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SYNOPSIS

This paper reports on a WHO-sponsored field trial of the use,
in conjunction with other usual control measures, of modified
living-virus vaccine prepared in chicken embryo in a mass vaccina-
tion campaign in dogs in Israel with the purpose of assessing the
value of the vaccine in an area where rabies was highly enzootic.
The mass immunization of dogs with this vaccine was considered
to be the decisive factor in achieving the low level of incidence
of the disease which has been maintained in this country during the
past three years.

At the first session of the WHO Expert Committee on Rabies in 1950 7

it was recommended that WHO sponsor a demonstration of a programme
of rabies control in dogs in some area where canine rabies was enzootic.
Mass immunization of dogs with living modified virus vaccine prepared
in chicken embryos was recommended as an adjunct to the usual sanitary
measures of control. Careful laboratory studies and a limited use in the
field had demonstrated this vaccine to be safe and of high immunizing value.
The Third World Health Assembly approved the recommendation of
the Expert Committee.

In order for the field demonstration to be carried out adequately, and to
obtain some assessment of the value of the vaccine, it was necessary to select
an area of limited size where rabies was highly enzootic. Other requirements
were well-organized veterinary and public-health services with suitable
facilities, and a willingness to carry out the campaign along established
technical lines.

* This article will also be published, in Spanish, in the Boletin de la Oficina Sanitaria Panamericana.
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After considering several possibilities, the Republic of Israel was con-
sidered to be a suitable locality. Rabies statistics in animals for Palestine from
1932 to 1948, and for the new State of Israel until October 1953, are given
in table I. It will be seen that from 1932 to 1950, the year the demonstration
started, the annual number of cases of rabies in animals varied between
50 and 333-a high incidence in view of the size of the area. The Israeli
veterinary and public-health services were well organized and adequately
staffed. This ensured good reporting and execution of the control pro-
gramme with the necessary careful checking and follow-up of all suspected
and proven cases of rabies in animals. The campaign itself was con-
ducted by the State Veterinary Services, with WHO providing technical
guidance.

TABLE I. RABIES INCIDENCE AND CONTROL ACTIVITIES
IN ISRAEL, 1932-53

* First 10 months

Control activities
Number of

Year rabid animals number of animals number of animals
destroyed vaccinated

1932 172 21,466 Negligible

1933 112 29,433 it

1934 129 10,640 of

1935 105 21,352 so

1936 87 16,426 of

1937 165 19,930

1938 85 25,000

1939 145 13,000

1940 333 30,824

1941 330 54,052

1942 71 62,750

1943 73 38,603

1944 67 37,357

1945 50 38,343

1946 74 38,780

1947 84 46,328

1948 99 15,181

1949 194 17,098

1950 68 4,072 1,620

1951 10 5,118 14,147

1952 11 9,253
1

15,003
1953 *5 J5,000
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Vaccine

A living modified virus vaccine was used consisting of the 40th to 50th
egg-passage-level of chicken-embryo-adapted Flury strain,3 totalling 28,000
doses, and 2,000 doses of chicken-embryo-adapted Kelev strain.2

Two types of vaccine preparation were used. The firsta was a freeze-
dried commercial product, Flury strain, supplied in single- or multiple-
dose containers. This vaccine, when restored with 3 ml of distilled water,
contained a 331/3% suspension of infected whole chicken-embryos. For
preparation of the vaccine, 7-day-incubated embryos were inoculated
via the yolk sac, incubated further for 9 or 10 days, and then harvested.
The whole embryo, except for the yolk, membranes, and fluids, was homo-
genized, forced through a gauze filter, diluted and dried under vacuum.
The vaccine was shipped by air from New York to Lod, Israel, in cartons
containing dry-ice. Shipments were received within 36 hours after despatch
from New York, and upon arrival in Lod the consignments were immediately
placed under refrigeration (+40 to +80 C). The vaccine was kept in thermos
flasks packed with ice when taken to the field for the inoculation of dogs,
and was used within one to two hours after restoration with diluent. Unused,
restored vaccine was discarded after this period. Representative sample
vials of dried vaccine taken at Lod airport and also at vaccination
stations throughout the country were re-shipped to N,w York and re-tested
for potency. Significant drops in potency were not encountered. Approxi-
mately 26,000 doses of this product were used in the campaign.

