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SYNOPSIS

This article reports experiments with guinea-pigs on methods of
producing wounds and infecting them with street virus, and on the
use of nitric acid, detergent solution and antirabies serum in the
local treatment of these wounds for the prevention of rabies.
Despite certain limitations in the experimental arrangement, the
authors consider that these findings are valuable in verifying some
of the similar experiments performed by other workers.

The addition of hyaluronidase to the virus challenge suspension
did not increase the infectivity of the suspension when applied to
wounds, but there was a trend towards increased pathogenicity of
the hyaluronidase-virus mixture over virus suspension alone when
inoculated intramuscularly.

In the local treatment of wounds the protective action which
resulted when nitric acid was applied within 4 hours, but not after
a 24-hour interval, after infection, confirmed the results of other
workers.

Antirabies serum also proved effective both when infiltrated
under the wound and when inoculated systemically up to 24 hours
after infection, this being the longest interval tested. The results
suggested that the serum exerted a specific local action.

While some protective action was apparently achieved with the
detergent Terjolate when applied by gentle swabbing, or by infiltra-
tion of saline solution under the wound, up to 3 hours after infection,
this protection was distinctly inferior to that obtained with nitric
acid or serum. The authors point out the excellent results reported
by other workers with a different detergent, Zephiran chloride, and
recommend further studies on this and other similar substances less
corrosive than nitric acid.

These experiments, considered together with those reported by
other workers, indicate the value of simple washing, flushing or
irrigation of wounds as a means of reducing virus levels below the
infective dose.

The authors cite the need for further research on local treatment
of wounds in order to clarify mechanisms of action of various
procedures and agents now used, and to improve the methods for
handling the worrisome situation presented by a bite wound from
an animal suspected of having rabies.
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Measures now commonly used for the local treatment of bite-wounds
to prevent rabies include chemical cautery with phenol, nitric and other
caustic acids, washing with soap or detergent solutions, and the injection
of antirabies serum, the latter having come into use only during the last
few years.

The published experiments constituting the basis of recommendations
for these various procedures are not numerous. A well-controlled study
of this problem was undertaken by Shaughnessy & Zichis who published the
results of their first series of experiments in 1943,11 using fixed virus for
challenge purposes. These experiments in guinea-pigs showed the distinct
protective power of local application of nitric acid, or of flushing of the
wound with a 20% soft-soap solution, within a period between 30 minutes
and 6 hours after infliction of the wound, the best results being obtained
with early treatment; results with local application of tincture of iodine
were less conclusive, and were negative when sulfanilamide was used. The
soap solution gave results equal, and perhaps slightly superior, to those
obtained with nitric acid.

The WHO Expert Committee on Rabies in its first and second
reports 15, 1 in 1950 and 1954, respectively, recommended the use of soap
or detergent solutions in the local treatment of wounds, but did not preclude
the subsequent use of strong mineral acids, especially in the depths of punc-
ture wounds which cannot be cleansed effectively with soap or detergent
solution. The Committee also recommended that a thorough study of
wound treatment, including the use of antirabies serum applied locally,
be encouraged so that more definite information on this important aspect
of post-exposure treatment could be obtained. Avoidance, if possible,
of the use of strong mineral acids would be highly desirable because of the
pain and scarring effects associated with these substances.

In 1954, Shaughnessy and Zichis published the results of a second series
of experiments in guinea-pigs studying the value of various antiseptics,
including aqueous solutions of Zephiran chloride (benzalkonium chloride),
Merthiolate (thiomersal), Metaphen (nitromersol), and silver nitrate,
tinctures of Merthiolate and iodine, nitric acid and soap solution.12 Zephiran
chloride in a 1% solution applied to the wounds with cotton swabs was
apparently more effective than either nitric acid or soap solution applied
30 minutes after infection, although the latter two substances were again
shown to be of definite value in preventing rabies. There was little dif-
ference in the results of Zephiran chloride when applied either 30 minutes
or 2 hours after inffiction of the wound.

Experiments on the local treatment of wounds in guinea-pigs Were also
published in 1954 and 1955 by Ahuja & Suri.1' 2 In their first series of
experiments 1 these workers studied the comparative effect of phenol, nitric
acid, methyl alcohol, and a 1% soap solution applied 30 minutes after
infection. The results with phenol and nitric acid showed some, but not a
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marked, protective effect whereas irrigation with 1% soap solution or
application of methyl alcohol had little or no effect.

In their second series of experiments,2 these workers studied the compa-
rative effect of phenol, nitric acid, methyl alcohol and a detergent (" Cetav-
lon "a, cetyl-trimethyl-ammonium bromide). Their results indicated that
cauterization of the wounds within 4 hours with nitric acid or phenol
exerted a protective effect, whereas application of these substances 24 hours
after infliction of the wound was ineffective. Methyl alcohol or the detergent
was not effective, and antirabies serum infiltrated around the wound
appeared to be without value.

