Sudhi Ranjan Garg

Rabies in Man
and Animals

N Springer



Rabies in Man and Animals






Sudhi Ranjan Garg

Rabies in Man
and Animals

@ Springer



Sudhi Ranjan Garg

Veterinary Public Health &
Epidemiology

Lala Lajpat Rai University of Veterinary
and Animal Sciences

Hisar, Haryana, India

ISBN 978-81-322-1604-9 ISBN 978-81-322-1605-6 (eBook)
DOI 10.1007/978-81-322-1605-6
Springer New Delhi Heidelberg New York Dordrecht London

© Springer India 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or
part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way,
and transmission or information storage and retrieval, electronic adaptation, computer software,
or by similar or dissimilar methodology now known or hereafter developed. Exempted from this
legal reservation are brief excerpts in connection with reviews or scholarly analysis or material
supplied specifically for the purpose of being entered and executed on a computer system, for
exclusive use by the purchaser of the work. Duplication of this publication or parts thereof
is permitted only under the provisions of the Copyright Law of the Publisher’s location, in its
current version, and permission for use must always be obtained from Springer. Permissions for
use may be obtained through RightsLink at the Copyright Clearance Center. Violations are liable
to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are
exempt from the relevant protective laws and regulations and therefore free for general use.
While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility
for any errors or omissions that may be made. The publisher makes no warranty, express or
implied, with respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



To my beloved wife, Meenakshi






Preface

Rabies is among the oldest zoonotic diseases that are transmissible from
animals to human beings. All mammals are believed to be susceptible to
rabies and the transmission of infection usually occurs through the bite of an
infected host. With only Antarctica as the rabies-free continent, the disease
has a near cosmopolitan distribution, although several isolated rabies-free
countries do exist. The infection in unvaccinated humans is almost invariably
fatal, although a few cases of people surviving confirmed rabies infection have
been reported. Despite being a vaccine-preventable disease, rabies causes
deaths of more people than many other common infectious diseases worldwide.
Rabies is uniformly fatal in domestic and wild animals.

The highest incidence of human rabies fatalities is encountered in the
developing countries, mainly in Asia and Africa including India. Domestic
dogs remain the major reservoirs in such countries while many developed
nations have successfully controlled canine rabies through systematic rabies
prevention and control programmes. Rabies can be successfully prevented
with the modern highly potent cell culture vaccines, but the disease still continues
to haunt mankind globally. Even in the developed countries which have been
able to eliminate human rabies, the virus continues to circulate in dogs and
wildlife reservoirs necessitating constant surveillance and monitoring.

The resource constraint is mainly responsible for the grim situation in the
developing countries but the picture is not very bright even at places where
well-equipped laboratories and trained staff exist, usually due to the low priority
accorded to rabies control programmes. The misconceptions and lack of
awareness among health professionals, veterinarians, civic bodies and the
public further aggravate the problem. It has been noted that most humans die
due to rabies because they fail to get timely and appropriate post-exposure
treatment, particularly in rural and remote areas. Many dog bites, especially
in children, are either ignored or reported late which leads to completely
missing the life-saving post-exposure treatment or delay in its administration.
Incomplete or faulty treatment due to ignorance and other factors also
compounds the problem.

In rabies-endemic countries, the disease can be effectively targeted by using
the models and guidelines of previous successful rabies control programmes.
This book provides an insight into the risk analysis and epidemiology of
rabies in different parts of the world and elaborates the challenges in rabies
control along with cost-effective ways to overcome the constraints. Apart
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from updating the knowledge and skills of the health professionals and
veterinarians, the book will be quite useful in educating people. The illustrations
and simple language in the book are expected to assist in evolving practical
strategies for control and eventual elimination of rabies in human beings and
animals through intersectoral coordination.

Hisar, India Sudhi Ranjan Garg
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Introduction

Abstract

Rabies, also known as hydrophobia in man, is among the most dreadful
zoonotic diseases. It affects the central nervous system of humans and
warm-blooded animals. The disease is transmitted from animal to animal
and from animal to man through saliva. Despite being vaccine prevent-
able, rabies kills more than 55,000 people worldwide every year apart
from causing huge loss of domestic animals. Most human rabies deaths
occur in Asia and Africa; India alone shares 36 % of the global burden.
Rabies virus is present on all continents except Antarctica. Many strains of
rabies virus and many animal species are involved in the maintenance and
transmission of the disease. All mammalian species including nonhuman
primates and humans are affected. Major reservoir hosts vary with the
area. Canine rabies predominates in most of the developing countries.
More than 90 % of cases of human rabies are transmitted by dogs which is
a major concern for public health in these countries. However, the disease
is present mainly in wildlife hosts in some other regions. Besides canines,
skunks, mongooses, raccoons, and bats, domestic animals including cattle,
sheep, goats, horses, and swine are also susceptible.

1.1 Background

requires weeks or even months, depending upon
the distance from the site of the bite to the brain.

Rabies is regarded as one of the most important
zoonotic diseases in the world. Commonly
known as hydrophobia in man, it is a viral disease
that affects the central nervous system (CNS) of
humans and warm-blooded animals. Rabies is
transmitted from animal to animal and from ani-
mal to man through saliva. Animal bites intro-
duce the virus into muscle and nerve ending-rich
tissues from which it penetrates into nerve cells
where it replicates and progressively travels through
the spinal cord to the brain. This process usually

The disease causes hydrophobia in man, halluci-
nations, aggressive behaviour, and paralysis,
eventually leading to coma and death. Once the
symptoms appear, rabies is nearly always fatal.
Rabies has been recognised for centuries. The
word rabies is derived from the Latin word rabere,
which means to be mad, to rage, or to rave. The
word might be having roots in a Sanskrit word
rabhas that means to do violence. The first written
description of rabies in the literature is cited in the
Babylon Codex (23 centuries BC). Dog owners in

S.R. Garg, Rabies in Man and Animals, DOI 10.1007/978-81-322-1605-6_1, 1
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the Babylonian city of Eshnunna were fined
heavily for deaths caused by their dogs biting the
people. Democritus, a Greek philosopher, recorded
a case of canine rabies in 500 BC. In 400 BC,
Aristotle wrote that ‘dogs suffer from the
madness. This causes them to become very irri-
table and all animals they bite become diseased’.
Rabies is now present on all continents except in
Antarctica, but more than 95 % of human deaths
occur in Asia and Africa. The disease primarily
infects domestic and wild animals and is transmit-
ted to humans through close contact with infected
saliva via bites or scratches, mainly of dogs.