The second type of vaccine described below was used only in the Haifa
district and was prepared by the Virus Laboratory of the State Veterinary
Service, Haifa. A total of 4,000 doses was produced. Two thousand doses
were prepared from the 40th to 50th egg-passage-level of the Flury strain,
and the remaining 2,000 doses from the Kelev strain. The Flury strain
vaccine produced in the Haifa laboratory was similar to the commercial
product, except for the following modifications:

(a) The infected embryos were harvested on the 7th day instead of the
9th or 10th day after yolk-sac inoculation.

(b) The emulsified whole-embryo suspension was centrifuged for
5 minutes at 1,000 revolutions per minute (r.p.m.) and the supernatant
portion was quickly frozen and kept at -200 C until used. Some batches of
this vaccine were freeze-dried. Potency tests of the dried vaccine
performed at the Virus Laboratory, United States Public Health Service,
Montgomery, Ala., showed this product to be approximately equal
in potency to a market sample of the Flury-strain vaccine produced

a Kindly donated by Lederle Laboratories, American Cyanamid Co., Pearl River, N.Y., USA
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commercially. The dose of both the frozen vaccine and the dried vaccine
after restoration was 3 ml.

The Virus Laboratory in Haifa discontinued the modifications given
under (a) and (b) in October 1952, and the 2,000 doses of Kelev-strain
vaccine were prepared in a manner similar to the commercial product
described previously.

The Haifa vaccines were used within 1-2 hours after restoration of the
dried vaccine with distilled water, or after thawing of frozen vaccine.
During the 1- to 2-hour period, the vaccines were kept cold and any unused
portion of vaccine was discarded.

Inoculations of 3 ml of vaccine were made intramuscularly into the
posterior fleshy muscles of the thigh.

Organization of Campaign

The main elements of the campaign consisted of establishing, or utilizing
already existing, facilities for (1) the systematic registration and inoculation
of dogs throughout the country; (2) elimination of stray dogs, and wildlife
control; and (3) clinical and laboratory diagnosis of all animals suspected
of having rabies. Each item will be dealt with briefly.

Registration and inoculation of dogs

Municipal and State veterinarians and their assistants carried out the
vaccination and registration of dogs. This was preceded by an intensive
publicity campaign through radio, press, and posters. First, the country
as a whole was alerted to the campaign in the autumn of 1950,
and this was followed by regional publicity as each area was covered.
Regulations were put into effect requiring the registration and inoculation
of all dogs aged 6 months and older. The tempo of coverage of different
parts of the country was slow at first but gradually gathered momentum,
and the bulk of inoculations were carried out in 1951. Subsequent arrange-
ments were made for the inoculation of dogs which had reached 6 months
of age since the start of the campaign. Fig. 1 shows the progress of the
registration and inoculation campaign. It was estimated that by early 1952
almost 90% of the dogs aged 6 months or over had been inoculated, but by
June of 1953 this coverage had dropped to about 70% because of difficulties
encountered with newly immigrant population groups.

No charge to the dog owner was made for registration or inoculation.

Elimination of stray dogs, and wildlife control

Three teams composed of four men each covered the northern, central,
and southern parts of the country for stray-dog elimination and wildlife
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FIG. 1. MONTHLY INCIDENCE OF RABIES IN ANIMALS BEFORE AND AFTER
MASS VACCINATION OF DOGS: MAY 1948-JUNE 1953
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reduction. An animal van was at their disposal for these purposes, and
operations were carried out from the main quarantine station in Tel-Mund
which is situated at about the centre of the country's present population
distribution. One of the members of each team was occupied with the
shooting of stray dogs in the rural areas, while the other three placed poison
bait for jackal-reducing programmes. Poisoning was carried out by using
an entire donkey carcass and placing strychnine powder into incisions
throughout. Small pieces of meat containing strychnine pellets were also
used. In cities, stray dogs were collected, impounded, and destroyed in gas
chambers. Activities in stray-dog elimination and wildlife control were
not possible on a large scale until late 1951 because of the scarcity in the
country of shot-gun shells and strychnine.