The experiments described below were carried out as recommended
by the WHO Expert Committee on Rabies to gain further information on
the problem of substances to be used in the local treatment of wounds
inflicted by animals suspected of being rabid.

Materials and Methods
The street virus used in the experiments originated from the brain of

a dog which died from naturally acquired rabies. The diagnosis was con-
firmed in our laboratoryb by histological examination (Negri-positive) and by
inoculation of suspensions of the dog's brain into mice, guinea-pigs and
rabbits.

Three passages of the virus were made in guinea-pigs inoculated intra-
muscularly. After the third passage, four dogs were given intracerebral
injections of 0.3 ml of a 100% suspension of guinea-pig brain. Two of these
dogs died on the 14th day, and one each on the 27th and 33rd day after
inoculation. The submaxillary salivary glands were dissected and stored
frozen until the glands from all four dogs were ready for pooling. The glands
were homogenized in a Waring blendor with 10% rabbit serum in distilled
water containing 500 IU of penicillin and 0.1 mg of streptomycin per ml,
to make a 500% final tissue suspension. The virus (=tissue) suspension was
distributed into ampoules in 1-ml quantities and kept frozen at -70°C in a
CO2 chest. Intracerebral titration of the suspension was carried out in
mice; the median lethal dose (LD50) was 0.03 ml of a 10-6 5 dilution of
the suspension. The virus suspension was also tested in mice for specificity
with antirabies serum according to the technique described in the mono-
graph on laboratory techniques published by the World Health Organi-
zation.'4

Methods of inoculating guinea-pigs
The guinea-pigs were anaesthetized with ether before inoculation with

virus. The nitric acid and other treatments were, however, applied without
anaesthesia.

a Imperial Chemical Industries (India), Ltd.
b Virus Laboratory, Escuela Nacional de Sanidad, Madrid
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Local wounds were produced in three ways:
Method A (indicated in Tables I and It) consisted of the use of rat-

toothed forceps impregnated with the virus suspension; the forceps were
gently pressed into the left leg in the middle of the posterior surface of the
thigh, previously depilated. This broke the skin, but did not cause any
muscular lesion or bleeding. The wound made with the forceps was then
swabbed with virus suspension by means of a small paint-brush. It was
estimated that approximately 0.05-0.1 ml of virus suspension was carried
on the forceps, and 0.25-0.35 ml on the paint-brush.

Method B (Tables I and It) was very similar to the first, but instead of
making a simple puncture through the skin the forceps were pulled so as to
make a linear tear about 1-3 cm long. Here again the muscle was not
involved, although in about 20% of the cases slight bleeding from the torn
skin occurred. The virus suspension on the forceps and brush was applied
as in Method A.

Method C (Tables III-VII) involved two stages. The first was exactly
as described in Method B, but this was followed by a second movement of
the forceps so that they were introduced very slightly (once only) into the
muscle uncovered by the tear in the skin. The forceps were dipped a second
time into the virus suspension before making the muscle puncture, the virus
suspension was applied with the paint-brush as previously, only one dip
being used. Bleeding up to 0.25 ml occurred in about 350% of the cases.

Method C was the only one which gave satisfactory results with respect
to producing the disease regularly, and it was the method used after the
preliminary experiments shown in Tables I and II.

Materials for treatment

The nitric acid (HNO3) was of the concentrated (70% w/w) chemical
grade. It was applied with a cotton swab which absorbed about 0.35 ml
of the acid, or with a fine paint-brush to, reach all pockets of the wound.

The detergent was a commercial product called Terjolate a contain-
ing as active ingredients sodium sulfate octadecanoate and N-diethanol
N-alkylamide. This detergent, diluted 1/800, is used for general cleansing
purposes. The stock detergent solution was diluted 1/400 for use in the
experiments. The solution was applied to the wounds by a few gentle
strokes of a paint-brush which absorbed about 0.35 ml of the solution.

The hyperimmune antirabies serum was a crude horse serum, unconcen-
trated and not purified, obtained from the Sclavo Institute, Siena. In a
potency test performed in mice 14 a 1/5000 dilution of the serum neutralized
300 LD50 of fixed virus. This potency exceeded the potency recommended
by the WHO Expert Committee on Rabies for serum at the time of the

a White Laboratories, Inc., Kenilworth, N.J., USA
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experiment, i.e., a dilution of between 1/800 and 1/3200 neutralizing
between 31 and 310 LD50 of fixed virus.'5 16

The serum was infiltrated beneath the wound for local treatment (Tables
V-VII), or inoculated subcutaneously in the opposite leg for control
purposes (Tables VI, VII). When the serum was infiltrated under the wound
it was observed in many instances to seep out of the wound, sometimes
in rather large quantities. Since this may have had the effect of simple
cleansing of the wound, rather than specific neutralization of the virus,
suitable controls were included whereby the same quantity of serum was
inoculated into the opposite leg of a separate group of animals (Tables VI,
VII), and saline solution (0.85 %) was inoculated under the wound instead
of serum (Table VII). Furthermore, because of the undetermined quantity
of serum lost by seepage through the wound, increasing quantities of serum
and saline solution were employed (0.25-1 ml-see Tables VI, VII) to
discover whether this variable was important.