In 1885, Louis Pasteur obtained his first suc-
cess against rabies through postexposure vacci-
nation (Bourhy et al. 2010), but even more than
125 years later, the disease still continues to
affect mankind, especially in developing coun-
tries in Africa, Asia, and Latin America. Despite
the existence of effective vaccines for both human
and veterinary use, it is estimated that rabies kills
more than 55,000 people worldwide every year
besides causing huge loss of domestic animals.
Based on the disability-adjusted life year (DALY)
score, it has been estimated that deaths due to
rabies would be responsible for 1.74 million
DALYs lost each year in Africa and Asia (Knobel
et al. 2005). An additional loss of 0.04 million
DALYs may occur due to the side effects from
nerve tissue vaccines. The estimated annual cost
of rabies including costs of postexposure prophy-
laxis (PEP), expenses on rabies control in dogs,
and livestock losses has been put at US$583.5
million.

The true global impact of rabies may be much
more. Human mortality data alone may not give
the real picture of the quantum of the risk of
exposure to rabies from animals. The incidence
of rabies might be largely underestimated due to
poor reporting and lack of diagnostic facilities
and surveillance, particularly in the developing
countries. While all mammalian species, includ-
ing nonhuman primates and humans, are believed
to be susceptible to rabies, it is primarily not a
disease of humans. Human infection is incidental
to the reservoir of disease in wild and domestic
animals. In the natural sense, rabies is a disease
of wild carnivores involving dogs, cats, wolves,

1 Introduction

foxes, coyotes, jackals, raccoons, skunks, and
bats as reservoirs and vectors. Therefore, a more
accurate projection of the impact of rabies on
public health should include an estimate of the
extent to which the animal population is affected
and the number and distribution of cases of rabies
in domestic animals (CDC 2012).

1.2  Geographical Distribution
Rabies virus is known to be endemic in at least 150
countries. While in some regions, the disease is
present mainly in wildlife hosts, rabies in domestic
dogs is of major concern for public health in many
developing countries. Some countries including
the UK, Ireland, Sweden, Norway, Iceland, Japan,
Australia, New Zealand, Singapore, most of
Malaysia, Papua New Guinea, the Pacific Islands,
and some islands in Indonesia have been free of
the classical rabies virus for many years (CFSPH
2009), but the number and size of rabies-free
countries, territories, or areas are small in com-
parison to those of rabies-affected areas. Adequate
surveillance, import regulations, and vaccination
programmes reduce the occurrence of cases of
rabies in man and animals. Some countries have
succeeded in controlling and even eradicating the
disease by implementing vigilant control mea-
sures; however, the rabies-free status of any coun-
try, area, and population may change due to
reintroduction of virus. For example, rabies was
introduced in the year 2008 into the island of Bali
(Indonesia), which had been free of rabies for
many years. A lack of surveillance allowed the
import of an unvaccinated rabid dog to Bali from
Flores, a distant island where canine rabies was
similarly introduced in 1997 and has since become
endemic (Clifton 2010).

According to the World Health Organization
(WHO) estimates, the number of human rabies
deaths in Asia is more than 31,000 per year, of
which more than 20,000 occur in India alone.
India thus accounts for 36 % of the global human
rabies death burden. Rabies is endemic in India
exceptin Andaman and Nicobar and Lakshadweep
islands, which are historically known to be
rabies-free. The extent of rabies burden among



1.2 Geographical Distribution 3
Table 1.1 Rabies outbreaks in animals in India reported to OIE (1996 to 2004) (OIE 2011)
Number of
Year Species Outbreaks Cases Deaths
1996 Cattle 16 286 286
Dogs 35 84 84
1997 Cattle 12 70 70
Dogs 25 35 35
Sheep/goats 1 Information
not available
1998 Cattle 10 137 137
Buffaloes Information
not available
Dogs 40 200 200
Cats 0 0 0
Sheep/goats 0 0 0
1999 Cattle 21 55 55
Buffaloes Information
not available
Dogs 13 29 29
2000 Cattle 23 62 62
Dogs 11 32 32
2001 Cattle 89 297 297
Buffaloes 5 41 41
Dogs 20 75 75
Sheep/goats 15 74 74
2002 Cattle 126 420 420
Buffaloes 2 16 16
Dogs 14 214 214
Sheep/goats 5 7 7
2003 Cattle 51 130 130
Buffaloes 3 15 15
Dogs 7 20 20
Equidae 2 3 3
Sheep/goats 4 9 9
2004 Cattle 29 85 85
Buffaloes 1 1 1
Dogs 4 12 12
Sheep/goats 2 54 54
1996 to 2004 Total 586 2,463 2,463

animals in the country is not exactly known, but
the incidence of the disease is quite high and the
disease is frequently encountered in different
parts of the country. The description of the out-
breaks of rabies in animals during the years 1996
to 2004 reported to the World Organisation for
Animal Health (OIE) is given in Table 1.1. India
reported 586 outbreaks among different species

of animals leading to death of 2,463 animals
during this period. Subsequently, 398 outbreaks
of rabies in animals were reported during the
period 2005 to 2011, the geographical distribu-
tion of which is given in Table 1.2. Many areas of
the country did not report any case during this
long period of 7 years despite the endemic status
of rabies there. The actual numbers, therefore,
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Table 1.2 Number of outbreaks of rabies in animals reported from India to OIE (2005 to 2011) (OIE 2013)

State/union territory 2005 2006 2007
Andhra Pradesh 3 - 7
Arunachal Pradesh - _ _
Goa

Gujarat

Himachal Pradesh
Jammu and Kashmir
Karnataka - - 6
Kerala
Madhya Pradesh - — _
Maharashtra - - _
Manipur - - _

DO = =
|
|

Meghalaya - - -
Mizoram - - -
Nagaland 2 - 3
Orissa (Odisha) - -

Pondicherry 2 - -
Rajasthan - - -
Tamil Nadu - - -
Tripura - - -
Uttar Pradesh - - -
West Bengal 16 10 16
Jharkhand - - -
Total 31 17 43

may be substantially higher, considering the
possibility of underreporting due to weak rabies
surveillance and inadequate reporting mechanism
in the country.

