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SYNOPSIS

This paper describes a series of experiments in which guinea-
pigs were inoculated intramuscularly with a strain of fixed-virus
rabies, and their wounds treated, after intervals of varying dura-
tion, with different viricidal substances. The authors found that
cauterization with fuming nitric acid gave no greater protection
against the development of rabies than did irrigation with a 20%
soap-solution; a cationic detergent, Zephiran, was found to be
the treatment of choice for wounds artificially contaminated with
rabies virus.

For some years before these studies were begun we had been dissatisfied
with the evidence for the effectiveness of fuming nitric acid in the treatment
of wounds inflicted by rabid animals. In our opinion the procedures followed
by Cabot 1 in his pioneer studies on treatment of experimental rabies with
fuming acid did not reproduce closely enough the situation which occurs
when a person is bitten by a rabid animal. The results of Poor,3 the other
early investigator whose findings are usually cited in support of fuming
nitric acid, were reported on the basis of a single experiment involving 20
guinea-pigs. It should be mentioned that Cabot and Poor both waited for
about 24 hours after infection of the wound with rabies virus before
applying nitric acid; it would seem that better results would follow its use
within a shorter interval after infection. (It is unfortunate that the findings
of Rosenau, referred to in his textbook,4 and which he cites in favour of
use of fuming nitric acid, were never published and cannot be critically
evaluated.)

Dissatisfaction with the evidence for the value of fuming nitric acid was
not the sole reason for undertaking our experimental work. We shared the
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belief of others that cauterization with fuming nitric acid is painful and
destructive of tissue, slows healing, and promotes bacterial infection. We
had learned that, because of these facts, physicians are often reluctant to
employ fuming nitric acid, particularly for deep or lacerated bite wounds
or for those on the face. Thus, a special study by Gowen 2 in the State of
Illinois, USA, in 1936, showed that only 28% of persons bitten by presum-
ably rabid animals and attended by physicians had their wounds treated
with fuming nitric acid.

Materials and Methods

It was our intention to use street virus in these experiments. Unfortu-
nately, it was not feasible for us to use salivary virus. An attempt was made,
therefore, to utilize street virus in the form of brain virus. Twenty-eight
strains of street virus recently isolated from the brains of dogs dying of the
natural disease were employed in preliminary studies. However, only 5
of these 28 strains were infectious by the intramuscular route. Their viru-
lence by this route was low, and all strains tested lost their capacity to
produce rabies by intramuscular injection after from two to four passages.
We therefore decided to use a fixed-virus strain. It was found that a strain
employed in vaccine protection in our laboratory for many years, and which
is believed to have been derived from an original Pasteur strain, consistently
infected guinea-pigs and mice by the intramuscular route. The median
lethal dose (LD50) of this virus for mice by the intracerebral route was
about 10-6. By the intramuscular route about 0.5 ml of a 1% suspension
of guinea-pig brain was required to infect guinea-pigs.

Mice were used in some of the preliminary experiments, but there were
so many deaths which could not be established to be due to rabies that all
the results reported here are from experiments in which guinea-pigs were
employed.

Three methods of inflicting wounds and inoculating them with rabies
virus were investigated. Method 3 was used in all the experiments reported
here. In this method an incision about 12 mm long and 6 mm deep was
made with a scalpel in the muscles of the posterior aspect of the guinea-
pig's neck. Immediately after the wound was made, 0.2 ml of virus suspen-
sion was deposited in it from a syringe with an 18-gauge (1.25-mm) blunt
needle. The virus was then worked into the wound with the tip of the
syringe needle.

In those experiments where nitric acid was used, the acid was applied
with a glass rod about 1.5 mm in diameter, after removal of any clotted
blood present. When the wounds were irrigated with 20% soap-solution,
this was done under pressure from large syringes fitted with 16-gauge
(1.65-mm) needles, 65 mm long. (The operator was protected from the
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spray by a shield.) From 60 ml to 120 ml of soap solution was used per
animal. The tincture of iodine and other substances were applied with
cotton swabs on applicator sticks, unless otherwise indicated.