Clinical and laboratory diagnosis of suspect animals

Careful instructions were given to all veterinarians and health-officers
with respect to detention and observation of suspect dogs and the submission
of specimens to a central laboratory for diagnosis. Quarantine stations for
the detention and observation of dogs were made available in Jerusalem,
Beersheba, Tel Aviv, Haifa, and Tel-Mund to serve the various areas of the
country. Dogs suspected of rabies, or which had bitten people, were
detained for 10 days. If they were clinically normal at the end of this period,
they were returned to their owners provided the animals had been vacci-
nated; unvaccinated dogs were destroyed.
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Brain specimens of dead animals suspected of having rabies were
submitted to the Section of Pathology of the Veterinary Institute in Tel Aviv
for laboratory diagnosis. One half of the brain was sent in buffered glycerol
and the other half in either formalin or Stieve's fixative (a formolized solu-
tion of mercuric chloride). Histopathological sections were prepared and
stained by Heidenhain's haematoxylin and also by Mallory's connective-
tissue stain; only the hippocampus was used for sectioning. All glycerinated
specimens were subjected to the biological test by the accepted intracerebral
technique in mice. The simple tissue-application technique, using Sellers'
stain, was used on the few fresh brain specimens which were received.

Results

Table I and fig. 1 show the remarkable drop and persistent low level of
cases of animal rabies starting in 1951. Reporting of animal rabies was
based upon clinical signs observed by competent veterinarians, supported,
wherever practicable, by laboratory examination. Table II gives the
laboratory-confirmed cases of rabies according to animal species for
1948-53. A comparison of the totals of table II with those of table I for the
same years reveals that a high percentage of reported rabies was confirmed
in the laboratory. Cases of suspected rabies in animals which were negative
on laboratory examination are not included in the results.

TABLE II. LABORATORY-CONFIRMED CASES OF RABIES IN ANIMALS,
MARCH 1948 TO MAY 1953

Animal 1948 1949 1950 1951 1952 1953

Dog ..... 41 80 28 7 7 3

Cat.. ... 9 4 2 - - -

Jackal ... 3 20 3 - - -

Ruminant ... 15 27 11 1 2 -

Equine 2 7 - - 1 -

Other . _

Total. 70 138 44 8 10 3

Rabies in different animal species for 1951-53 (first six months only of
1953) were as follows: 20 dogs, 3 cattle, 1 jackal, and 1 mule.b The geo-
graphical distribution of these cases is given in fig. 2, and it will be seen that
nearly all cases occurred near the frontiers of surrounding countries where
rabies is known to be enzootic.

b Two further cases of rabies in animals have since been reported-one in a jackal (August 1953) and
one in an unvaccinated dog (October 1953).
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FIG. 2. DISTRIBUTION OF RABIES IN ANIMALS: 1951-3

* Bovine 0 Dog A Jackal 0 Mule

Since the inception of mass vaccination of dogs in October 1950, only
two vaccinated dogs contracted rabies

Case I (Natanya District): Vaccinated 11 October 1950. During the
morning of 26 October the animal showed the first signs of illness charac-
terized by pharyngeal paralysis. The illness progressed to general paralysis
on 29 October, and the animal died on the same day. Pathological examina-
tion was positive for Negri bodies, supported by positive results in the mouse
inoculation test.

Case 2 (Safad District): Vaccinated 2 February 1953. Dog bitten on
25 March by a stray animal and died on 17 May. Positive for Negri bodies
and mouse inoculation test.