Since hyaluronidase had been shown by other workers to increase the
pathogenicity of fixed virus, formerly avirulent, in guinea-pigs and rabbits
inoculated subcutaneously,3 we included trials with this substance in our
experiments. The hyaluronidase was prepared in our laboratory.a A final
10% concentration of hyaluronidase was present in the virus suspension
when the mixture was applied to the wounds (Tables II, III).

The guinea-pigs were observed for a period of 2-6 months (see page 974).
All guinea-pigs that died were autopsied and brain smears were made for
Negri bodies. Where Negri bodies were not found, suspensions of the guinea-
pig brain tissue were inoculated intracerebrally into mice according to the
technique for isolation of rabies virus described in the WHO monograph.'4
Where both tests were negative it is so indicated in the tables.

Results

Lethality of virus suspensions with and without hyaluronidase (Tables I-III)

Many preliminary experiments, unrecorded here, were necessary to
achieve the desired aim of making and infecting wounds with virus suspen-
sion, resembling natural infection, which would ensure consistent mortality.
Tables I-III contain the results of a series of experiments performed while
techniques were worked out. The addition of hyaluronidase to the virus
suspension (Tables II, III) appeared to make little difference when applied
locally to the wound, although there was a trend towards greater patho-
genicity when the hyaluronidase/virus mixture was injected intramuscularly.
The method of infection finally adopted and used in all subsequent experi-
ments was Method C (tearing of the skin and puncture of the underlying

a The method used was that of Freeman et al., slightly modified.
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TABLE I. LETHALITY FOR GUINEA-PIGS OF INFECTED
DOG SALIVARY-GLAND SUSPENSION

Suspension of dog
salivary-gland

(%)

40

20

10

5

2.5

1.75

A *
(observation pe

6 months)

0/6t

0/6

0/6

016

0/6

Method of application of susoension

B ** 0.2 ml injected
iod (observation dno intramuscularlyLde5 moonths) (observation period

monts) ~2 months)

3/4 (32-2, 33) tt

2/4 (24, 31)

3/4 (21, 22, 24)

1/4 (12)

4/4 (10-2, 16, 18)

4/4 (13, 15, 17-2)

3/4 (14, 19, 20)

3/4 (14, 17, 21)

016

* A = two small puncture wounds, followed by application of virus with paint-brush
** B = linear tearing of skin, without involving muscle, followed by application of virus with

paint-brush
t Mortality ratio (deaths/number inoculated).

tt The figures between parentheses indicate the day of death after inoculation of the guinea-
pigs; 32-2 indicates that two guinea-pigs died 32 days after inoculation.

muscle of the posterior thigh of a hind leg with forceps dipped in 100% dog
salivary-gland suspension of street virus, followed by application of the
suspension with a small paint-brush).

TABLE II. LETHALITY FOR GUINEA-PIGS OF INFECTED
DOG SALIVARY-GLAND SUSPENSION WITH AND WITHOUT HYALURONIDASE

Suspension
of dog
salivary-
gland
(%)

20

10

5

2.5

Method of application of suspension

B * 0.2 ml iniected intramuscularly
(observation period 4 months) (observation period 2 months)

with without with without
hyaluronidase hyaluronidase hyaluronidase hyaluronidase

3/4 (17, 18, 20) ** 3!4 (15, 16, 17) 4/4 (12, 14, 17-2)**

3/4 (13, 21, 33) 2/4 (15-2) 4/4 (9, 14, 15, 17)

4/4 (20, 29-2, 49) 4/4 (13, 18, 20, 21) 4/4 (12-2, 16, 18)

1/4 (16) 1/4 (15) 3/4 (19-3)

4/4 (8,t 27-2, 29)

3!4 (23, 29, 48)

2/4 (38, 40)

014

* B = linear tearing of skin, without involving muscle, followed by application of virus with
paint-brush

** Mortality ratio (deaths/number inoculated); the figures between parentheses indicate the
day of death after inoculation of the guinea-pigs; 17-2 indicates that two guinea-pigs died 27 days
after inoculation.

t No Negri bodies or isolation of virus
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TABLE III. LETHALITY FOR GUINEA-PIGS OF INFECTED DOG SALIVARY-
GLAND SUSPENSION WITH AND WITHOUT HYALURONIDASE:
TEARING OF MUSCLE versus INTRAMUSCULAR INOCULATION

* M3thod C = tearing of skin and muscle with forceps dipped in virus suspension, with and
without hyaluronidase, followed by application of suspension with paint-brush

