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sulated S. boydii 2 cultures is reported. An 
encapsulated culture of ShigeZZa boydii 1 also 
is mentioned. The capsular antigens of S. 
boydii 1 and S .  boydii 2 are not related. 3. 
The antigenic relationship of the capsular 
antigen of S. boydii 2 and the capsular anti- 
gens of KZebsieZEa types 11 and 21 is reported. 

This relationship was demonstrated by both 
agglutination and quellung reactions. No 
relationship was found between the K antigen 
of S. boydii 2 and any of the 59 K antigens 
of the Esckerichia coli group. 
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Cortisone treatment may affect the course 
of virus infection to the disadvantage of the 
host. This has been demonstrated for in- 
fluenza A, inflluernza B, and mumps viruses in 
chick embrym(1); for influenza A virus in 
mice (2) ; for strain MEF 1 poliomyelitis virus 
in mice and hamsters(3); for a Coxsackie 
virus in adult mice($), and for vaccinia intra- 
dermally in the guinea pig( 5). 

The present work demonstrates that cor- 
tisone increases the susceptibility of mice to 
certain neurotropic viruses, and further in- 
vestigates the nature of this effect by parallel 
studies with other steroid hormones, adreno- 
corticotropic hormone (ACTH), and adren- 
alec tomy. 

Methods. M k e .  Banks (Swiss) mice weigh- 
ing 18 to 24 g (6 to 10 weeks old) were u d ,  
except for experiment 1.11-12 in which Rocke- 
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feller Institute mice of similar age were used. 
Female mice were used thoughout except that 
males were used far the testosterone treated 
groups in Exp. IV-27. Adrenalectomies were 
done about a week before virus inoculation, 
using ether anesthesia and a dorsal approach. 
Adrenalectomized mice were given isotonic 
saline instead of water to drink, but received 
no other treatment. Autopsies on 38 of the 
adrendectomized mice revealed small f rag- 
ments of adremal tissue in 11, indicating that 
about 70% of the mice had been completely 
adrenalectomized. Viruses. All viruses were 
abtained from Dr. Kopromki of Lederle 
Laboratories, and were carried in this labora- 
tory by serial inbracerebral passage in mice. 
In the experimental mice a31 virus inoculations 
were intraperitoneal using a volume of 1.0 ml 
of serial lefold dilutions of virus-infected 
mouse brain suspension. Five mice were in- 
oculated with each dilution. Routine virus 
titrations were performed by intracranial in- 
oculation of Banks mice with 0.03 ml of 10- 
fold serial dilutions of the material being 
tested, usually using 3 mice per dilution. 
Titers, either intraperitoneal or intracranial, 
are expressed as the LDSO dilution using the 
arbove volumes. In calculating titers the Reed- 
Muench formuh(6) was used. In  Exp. VI-5 
the 10-1 virus dilution killed only one of the 
5 control mice, so in order to calculate an 
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TABLE I. Effect of Cortisone on Susceptibility of Mice t o  T'irus Infections. 

--Cortisone dosage-------- f--T.'irus titers-, 
E:xp mg per S o .  Duration No. doses ,--LD,,-, dilutio- Log dif- 

Virus KO. dose doses (days) before rirus Controls Treated ference 

West Si le  XII-11 1 
VI-5 1 
11-27 2.B 
111-19 2.5 
IV-27 -.*I 

VI-5 2.5 
VI-5 10 
I-l(:l 
11-27 2.5 
11-27 3 

11-27 2.5 
IV-2i 2.6 
11-27 2.5 

b )  .7 

6 )  
i 

- 

5 
5 

10 
5 
13 
5 
1 

12 
10 
1 

10 
9 

10 

3 
2 

3 
5 
2 
1 
6 

1 
'7 
5 
7 

I 

1 

- 
1 

.7 

.2 
3 
2.8 
1.1 
1.9 
1.2 
2.4 

>2.7 
2.5 
2.3 
1 
0 

--___ 

TABLE 11. Effect of ACTH on Susceptibility of Mice to  West Kile Virus Infection. 

c ACTH dosagc---- -----Virus titera-, 
Esp. No. doses TL1)Bo dilutions- Log dif - 
S o .  iiig Doses Schedule Veliicle before T-irus Controls Treated ference 

111-12 .3 "0 q6h saline 10 10-2.9 10-3.5 .6 
-----_ 

111-12 2.s 4 q6h 7 )  2 10-2.0 10-2.9 0 
T T - 5  4 10 q12h gelatin 6 1O-O.G 10-3.0 4.4 

____ ____ --_ - - __ 

'l'Al~1X 111. Effects of Xdrenalectomy, and Steroids Other Tltan Cortisone on the Course of Virus 
Infections. 

