9 7  

7 7  

1/ 10 
1/40 
1/160 
1/640 

1/10 
1/40 
1/160 
1,/640 

1/5 
1/10 
1/20 

1/10 
1/20 
1/40 

1/10 
1/20 
1/40 

1/10 
1/20 
1/40 

1/10 
1 /20  
1/40 

1/10 
1/20 
1/40 

li,’%l 
1/10 
0,/5 

@,!5 
0/5 
0/5 
0/5 

0/5 
1/5 
0/5 
0 /5  

1/5 
0/5 
0 / 5  

1/5 
0/5 
0/5 

1/4 
2/5 
5 / 5  

3/5 
4/5 

5 / 5  
4/5 
5 / 5  

5/5 
5/5 
3/5 

115 

1/640 

1/640 

1/20 

1/40 

1/10 
(partial 1/20 j 

1/10 
(partial 1/20) 

Negatire 

9 )  

7 2  Xone 11/15 
1/20 7 7  9/15 
1,/40 Y 7  0/15 

Gilliam 
yolk 

36th 
passage 

S8C 

1/10 Gilliam rabbit 1/330 0/5 
7 )  7 )  9 9  1/640 0/5 1/640 
7 9  7 9  7 1  1/1280 2/5 (partial 1/1280) 

1/10 0/5 

? )  1/40 4/5 

” Geerangnyee 9 7  

‘ 9  9 7  7 :  1/20 4/5 1/10 
7 9  7 7  

guinea pig 1/10 5/5 
1/20 4/5 Negative 
1/40 4/5 

rabbit 1/10 415 

1/40 5/3 

.. 7 9  Host 21 
? 9  ‘ 7  

9 9  7 9  : *  

9 7  1/20 5 / 2  .. 9 7  Kostival 
‘ 9  ? 7  

‘ 7  7 s  - 9  

* Numerator indicates number of mice which died and denominator indicates the number of 
mice in each group. 



n e s  followed rapidly by prostration, cyanosis, 
convulsions and death. Practically all deaths 
occurred within 3 hours. Certain mice af- 
fected by the toxin recovered and looked 
healthy for several days: all subsequently died 
in 4-6 days with the usual signs of infection!' 
and with numerous rickettsiae in their spleens 
and lungs. 

The toxic factor occurred with some regu- 
larity in our preparations although the titers 
were never high. In 2 1  experiments 5 sus- 
pensions killed the majority of mice receiving 
a 1 20 dilution and 8 killed at  l / ' l O ,  while 
8 were non-lethal a t  the latter dilution. The 
toxicity of a suspension generally diminished 
after freezing and storage a t  -70°C or 
-20'C for a few hours but was consistently 
unaffected by storage at 0 C for 3-4 hours. 
These same general methods have failed iii 

our hands to demonstrate toxicity in yolk 
sacs heavily infected with the Imphal, Cal- 
cutta.!' Karp. Kostival and Host 21  strains 
of R .  oriuntulis. IVhether this indicates in-  
herent differences in these strains or that 
growth is not profuse enoiiqh in eggs to pro- 
duce detectable toxin remains to  be deter- 
ti1 ined . 

Sera of nornial men, rabbits and guinea pigs 

did not neutralize the toxin. I n  contrast, a 
1 /640 dilution of anti-Gilliam rabbit or guinea 
pig serum neutralized a lethal dose of toxin, 
and the patient's serum had a titer of 1/20, 
Table I.  Antisera against only 4 of the 8 
heterologous strains of R. orientalis contained 
even small amounts of antitoxin, yet each 
serum was known to protect mice against 
death by infection with at least 1,000 lethal 
doses of its homologous strain. Thus, results 
of toxin-antitoxin tests contribute to the other 
types of evidence5v1l regarding immunological 
differences among strains of R .  orientalis. 
Sera of guinea pigs convalescent from epi- 
demic typhus, murine typhus, or spotted fever 
failed to neutralize the Gilliam toxin; their 
specific complement fixing titers" were 1/240, 
1 320. and 1/320, respectively. 

C,'oncZusion. Yolk sacs of enibryonated eggs 
infected with the Gilliarn strain of R .  orientalis 
contain a specific toxin lethal for mice. The 
toxic substance is readily neutralized by Gil- 
liam antiserum, but antisera against 8 other 
strains of R. orientalis contain only small 
amounts of antitoxin or none. 
._ ~_______.______ 
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Effect of Distention of Jejunum upon Tonicity of the Cardia of the Dog. 

This stud>- was undertaken to determine ii 
there are any extrinsic reflex effects upon the 
tonus and motility of the cardia during disten- 
tion of the jejunum. 

.Methods. Records were obtained from 4 
dogs over a period of 3 months. A modifica- 
tion and extension of the method outlined by 
Zeller and Burgetl for recording motility of 
the cardia in the unanesthetized dog was 
used. A jejunal Thiry fistula was prepared 

1 Zrlltir, W., a i d  Burget, G. N., .4m. J .  D i g .  1)i .q . .  

I ! U i ,  4, 113. 

i n  each dog, then an esophagostomy was made 
following recovery from the first operation. 

_About a week after the esophagostomy was 
performed, the training of the dogs was be- 
gun. They were trained to lie quietly on a 
table with the balloons in position while 
records of motility were obtained. Three 
balloons were in place and simultaneous trac- 
ings made on a smoked drum. The upper 
balloon was a 2 cm segment of condom tied 
over a rather rigid 14 Fr. catheter and in- 
serted about 4 or 5 cm into the esophageal 
fistula and tied in place. I t  was attached to a 