** Mortality ratio (deaths/number inoculated); the figures between parentheses indicate the
day of death after inoculation of the guinea-pigs; 13-2 indicates that two guinea-pigs died 13 days
after inoculation.

t No Negri bodies or isolation of virus

TABLE IV.
TREATMENT OF WOUND WITH NITRIC ACID ON SWAB

Time between inoculation * and Mortality
treatment with HNO3 swab (observation period 2 months)

15 minutes

15 minutes + 3 hours
+ 24 hours (3 applications)
3 hours

24 hours

4/6 (17-2, 20, 28) **

0/6

0/6

5/5 (14, 21-2, 27, 28)

Controls

10 % virus suspension

1 % virus suspension

0.1 % virus suspension

HNO3 alone

4/5 (16, 18, 20, 21)

3/5 (12, 18, 19)

0/5

0/5

* With 110 tissue suspension of infected dog salivary-gland
** Mortality ratio (deaths/number inoculated); the figures between

parentheses indicate the day of death after inoculation of the guinea-
pigs; 17-2 indicates that two guinea-pigs died 17 days after inoculation

Method of application of suspension

Suspension of C* 0.2 ml injected intramuscularly
dog salivary- (observation period 2 months) (observation period 2 months)
gland (%)

with without with without
hyaluronidase hyaluronidase hyaluronidase hyaluronidase

20 4/4 (12, 13, 18, 19)

10 4/4(8,t25,26,29)** 4/4 (18, 21, 23, 27) 4/4 (12, 13, 14, 17) 4/4 (13-2, 16-2)**

5 4/4 (21, 25, 26, 30) 2/4 (18, 25) 4/4 (12, 16, 17, 19) 4/4 (14, 18, 19, 20)

2.5 3/4 (9,t 11, 20) 3/4 (9,t 16, 29) 4/4 (11, 18, 25, 36) 4/4 (16-2, 19, 20)

1.75 2/4 (10, 19) 3/4 (19, 21-2) 4/4 (13, 19-2, 40 t)

0.87 0/4 1/4 (12) 4/4 (16, 17, 19.t 24)

0.4 3/4 (19, 27, 28)
0.2 4/4 (17, 21, 25, 30)
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Treatment with nitric acid (Table IV)
Table IV gives the results of an experiment in which nitric acid was

applied at different intervals after infection. The results are somewhat
inconsistent, in that application of nitric acid 3 hours after infection
apparently protected the animals, whereas application only 15 minutes
after the wound did not protect to the same extent as the 3-hour applica-
tion. Three applications given successively, however, at 15 minutes, 3 hours,
and 24 hours after inffiction of the wound also protected.

Treatment with nitric acid, serum, and detergent solution (Table V)
Table V shows the results of an experiment comparing local application

of nitric acid, antirabies serum and detergent solution. Application of
nitric acid with a paint-brush protected when applied up to 4 hours after
infection but not at 24 hours. Serum protected up to the 24-hour limit
adopted. The detergent solution showed a protective effect when applied

TABLE V. COMPARATIVE RESULTS OF TREATMENT OF WOUND WITH
NITRIC ACID, ANTIRABIES SERUM LOCALLY, AND DETERGENT SOLUTION

Time between Nitric acid Antirabies serum
inoculation* and (with brush) intramuscularly Detergent solution

treatment under wound

15 minutes 0/6 ** 1,/6 (25) 1/6 (18)

15 minutes + 3
hours + 24 hours
(3 applications) ND 0/5 3/6 (18, 19, 27)

1 hour 2/6 (20, 34)

3 hours 1/6 (27) 0/6 215 (23-2) *

4 hours 01/6
24 hours 5/6 (18, 29-2, 33, 34) 0/6 5/6 (15, 16, 17, 21-2)

Controls

10% virus suspension 6/6 (15, 16-2, 18, 24, 36)

1 % virus suspension 3/6 (18, 23, 30)

0.1 % virus suspension 0/5

Detergent alone 0/6

Nitric acid alone 0/6

Antirabies serum alone 0/6

*With 10% tissue suspension of infected dog Salivary-gland
** Mortality ratio (deaths/number inoculated); the figures between parentheses indicate the day

of death after inoculation of the guinea-pigs; 23-2 Indicates that two guinea-pigs died 23 days after
inoculation; observation period 2 months.

ND = not done
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up to 3 hours after infection but this protection was less than that achieved
with nitric acid or serum.

Taking this experiment alone, it would be impossible to state whether
the serum exerted its effect by specific local action or through a systemic
action. The exertion of a specific local action is indicated by the fact that
no guinea-pigs died at either the 3- or the 24-hour injection intervals,
whereas some mortality could be expected if the action were a systemic
one, as seen in the 3- or 24-hour interval groups receiving 0.25 ml of serum
in the leg opposite the wound (Tables VI, VII).

