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SYNOPSIS

This article reviews the literature dealing with the role of haema-
tophagous bats in the spread of rabies among cattle in Latin Ame-
rica since 1911, when the association between Desmodontidae and
rabies epizootics in Brazil was first suspected. Efforts to control
the problem by destruction of the vectors and vaccination of bovines
are described, and the suitability of chick-embryo vaccine is
considered.

In the transmission of rabies, the principal role is universally played
by the dog and the wild Carnivora. This fundamental idea, as far as the
dog is concerned, has been recognized since the fifth century B.C., and even
today is predominant in the epidemiology, and consequently the pro-
phylaxis, of the disease. The experimental studies on rabies which started,
at the beginning of the 19th century, with the demonstration of the infec-
tiousness of saliva, confirmed this ancient popular notion, and established
the scientific foundations of rabies control.

What is really surprising, however, is that, one century after the first
experimental transmission of rabies, a whole new epidemiology was to
be demonstrated in large areas of Latin America. The investigations
carried out between 1916 and 1936, which were preceded by the observa-
tions of laymen, ievealed a new, important group of vectors represented
by the haematophagous bats. This discovery so revolutionized the clas-
sical and apparently thoroughly well-established epidemiology of an old
disease, that it met with distrust, resistance, and even suspicion concern-
ing the reliability of the diagnosis.

The problem of rabies-transmission by bats is peculiar to Latin America
since haematophagous bats are not found in other continents. Studies
of the problem revealed its considerable sanitary and economic importance,
as from a succession of severe epizootic waves the extension of the
affected areas gradually became better known in the different Latin American
countries.

In order to have an idea of the ravages caused by these epizootics, it
is sufficient to note that thousands of cattle and horses are destroyed in
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areas where annual vaccination is not carried out. In Mexico, the data
collected by Johnson 7 relating to the period 1939-43 showed an incidence
of nearly 10,000 such cases each year; in the affected herds, from 20% to
50% of the animals were lost. From these data one can evaluate the severity
and extension of the problem, since a similar situation exists in several
countries. Furthermore, an impressive series of 80 human cases of para-
lytic rabies transmitted by bats has occurred on the island of Trinidad.3 8-

The occurrence of these epizootics has been known since 1908-11,
when the first severe outbreaks alarmed both the rural population and the
authorities in the coastal region of the State of Santa Catarina, in southern
Brazil. The first diagnosis of rabies was established there by Carini l
in 1911. When new outbreaks appeared in other States of Brazil, the need
for specific control measures became imperative. It was impracticable
to destroy the vectors in the forests covering large areas, and prophylaxis
was therefore orientated toward mass vaccination of cattle and horses.
This was the first time the need had arisen for large-scale vaccination of
these animals against rabies.

The epizootics of bat-transmitted rabies present the following specific
characteristics, which are new and conditioned to the kind of vector
involved.2' 8-11

(1) The clinical picture of the disease in cattle and horses differs from
the classic descriptions, which emphasize the occurrence of unmistakable
symptoms of excitability, aggressiveness, and fury. The animals actually
show atypical symptoms in which paralyses predominate; consequently,
recognition of the true nature of the first outbreaks was not an easy matter.

(2) The history of rabies has never before registered such severe and
extensive epizootics as those observed in the Latin American countries.

(3) The species of bats involved in the transmission of rabies are
strictly haematophagous. This characteristic contributes to the severity
of the outbreaks, since these voracious bats bite the animals repeatedly
in order to lap up the extravasated blood.

(4) The vampire bat is not only a vector of rabies but also a virus
carrier, which can harbour the virus for as long as five-and-a-half months.
The classic vectors of rabies contract the disease and either die or
are destroyed, functioning as vectors only for short periods. On the other
hand, although bats may acquire rabies and die of it, they may also con-
tinue to transmit the disease for long periods and thus cause extensive
epizootics.