Undoubtedly Case 1 was in the incubation period of naturally-contracted
infection at the time of vaccination. This case, therefore, cannot very well
be ascribed to a failure of the vaccine since post-exposure inoculation of a
single dose of vaccine in dogs previously unvaccinated does not usually
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protect these animals. Case 2 appears to be a clear-cut failure of the vaccine.
In both the cases described, all the indications were that the vaccine was
properly refrigerated, and restoration with diluent was made immediately
before inoculation.

Human cases of rabies for 1948-53 were as follows: 9 cases in 1948, 6 in
1949, 1 in 1950, and none thereafter. The number ofhuman patients comple-
ting a series of vaccine treatments was reduced from 2,035 in 1949 to 476 in
1951. The number of discontinued treatments, based on veterinary decisions
with respect to the rabies-negative status of the biting animal, increased
from 253 to 645 for 1949 and 1951 respectively.4

Discussion

Before attempting any evaluation of the individual measures taken to
bring rabies under control in Israel, one must first examine the possibility
that the apparent natural recession of the disease which had begun at the
time of inception of control procedures would have continued. Fig. 1
shows that during the latter part of 1950 the monthly incidence of rabies
was on the wane, even though a high intensity of dog vaccination and
other control measures was not reached until early 1951. The unbroken
low level of rabies incidence from 1951 onwards, however, indicates clearly
that specific control measures played a decisive part in eliminating the
normal high incidence of rabies in the country. For over 20 years, rabies in
animals never fell below 50 cases per year (see table I) and it would be
unreasonable to assume that the enzootic nature of the disease in the area
had suddenly altered. The continued high level of rabies until the present
time (November 1953) in the surrounding countries served as a continuous
challenge to the effectiveness of the control measures employed. It appears
indubitable, therefore, that rabies in Israel has been controlled by the
programme described.

The role of the dog versus wildlife is of interest in the epizootiological
picture of rabies in Israel. Table III shows that the dog has been by far the
most important reservoir of rabies in the country, and has accounted for
approximately 70% of all cases of animal rabies during the past 23 years.
From an epizootiological point of view, cats fall into the same category
as dogs because of the close association of these animals. Control of the
disease in dogs normally eliminates the cat problem, and this point is
borne out in the present results. Ruminants and equines can be considered
of no importance in continuing the rabies transmission cycle. Jackals,
however, have been a troublesome link in the transmission chain, as
encountered in the past in Palestine and Israel.

Table I shows that animal destruction activities during the campaign
(1950-53), principally involving jackals, were not at a high level as compared
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TABLE III. ANIMAL RABIES IN ISRAEL BY SPECIES, 1930 TO 1953

Dog Cat Jackal |Ruminant Equine Other Total

Number of cases 1,758 258 253 146 119 30 2,564

Percentage of total 68 10 10 6 5 1 100

to previous years. Nevertheless, the general incidence of the disease declined
during 1950-53, as compared with the continued high incidence of former
years when jackal destruction was carried out much more vigorously. It
should be noted, however, that in 1951 a field rodent-eradication pro-
gramme by poisoning was carried out in Israel which was also responsible
for some reduction in the jackal population, but in 1952 and 1953 the number
of jackals were reported to be greater than ever. Rabid jackals had been a
considerable source of anxiety to agriculturists in the country in former
years because of attacks on man and livestock, but the problem has now
virtually disappeared. The explanation may be that the elimination of
canine rabies has removed an essential link in the rabies-transmission cycle
of jackals.

There is conclusive laboratory evidence that a single inoculation of
Flury-strain chicken-embryo vaccine will give a very high degree of protec-
tion to dogs for at least three and a third years.5 These laboratory results,
plus highly favourable reports recently made available from Malaya6 and
Southern Rhodesia,1 support the conclusion that in Israel a highly rabies-
immune dog population was established through vaccination. It is some-
what difficult, nevertheless, to assess the weight played by vaccination alone
in relation to the other measures taken. Local conditions precluded the
carrying out of ideal control measures, such as intensive vaccination of
at least 70% of the dog population within a relatively short period (3-5
weeks), and full-scale elimination of stray animals and reduction of wildlife.
In the Israel campaign it took many months to vaccinate 70% of the dog
population, but this deficiency was perhaps overcome by concomitant mea-
sures of stray-dog control and wildlife reduction, even though the latter
procedures were not fully employed.