1.3 Reservoirs and Host Range
All mammals are susceptible to rabies virus. As
there are many strains of rabies virus, many animal
species are involved in the maintenance and trans-
mission of the disease. Each rabies virus strain is
maintained in nature in particular animal species.
The animal hosts include members of the family
Canidae (dogs, jackals, coyotes, wolves, foxes,
and raccoon dogs), Mustelidae (skunks, martens,
weasels, and stoats), Viverridae (mongooses and
meerkats), and Procyonidae (raccoons) and the
order Chiroptera (bats). The important reservoir
hosts vary with the area (CFSPH 2009).

Canine rabies predominates in most of the
developing countries of Central and South
America, Africa, and Asia, which share the greater

2008 2009 2010 2011 Total
1 - - 2 13
- - 2 - 2
- - - - 2
- 5 - - 8
- - 1 - 2
6 6 - - 25
15 9 9 7 46
- 1 - - 4
1 - - - 1
- 7 1 - 8
1 - 9 7 17
2 42 22 17 83
- 3 - - 3
10 8 8 1 32
5 9 - - 18
- 1 4 1 8
- 2 - - 2
- 1 - - 1
2 2 6 28 38
- - 4 26 30
4 1 4 3 54
- - 1 - 1
47 97 71 92 398

burden of human rabies. More than 90 % of cases
of human rabies are transmitted by dogs (WHO
2012). Apart from dogs, wildlife hosts are also
present in these regions. Jackals, bat-eared foxes,
and mongooses are involved in rabies transmis-
sion in Africa, particularly in the southeastern part
of the continent. In Central and South America,
rabies has been reported in wolves, coyotes,
skunks, and foxes while mongooses are also
important in the Caribbean. Red and arctic foxes,
raccoon dogs, mongooses, and jackals are the
rabies reservoir hosts in parts of Asia, and red
foxes and golden jackals in the Middle East.
A variety of bat species have been shown to harbour
rabies orrabies-related viruses in Africa, Australia,
Central and Southeast Asia, Europe, and most of
the Americas (CFSPH 2009; WHO 2012).

The canine rabies variant is well controlled in
the United States (USA), Canada, and Europe,
and it may no longer be circulating or circulates
only at low levels in some areas. In parts of
Canada and the USA, skunk, raccoon, and fox
rabies is widely prevalent. In North America,
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maintenance hosts for rabies virus include insec-
tivorous bats, striped skunks, raccoons, coyotes,
and various species of foxes. Red foxes, insec-
tivorous bats, wolves, and raccoon dogs appear to
be important hosts in Europe (CFSPH 2009;
WHO 2012). Infected wildlife species, including
bats, can transmit rabies to humans, but the over-
all number of such cases remains limited com-
pared with the annual number of human deaths
caused by dog-transmitted rabies.

Domesticated animals like cattle, sheep, goats,
horses, and swine are also susceptible which may
contribute in maintaining rabies in nature.
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Causation of Disease

Abstract

Rabies viruses consist of a group of negative-strand RNA neurotropic
viruses of the genus Lyssavirus. The classical rabies virus found world-
wide is responsible for classical rabies that constitutes a vast majority of
rabies cases. Other lyssaviruses appear to have more restricted geographi-
cal and host range. All species of mammals are susceptible but only a few
species are important as major reservoirs. The virus is transmitted
between mammals usually through saliva and animal bites. Contact with
infectious saliva or neurological tissues, through mucous membrane or
abraded skin, may also cause infection. Dogs are the main hosts in Asia
and Africa while wild animals act as major hosts in Europe, North
America, and Australia, from which the disease spills over to domestic
animals and humans. Certain categories of people such as those living in
or travelling to the rabies-endemic areas or those occupationally exposed
to animals, animal bites, or infected material face greater risk of infec-
tion. Inadequate medical facilities and unavailability of vaccines and
immunoglobulin in rural high-risk areas make the residents and travellers
more prone to the disease.

2.1 Etiological Agent

worm (‘lyssa’), situated under the fraenum of the
dog’s tongue (Théodorides 1986; Blancou 2004).

As early as the first century AD, the infectivity of
the saliva of rabid dogs was described by
Cardanus, a Roman writer. He described the
saliva from a rabid dog as a virus — the Latin
word for poison. Historically, Celsus, a physician
and naturalist, used the term rabies ‘virus’ (but in
the sense of poison or venom) and emphasised
that the bites of all animals that contained virus
were dangerous to man and to other animals
(Smithcors 1958; Mutinelli et al. 2004). Pliny
attributed canine rabies to the existence of a small

Rabies is caused by negative-strand ribonu-
cleic acid (RNA) neurotropic viruses of the
genus Lyssavirus in the family Rhabdoviridae
and order Mononegavirales. The name Rhabdo
comes from the Greek word and identifies the
characteristic bullet or rod shape of the viruses
(Fig. 2.1). Rabies viruses consist of a group of
viruses including several recently identified bat
lyssaviruses responsible for causing encephali-
tis. Based on demarcation criteria such as genetic
distance and antigenic patterns in reactions with

S.R. Garg, Rabies in Man and Animals, DOI 10.1007/978-81-322-1605-6_2, 7
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2 Causation of Disease

Fig. 2.1 Rabies virus, purified from an infected cell
culture. Negatively stained virions showing characteristic
‘bullet shape’. Magnification approximately x70,000
(Murphy 2012)

panels of antinucleocapsid monoclonal antibodies,
the International Committee on Taxonomy of
Viruses (ICTV) has delineated the genus
Lyssavirus into 12 species as of 2011 shown in
Table 2.1 (ICTV 2012). This demarcation is fur-
ther supported by geographical distribution and
host range as depicted in the table (Rabies
Bulletin Europe 2012).