The experimental animals were kept in individual cages and observed
for 35 days after inoculation unless they succumbed earlier. The longest
incubation period observed with the virus used was 15 days, the average

being about 7 days.
Since Negri bodies did not develop in animals dying from infection

with the fixed virus, it was necessary to use a serum neutralization test to
confirm the diagnosis of rabies in inoculated animals which died. This
test could not be applied to all animals but was used on representative
animals selected at random.

Experimental

The findings of our earlier experiments have been published elsewhere,5
but for completeness are included here in tables I, II, and III. It may be seen

that in these earlier studies, before our technique was perfected, from 27%
to 38% of the controls not receiving treatment of any kind escaped infection.
In the later series of experiments only 2% or 3% of the control animals
survived.

It will be noted that, when treatment began about 30 minutes after
inoculation, both substances, i.e., fuming nitric acid and 20% soap-solution,

TABLE I. RESULTS OF DIFFERENT TREATMENT APPLIED 30 MINUTES
AFTER CONTAMINATION OF WOUND WITH VIRUS

Treatment *
Experiment U ntreated

No. fuming 20% soap tincture of controls
nitric acid solution iodine

1 5/5 5/5 ... 2/5

2 10/10 9/10 ... 3/10

3 9/10 10/10 7/10 3/10

4 9/10 10/10 10/10 3/10

5 10/10 9/10 10/10 5/10

6 7/10 6/10 ... 5/10

7 15/20 18/20 ... 8/20

Totals 65/75 67/75 27/30 29/75

Survival (%) 86.6 89.3 90.0 38.6

* Numerator equals number of survivors; denominator equals number of guinea-pigs used
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TABLE II. RESULTS OF DIFFERENT TREATMENT APPLIED TWO HOURS
AFTER CONTAMINATION OF WOUND WITH VIRUS

Treatment *
Experiment U ntreated

No. fuming 20% soap tincture of controls
nitric acid solution iodine

8 8/10 9/10 6/10 4/10

9 7/10 6/10 6/10 1/10

10 13/20 18/20 ... 0/20

11 20/20 16/20 ... 7/20

12 17/20 19/20 ... 10/20

Totals 65/80 68/80 12120 22/80

Survival (%) 81.3 85.0 60.0 27.5

* Numerator equals number of survivors; denominator equals number of guinea-pigs used

appeared to protect more than 85% of the test animals. When there was
a two-hour delay in beginning treatment, there was almost as good pro-
tection with both substances as after the 30-minute interval. After six hours,
however, there was a rather sharp drop in the percentage of animals which
survived. At all time-intervals the animals treated by irrigation with 20%
soap-solution had at least as satisfactory a survival-rate as those treated
by cauterization with fuming nitric acid.

TABLE I1. RESULTS OF DIFFERENT TREATMENT APPLIED SIX HOURS
AFTER CONTAMINATION OF WOUND WITH VIRUS

Treatment *
Experiment U ntreated

No. fuming 20% soap controls
nitric acid solution

13 14/20 17/20 10/20

14 14/20 14120 8/20

15 10/20 9/20 3/20

Totals 38/60 40/60 21/60

Survival (%) 63.3 66.6 35.0

* Numerator equals number of survivors denominator equals number of guinea-pigs used

While irrigation with soap solution gave satisfactory results, the irriga-
tion procedure was somewhat cumbersome to apply. It was, therefore,
decided to see if good results could be obtained by applying some other
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presumably viricidal substances with cotton swabs. From table IV it will
be seen that, except for those animals treated with tincture of iodine, the
survival-rates of animals treated with the other substances were very low.
In the case of the tincture of iodine the results were much poorer than in the
few earlier experiments with this material. The reasons for the differences
are not entirely clear, but may be explained partly on the greater infectivity-
rate produced in the later experiments. At any rate, it appeared to us that
none of these substances was worthy of further trial.