Log difference 
Esp. iiig per X o .  Duration No. doses (treated minus oontrols) 

Trtt1tnlent S o .  dose doses (days) before virus West X l e  Bunyamweza 
-- - _-_ - _- _ - - - - - 
L)t.sosyc or t ic. ost e 1'011 e IT-2 7 10 a 9 3 .(i -1.2 

- .6 
- .2 

yest OSterCJllc K - 2 i  25 4 9 3 

Prolut 011 IT--?; 25 3 0 3 1.3 - .a 
3;str:diol 

A d r c 11 f 1C.c t o 11 I J- 

- .a - J----J; 2.5 5 9 3 .a 

.4 VI-.j - - - _- - 
- - _- - . - _- --- 

LDao titer it was assumed that a theoretical 
lo-" dilution would have been an LDloo. Mice 
dying less than 24 hours after virus inocula- 
tion were discarded from the group. .ill other 
mice dying within the 14 days following virus 
inoculation were considered as dying because 
of virus infection. Confirmation of virus in- 
fection as cause of death was obtained in most 
instances by observation of paralysis for 1 to 
3 days before death, or by examination of 
brains of dead mice for presence of virus (by 
intracerebral inoculation of serial dilutions 
into other mice with resulting typical virus 
death pattern). Drugs. -411 drugs were clin- 
ical type preparations. Dosage schedules are 
indicated in the tables. ICmtisone was given 
intraperitoneally daily for 5 or more days. 

When more than 5 doses were used, no treat- 
ment was given on weekends. Virus was 
given at least 36 hours after the start of drug 
treatments. In  2 experiments a single intra- 
peritoneal dose of cortisone was used, fol-. 
lowed by virus 4 hours later. Desoxycorticos- 
terone acetate, testosterone propionate, pro- 
gesterone, and estradiol dipropionate were ad- 
ministered subcutaneously daily. $ The doses 
used (see tables) were chosen as the highest 
practicable dosage that did not cause death 

$ The authors arc greatly indebted to the Schering 
Corporation for a gift of all steroids except cortisone 
used in these studies, to the Research Division of 
Armour and Co. for a gift of ACTH and the gelatin 
vehicle in which it was administered, and to Merck 
and Co. for cortisone. 
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of the mice. ACTHS was given subcutane- 
ously. When administered in saline it was 
given every 6 hours, and when administered 
in 30% gelatin (to prolong absorption) it was 
given ever9 12  hours. Saline injections were 
given to the untreated control mice in Exp. 
11-27, using the same volume, route, and fre- 
quency of injections as in the cortisone treated 
mice. In all other experiments the controls 
received no injections. 

In order to determine whether the dosage 
of cortisone used in most of these experiments 
(2.5 mg i.p. daily) was pharmacologically 
effective, spleen and adrenal weightls were de- 
termined on 9 mice 24 hours after the 3rd, 
4th, or 7th doses. Spleens represented 0.25% 
of total body weights in treated mice and 
0.47% in 9 control mice. Adrenal weights 
showed no consistent difference between 
treated and untreated groups, All 3 dosage 
schedules of ACTH (Table 11) also caused an 
average shrinkage of spleens to 50% of nor- 
mal weight. The 5-day ACTH treatment 
schedules caused adrenal hypertrophy (ad- 
renals of the 6 mice studied represented 
0.058% of body weight in contrast to 0.036% 
in the 9 controls). The one-day ACTH treat- 
ment caused no adrenal hypertrophy when 
measured 6 hours after the last injection. 

Results. Cortisone. Treatment with 2.0 or 
2.5 mg of cortisone daily for 5 or more days 
rendered mice consilstently more susceptible 
to  lethal infection by the intraperitmeal route 
by West Nile, Ilheus, and Bunyamwera 
viruses. The increase in susceptibility varied 
from 10-fold to 1000-fold as measured by the 
LD50 dilution of virus. The data from all ex- 
periments with cortisone are recorded in 
Table I. In  addition to the decreae in mini- 
mum amount of virus causing death, the effect 
of cortisone usually was also indicated by ear- 
lier deaths in the cortisone treated mice as 
compared with control mice receiving the 
same dose of virus. 

Cortisone at a dose of 1 mg daily failed to 
show any effect on susceptibility to West Nile 
virus in 2 experiments. Two experiments 
were done with a single large dose of cortisone. 
Mice treated with a single 10 mg dose of cor- 
tisone 4 hours Ikfore West Nile virus showed 

a dight increase in sensitivity, and a single 
dose of 5 mg of cmtisone caused a significant 
increase in sensitivity to Ilheus virus. 

A single experiment was performed with 
Anopheles €3 virus, which is infective for nor- 
mal mice only if administered intracerebrdly, 
to see if cortisone-treated mice wuuld be sus- 
ceptible to intraperitcrmeally-administered 
virus. NO increase in susceptibility to this 
virus was observed, dthough simultaneous 
studies showed that cortisone-treated mice 
were much more susceptible to infection by 
each of the 3 above mentioned viruses. 