A newly identified lyssavirus, Bokeloh bat
lyssavirus detected in bats (Myotis nattereri) dis-
tributed in Europe, has not yet been classified
(Freuling et al. 2011; Rabies Bulletin Europe
2012). In another recent report, evidence in sup-
port of a novel lyssavirus was obtained from
brain samples of an African civet (nocturnal,
catlike animal) in Tanzania (Marston et al. 2012).
Results of phylogenetic analysis of nucleoprotein
gene sequences from representative lyssavirus
species and this novel lyssavirus provided strong

empirical evidence that this is a new lyssavirus
species, designated Ikoma lyssavirus.

Lyssavirus species segregate into two or more
phylogroups. Phylogroup 1 includes Rabies virus
(RABYV), Duvenhage virus (DUVV); European bat
lyssaviruses, types 1 and 2 (EBLV-1 and EBLV-2,
respectively); Australian bat lyssavirus (ABLV);
Aravan virus (ARAV); Khujand virus (KHUV);
and Irkut virus (IRKV). Bokeloh bat lyssavirus
also appears to belong to this group (CFSPH 2012).
Lagos bat virus (LBV), Mokola virus (MOKYV),
and Shimoni bat virus (SHIBV) belong to
Phylogroup 2. West Caucasian bat virus (WCBV)
does not cross-react serologically with any of the
two phylogroups and has been provisionally placed
in a new group, Phylogroup III (Rabies Bulletin
Europe 2012; CFSPH 2012). There is a significant
serological neutralisation within phylogroups, but
very limited cross-neutralisation has been detected
between phylogroups.

The classical rabies virus is found worldwide
and is the causative agent of classical rabies. It is
responsible for the overwhelming majority of
reported rabies cases in animals and humans.
Other lyssaviruses appear to have more restricted
geographical and host range, with the majority
having been isolated from bats; however, it can
be assumed that all lyssaviruses can cause indis-
tinguishable fatal encephalitis both in humans
and in other mammals (OIE Terrestrial Manual
2011; Rabies Bulletin Europe 2012).

Rhabdoviruses are approximately 180 nm
long and 75 nm wide. The RNA genome of lyssa-
viruses is 12 kilobases long, non-segmented, and
of negative polarity encoding five viral proteins:
nucleoprotein (N), phosphoprotein (P), matrix
protein (M), glycoprotein (G), and polymerase (L).
There is a leader sequence (LDR) of approxi-
mately 50 nucleotides, followed by N, P, M, G,
and L genes (CDC 2012b; WHO 2012; Rabies
Bulletin Europe 2012). All rhabdoviruses
have two major structural components: a helical
ribonucleoprotein core (RNP) and a surround-
ing envelope. In the RNP, genomic RNA is
tightly encased by the nucleoprotein. Two other
viral proteins, the phosphoprotein and the large
protein (L protein or polymerase), are associ-
ated with the RNP. The glycoprotein forms
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Table 2.1 Taxonomy of lyssaviruses (ICTV 2012; Rabies Bulletin Europe 2012)

Species

Rabies virus-type species

Aravan virus
Australian bat lyssavirus

Duvenhage virus
European bat lyssavirus 1
European bat lyssavirus 2
Irkut virus

Khujand virus

Lagos bat virus

Mokola virus

Shimoni bat virus

West Caucasian bat virus

Potential vector(s)/reservoirs
Carnivores (worldwide), bats (Americas)

Insectivorous bats (Myotis blythi)

Frugivorous/insectivorous bats
(MegachiropteralMicrochiroptera)

Insectivorous bats

Insectivorous bats (Eptesicus serotinus)

Insectivorous bats (Myotis daubentonii, M. dasycneme)
Insectivorous bats (Murina leucogaster)

Insectivorous bats (Myotis mystacinus)

Frugivorous bats (Megachiroptera)

?

Commerson’s leaf-nosed bat (Hipposideros commersoni)
Insectivorous bats (Miniopterus schreibersi)

Distribution

Worldwide (except several
islands)

Central Asia
Australia

Southern Africa
Europe

Europe

East Siberia
Central Asia

Africa
Sub-Saharan Africa
East Africa
Caucasian region

Fig.2.2 General
structure

of a rhabdovirus
(Hunt 2012)

approximately 400 trimeric spikes which are
tightly arranged on the surface of the virus. The
M protein is associated with both the envelope
and the RNP and may be the central protein of
rhabdovirus assembly (Fig. 2.2).

2.2  Mode of Transmission

All species of mammals are susceptible to rabies
virus infection, but only a few species are impor-
tant as reservoirs for the disease. The virus is

helical nucleocapsid (RNA plus
N protein)

readily transmitted between mammals, whether
they are the same or different species. It is usually
transmitted through saliva when infected saliva of
a host is passed to an uninfected animal. As rabid
animals become aggressive and harbour the virus
in saliva, the transmission of virus is frequently
via animal bites. Less often, an animal or person
is infected by contact with infectious saliva or
neurological tissues, through mucous membrane
or abraded skin, for example, when the infected
material gets directly into the eyes, nose, mouth,
or a wound. Licking of abraded or broken skin by
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an infected animal may cause infection but rabies
virus is not transmitted through intact skin.
Scratches, abrasions, open wounds, or mucous
membranes getting contaminated with saliva or
other potentially infectious material constitute
non-bite exposures (CDC 2012b).

Dogs are the main hosts that are responsible
for most of the human cases in Asia and Africa.
In the developed countries in Europe, North
America, and Australia, rabies is present mainly
in the wildlife hosts, from which the disease
spills over to domestic animals and humans. The
bite of infected dogs, cats, and wild carnivorous
animals including vampire bats is the most fre-
quent way of transmission of rabies infection to
humans. Cattle, horses, deer, and other herbivo-
rous animals can become infected and can be
potential source of transmission of the virus, but
it is not common (Fig. 2.3).