TABLE IV. RESULTS OF DIFFERENT TREATMENT APPLIED 30 MINUTES
AFTER CONTAMINATION OF WOUND WITH VIRUS

Treatment *

Experiment sivrUntreated
No. merthiolate, merthiolate, metaphen ilr ione ster caqueous Itincture nitrate idn, seie cnrl

(1 :1,000) (1 : 1000) aqueous (1%) tincture water

B 1 2/20 3/20 2/20 4/20 7/20 3/20 3/20

B 2 3/20 5/20 4/20 5/20 6/20 4/20 3/20

B 3 0/20 1/20 2/20 2/20 4/20 1/20 0/20

Total 5/60 9/60 8/60 11/60 17/60 8/60 6/60

Survival (%) 8.3 15.0 13.3 18.3 28.3 13.3 10.0

* Numerator equals number of survivors; denominator equals number of guinea-pigs used

It was then thought that it would be worth while to try a detergent in
comparison with the soap solution and fuming nitric acid. The detergent
selected was Zephiran chloride (alklyl-dimethyl-benzyl-ammonium chlo-
rides), a cationic detergent which has been widely used as a bactericidal
or bacteriostatic agent in dilutions of from 1:1,000 to 1 :5,000 or higher.
In the experiments shown in table V, Zephiran was used in 4% aqueous
solution applied with a series of three or four swabs in succession. The 20%
soap-solution was also applied with swabs in these experiments. The
fuming nitric acid was applied with a glass rod in the usual manner. It will
be noted that the efficiency of the soap solution applied by swabbing was
markedly lower than in previous experiments in which irrigation was used.
The animals treated with Zephiran chloride had a considerably lower
fatality-rate than those treated with fuming nitric acid. The survival-rate,
92.5%, of the Zephiran-treated animals is remarkable when contrasted with
the 3.0% survival-rate in the untreated controls.

The only difficulty with the 4% Zephiran chloride was its corrosiveness
to tissue. The results of experiments with lower concentrations of Zephiran
chloride are shown in table VI. In these studies there was only a slightly
lower survival-rate, probably not significant, in animals treated with the 10%

809



810 H. J. SHAUGHNESSY & J. ZICHIS

TABLE V. RESULTS OF DIFFERENT TREATMENT APPLIED 30 MINUTES
AFTER CONTAMINATION OF WOUND WITH VIRUS

Treatment *

Experiment Zephiran, Untreated
No. auos 200, soap fuming controlsaq4ueus solution nitric acid

B 30 14/15 8/15 13/15 0/15

B 31 11/12 5i12 10/12 0112

B 32 19120 12/20 16/20 1/20

B 33 18/20 11/20 13/20 1/20

Total 62/67 36/67 52/67 2/67

Survival (%) 92.5 53.7 77.6 3.0

* Numerator equals number of survivors denominator equals number of guinea-pigs used

Zephiran than in those which had 4% Zephiran applied to their wounds.
It is of some interest that the highest dilution of Zephiran usually employed,
1:1,000 (0.1%), was much less effective in preventing infection than the
more concentrated detergent.

TABLE VI. RESULTS OF ZEPHIRAN TREATMENT
APPLIED 30 MINUTES AFTER CONTAMINATION

OF WOUND WITH VIRUS

Zeph iran
Survivors *

Zephiran number %

4.0 62/67 92.5

2.5 79/87 90.8

1.0 71/80 88.7

0.1 16/55 29.1

Untreated
controls 5/137 3.6

* Numerator equals number of survivors; denomina-
tor equals number of guinea-pigs used

In the final experiments the effectiveness of these same concentrations
of Zephiran chloride was tested after an interval of two hours between
inoculation and treatment. As shown in table VII, the results were about
the same as after the 30-minute interval. We have no explanation of the
lower survival-rates in the animals treated with the 2.5% Zephiran chloride
as contrasted with the 4.0% and 1.0% concentrations, respectively.
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TABLE VIl. RESULTS OF ZEPHIRAN
TREATMENT APPLIED TWO HOURS AFTER
CONTAMINATION OF WOUND WITH VIRUS

Zephiran Survivors*
number %

4.0 61/67 91.0

2.5 39/51 76.5

1.0 67/75 89.3

0.1 7/32 21.9

Untreated 3/122 2.4controls

* Numerator equals number of survivors * denomina-
tor equals number of guinea-pigs used

Discussion

In these studies it was not possible to duplicate in every respect the
natural mode of infection with rabies virus as represented in bites of rabid
animals. The natural disease resulting from the bite of a rabid animal is
caused by the rabies virus present in the saliva. It was not possible for us to
employ a saliva virus, however, because of the many difficulties involved
in its procurement. Neither were we successful in our efforts to isolate from
brain tissues of dogs which had died of natural rabies a virus which would
infect by intramuscular inoculation either guinea-pigs or mice with any
degree of consistency. For this reason our experiments were conducted
with a fixed rabies virus, which was found consistently to cause the disease
by intramuscular inoculation.