In order to see if cortisone had any effect 
on a virus in vitro, a West Nile virus prepara- 
tion was mixed with cortisone and isotonic 
saline so as to give a final virus dilution of 
10-l and cortisone concentrations of 10, 1, 
and 0.1 ,mg/ml. These mixtures and a control 
virus preparation containing no cortisone were 
incubated for 2 hours at 37°C and then titered 
intraperitmeally and intracerebrally in mice. 
The results showed no difference in virus titer 
after exposure to 1 or 0.1 m g / d  of cortisone, 
as compared to the control. There was a de- 
crease of approximately 100-fold (2 logs) in 
virus infectivity in the tube containing 10 mg 
of cortisone per ml. This concentration is 
greatly in excess of what would be expected 
within the body of a cortisme-treated mouse. 
I t  is not known whether this anti-viral effect 
was due to cortisone itself or to the suspending 
and preserving agents in the cortisone suspen- 
sion (Muck). I t  is clear that there was no 
stimulating effect on virus growth resulting 
from the in vitro exposure to cortisone 

ACTH. Adrenocorticotropic homone at a 
dosage of 0.5 mg every 6 hours for 5 days 
failed to influence either favorably or unfavor- 
ably the course of infection with West Nile or 
Ilheus virus inoculated intraperitonedy after 
the 10th dose of the hormone. Similar results 
have been reported with other viruses(2,3,7,8). 
However, when the dose was quadrupled, to 
4 mg every 12 hours, and administered in 

7. Loosli, C. G., Hull, R. B., Berlin, B. S., and 
Alexander, E. R., J .  Lab. and Clin. Med., 1951, v37, 
464. 

8. Hull, R. B., and Loosli, C. G., J .  Lab, and 
Clin. Med., 1951, v37, 603. 
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gelatin to prolong absorption, a cortisone-like 
effect on virus susceptibility was observed 
(Table 11). Four treatment controls (no 
virus inoculation) survived more than 2 weeks 
after this ACTH treatment without apparent 
ill effect. 

Adrenalectomy. The LDS0 titer for West 
Sile virus in adrenalectomized mice (approxi- 
mately 30% were incompletely adrenalecto- 
mized) was 1 0 - l . O  as compared to 1 0 - O e 6  in 
parallel normal controls. This difference is 
insignificant, indicating that adrenalectomy 
had no effect! either adverse or therapeutic, on 
this virus infection. 

Steroids other than cortisone. Testosterone, 
estradiol, progesterone, and desoxycorticos- 
terone in maximum tolerated dosage appear to 
have no significant effect on the course of the 
virus infections (Table 111). -4s judged by 
the LDr,,) titers. desoxycorticosterone had an 
apparent slight therapeutic effect (indicated 
in the table as a negative difference in the logs 
of the LDno titers) on Bunyamwera virus, but 
not on West Xile virus. Conversely, proges- 
terone appeared to have an adverse effect on 
mice infected with West Sile virus, but a ve,ry 
slight therapeutic effect on mice inoculated 
with Bunyamwera virus. I t  is felt that these 
slight and inconsistent differences are not sig- 
nificant. 

Four patients with ad- 
vanced inoperable cancers were inoculated 
with Kest Sile virus while receiving large 
doses of cortisone. This study was part of a 
clinical evaluation of the anti-neoplastic ef- 
fects of several viruses in man(9). West 
Nile virus produces no subjective evidence of 
disease in man. Infection is evidenced only 
#by occurrence of viremia for a few days after 
virus inoculation. Cortisone dosage was 400 
mg every 12 hours intramuscularly in 3 pa- 
tients and 2 0 0  mg every 6 hours by mouth in 
one patient. The drug was given for 2 to 4 
days prior to virus inoculation (2.5 ml of 20% 
infected mouse brain suspension) and was con- 
tinued for a total of 10 to 14 days. These 
doses caused rapid fluid retention but no other 
clinical evidence of toxicity. By clinical 

9. Soutslam, C. M., and Moore, A. E., Am. J .  Trop. 

Clinical studies. 

standards this is massive cortisone dosage. It 
probably closely approaches the maximum 
that can safely be administered to man. Virus 
infection was established in only one patient 
and caused no signs or symptoms. Infection 
with West Nile virus was established 4 times 
in 18 similar patients without cortisone treat- 
ment. Thus, in this limited clinical trial COT- 

tisone treatment did not appear to influence 
West Nile virus infection in man as judged by 
susceptibility to infection (occurrence of 
virernia) or clinical course. Obviously: these 
criteria are in no way comparable to the 
criteria used in the mouse experiments. 