(5) Large numbers of bats live together in caves and the hollows of old
trees where, once introduced, rabies infection may spread considerably
among these animals in their frequent fights with each other. The number
of vectors is thus multiplied, and even fruit- and insect-eating, non-
haematophagous species become infectious, as described by Pawan 12 in
Trinidad. Transmission of rabies by non-haematophagous bats is then a
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possibility, and in this connexion it may be mentioned that the biting of
humans by rabies-infected bats of these species has been observed recently in
the United States of America.'16 18

Although the role of the new vectors was first suspected in 1911, when
the Brazilian epizootic was diagnosed, it was only in 1916 that epidemio-
logical studies were started in Brazil by Haupt & Rehaag4 who assembled
an important series of data indicating the role of the vampire bats. How-
ever, the definite demonstration of rabies-transmission by these vectors
was accomplished only much later, between 1931 and 1936, through studies
independently conducted in Brazil by Queiroz Lima 13 and Torres & Queiroz
Lima,15 and in Trinidad by Hurst & Pawan.5 6' 8,9 These studies
demonstrated:

(1) the presence of Negri bodies and active virus in the brain of haema-
tophagous bats;

(2) the maintenance of the carrier-state in bats during long periods;
(3) the experimental infection of bovines by bat-bites;
(4) the transmission of rabies by vampire bats in a series of human

cases.
The haematophagous bats are classified in the family Desmodontidae,

which includes three genera, each genus with but one species 17-Desmodus
rotundus (E. Geoffroy), with several subspecies; Diphylla ecaudata Spix;
and Diaemus youngi (Jentink).

The fundamental morphological characteristics which differentiate the
Desmodontidae from numerous species of frugivorous, insectivorous, and
ichthyophagous bats are the following: absence of tail, rudimentary inter-
femoral membrane, grey or reddish-brown fur, short, broad ears, long
thumbs, and-particularly-very large, falciform incisor teeth, which are
larger than the canine teeth and have extremely sharp edges.

It is interesting to recall that, in view of the extension and severity
of the epizootics, of the absence of rabid dogs, and of the atypical clinical
picture of the disease, the diagnosis of the first animal and human out-
breaks of bat-transmitted rabies met with serious difficulties. The diagnosis
of rabies for the Brazilian outbreaks was in some cases rejected outright.
In Trinidad, the circumstances prevailing in 1930 were such as to dismiss
the hypothesis of rabies : due to a strictly enforced control programme,
canine rabies had been non-existent for about 12 years, and the possibility
of transmission by bats had been the subject of only one publication-
the paper by Haupt & Rehaag,4 almost lost among the voluminous specia-
lized literature. Two preliminary hypotheses were therefore suggested
to explain, independently, the human and animal outbreaks : the first
was supposed to be poliomyelitis, and the second, botulism.

As mentioned above, the control of the epizootics has been accomplished
by vaccination of cattle and horses in the affected areas. This measure
can be completed by the destruction of vectors in their habitat, when

6
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feasible. The problem of bat-transmitted rabies in man has remained
limited to the series of cases in Trinidad.

The type of vaccine generally employed is prepared with fixed virus
developed in the brain of calves or horses; a phenolized emulsion of 20%
brain-tissue in glycerol and water is used. In severe outbreaks, some
workers in the field express the opinion that two inoculations are necessary
in order to assure a satisfactory degree of immunity.

The adaptation of rabies virus to the chick embryo to produce an
effective and innocuous vaccine resulted in the possibility of its applica-
tion in the control of these epizootics by large-scale inoculation of livestock,
similar to the extensive vaccination of dogs already introduced in the
USA. This vaccine could then replace the brain-tissue vaccines, whose
production is laborious and expensive.

