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that an unrecognized nutrient is implicated. 

Hydrocephalus has been reported in various 
animal species though it is too rare to be 
of any practical significance in livestock pro- 
duction. I t  occurs in human infants, and 
though uncommon it is of some consequence. 
No satisfactory explanation of these cases 
has been advanced but it seems plausible now 
that many at  least are the result of a nu- 
tritional deficiency. This possibility raises 
a question that deserves serious considera- 
tion; is there any wide variation in the sever- 
ity of the symptoms. Up to the present 
hydrocephalus seems to be an all or none 
phenomenon but an attempt will be made to 
determine whether mild cases occur that es- 
cape detection by the method used in the 

The Cockroach as an ExDerimental 

past. The possibility of tissue or functional 
damage, with no gross symptoms of injury, 
deserves serious study. 

Summary. Female rats were supplied wtth 
an experimental diet that contained soybean 
oil meal as a source of protein, and a vita- 
min mixture that included all recognized 
vitamins except ascofibic acid, niacin, folk 
acid and BIZ. The incidence of hydrocephalus 
in the young was less than 1%. When folk 
acid antagonist was added to this diet the 
incidence of hydrocephalus rose to 20%. The 
type of diet consumed during the pre-experi- 
menltal period determined the amount of time 
that elapsed, during the experimental period, 
before hydrocephalus appeared in the young. 
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The natural modes of transmission for the been unsuccessful. Lice(7) and fleas(8,9) 
polio-encephalomyelitis group of viruses are were found incapable of transmitting the 
not understood ( 1 :2) .  -4 commonly accepted virus of human poliomyelitis. Since the 
epidemiological hypothesis encompasses a fe- capacity of cockroachest for the maintenance 
cal-oral spread and the alimentary tract as and transmission of viruses has been little 
the portal of entry. In support of this hy- 
pothesis is the finding of virus in the intestinal 
tract, stools, sewage, and flies. The demon- 
straltion ( 3 )  that virus persists in non-biting 
flies for days, and possibly multiplies, sug- 
gests that members of the polio-encephalo- 
myelitic group of viruses escape the intestinal- 
oral carrier chain in their natural mammalian 
lhosits to utilize arthropods for the mainten- 
ance and passage of virus to new hosts. -it- 
tempts to incriminate mosquitoes (4-6) have 
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TABLE I. 
Recovery of Encephalomyelitis Virus, GD V I I  Strain from Cockroach Feces. 

f Results of the injection of a fecal suspension derived from _______~7 

v roaches 
Daysaftersinglemeal 0 1 2 3 4 5 6 7 8 1 

Mouse 1 0/2* 2/2 2/2 2/2 2/2 2/2 2/2 0 / 2  0/2 0/2 
Passage 2 t  0/2 212 2/2 2/2 2/2 2/2 2/2 0/2 0/2 o / z  

Roaches fed virus Normal 

- ___- r 

___ ___ __ - _ _ _ _  -~ 

* Denominator signifies number of mice injected intracerebrally, 0.03 ml. 

t Brain tissue from the mice of passage 1 was employed as the inoculum for  passage 3. 

Numerator sig- 
nifies number that died of encephalomyelitis. 

explored, an experimental study was designed 
to learn whether a representative of the fBm- 
ily BZattidae could acquire, mlaintain, and ex- 
crete a member of the polio-encephalomyelitic 
group olf viruses. Cockroaches were selected 
as arthropods especially worthy of study be- 
cause in many parts of bhe world the inti- 
macy and constancy of the association of 
cockroaches with the food and excreta of 
man and animals rivals closely that of flies. 
Moreover, the nocturnal hlabits, gregarious- 
ness, and longevity of the cockroach operate 
to provide opportunities not readily availzble 
to flies for the acquisition of virus from ex- 
creta and for its transfer to food. 

I t  is the purpose of this preliminary report 
to record the findings which werle obtained 
when the American cockroach, Pegplaneta 
americana, was investigated for its capacity 
to aclt as the intermediary for the mainten- 
ance and excretion some days later of the 
virus of m1ou.w encephalomyelitis, GD VII 
strain (Theiler) ( 10). 

ExperimentaZ. Adult cockroaches (Peri- 
planeta nmericana) were strapped to corks 
wi{th adthesive tape. Each cockroach was 
given by means of a tublerculin syringe with 
a blunt needle a single feediing of 0.2 ml of 

t Five species of cockroach of cosmopolitan 
distribution are  commonIy associated with man : 
Blattella germanica, the small German roach or 
‘ croton bug”; Blatta orientalis, the larger orien- 

tal roach ; Periplaneta australiasiae, the Aus- 
tralian roach ; Supella supellectiliurn, the tropical 
roach ; and Periplaneta americana, the large- 
winged American coekroaeh. 