Treatment with nitric acid, serum locally and systemically, and detergent
solution (Table VI)
Table VI repeats the work shown in Table V with the addition of another

group of animals inoculated with serum into an opposite leg to determine
whether the effect of serum was local or systemic. In this experiment the

TABLE VI. TREATMENT OF WOUND WITH NITRIC ACID, SERUM LOCALLY
AND IN OPPOSITE LEG, AND DETERGENT SOLUTION

Time between Nit d Antirabies serum 0.25 ml
inoculation * Ntric acd A Detergent
and treatment (sw under wound in opposite leg

15 minutes 4/6 (17, 29, 29, 2/5 (9,t 20) 2/5 (28, 33) 4/6 (16-2, 21, 28)**
31) **

15 minutes + 3 ND 0/6 0/5 3/5 (21, 22-2)
hours + 24 hours
(3 applications)

1 hour 4/6 (12, t 26-2, 28)

3 hours 2/5 (19, 29) 0/5 416 (16, 17, 26-2) 2!4 (31-2)

4 hours 2/6 (18, 21)

24 hours 5/5 (18, 21, 26-2, 2/5 (34, 85) 6/6 (18, 19, 23, 5/5 (16, 17, 11,
29) 26, 28-2) 25, 27)

Controls

10% virus suspension 6!6 (12, 17, 18, 19-2, 20)

1 % virus suspension 2!5 (23, 27)

0.1 % virus suspension 0/6

Nitric acid alone ( (1/5 27 t)
applied after 15 minutes

Antirabies serum alone + 3 hours + 24 hours ' 0/5
(3 applications)

Detergent alone J 0/5

*With 10% tissue suspansion of infected dog salivary-gland
** Mortality ratio (deaths/number inoculated); the figures between parentheses indicate the

day of death after inoculation of the guinea-pigs; 16-2 indicates that two guinea-pigs died 16 days
after inoculation; observation period 3 months

t No Negri bodies or isolation of virus
ND = not done

8
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nitric acid gave some protection, but not to the extent achieved in the
previous experiments. The effect of the detergent solution was about equal
to that of the nitric acid. The protective effect of the serum was distinctly
superior to that of either nitric acid or detergent. Of particular interest is
the comparison of the application of serum locally at the site of the wound,
and systemically (in the opposite leg) at the 3- and 24-hour intervals. In
combining the groups treated at these intervals, we find that 2 out of
10 animals died after local infiltration of 0.25 ml of serum, contrasted with
10 out of 12 animals dying when the same quantity of serum was given
in the opposite leg. This strongly suggests that the serum exerted a specific
local action.

Treatment with increasing quantities of serum locally and systemically, and
of saline solution locally (Table VII)

In Table VII the results are given of an experiment in which increasing
quantities of serum and saline solution respectively were inoculated under
the site of the wound in different groups of animals, and serum was given
intramuscularly in the opposite leg in another group of animals. This was
done to detect the possible purely cleansing effect of the fluids inoculated,
some of which were observed to seep out, and to determine the systemic
action of the serum. The efficacy of serum is again demonstrated, but there
is no clear-cut difference between the serum locally applied and that given
into the opposite leg. What may also suggest a trend, however, in favour
of local action, are the results of the 3- and 24-hour injections of 0.25 ml
and 0.5 ml of serum given under the wound and in the opposite leg. The
local inoculation of saline solution showed some protective effect, but not
nearly as great as that of serum. The saline effect may have been due to
dilution of the virus challenge, as well as to some cleansing effect, since in
the controls 1% of virus suspension killed only half the animals.

General

The results of this series of experiments indicate a protective value of
nitric acid applied locally up to 4 hours after infection, and of serum applied
locally or in the opposite leg up to 24 hours. Detergent solution, as used
by us, gave results inferior to nitric acid and serum. It was not entirely
clear whether serum had any superior local action over its systemic action,
but several highly suggestive trends in favour of specific local action are
apparent. These results will be discussed in conjunction with experiments
of other workers.

Discussion

Since Cabot's work on the local treatment of wounds to prevent rabies,
published in 1899,4 the most widely accepted procedures have been simple
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TABLE VIl. TREATMENT OF WOUND WITH SERUM APPLIED LOCALLY
AND IN OPPOSITE LEG, AND SALINE SOLUTION

Time Antirabies serum intramuscularlybietwe Saline solution (0.85 %)between under woundinoculation* under wound in opposite leg u
and
tetet 0.25 ml 0.5 ml1 m 0.25 ml 0.5ml1 m 0.25 ml 0.5ml iml

15 minutes 0/7** 0/6 0,5 1/6 (27) 0/6 1/7 2/6 (24, 27) 2/6 (17, 31) 3/6 (20-2,
(42) 25) *