Inhalation of aerosolised rabies virus is
another potential non-bite route of exposure
(CDC 2012a). Aerosol transmission has been
documented in laboratories and bat caves. Rabies
viruses have been transmitted by ingestion in
experimentally infected animals, and there is
anecdotal evidence of transmission in milk to a
lamb and a human infant from their mothers
(CFSPH 2012).

Rabies virus is killed by heating; therefore
consuming pasteurised milk or cooked meat is

2 Causation of Disease
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not an exposure. However, drinking unpasteurised
milk from a rabid cow/goat is considered an
exposure (Partners for Rabies Prevention 2010).
In two incidents investigated by the US Centers
for Disease Control and Prevention (CDC), peo-
ple who drank unpasteurised milk from rabid
cows were given postexposure prophylaxis (PEP)
against rabies (CFSPH 2012).

There are few well-documented cases of
human-to-human transmission of rabies through
corneal transplants and recently through solid
organ (pancreas, kidney, liver) transplants. In
addition to this, bite and non-bite exposures
inflicted by infected humans could theoretically
transmit rabies, but no such cases have been doc-
umented. Casual contact, such as touching a
person with rabies or contact with non-infectious
fluid or tissue (urine, blood, faeces) does not
constitute an exposure (CDC 2012a).

2.3  Pathogenesis

Immediately after infection through cut, broken,
or abraded skin or through mucous membrane,
the rabies virus enters an eclipse phase during
which it is not easily detected. During this phase,
initial virus multiplication occurs in non-nervous
tissue such as striated muscle cells at the site
(Radostits et al. 2007). Here the virus can remain
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Fig. 2.4 Progression of rabies virus
infection in body (Hunt 2012)

| 4 Virus replicates in '
dorsal root ganglion

6. Virus travels from
brain via nerves to
other lissues such as
eye, kidneys, salivary
glands

' 3. Virus infects nerve in |

and travels up spinal 3
: peripheral nervous
cord to brain system
- - Moves by retrograde
1. Virus enters transport
via anmal bite =

for a prolonged period of time which influences
the incubation period (time between the exposure
and onset of disease) in individual cases. The
virus binds to the cells at the site of the inocula-
tion via nicotinic acetylcholine receptors. The
replication in muscle cells occurs with no obvi-
ous symptoms (Hunt 2012). It does not usually
stimulate an immune response at this time, but it
is susceptible to neutralisation if antibodies are
present (Fig. 2.4).

The virus being neurotropic, its uptake into
the peripheral nerves is important for progressive
infection. The neuromuscular spindles provide an
important site of virus entry into the nervous sys-
tem. Entry into the nervous system may also
occur at motor end plates (Radostits et al. 2007).
After the entry of the virus into a nerve, there is
invasion of the brain by passive movement of
the virus within axons, first into the spinal cord
and then into the brain. This method of spread
accounts for the extreme variations in the incuba-
tion period in different cases depending upon the
site of the bite (proximity to the brain). Bites on
the head usually result in a shorter incubation
period than bites on the extremities. The whole
process of infection and its progression is divided
into the following stages (CDC 2012b):

1. Adsorption (receptors and virion interaction)
2. Penetration (virus entry)
3. Uncoating (envelope removal)

| 2.Virus replicates in |
| muscle at site of bite |

Transcription (synthesis of mRNAs)
Translation (synthesis of structural proteins)
Processing (G-protein glycosylation)
Replication (production of genomic RNA
from intermediate strand)

Assembly

9. Budding (complete virions)

Adsorption involves fusion of the rabies virus
envelope to the host cell membrane in which
interaction of the G protein and specific cell sur-
face receptors may be involved. Adsorption initi-
ates the infection process, after which the virus
penetrates the host cell and enters the cytoplasm
by pinocytosis (via clathrin-coated pits). The
virions aggregate in the large endosomes (cyto-
plasmic vesicles) and the viral membranes fuse to
the endosomal membranes. It results in uncoating
due to the release of viral RNP into the cyto-
plasm. Transcription of messenger RNAs
(mRNAs) then takes place to permit virus repli-
cation (CDC 2012b).

A viral-encoded polymerase (L gene) tran-
scribes the genomic strand of rabies RNA into
leader RNA and five capped and polyadenylated
mRNAs, which are translated into N, P, M, G,
and L proteins. The intracellular ratio of leader
RNA to N protein regulates the beginning of the
replication process. It begins with the synthesis
of full-length copies (positive strands) of the viral
genome that serve as templates for synthesis of

A

I
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full-length negative strands of the viral genome
(CDC 2012b).

Virus replication is followed by the assembly
process and budding. The N-P-L complex
encapsulates the negative-stranded genomic
RNA to form the RNP core, and the M protein
forms a capsule, or matrix, around the RNP. The

Fig.2.5 Rabies virus infection in hamster brain, showing
an early stage in the formation of a Negri body and some
virions budding from intracytoplasmic membranes sur-
rounding the Negri body. Magnification approximately
%30,000 (Murphy 2012)

Fig.2.6 Rabies virus
infection in hamster
brain, showing large
numbers of bullet-
shaped virions in the
cytoplasm of an infected
neuron. Magnification
approximately x25,000
(Murphy 2012)

M-RNP complex binds with the glycoprotein in
the plasma membrane, and the completed virus
buds from it (CDC 2012b).

The virus moves along the nerve axons to the
central nervous system (CNS) using retrograde
transport. The virus arrives at the dorsal root gan-
glia and spinal cord and then spreads to the brain.
A variety of cells in the brain can be infected
including in the cerebellum, the Purkinje’s cells,
and also cells of the hippocampus and pontine
nuclei (Hunt 2012). Following the entry of rabies
virus to the CNS, usually in the spinal cord, an
ascending wave of neuronal infection and neuro-
nal dysfunction occurs.

After the virus has multiplied in the brain
causing inflammation, almost all animals begin
to show the first signs of rabies (prodromal
phase). The primary lesions produced are in the
CNS (Figs. 2.5 and 2.6), and the spread from the
site of infection occurs only by way of the periph-
eral nerves. The virus moves from the brain to the
salivary glands and saliva (Fig. 2.7). Within the
CNS, there is preferential viral budding from
plasma membranes. Conversely, virus in the sali-
vary glands buds primarily from the cell mem-
brane into the acinar lumen.