It is significant, however, that, although ancillary measures such as
registration of dogs, good reporting, adequate diagnostic facilities, elimi-
nation of stray animals, and destruction of wildlife were all applied during
the years preceding the campaign, it was not until mass vaccination of dogs
was introduced that the disease was brought under control.

REISUME
Une campagne systematique de lutte contre la rage a et entreprise en Israel en

1950. Elle comportait l'enregistrement et la vaccination obligatoires des chiens dans
1'ensemble du pays, 1'e1imination des chiens errants, la destruction, dans la mesure
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du possible, des animaux sauvages reservoirs de la rage, ainsi que le diagnostic clinique
et biologique chez les animaux suspects de rage.

La vaccination a 6te effectuee au moyen de virus vivants avianises, provenant
a) de la souche Flury, au 40e-50e passage sur l'oeuf, lyophilis6e, preparee a New-York
d'une part (26.000 doses) et dans le laboratoire du Service veterinaire de l'Etat, Haifa,
d'autre part (2.000 doses); b) de la souche Kelev adaptee a 1'embryon de poulet,
prepareer Ha-ifa (2.000 doses).

La campagne avait ete precedee d'une propagande intensive, des l'automne 1950.
Au debut de 1952, on estimait que 90 % des chiens de 6 mois et plus avaient ete vaccines.

Dans les villes, les chiens errants ont et detruits dans des chambres ai gaz, et, dans
les campagnes, tir6s au fusil. Des cadavres d'anes dans lesquels on avait dissimule de
la strychnine ont servi d'appats aux chacals - reservoirs de la maladie - dont on
cherchait a diminuer le nombre. Des stations d'observation des chiens suspects de rage
ont ete etablies dans cinq localites du pays. Les chiens vaccines qui ne presentaient
aucun signe clinique au bout de 10 jours etaient relaches; les non vaccines etaient
detruits. Le diagnostic histologique et biologique etait effectue a l'Institut veterinaire
de Tel-Aviv.

La baisse constante de la frequence de la rage depuis 1951 temoigne de l'efficacite
indubitable des mesures prises, bien que la rage ait et en regression spontanee durant
les demiers mois de 1950. Pendant plus de 20 ans, le nombre annuel de cas de rage avait
vari6 entre 50 et 333. Depuis le debut de la campagne, les nombres suivants de cas ont
ete enregistres: 10 en 1951, 11 en 1952 et 5 en 1953. Deux chiens vaccines contracterent
la rage, mais l'un des cas seulement peut etre considere comme representant un echec
de la vaccination.

Les statistiques montrent que le chien est le reservoir de la rage le plus important
en Israel (70 % des cas de rage animale au cours des 23 dernires annees). Les ruminants
et les equides ne jouent gu,re de r6le. Les chacals, par contre, representent un chainon
redoutable dans la transmission de la rage des animaux sauvages aux animaux domes-
tiques (10 % du total des cas). Bien que le nombre des chacals n'ait pas diminue de
fa9on significative en 1952 et 1953, la rage chez ces animaux a et moins frequente
qu'auparavant, en raison probablement de la diminution sensible de la rage canine
qui a interrompu partiellement la transmission.

I1 est difficile d'etablir de fagon certaine le role specifique de la vaccination dans
la reduction de la frequence de la rage a la suite de la campagne. Toutefois les resultats
experimentaux montrant que le virus Flury avianise peut conf6rer au chien une immu-
nite de plus de trois ans, ainsi que les observations faites a l'occasion des campagnes
de Malaisie et de Rhodesie du Sud permettent de penser que la vaccination represente
un e16ment essentiel dans la lutte contre la rage. En effet, bien que des mesures generales
aient ete appliquees durant les annees qui ont preced6 la campagne, ce n'est que depuis
l'introduction de la vaccination systematique des chiens que la maladie a pu etre prati-
quement mailtris6e en Israel.
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