15 minutes
+ 3 hours 0/6 0/6 0/3 0/4 0/4 0!6 3/6 (35-3) 4/6 (18, 4/6 (18, 24,
+ 24 hours (3 26-2, 37) 26, 43)
applications)
3 hours 1/6 (29) 0/5 0/5 1/4 (32) 1/6 (34) 0/6 4/6 (21, 27, 4/6 (20, 27, 4/5 (24-2,

28, 38) 27, 37) 33, 33t)

24 hours 2/6 (35-2) 1!6 (36) 0/6 2/5 (37-2! 216 (37-2) 0'6 5/6 (21, 30, 5/6 (17, 4/6 (23, 24,
38, 42, 48) 21-2, 27-2) 33-2)

Controls

10% virus suspension 5!5 (18, 19, 24, 28, 30)

1 % virus suspension 3/6 (13, 17, 24)

0.1 % virus suspension 0/5

Antirabies serum alone applied after 15 minutes 0/5
+ 3 hours + 24 hours

Saline solution (0.85 %) alone (3 applications) 0/5

*With 10% tissue suspension of infected dog salivary-gland
** Mortality ratio (deaths/number inoculated); the figures between parentheses indicate the

day of death after inoculation of the guinea-pigs; 20-2 indicates that two guinea-pigs died 20 days
after inoculation; observation period 2 months

t No Negri bodies or isolation of virus

cleansing, and cautery with nitric acid, although these methods (together
with heat cautery) had long before been popular. The many variables in
experimental procedure used, however, make it difficult to assess the rela-
tively few controlled experiments published since then on this problem.
The most extensive studies, permitting a satisfactory degree of analysis and
comparison, were those referred to on page 964; 1, 2,11,12 they are now
considered in relation to those reported here. It is realized that such vari-
ables as method of inflicting and infecting the wound, application of sub-
stances to be tested, type (street or fixed) and dosage of virus, potency of
antirabies serum used, and length of observation period, cast doubt on the
comparability of all these studies. It is believed, however, that where ade-
quate controls were used within the same experiment, all carried out with
guinea-pigs, there is justification for assessing them on a comparative basis
from the standpoint of preventing infection and death caused by the rabies
virus.
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The use of a two-month observation period in several of our experiments,
necessitated by a lack of animal quarters, can be questioned as being too
short a period of time to be certain that complete protection had been
given to treated animals which survived. Much work with street virus
infections given intramuscularly in guinea-pigs, and observed for six
months, has shown that with very few exceptions the animals will die
within two months, and the great majority within the first month. For
example, in Koprowski & Black's experiments 8 none out of 142 guined-pigs
survived street virus infection beyond 46 days, and in Ahuja & Suri's
work 2 none out of 228 guinea-pigs survived beyond the 57th day. Un-
recorded work on very large numbers of guinea-pigs infected with street
virus, as required in the potency test for chicken-embryo vaccines, con-
firms that intramuscular infection causes death almost invariably within
two months if adequate virus challenges are given (H. Koprowski,
R. A. Alexander, personal communications; see also Koprowski14 a
(page 128)). This was found to be true in our experiments after Method C
was adopted for making the wound followed by application of a 100% sus-
pension of dog salivary gland (see Tables III to VII).

The experience of Veeraraghavan et al.,3 however, with street virus given
intramuscularly into guinea-pigs, and observed for six months, showed a
survival of 7 out of 149 untreated animals beyond 60 days after injection with
the street virus. In treated animals (vaccines and/or serum) prolongation of
the incubation period well beyond two months was noted in a few guinea-
pigs (Veeraraghavan; 13 see also page 943 of this issue). (Neither Koprowski
& Black 8 nor Ahuja & Suri 2 obtained a prolongation of the incubation
period in guinea-pigs treated with serum, vaccines or local agents. a)

Thus, in interpreting our results on the basis of a two-month observation
period the chances are small that a significant difference would have occurred
had the animals been observed for six months. While this time element,
plus the relatively small numbers of animals used, limit the significance of
these experiments when considered by themselves, nevertheless we believe
that they have corroborative value when analysed in conjunction with those
performed by other workers, and that they suggest trends which future
research may confirm or negate.

Nitric acid

It is clear from Shaughnessy & Zichis's experiments 12 that cauterization
with nitric acid up to 6 hours (the earlier the better) after wound infection
was effective. Protection with nitric acid applied up to 4 hours after
infection was also obtained by Ahuja & Suri,2 but not with applications
24 hours after infection. Our results (Tables IV-VI) support the above
findings, although they are not as clear-cut as those of the other workers.

a See also Selimov, M. A., Kovalevskij, M. F. & Semenova, E. V. (1957) 2. Mikrobiol. (Mosk.), 28, 35
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Detergent solution
The differences in detergents used as well as the methods of application,

vigorous flushing or irrigation, as distinct from swabbing, make it difficult
to compare results. Using vigorous flushing Shaughnessy & Zichis obtained
results equal to those from nitric acid with 20% soap solution in their first
series of experiments,'2 but in their second series nitric acid was superior
when swabbing with the soap solution was employed.'4 The detergent
Zephiran chloride applied with a series of 3-4 swabs in quick succession gave
the best results in a comparative test with nitric acid and soap solution (also
applied by swabs) applied 30 minutes after infection. Zephiran chloride,
tested by itself, was highly effective when treatment was applied 2 hours
after infection.