Within a short period of time (usually 3-5
days), the virus causes enough damage to the
brain and the signs of rabies become more clear
and peculiar (CDC 2012b). During this neuro-
logical phase, the virus is distributed to highly
innervated tissues via the peripheral nerves. The
virus can spread from the CNS, via neurons, to
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Fig. 2.7 Rabies virus in the salivary gland of a rabid fox.
Magnification approximately x 40,000 (Murphy 2012)

the skin, eye, and various other sites. Infection of
the brain leads to encephalitis and neural degen-
eration although elsewhere the virus seems to
cause little in the way of a cytopathic effect.
Gradually ascending paralysis of the hindquar-
ters may be followed by severe signs of mania,
which persist almost until death. Destruction of
spinal neurons results in paralysis, but when the
virus invades the brain, irritation of higher cen-
tres produces manias, excitement, and convul-
sions. The clinical signs of salivation, indigestion
and pica, paralysis of bladder and anus, and
increased libido all suggest involvement of the
autonomic nervous system, including endocrine
glands. Death is usually due to respiratory paral-
ysis (Radostits et al. 2007; Hunt 2012).

Studies have shown that rabies virus can be
excreted in the saliva of infected animals several
days before the illness is apparent. Wildlife spe-
cies are also known to excrete rabies virus in
saliva before the onset of signs of illness. The
excretion of virus may be intermittent, and the

relative amount of excreted virus may vary
greatly over time, before and after the onset of
clinical signs (CDC 2012b).

Many factors influence the incubation period
including the site of the exposure (proximity of
the site of infection to the brain), type of rabies
virus, number of virus particles in the infection,
and the immunological status of the exposed ani-
mal or person.

The immune response to the naturally acquired
virus is slow and a good neutralising response is
not seen until the virus has reached the brain
which is too late for survival. Neutralising anti-
body and inflammatory infiltration are usually
absent at the time of onset of encephalitic signs.
Antibody titres reach substantial levels only in
the terminal stages of the disease. Cell-mediated
immunity plays little role in a rabies infection.
Rabies is almost always fatal and only very few
survivors of symptomatic rabies have been docu-
mented (Hunt 2012; CDC 2012a).

24  Predisposing and Risk

Factors

Continual, frequent, or increased chance of expo-
sure to the rabies virus predisposes a person to
greater risk of infection. Certain categories of
people fall in the high-risk group as a result of
either their place of residence or their occupation.
For example, the people living in developing
countries or travelling to the rabies-endemic
areas, including countries in Africa and Southeast
Asia, may suffer more. Similarly, the activities
that involve frequent contact with animals or
exposure to animal bites also heighten the risk of
exposure. Veterinarians, animal handlers, animal
control officers, dogcatchers, quarantine officers,
pet owners, schoolchildren, postmen, delivery
personnel, etc. fall in this category.

Handling of rabies virus and other lyssavi-
ruses and infected animals may expose the labo-
ratory workers to rabies infection. Wildlife
wardens and others who come in frequent contact
with wild animals are also at greater risk. The
people engaged in exploring caves infested with
bats or those camping in forests without taking
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precautions to keep wild animals and bats away
may also expose themselves to rabies.

Besides the concentration of virus entering the
bite wounds, the closeness of bite wound to the
head or neck increases the chances of disease as
the rabies virus travels more quickly to the brain.

The unavailability of adequate medical facili-
ties, vaccines, and immunoglobulin in rural high-
risk areas makes the residents and travellers more
vulnerable to the disease.

Clearing of forests and disturbed wildlife hab-
itats may lead to straying of wild animals into the
nearby areas resulting in spillover of the infection
to domestic or pet animals as well as to human
beings. The risk factors that may expose pets to
rabies infection include exposure to wildlife,
exposure to other unvaccinated pets, and expo-
sure to stray unvaccinated animals.
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Epidemiology

Abstract

Rabies is widely distributed with the exception of only a few countries.
People of all age groups are susceptible but children are at a greater risk.
Rabies is maintained in two epidemiological cycles, urban cycle and syl-
vatic cycle. Dogs are the main reservoir hosts in the urban cycle which
predominates in India and many other developing countries in Asia, Africa,
and Central and South America. Sylvatic cycle is predominant in Europe
and North America because of successful control of dog rabies. In some
regions including India, sylvatic cycle operates simultaneously with the
urban cycle, making the epidemiology of rabies more complex. The maxi-
mum burden of rabies lies in Asia followed by Africa, while rabies is
endemic in animal populations in many European countries. In Latin
America, rabies circulates in dogs and bats. Bats are the source of most
human rabies cases in the USA and Canada. Bats in Australia have been
found to carry Australian bat lyssavirus. A variety of bat lyssaviruses have
also been documented in Africa. Due to the recent reports of Asian bats
maintaining lyssaviruses, interest in the role of bats in rabies transmission
has increased in Asia.

Epidemiological Features

Rabies is maintained in two epidemiological
cycles, urban cycle and sylvatic cycle. In the

Rabies is widely distributed across the globe,
with only a few countries (mainly islands and
peninsulas) being free of the disease. The dis-
ease occurs in more than 150 countries and
territories. Worldwide, more than 55,000 people
die of rabies every year. Although all age groups
are susceptible, children are at a greater risk.
Forty per cent of people who are bitten by sus-
pect rabid animals are children under 15 years
of age, and the majority receiving treatment are
males (WHO 2012).

urban rabies cycle, dogs are the main reservoir
host. This cycle predominates in India and many
other developing countries in Africa, Asia, and
Central and South America with large populations
of stray and unvaccinated dogs. Less-industrialised
countries, especially where there is a large pop-
ulation of ownerless dogs, face greater risk of
dog rabies. Overall, dogs are the source of 99 %
of human rabies deaths. Dog rabies potentially
threatens over 3.3 billion people in Africa and
Asia (WHO 2012).