Discussion. In  causing this adverse effect 
on virus infection, cortisone might act di- 
rectly or indirectly. By direct action i t  might 
so affect the virus as to make it more virulent, 
or it might so affect the host as to make it 
more susceptible. Such an effect on the host 
might result from changes in susceptible cells 
such as to favor virus invasion or propagation. 
or from interference with cellular and humoral 
defense mechanisms. Cortisone might act in- 
directly through its effect on the pituitary and 
adrenal cortex, thereby causing changes in 
other hormones which in turn might be the 
agents directly responsible for the effects ob- 
served. From the present data, it appears 
unlikely that the cortisone effect is dependent 
on suppression of pituitary or adrenal func- 
tion, because the other steroid hormones 
tested did not affect susceptibility to the 
viruses, and because adrenalectomy did not 
significantly alter virus susceptibility. Fur- 
thermore, if the cortisone effect were due 
to reduced output of a protective adrenal sub- 
stance, as has been hypothesized by Schwairtz- 
man( 3)  , one might expect that stimulation of 
the adrenal by ACTH would !increase the out- 
put of this substance in proportion to the 
cartisone output and therefore would have a 
therapeutic effect or no effect at all on virus 
infection. Since the opposite was observed 
when very large doses of ACTH were used, 
it appears that the endogenous cortisone or 
cortisone-like steroids produced in response 
to ACTH were unopposed by any hypotheti- 
cal protective material. Studies by other work- 

&fed., 1951, in ~ T W .  ers(2,3,7,8) on the effect of ACTH on virus 
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infections have shown either no effect or sug- 
gestive indications of a cortisone-like effect. 
The K T H  dosage used by these workers has 
never equalled, and has usually been much 
smaller than that used in the present studies. 
The necessity for large doses of porcine ACTH 
for adrenal stimulation in the mouse has been 
emphasized ‘by Kass et d.( 10). Kalter and 
coworkers ( 1 1 ) have reported that small doses 
of -4CTH or cortisone decrease, and small 
doses of testosterone increase, the rate of in- 
fluenza virus propagation in the mouse for 48 
hours after inoculation, but apparently not 
thereafter. This phenomenon is probably un- 
related to that studied in the present experi- 
ments. The fact that virus virulence was un- 
affected by in vitro incubation with cortisone, 
makes improbable the hypothesis that corti- 
sone acts directly on the virus rather than 
through the host. In summary then, the evi- 
dence at hand suggests that the adverse effect 
of cortisone upon virus infections is a direct 
result of the action of cortisone itself upon 
the host. The observation that cortisone in- 
hibits the early stages of the inflammatory 
reaction ( 12) suggests a possible mechanism 
for this effect. J t  is not yet known if other 
compounds of the cortisone type (ll-oxy 
steroids) have this same effect on viws infec- 
tions. 

It is of interest that while cortisone treat- 
ment rendered mice more susceptible to ,=me 
viruses. it did not make mice susceptible to 

10. Kass, E. H., Lundgren, M. M., and Finland, 
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.Anopheles B Virus by the intraperitoneal 
route. Kilbourne and Horsfall(4) have d m -  
onstrated that a Coxsackie virus will infect 
adult cortisone-treated mice whereas it will 
not infect mormal adult mice. These observa- 
tions are readily reconcilable if one reasons 
that cortisone causes merely a quantitative 
diminution in host resistance. Thus, it may 
be that cortisone has a marked effect on West 
Nile, Ilheus, Bunyamwera, and Coxsackie 
virus infection because with these viruses 
-there is a delicate adjustment between virus 
invasiveness and host resistance, while Anoph- 
des B virus has insufficient invasive abaity to 
cause death even with the “help” of cortisone. 
If this hypothesis is correct, one might ex- 
pect that if a highly virulent virus were stud- 
ied, cortisone might have little effect on the 
course of infection because such a virus would 
be so efiiciently invasive that it cam readily 
overwhelm host resistance even without the 
“help” of cortisone. 

Summary. Large doses of cortisone greatly 
increased the susceptibility of mice to lethal 
infection by West Nile, Ilheus, and Bunyam- 
wera viruses. ACTH in massive dosage pro- 
duced the same effect with West Nile virus. 
Desoxycorticosterone, testosterone, proges- 
terone, land estradiol in massive doses had no 
significant effect on these virus infections in 
mice. Anopheles B virus was not infective by 
intraperitoneal route even in cortisone treated 
mice. Adrenalectomy did not influence sus- 
cept?bility Ito virus infection. The possible 
mechanisms of the cortisone effect are dis- 
cussed and it is concluded that the effect of 
cortisone upon virus infection is probably due 
to a direct effect of cortisone upon the host. 

~ 

Received July ‘ 30, 1951. P.S.E.B.M., 1951, v78. 