We realize that the methods of inoculation we used did not altogether
simulate the natural inoculation occurring from the bite of a rabid animal.
We believe, however, that our methods did in many respects simulate the
natural mode of infection. The wounds were produced in skin- and muscle-
tissue, and in relation to the size of the animals they were deep, extensive,
and ragged. The virus was deposited in the wound and then worked into
the muscle-tissues with the tip of a blunt hypodermic needle, as it might
be by the teeth of a rabid animal in the course of biting.

The application of fuming nitric acid to the wounds of the guinea-pigs
caused severe chemical burns and scarring in about 90%. The wounds
healed slowly, requiring about four weeks for complete healing. On the
other hand, the wounds of the guinea-pigs treated with soap solution,
tincture of iodine, or Zephiran chloride healed in about two weeks without
exces sive scarring.
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The results of these experiments show that cauterization with fuming
nitric acid of wounds after experimental contamination with rabies virus
is of definite value in preventing rabies. They also show that irrigation with
soap solution is of equal value. When either agent was applied within two
hours after the inoculation of the virus, only about one-third as many
guinea-pigs developed rabies as among the untreated controls. Treatment
with fuming nitric acid or soap solution was only about two-thirds as
effective when applied in six hours as it was when employed after the
30-minute and two-hour interval respectively.
A cationic detergent, Zephiran chloride, in 1% solution applied to the

contaminated wounds with cotton swabs was apparently more effective than
either fuming nitric acid or soap solution. It was easier to apply than the
soap solution and did not cause burns or scarring or interfere with wound
healing. For these reasons 1% Zephiran chloride emerged from our studies
as the material of choice for the treatment of wounds artificially conta-
minated with rabies virus.
A number of physicians have given us verbal reports of the results of

using Zephiran chloride in treatment of wounds inflicted by presumably
rabid animals. It is, of course, impossible from such reports to assess the
value of this detergent in preventing rabies. However, these doctors report
that the detergent in the 10% concentration is well tolerated by people.

It should again be emphasized that local wound-treatment did not
prevent rabies in all cases in these animal experiments. Therefore, persons
bitten by a presumably rabid animal should also receive other approved
prophylactics such as antirabies vaccine or serum, or both.

RESUMJ2

Devant les resultats inconstants qu'a donnes l'acide nitrique fumant dans le traite-
ment experimental - sur le cobaye - et le traitement chez l'homme des morsures
d'animaux enrag6s, les auteurs ont cherche des substances plus efficaces. Les condi-
tions experimentales ne peuvent imiter en tous points les conditions reelles de la
morsure. Afin de s'en approcher le plus possible, les auteurs ont infiltre dans des bles-
sures cutanees et musculaires provoquees chez le cobaye un virus fixe dont la virulence
avait ete verifiee. L'acide nitrique fumant a cause des brulures et des escarres dans
90 % des cas et la cicatrisation a demande quatre semaines. Les blessures traitees par
une solution de savon a 20 % (60 ml-120 ml par cobaye) par la teinture d'iode ou le
chlorure de Zephiran a 1 % se cicatriserent en deux semaines. L'acide nitrique fumant
et la solution savonneuse ont une valeur preventive ind6niable. On n'a constate, parmi
les animaux traites par ces substances qu'un tiers du nombre des cas observes chez les
temoins non traites. Ces substances perdaient deux tiers de leur efficacite si on laissait
s'ecouler six heures - au lieu de 30 minutes a deux heures - entre l'infection et le
traitement. Des medecins ont declare que des personnes mordues auxquelles ils avaient
applique le chlorure de Zephiran a 1 % l'avaient bien supporte. I1 faut souligner que le
traitement des blessures n'a pas protege tous les animaux de la rage et qu'un tel traite-
ment ne remplace pas les substances prophylactiques qui ont fait leurs preuves, telles
que le serum et le vaccin.
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