Ahuja & Suri obtained no effect by irrigating with 1% soap solution
30 minutes after infection.' They used a 1% solution of the detergent
Cetavlon (cetyl-trimethyl-ammonium chloride) in their second series of
experiments 4 hours after infection and failed to obtain a significant pro-
tective effect.

In our experiments we applied the detergent (Terjolate) in a manner
to simulate what is often done in the field-i.e., moderate washing or
swabbing of a wound rather than vigorous irrigation. A small protective
effect was noted when the detergent was applied up to 3 hours after infec-
tion (Tables V, VI), but this trend seemed to be duplicated when saline
solution was injected under the wound. This would lead one to suspect
that both the detergent and saline solutions exerted a diluting effect, which
served to reduce the virus challenge suspension below its infective dose.

Antirabies serum
The protective effect of serum following street virus infections of guinea-

pigs has been clearly established by Koprowski and fellow-workers,7 8 in
some (but not in others) of the experiments recorded by Veeraraghavan
et al.,'3 and by us (see Tables V-VII). In Table VII, for example, only
12 out of 133 animals died after treatment with 0.25-1 ml of serum given
up to 24 hours after infection-the longest interval tested-whereas all the
controls which did not receive serum died. The question remains, however,
whether a specific local effect of serum was exerted at the site of the wound
greater than the systemic effect expected from the same quantity of serum.

Ahuja & Suri 2 did not obtain protection when 0.5 ml of serum was
applied directly on the wound, in addition to 1.5 ml of serum infiltrated
into the site either 4 or 24 hours after infection. Only slightly better results
were recorded by these authors for another group of animals which received
1.5 ml of serum intraperitoneally in addition to 0.5 ml and 1.5 ml given
locally, as described above. In our experiments a local action of the serum,
apart from the clear systemic action as shown in the previous paragraph,
is strongly suggested, as discussed under Results for Tables V-VII.
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The discrepancy between the results with locally or systemically admin-
istered serum as obtained by Ahuja & Sur 2 and our own, as well as those
of other workers mentioned above, may lie in real differences of potencies
of the sera employed, despite their apparent similarity in titre.

In other work on the local protective effect of serum, Ercegovac5 reported
that when serum was injected into the same site of intramuscular street-
virus infection in rabbits, they were protected, whereas when the same
quantity of serum was injected into other sites they were not. Also, dried
antirabies serum dusted on wounds is used in the USSR,a but we have
not as yet been able to obtain details of the experiments showing the efficacy
of this procedure in experimental animals.

Other substances
Several substances in addition to those previously considered have

been investigated, but with a few exceptions insufficient work has been
done on them so that only brief comments can be made.

Mackie reported the irrigation of wounds with acriflavine as useful.'0
Jordan, Pedersen & Shu,7 after limited experiments on rabbits, stated that
the treatment of wounds with ultra-violet light and eosin warranted further
research. Such a procedure, even if found effective, would be difficult to
apply under most field conditions.

In their experiments Ahuja & Suri 1, 2 found that cauterization with
phenol showed significant protection similar to that given by nitric acid
at 4 hours, but neither was effective 24 hours after infection. In the same
experiments methyl alcohol was found to be without value.

Shaughnessy & Zichis in their earlier work "1 found that tincture of
iodine applied 30 minutes or 2 hours after infection gave significant pro-
tection. In their later experiments,'2 however, it was found that no signifi-
cant protection was conferred, either by this, or by Merthiolate (1/1000;
aqueous and in tincture), or aqueous Metaphen (presumably 1/1000),
or 1% silver nitrate solution.

General considerations
Of the substances considered above, nitric acid, phenol, detergent and

soap solutions, and antirabies serum have given the best results experi-
mentally. Because of the relatively few experiments with phenol the
following discussion will be limited to the other agents.

It is clear from a common-sense viewpoint that any bland procedure
such as washing with copious amounts of soap and water should result in
lessening the quantities of virus that may be present in the bite-wound to
below its infective dose. This could explain the good results obtained with
soap and detergent solutions applied vigorously or by irrigation. This
should be, therefore, an elementary procedure in all treatments of bite-

a U. D. Soloviev, personal communication
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wounds. It would appear that 20% soap solutionper se has very little protective
effect, whereas 1 % Zephiran chloride (as well as higher concentrations which
are more corrosive) exhibited specific protective action, apparently in addi-
tion to any diluting or cleansing effect, when applied 30 minutes or 2 hours
after infection. The specific protective effect of the other detergents tested
was not encouraging. Further work with Zephiran chloride, and other
similar non-corrosive detergents, is certain ly warranted to corroborate and
extend the reported results,'2 and also to study the exact mechanism of
action (cleansing, diluting or specifically viricidal).