It became necessary to investigate the behaviour of the chick-embryo
vaccine in the bovine, determining its innocuousness, the best route of
inoculation, and the optimal dosage in order to obtain a high degree of
immunity. In a recent paper, Schroeder and his collaborators 14 studied
these points and demonstrated that one intramuscular inoculation of
15 ml induced solid immunity against a severe challenge of street virus
inoculated into the masseter muscles. Afterwards, about 6,000 cattle
were immunized with this vaccine in Central America.
A more recent study a carried out in our laboratory at the Instituto

Biologico with the avianized vaccine (a 33% suspension of virus from the
188th egg-passage) showed that the vaccination of bovines with 6-ml
and even 3-ml doses produces a significant degree of protection against
an extremely severe challenge of street virus inoculated bilaterally into
the masseter muscle. The challenge in these investigations was a virus
strain which we had previously isolated from an outbreak of bat-transmitted
rabies in Brazil.

The chick-embryo vaccine will certainly simplify the control of the
disease in the field. The immunity induced by this vaccine in the dog
lasts for at least two to three years; according to this finding a long-lasting
immunity in cattle, which would make annual revaccinations unnecessary,
should also be expected.

The discovery of the new vectors of rabies in the American continent
and the consequent epidemiological aspects have created additional impor-
tant problems in the control of rabies. The constitution of an Expert
Committee on Rabies by the World Health Organization permits of a
periodic balance of the scientific advances in this field and the prompt
introduction of new and more effective techniques for the control of the
disease in countries where it is a serious public-health and veterinary
problem.

a To be published shortly
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RESUME

Au Ve siecle avant J.-C. deja, le chien etait consid&6 comme le principal vecteur
de la rage et il a garde cette priorite, meme apres que l'on eut demontre que les carni-
vores sauvages etaient, eux aussi, redoutables. Or, depuis 1911, un fait nouveau est
venu modifier nos connaissances sur 1'epidemiologie de la rage: on a decouvert que,
dans de vastes regions de l'Amerique latine, les vampires hematophages - qui n'existent
que dans le continent americain - transmettaient la rage. Cette decouverte, confirm6e
par des etudes poursuivies de 1916-36, s'est revelee tres importante du point de vue
economique et sanitaire, particulierement A la suite d'epizooties successives tres sev&es
et de 1'extension des zones infectees. Des milliers de tetes de betail et de chevaux
perissent, lA ou la vaccination annuelle n'est pas appliquee (10.000 tetes par an au
Mexique, de 1939-43). En outre, chez 1'homme, une serie de 80 cas de rage paralytique
transmise par les vampires a ete decrite en 1936 dans l'ile de Trinidad.

La rage transmise par les vampires se distingue de la rage classique par l'absence
de sympt6mes d'agressivit6 et de furie et la predominance de formes paralytiques, qui
ont longtemps deroute les epidemiologistes et retarde l'etablissement du diagnostic
exact. Les epizooties que l'on a signalees au cours de l'histoire de la rage n'ont jamais
eu la gravite ni 1'extension des epizooties provoquees par les vampires. Ces derniers
etant hematophages reiterent leurs morsures pour se nourrir du sang qui coule des
blessures. Ils ne sont pas seulement les vecteurs du virus, mais peuvent l'heberger pendant
plusieurs mois. Lea vecteurs habituels de la rage en meurent generalement ou sont
detruits, de sorte qu'ils ne sont nuisibles que pendant de breves periodes. Les vampires,
au contraire, bien qu'ils en meurent quelquefois, peuvent transmettre le virus pendant
de longues periodes et causer des epizooties tres etendues. La rage peut se commu-
niquer d'un vampire infecte A un vampire sain, au cours des luttes que se livrent ces
animaux qui vivent en collectivites. D'autre part, la transmission de la rage a l'homme
par la morsure de chauves-souris non hematophages a ete observee recemment aux
Etats-Unis.

On procede maintenant dans les regions infectees, A la vaccination du betail et des
chevaux, soit au moyen de vaccin phenique (20 % de suspension cerebrale de veau ou
de cheval) soit par le vaccin avianise. Les conditions d'utilisation de ce dernier vaccin
ont fait l'objet d'etudes recentes dont les resultats sont encourageants. Il semble que
l'on puisse compter, avec ce vaccin, sur une immunite d'une assez longue duree, qui
permettrait d'eviter les revaccinations annuelles.
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