S.R. Garg, Rabies in Man and Animals, DOI 10.1007/978-81-322-1605-6_3, 15
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Dog rabies transmission cycle has been virtually
eliminated in North America and Europe, although
sporadic cases occur in dogs infected by wild
animals. Due to strict surveillance and control
measures in these countries, the urban cycle is
not perpetuated in the dog population usually.
However, wildlife reservoirs have become increas-
ingly important in rabies transmission in such
areas (WHO 2012). The sylvatic (or wildlife) cycle
is, therefore, the predominant cycle in Europe
and North America. This type of transmission
cycle involves one or more carnivorous wildlife
species. For example, in Europe, the red fox
(Vulpes vulpes) is the main reservoir species. In
parts of Asia, the raccoon dog (Nyctereutes
procyonoides) is also considered reservoir species
for rabies. The introduced raccoon dogs in Eastern
Europe may also be implicated in sustaining the
chain of infection. In the Americas, bat species
are additional reservoir for rabies virus (Rabies
Bulletin Europe 2012). However, different infec-
tion cycles may occur simultaneously within
one geographical region. For example, indepen-
dent rabies infectious cycles in raccoons (Procyon
lotor), skunks (Mephitis sp.), red foxes (Vulpes
vulpes), grey foxes (Urocyon cinereoargenteus),
coyotes (Canis latrans), and arctic foxes (Alopex
lagopus) exist in the Americas. Wildlife rabies is
sporadically transmitted to domestic animals and
to humans (Rabies Bulletin Europe 2012).

More dangerously, in some parts of the world,
the sylvatic cycle operates simultaneously with the
urban cycle, making the rabies epidemiology more
complex. In India, disease transmission is known
to involve domestic animals (urban cycle) as well
as wild animals (sylvatic cycle), the former being
a more common source. Wild animals in India are
rarely implicated in the spread of disease to man.
People most at risk live in rural areas where human
vaccines and immunoglobulin are not readily
available or accessible (WHO 2012). Poor people
are at a greater risk, as the average cost of rabies
postexposure prophylaxis (PEP) after contact with
a suspected rabid animal is US$40 in Africa and
US$49 in Asia, while the average daily income per
person is very low (WHO 2012).

Depending on the rabies risks in terrestrial
animals, the Health Protection Agency (2012) of

3 Epidemiology

UK and the Health Protection Scotland (2012)
divide different countries into three categories:
(1) those with ‘no risk’ of rabies, (2) those with
‘low risk’ of rabies, and (3) those with ‘high risk’
of rabies (Table 3.1).

3.2 Rabiesin Asia

Asia bears the maximum burden of rabies.
According to the WHO estimates, 31,000 human
rabies deaths occur annually in Asia which comes
to about 56 % of total global deaths due to rabies.
As most of the developing countries in Asia have
weak surveillance and reporting systems, the true
number of fatalities can be even higher.

The main route of transmission is through the
bites of rabid dogs. More than three billion
people in the developing countries in Asia are
potentially exposed to dog rabies (WHO Global
Vaccine Research Forum 2006). Human cases
have also been reported due to exposure to rabid
cats and wildlife. Mongoose, jackals, foxes, and
wolves have been incriminated as wildlife reser-
voirs of rabies (Gongal and Wright 2011). The
categorisation of Asian and the Middle East
countries according to the rabies risks in terrestrial
animals has been shown in Table 3.1.

More than 1.4 billion people are at potential
risk of rabies infection in the Southeast Asian
region. The estimated number of dog bites in
human beings in the region is about 19 million
while 21,000-24,000 people die due to rabies
each year. This accounts for about 45 % of the
worldwide human rabies deaths (Gongal and
Wright 2011).

In a survey conducted in the year 2003, the
annual incidence of human deaths due to rabies
in India was estimated at 20,565, which is
about 2 per 100,000 population (Sudarshan et al.
2007). The majority victims were male, adult,
from rural areas, and unvaccinated persons. The
study revealed dogs to be responsible for 96.2 %
human rabies deaths while cats and other animals
accounted for 1.7 % and 2.1 % cases, respec-
tively. Two deaths due to the bites from jackals
were also recorded. Among the dogs, 75.2 %
were stray dogs.
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In Pakistan, although there are no accurate
data, it is estimated that over 25,000 animal bites
and 2,000-5,000 rabies deaths occur a year.
Over 90 % animal bites are from dogs, other
animals being cats, cattle, and wolves. Most
bites occur in rural areas; however, majority
of victims do not seek medical attention and
depend on home remedies alone (Salahuddin
2009). In Bangladesh, the annual estimated
number of human rabies death is 10,000, though
few records frequently underrate the figure. Annual
number of animal bite exposures in Bangladesh
is estimated to be more than 100,000. About
95 % of the reservoir animals of rabies are stray
dogs, while cat, jackal, mongoose, etc. cover the
remaining (Rahman 2009).

In Nepal, most (94 %) of the human rabies
cases follow contacts with rabid dogs. It is esti-
mated that on an average 200 people die annually
due to rabies. National statistics shows that about
30,000 people receive PEP and about 55,000
dogs are immunised against rabies with a tissue
culture vaccine produced in the country. An
epidemiological surveillance was carried out
during the years 2005-2007. Suspected rabid
dog bite human cases were 16,812, 16,401, and
20,943 for the year 2005, 2006, and 2007, respec-
tively, while the human mortality due to rabies
was 1.5 %, 1.4 %, and 2.17 %, respectively (Joshi
2009). In Bhutan, there were 753 cases of rabies
reported in domestic animal species from January
1998 to March 2006 (Rinzin 2009).

In Sri Lanka, dog is the main reservoir of
rabies and the estimated dog population is 2.5
million. A community survey conducted in 1997
revealed that the incidence of dog bites was 13.2
per 1,000 population (1.3 %). Another study
showed that 7.55 per 1,000 (0.75 %) population
had taken postexposure treatment in the year
2003. In the year 2008, an estimated number of
174,000 animal bite victims were initiated with
rabies PEP at government hospitals (Harischandra
2009a, b).

