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piratory depression or stimulation until con- 
tinuous arterial blood gas analyses become 
more practical. 

Summary. 1. The alveolar 0 2 ,  C 0 2  tension 
and R.Q., minute volumes and respiratory 
rates have been recorded continuously in 
animals and man under pentothal sodium an- 
esthesia administered by single and intermit- 
tent injection. 

2 .  When the alveolar gas concentrations 

are plotted with the aid of a C02-02 diagram 
a typical anesthesia pattern can be shown 
indicating the regions of depression, com- 
pensation and recovery. 

3. With intermittent injections of pentothal 
sodium this typical pattern is repeated. 

4. The theoretical significance of this res- 
piratory pattern and its utilization for analy- 
sis of quantitative changes in respiration in 
the study of anesthetic agents is discussed. 
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A Technic for the Recovery of Viruses from Crude Feces. 

HERBERT R. MORGAN.* 
From tke  nrpnrt??ient of Xpideniiology, Sclrool flf Public ITralth, University of Michzgan, 

Brlri A r b n j .  Jfick. 

During the course of studies on the iso- 
lation of psittacosis and other viruses from 
feces, an attempt was made to develop a 
method, which would allow for direct in- 
oculation of a crude fecal suspension into 
eggs, for the recovery of a variety of viruses 
by th.e use of anti-bacterial agents. Several 
different test agents were used to determine 
the applicability of the technic to known 
viruses in the hope that it might prove useful 
in the isolation of as yet unknown viruses 
from the gastrointestinal tract of man and 
animals. Since penicillin and the sulfona- 
mides are known to inhibit certain viruses 
of the psittacosis-lymphogranuloma venereum 
group, they were eliminated from considera- 
tion.'J Streptomycin has been shown to 
have no effect on them' nor on several other 
virus agents''-" so that it was useful for 
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study. However, streptomycin alone is not 
efficacious against all gram positive organ- 
isms'.' so that it was necessary to find an- 
other agent to aid in the suppresion of the 
gram positive organisms in the feces. 

The anti-bacterial agents tested, were 
streptomycin, tyrothrycin in alcoholic solu- 
tion. tyrothrycin in propylene glycol solution 
dnd crystal violet. 

Since specimens are frequently submitted 
for virus isolation studies from patients re- 
ceiving sulfonamide and/or penicillin therapy, 
it was of interest to dietermine whether psitta- 
cosis virus strains, known to be susceptible 
to their action, could (be recovered from virus- 
fecal suspensions containing sulfadiazine or 
penicillin by the use of antagonistic or inac- 
tivating compounds such as p-aminobenzuic 
acid or cysteine hydrochloride. 

The yolk sac route was chosen for the 
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inoculation of eggs since (a) it allows for 
inoculation of a large volume of material and 
(b)  it has been shown to be the route of 
ch0ic.e for the inoculation of psittacosis virus 
as well as an excellent method for the culti- 
vation of a wide variety of viruses.”’l 

Three viruses were selected as models for 
this study: psittacosis (strain 6 BC), in- 
fluenza A (PR8) and mumps. 

Material and methods. A 10% suspension 
of human feces in infusion broth was pre- 
pared by homogenization in a Waring blen- 
dor. Large sized particles were removed by 
centrifugation at  800 rpm for 3 minutes. The 
suspension had a bacterial plate count of 
2.1 x loi organisms per ml. An aliquot of 
the fecal suspension was sterilized in the auto- 
clave. To separate aliquots of the fresh 
fecal suspension and of the sterile fecal sus- 
pension, an active preparation of one virus 
was added to give a virus dilution of 1:lO. 
Each different suspension was placed in a 
separate series of glass ampoules, sealed and 
stored in the dry icebox. The virus prep- 
arations added were: (a) a suspension of 
yolk sacs infected with psittacosis virus, or 
(b)  allantoic fluid infected with PR8 in- 
fuenza virus, or (c) allantoic fluid infected 
with mumps virus. 

In testing each of the viruses with a diluent 
containing different types and amounts of 
inhibiting agents. serial 10 fold dilutions of 
the following were prepared: 

( a )  Virus-sterile feces diluted in plain 
beef heart infusion broth 

(b)  Virus-sterile feces diluted in beef heart 
infusion broth containing the antibacterial 
agents 

(c) Virus-fresh feces diluted in plain beef 
heart infusion broth 

(d) Virus-fresh feces diluted in beef heart 
infusion broth containing the antibacterial 
agents 
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The dilutions were allowed to stand a t  
room temperature (i.e. 20-24”C) for 1-2 
hours following which 0.25 ml amounts Of 
each were injected into the yolk S X S  of 12 
embryonated eggs 6 or 7 days OM. The 
eggs were placed in an incubator a t  35°C 
and were candled daily. Eggs inoculated 
with 10 fold dilutions of the virus + fresh 
feces in plain broth up through 10-o died 
within 24-72 hours with gross evidence of 
contamination while eggs inoculated with the 
suspension diluted in broth containing the 
inhibitors died in from 2 to 10 days dqend-  
ing on the particular virus and the degree of 
its dilution. As the latter group of eggs died: 
(a) smears were made of the yolk sacs, 
stained and examined to detect bacteria, and, 
in the case of eggs injected with psittacosis 
virus, were stained by Machiavello’s method 
to demonstrate the typical elementary bodies, 
{b) in some instances, the yolk sacs were 
cultured on blood agar plates and in thiogly- 
collate broth to test the reliability of the 
smears as an indicator of )bacterial contam- 
ination, (c) in the case of the eggs inoculated 
with suspensions containing influenza or 
mumps viruses, the yolk, allantoic and amni- 
otic fluids of the egg were tested for their 
ability to agglutinate chicken red cells as 
an index of the presence of virus. 
.4s eggs in the group inoculated with the 

virus-sterile feces suspension diluted in plain 
broth or broth containing the bacteriostatic 
agents died. they were tested as noted above 
for the presence of the specific virus injected. 
These two groups served as controls for any 
possible deleterious action of the bacterio- 
static agents on the virus itself. 

