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logical sections of the CNS revealed no path- 
ological changes. 

In  a subsequent experiment meningo- 
encephalomyelitis was produced in rats sub- 
stituting spinal oord of guinea pigs for homo- 
logous spinal cord. 

Summarj. The introduction of homologous 
spinal cord in a water-in-paraffin oil emulsion 
containing killed tubercle bacilli into the skin 
of the albino rat produces mononuclear 
meningo-encephalomyelitis. The symptoms 
and pathological changes in the CNS and at 
the site of injection are similar to those found 
in the guinea pig. 
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Dick reported that type 1 (Brunhilde) 
poliomyelitis virus in the form of monkey 
central nervous system tissue inoculated into 
a variety of rodents could be recovered from 
their brains a t  least for 10 days from the time 
of cerebral inoculation(’1). No adaptation of 
this virus to rodents occurred despite his em- 
ployment of the method of alternating passage 
between rhesus monkeys and rodents and 
passage from rodent to rodent. There was 
neither clinical nor histological evidence of 
disease in the rodent hosts studied. It was 
stated “this is highly suggestive that no 
multiplication had occurred in the brains of 
these animals.” 

This interesting phenomenon was explored 
as part of a study in this laboratory on polio- 
myelitis virus-host adaptation. The purposes 
of this report are to confirm Dick’s findings in 
murine brain and also ‘a) to indicate recovery 
of virus at a site distunt to the site of inocula- 
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tion namely the spinal cord, b) to identify 
the virus recovered as type 1 virus which had 
not undergone detectable immunological alter- 
ation, and c) to indicate that the biological 
state of the virus was not such as to interfere 
with the propagation of a mouse adapted type 
2 (Lansing) poliomyelitis virus in such mice. 

Materials and methods. Type 1 (Brun- 
hilde) poliomyelitis virus was utilized in the 
form of a 20% suspension of spinal cord en- 
largements of monkeys sacrificed at the height 
of paralysis following thalamic inoculation. 
This virus pool yielded a titer of lCP4 in 
monkeys. The mouse adapted type 2 (Lans- 
ing) poliomyelitis virus was an aliquot of a 
pool of infected mouse brains. The number 
of previous mouse passages approximates 250; 
average titers of l(P-s are observed with 
intracerebral inoculation of 0.03 ml in young 
adult mice. Swiss mice of Harlan stock were 
utilized in all the observations herein reported, 
Roller-tube tissue-cultures were utilized fox 
the isolation and identification of poliomyelitis 
virus. Monkey testicle(2) was used as tissue 
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source for fibroblasts and the cytopathogenic 
effect described by Robbins et a l . ( 3 )  utilized 
as an indicator for the presence of poliomye- 
litis virus. The type 1 (Brunhilde) antiserum 
used was obtained from monkeys hyperim- 
munized with the prototype Brunhilde virus. 
Such serum has not thus far revealed a com- 
mon antigen among the 3 immunological types 
of poliomyelitis virus( 4).  These tests for 
presence and neutralization of virus were 
qualitative. Quantitative studies are in prog- 
ress and will be reported. 

Experimental. .4. Inoculation of mice with 
unadapted t?pe 1 (Brtrnhilde) poliomyelitis 
zlirus. Twelve mice were inoculated intracere- 
brally with 0.03 ml of a 20% suspension of the 
type 1 virus. Five days later the brains of six 
mice were removed and frozen; the spinal 
cords of these animals were then removed 
and frozen. Ten days following inoculation 
the remaining animals were sacrificed and 
their brains and spinal cords also frozen 
separately. The following day the mouse 
tissues were thawed and 5y saline suspensions 
of brains and 20F suspensions of spinal cords 
prepared and inoculated into tissue-cul tures. 
B. Recovery and identification of virus in 

tissue culture. The suspensions of brains and 
of spinal cords of the 5-day and 10-day groups 
of mice were kept separate. Culture tubes 
containing actively growing fibroblasts of 
monkey testicular fragments were inoculated 
either with 0.4 ml or 0.1 ml of the respective 
suspensions. KO appreciable difference was 
noted with the size of inoculum. Uninocu- 
lated culture tubes were kept as tissue controls 
and the same type 1 (Brunhilde) poliomyelitis 
virus in the form of monkey spinal cord tissue 
used in mice inoculated separately into other 
roller-tubes. Kine days following inoculation. 
beginning cytopathogenic effect was noted in 
the tubes under test as well as in the tubes 
inoculated with 20% suspension of type 1 
(Brunhilde) virus. By 13 days following in- 
oculation the cytopathogenic effect was dis- 
tinct in all tubes under test and was most 
pronounced in the tubes inoculated with the 
suspensions of mouse ,spinal cords. Individual 
culture fluids were collected separately. In  
each of the 4 test situations (brains and spinal 
cords separately at  the 2 stated intervals), it 

was observed that the virus recovered from 
the mice had not undergone detectable im- 
munological alteration as indicated by the fact 
that the cytopathogenic effect produced was 
specifically inhibited by the type 1 antiserum. 
In other tissue-culture tests such serum inhib- 
ited the cytopathogenic effects of homotypic 
type 1 (>lahoney) virus. 

C. Failure to demonstrate interference in 
mice harboring type 1 (Brunhilde) virus in 
their central nervous system. Two groups of 
mice (40  in each) were inoculated intracere- 
brally with 0.03 ml of the type 1 (Brunhilde) 
poliomyelitis virus as before. Two similar 
groups were so inoculated with 207c suspen- 
sion of normal monkey spinal cord. Five days 
and 10 days later respective test and control 
groups were inoculated intracerebrally with 16 
LD,,, of the mouse adapted type 2 (Lansing) 
poliomyelitis virus. Xo significant differences 
as regards time of onset or incidence of paraly- 
sis were observed. 