The specific value of nitric acid applied locally to wounds up to 4 hours
after infection, with superior results if applied earlier, is incontestable.
Therefore, the disadvantages of the pain, scarring and delayed healing of
wounds would have to be weighed in each situation against the undoubted
efficacy of the procedure. Nitric acid, available universally, would appear
to be particularly useful in deep puncture wounds where washing or irriga-
tion would not be expected to reach the depths of the wound.

Antirabies serum infiltrated around the wound, where the site permits,
would also seem to be definitely indicated. As recommended in the third
report of the WHO Expert Committee on Rabies,'7 tests for sensitivity
to the serum should first be made; all local treatment of wounds should be
combined with the general measures for use of vaccine and serum systemic-
ally, as recommended in that report.

One further feature of local wound treatment should be mentioned, as
recommended by the Expert Committee,'7 and that is that the wound
should not be sutured immediately because of evidence (M. Baltazard,
personal communication, 1957) that its early closure may be a contributing
factor to the development of rabies, presumably through trauma associated
with suturing.

RESUME

Le traitement local des morsures couramment applique en vue d'eviter le develop-
pement de la rage comporte actuellement la cauterisation chimique par le phenol, l'acide
nitrique ou d'autres acides caustiques, le lavage au savon ou au moyen de detersifs, et
l'injection de serum antirabique; cette derniere mesure ne date que de quelques ann&es.

Cet article decrit des experiences comportant la blessure experimentale et l'infection
de cobayes par le virus rabique des rues, puis le traitement local au moyen d'acide
nitrique, d'une solution de detersif et de serum antirabique. Les resultats de ces essais,
bien que limites, ont permis de confirmer les conclusions d'autres chercheurs.

Les blessures sont pratiquees dans l'une des pattes posterieures des cobayes au moyen
d'un forceps; a travers la dechirure de la peau, le muscle sous-jacent est legerement
l6se. La pince elle-meme est tremp&e dans une suspension de virus, et du virus des rues
introduit dans la blessure au moyen d'un pinceau. Plusieurs essais ont ete necessaires
pour mettre au point une methode assurant, par cette voie, le developpement de l'infection
rabique chez l'animal. On a cherche A augmenter l'efficacite de la technique de blessure
par addition d'hyaluronidase. Cette derniere substance, ajoutee a la suspension virale
appliquee aux blessures n'en a pas accru 1'efficacite, mais it semble que le melange
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hyaluronidase-virus tende a se montrer plus pathogene que le virus seul, injecte par
voie intramusculaire.

Des essais ont ete entrepris avec l'acide nitrique et une solution de detersif A 1/400,
le Terjolate, administr6s au moyen d'un petit tampon ou d'un pinceau fin, soit une seule
fois - 15 minutes, 3 heures ou 24 heures apres la blessure - soit a trois reprises, aux
memes intervalles. Dans une autre serie d'experiences, on a en outre infiltre du serum
sous la blessure et dans le membre non lese ou l'effet du serum a pu etre verifie. On 'a
egalement administre, dans une serie d'essais, des doses croissantes de serum, dans le
membre blesse et dans le membre intact; un groupe de cobayes temoins ne recevait que
du solute physiologique.

L'acide nitrique applique 4 heures apres la blessure protege les animaux, mais applique
24 heures apres le traumatisme, il est inefficace. Ces resultats confirment ceux d'autres
auteurs.

Le serum antirabique s'est montre efficace, qu'il soit infiltre sous la blessure ou injecte
24 heures apres infection (les essais n'ont pas depasse ce laps de temps). I1 semble que
le serum exerce une action locale specifique.

Le detersif Terjolate applique par frottement leger ou par infiltration (en solut6
physiologique) sous la blessure, 3 heures apres infection, s'est montre moins efficace
que l'acide nitrique ou le serum. Les auteurs relevent les excellents resultats obtenus par
d'autres chercheurs avec un autre detersif, le chlorure de Zephiran, et recommandent
de poursuivre les etudes relatives A cette substance et a d'autres du meme type, moins
corrosives que l'acide nitrique.

Au cours de ces experiences, la valeur du simple lavage, du passage sous l'eau courante
ou de l'irrigation de la blessure a ete confirmee; ces procedes permettent d'abaisser la
teneur en virus de la blessure au-dessous de la dose infectante.

Les auteurs soulignent la necessite de poursuivre les recherches sur le traitement local
des blessures, afin de determiner le mode d'action des divers agents, et de perfectionner
les methodes permettant d'empecher le developpement de l'infection chez un sujet
mordu par un animal que l'on presume enrage.
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