In order to see whether virus could be re- 
covered from specimens containing penicil- 
lin or sulfonamides, the following experiment 
was carried out: (a) 1000 U penicillin were 
injected into each egg of a series along with 
the suspension of the virus in sterile feces. 
Then 15 mg of cysteine hydroch1oridel2 were 
injected into different groups of these eggs 
at intervals up to 24 hours. (b)  A second 
series of eggs was injected with a suspension 
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of virus in sterile feces along with 10 mg of 
sulfadiazine. At intervals up to 24 hours, 
1 mg of p-aminobenmic acid13J4 was injected 
into different groups of these eggs. In all 
instances, the eggs died after incubation a t  
35°C for several days. Smears of the yolk 
sacs were stained and examined for the pres- 
ence of psittacosis virus elementary bodies. 

Results. Using a diluent of beef heart 
infusion broth containing 10 mg of strepto- 
mycin and 2 nip of tyrothrycin per ml (con- 
taining 176 glycerine to give a stable sus- 
pension of the alcoholic solution of tyrothry- 
cin added to broth), it was posible to re- 
cover the viruses of psittacosis. influenza or 
mumps which had been added to a fresh sus- 
pension of feces without any evidence that 
the bacteriostatic agents used in the diluent 
for the suppression of bacterial contaminants 
had any deleterious effect on the virus. In 
fact, in many instances, even the eggs in- 
jected with a lU1 dilution of the fecal sus- 
pension of virus (lo-' dilution of virus in- 
fected fluid) could be shown to contain virus 
free of detectable bacteria even though this 
dilution was shown to contain a t  least 2.1 X 
lo6 aerobic bacteria per nil. High dilutions 
(i.e. lo-' or 1 W )  almost always gave virus 
free from bacterial contaminants. This tech- 
nic was found useful in the isolation of psitta- 
cosis virus from the ground-up intestines and 
feces of mice infected with the virus by the 
intravenous route. 

In some experiments, a solution of tyro- 
thrycin in propylene glycol was used but 
this solvent was found to inhirbit the growth 
of the viruses. Therefore, the alcoholic solu- 
tion was used subsequently with the addition 
of 1% glycerine to stabilize its suspension in 
broth. 

I t  is important to point out that tyrothry- 
cin can be used as a bacteriostatic agent in 
materials to be tested in eggs only if the 
yolk sac route of inoculation is used since it 
is toxic in 0.2 mg amounts in the allantoic 
or amniotic sacs. 
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Crystal violet in amounts up to 0.25 mg 
was tolerated when injected into the yolk sac 
of embryonated eggs but was not effective in 
controlling the gram positive bacteria in fecal 
suspensions tested. 

I t  was found that the injection of (a)  15 
mg of cysteine hydrochloride or (b) 1 mg 
of p-aminobenzoic acid into the yolk sac any 
time up to 24 hours after the injection of as 
much as (a) 1000 U of penicillin or (b) 10 
m,o of sulfadiazine respectively in the virus- 
feces inoculum would permit the recovery of 
jxittacosis virus (strain 6 BC) which was 
known to be sensitive to 250 C of penicillin1 
or 0.5 mg of sulfadiazine.ll 

Summary. Using an infusion broth diluent 
containing 10 mg streptomycin and 2 mg 
tyrothrycin per ml, it was possible, by injec- 
tion into the yolk sacs of h-7-day-old embry- 
onateti eggs, to recover free from bacteria: 
psittacosis, influenza or mumps viruses from 
suspensions of fresh feces to which they had 
been added. The diluent had no apparent 
injurious effect on these viruses. 

1'-aminobenzoic acid was found to counter- 
act the inhibitory action of sulfadiazine al- 
lowing for the recovery of psittacosis virus 
when the virus was suspended in materials 
containing the sulfonamide and injected into 
eggs. The injection of the p-aminobenzoic 
acid could be delayed up to 24 hours when 
injected in 1 mg amounts after a virus suspen- 
sion containing 10 mg of sulfadiazine. I n  a 
similar series of experiments it was found that 
15 mg cysteine hydrochloride would overcome 
the inhibitory action of loo0 U penicillin on 
psittacosis virus when given as long as 24 
hours after the virus suspension containing 
this antibiotic. These antagonistic compounds 
made it possible to recover psittacosis virus 
from materials containing large quantities of 
sulfadiazine or penicillin in spite of the 
fact that this strain of psittacosis virus is 
known to be susceptible to much smaller 
quantities of each of these therapeutic agents. 

This technic was useful in the isolation of 
virus from the intestines of mice infected with 
psittacosis virus and may find application in 
the isolation of viruses from the gastrointes- 
tinal tract of other animals or man. 