Discussion. That type 1 (Brunhilde) polio- 
myelitis virus which is unadapted for murine 
brain can be recovered from the site inocu- 
lated and from a distant site in the mouse 
spinal cord suggests that the phenomenon de- 
scribed by Dick involves circumstances other 
than passive persistence of a depot of virus. 
The sequential fate in mice of intracerebral 
inocula of living agents whether adapted or  
not is not entirely clear. Schlesinger(5) has 
observed that only 3 to 10% of western 
equine encephalomyelitis virus can be recov- 
ered from mouse brain one hour after intra- 
cerebral inoculation. This is not due to 
physical leakage around the inoculation site. 
Cairns( 6)  observed a similar situation in 
studying the fate of intracerebrally inoculated 
bacteriophage in mice even with inocula as 
small as 0.005 ml delivered by a micmmeter- 
screw syringe. The recovery from spinal cords 
of the type 1 poliomyelitis virus inoculated 
into mouse brains indicated that the virus did 
not merely persist in a dormant fashion at  the 
i n ocul a t i on site . 

The terms “adaptation” and “host-range” 
are relative. Formerly it was considered that 
oniy t s e  2 poliomyelitis virus strains could 
be successfully propagated in mouse brains. 
Recently type 3 poliomyelitis virus(7) has 
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been shown capable of propagation in mice. 
Quantitative studies may indicate whether 
modified growth cycles of “unadapted” ,type 
1 poliomyelitis virus do in fact occur in the 
mouse braicn. Infectivity for neither monkey 
nor tissue-culture fibroblasts is lost in the 
process. 

There was failure to demonstrate interfer- 
ence in brains of mice between type 1 virus 
and mouse-adapted type 2 virus in the dosages 
and time intervals herein reported. When 
incomplete growth cycles of “unadapted” in- 
fluenza virus occur in mouse brain(8) a 
variety of effects including interference with 
wholly unrelated viruses(9) may be demon- 
strated. Failure to demonstrate interference 
in our experiments is in harmony with pre- 
vious findings of one of us( 10) in which it was 
shown under the conditions therein employed 
that interference could not be demonstrated 
between type 2 (Lansing) virus and fecal and 
spinal cord materials subsequently( 4)  shown 
to be immunologically distinct type 1 viruses. 
I t  was also found that two immunologically 
related type 2 strains, i.e., M.V. which is 

mice as well as from their brains. Such virus 
does not appear to have undergone im- 
munologic alteration and is neutralized by a 
type 1 (Bmnhilde) monkey antiserum. The 
biological state of this unadapted virus in the 
central nervous system of the mice is such that 
it does not interfere with the propagation of 
mouse adapted type 2 (Lansing) poliomyelitis 
in such mice. I t  is suggested that the phe- 
nomenon may represent circumstances other 
than mere passive persistence of virus in the 
recipient mouse brain. 

1. Dick, G .  W. A., PRoc. Soc. EXP. BIOL. AND 

2. Youngner, J. S., Ward, E. N., and Salk, J. E., 

3.  Robbins, F. C., Enders, J. F., and Weller, T. H., 

4. The Committee on Typing of The National 
Foundation for Infantile Paralysis, A m .  1. Hyg., 1951, 

~~ 

Mm., 1950, v74, 591. 

Am. J .  Hyg., 1952, v55, 291. 

PROC. SOC. EXP. BIOL. AND MED., 1950, V75, 370. 

v54, 

6. 
7. 

8. 

3. 

.4XD 

191. 
Sc,hlesinger, R. W., J .  Ex$. Med., 1949, v89, 491. 
Cairns, H. J. F., Nature, 1950, v166, 910. 
Li, C. P., and IHabel, K., PROC. SOC. EXP. BIOL. 
Mm., 1951, v78, 233. 
Schlesinger, R. W., PRoc. Soc. EXP. BIOL. AND - .  

“unadapted” for mice and Lansing virus failed M ~ . ,  19j0, v74, 541. 
to exhibit interference. 9. Vikhes, A., and Hirst, G. K., J .  Zmmunol., 1947, 

Conclusions. type (Brun- “;k.’?Lpine, P., Steigman, A. J., and Sabin, A. B., hilde) poliomyelitis virus inoculated intracere- 
brally in mice can be recovered 5 days and 10 

Science, 1949, v109, 7. 

days subsequently from the spinal cord of such Received September 16, 1952. P.S.E.B.M., 1952, v81. 

A Turbidimetric Method for Assay of Vi Antigen. (19842) 

MARION E. WEBSTER, JEROME F. SAGIN, AND MONROE E. FREEMAN. 
From the Department of Biochemistry, Army Medical Service Graduate School, Wulter Reed 

Army Medical Center, Washington, D.C.  

Recent studies ( 1,6) on the purification of 
Vi antigen from Escherichia coli required a 
rapid quantitative method for determining 
the antigen content of extracts and partially 
purified fractions. Since serological assays 
were tedious and quantitatively uncertain, a 
turbidimetric method was devised which took 
advantage of the propensity of acidic muco- 
polysaccharides and similar lyophils to form 
fine flocculent suspensions with albumin at  

low pH. This is analogous to the turbidi- 
metric assay of hyaluronic acid reported by 
Kass and Seastone(2) and others(3,4). Al- 
though the exact chemical nature of this 
antigen has not yet been ascertained, its acidic 
nature, high molecular weight, and good cor- 
relation between the specific preciptin titers 
and the optical densities suggested the use of 
turbidity measurements as a quantitative 
measure of the antigen. 