10. Theiler, M., Science, 1934, v80, 122; ibid., 
J. Exp. Med., 1937, v65, 705; Theiler, M., and 
Qard, S., J. Exp. Med., 1940, v72, 49; Theiler, 
M., Nedicine, 1941, v20, 443. 

a 10% suspension of brain tissue derived 
from a mouse lmoribund of spontaneous 
mouse encephalomyelitis, GD VII strain. The 
diet thereafter consisted of fox chow and 
water. Fecal specimens represenltative of a 
24-hour period were collected dlaily and stored 
a t  -20°C unltil tests for the presence of virus 
were made. E;t& 24-hour fecal speciimen in 
preparation for inoculation was made up sep- 
arately by trituration in a mortar with normal 
physiollogical saline to yield a 1% suspension, 
treated in an amount per ml of suspension 
with penicillin, 500 units, and streptomycin, 
1010 pg per ml, mixed, allowed to stand at 
room temperature for 30 minutes, and centri- 
fuged at  7 0  r.p.m. for 10 minutes. The 
supernatant fluid was employed as the inocu- 
lum for the injection intracerebrally, 0.03 ml, 
of normal 21-day-old Swiss albino mice. The 
control consisted of fecal material obtained 
fmm normal cockroaches and made ready in 
a similar manner for transfer to normal mice. 

Results. The results of one set of experi- 
ments are shlown in Table I. I n  these ex- 
periments the 24-hour fecal specimens for 
each of 6 consecutive days when tested as a 
1% suspension was shown to contain suffi- 
cient virus to paralyze and kill mice in from 
2 to 4 days aftler its intracerebral injection. 
The test mice for the seventh day remained 
normal. The brain tissue in 1% suspension 
from dead mice was lethal on passage to nor- 
mal mice. 

In  contrast to these findings, the mice that 
were utilized to test similarly prepared fecal 
suqensions from normal cockrolaches showed 
no evidence of infection during a 14-day per- 
iod of observation. Bacteriological control 
studies of all mouse blrains eliminated the 
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possibility of bacterial infection. 
Three more sets of experiments were car- 

ried out by following the same procedure. 
These experiments confirmed fully the re- 
sults described above and gave further infor- 
matilon since in one instance virus was recov- 
ered from the 24-hour fecal specimen 
representative of the seventlh day after a 
single feeding of virus. 

Discussion. Under the experimental con- 
diitions describled in the present paper, cock- 
roaches fed a single meal known to contain 
the virus of spontaneous mouse encephalomy- 
elitis: GD VII strain, excreted daily over a 
period of as long as 7 days sufficient virus 
to kill on intracerebral injection the test re- 
cipient normal mice. Thus, it is polssible 
that this species of cockroach, and athers, in 
the natural process of feeding on mammalian 
excreta may acquire virus from the host car- 
rier for later transfer by contamination of 
foold. From th'e available data it is impos- 
sible to say whether these findings have any 
practical implication in the epidemiology of 
mouse encephalomyelitis or of other members 
of the polio-encephalomyelitis group of virus 
diseases. I t  is surprising that natural or ex- 
perimental evidlence to suggest a role for 
cockroaches in the dissemination of virus dis- 
eases is limited to the experimental findings 
of Hurlbut(l1) which appeared at the time 

11. Hurlbut, H. 8.. J.  I n f .  Dis., 1950, v86, 103. 
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this manuscript was in preparation. He found 
(that the injection of human poliomyelitis 
virus, Lansing strain, into ~e hemocoele of 
the cockroach, Periplaneta amerkana, made 
it possible 15 diays later to demonstrate virus 
by thle trituration of the whole cockroach 
land its passage (to normal mice. Attempts 
to demoiistrate virus in roach feces and in 
roach eggs were unsuccessful. However, the 
possibility that cockroaches can operate to 
transmit pathogenic microlorganisms other 
than viruses has been established for bacteria 
under experiment a1 and na tur a1 conditions 

In experiments in which cock- 
roaches, Periplaneta americana, were fed a 
single meal contaiining the virus of mouse 
encephalomyelitis, GD VII strain, proof was 
obtained that the tes't cockroaches dfaily over 
a period of as many as 7 days excreted suf- 
ficient virus to kill test mice. Control ex- 
periments shotwed that tihe lethal effect was 
from infection by the virus of mouse enceph- 
alomyelitis, GD VII strain, and not from 
extraneous bacterial or viral infection. 

(12-14). 
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A variety of substances have been shown to 
potentiate the vasopressor effect of epineph- 
rine : vis. diph(enhydraminemHC1, cocaine, 
ergotamine, curare, dibutoline, tetraethyl- 
ammonium chloride (T.E.A.) and a number 
of ethylene diamine derivatives( 1,2,3,4,5,6,7, 
8). Two theories have been suggested for 
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