In the Philippines, rabies is responsible for
death of 200-300 Filipinos annually. In 2008,
250 human rabies cases were reported in the
country. Majority of these persons were males
and at least a third of them were less than 15

3 Epidemiology

years of age. About 190,000 animal bites were
reported. Canine rabies is endemic in the country,
and the exposure through animal bites is
responsible for almost all human rabies in the
Philippines. Animal rabies is prevalent in almost
all parts of the country except in some island
provinces and municipalities. Rabies among
animals has been limited to domesticated animals.
In 2008, 971 animal rabies cases were reported,
98 % of which were dogs (Deray 2009).

Rabies situation in Thailand has been improving
both in animals and humans during the past
decade. The human fatality due to rabies declined
from 57 in 1998 to 9 in 2008. The number of
animal bites or exposures per year varies from
300,000 to 400,000 (Panichabhongse 2009). In
Vietnam, dogs and cats are main rabies reservoir.
Among those who received postexposure treat-
ment, the exposure was through the dog bites
in 86.6 % persons and through cat bites in 8 %
cases. The rabies fatality rate was 0.107 per
100,000 population in 2008 (Hien 2009).

In Cambodia, 124,749 patients received PEP
during 1998-2007 at Institut Pasteur (average
12,470; range 8,907-14,475) and 63 fatal human
cases presented with encephalitis following a
dog bite were reported. During this period, out of
1,255 animal brain samples examined, 97 % were
from dogs that included 610 (49 %) positive
samples (Vong 2009).

Human rabies cases showed an increasing
trend in China in the recent past and reached the
highest peak in 2007. The human rabies cases
reported in the country between 1996 and 2008
predominately occurred in the rural areas and
mainly involved the peasants, students, and unat-
tended children. Among these, 85-95 % cases
were exposed to dogs and 4-10 % to cats. Reports
of human rabies cases exposed to wild animals
showed an increase in recent years (Tang 2009).

Most part of the territories of Mongolia has
active rabies natural foci. Thirty-four reports
of human rabies cases were recorded during
1996-2008 in the country. Among these, 20
(58.8 %) were males and 14 (41.2 %) were females.
Children in the age group 0-9 years were the
most affected (41.2 %). Dogs, wolves, and foxes
play main role in the rabies cycle. About 49 % of
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all the people exposed to animal bites were bitten
by dogs, 35 % by wolves, 2 % by foxes, and 14 %
by livestock. Apart from human cases, 1,535
cases of animal rabies were recorded during the
same period, 82 % of which were livestock and
15.3 % dogs (Undraa 2009).

Japan has been free of rabies for more than
past half century. The last cases of indigenous
human and animal rabies were in 1954 and 1957,
respectively. In 1970, a college student suffered
from rabies in Tokyo after a trip to Nepal where
he had been bitten by a stray dog. In November
2006, two patients with a history of dog bites
in the Philippines were suspected of rabies.
Phylogenetic analysis of the amplified viral gene
demonstrated that both isolates were closely
related to canine rabies variants circulating in the
Philippines (Inoue 2009).

The incidence of rabies in animals reported
to the OIE by different Asian countries during
the period 2005-2011 (OIE 2013) has been
presented in Table 3.2.

3.3 Rabies in Africa
Africa is the second most rabies-affected continent
after Asia. Most of the countries in Africa pres-
ent high risk of rabies (Table 3.1). The estimate
of annual human rabies deaths in the continent
is 24,000, about 4 per 100,000 population at
risk (WHO 2012). Thus, 44 % of the estimated
human deaths due to rabies worldwide occur in
Africa; however, the mortality figure is still con-
sidered to be a conservative estimate as rabies
cases in humans are widely under-reported in
parts of Africa (Cleaveland et al. 2002; Mallewa
et al. 2007). Rabies virus is enzootic throughout
Africa with the domestic dog (Canis familiaris)
as the principal vector (Knobel et al. 2005).
Sylvatic rabies is also reported in a number of
wildlife hosts, particularly in southern Africa
(Nel et al. 1993; Swanepoel et al. 1993; von
Teichman et al. 1995; Knobel et al. 2005; Davis
et al. 2007).

The first confirmed outbreak of rabies in Africa,
believed to have followed the importation of an
infected dog from England in 1892, occurred in
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the Eastern Cape Province of South Africa
(Swanepoel et al. 1993). In a recent study, the
evolutionary dynamics of rabies virus in western
and central Africa was investigated by sequencing
92 isolates sampled from 27 African countries
over 29 years. The study revealed that rabies virus
currently circulating in dogs in that region fell
into a single lineage designated Africa 2, and the
analysis of phylogeographical structure revealed
its possible east-to-west spread across Africa
(Talbi et al. 2009). In addition, the study suggested
that the Africa 2 lineage was introduced into the
region probably <200 years ago. The emergence
and dissemination of the rabies virus thus coin-
cided with the expanding European colonisation
and urbanisation, perhaps occupying the entire
region in a 100 year period.

From about 1947 onwards, an invasive form
of dog rabies spread in different parts of the
continent which was followed by the emergence
of rabies in jackals and cattle. The existence of
endemic rabies of viverrids (mongooses and
genets) was confirmed in South Africa in 1928,
and since then, the viverrid disease has continued
to occur widely with spillover of infection to
cattle and a variety of other animals. The cases
of rabies in kudu antelope and bat-eared fox have
been recognised. The rabies-related viruses, Lagos
bat, Mokola, and Duvenhage, associated with bats,
shrews, and rodents in Africa, are also known to
have caused disease (Swanepoel et al. 1993).

A number of African countries have been
reporting the incidence of rabies in animals to
OIE. Country-wise reported incidence of animal
rabies during the period 2005-2011 (OIE 2013)
is shown in Table 3.3.

3.4 Rabiesin Europe

Rabies remains endemic in animal populations in
many European countries, especially in Central
and Eastern Europe despite systematic efforts
for rabies control, surveillance, and monitoring
of rabies by international organisations. The situ-
ation in different countries however greatly varies
(Table 3.1). The principal reservoirs of classical
rabies in Europe are red foxes (Vulpes vulpes)
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Table 3.2 Incidence of rabies in animals in Asian countries (2005-2011) (OIE 2013)

Country

Afghanistan

Bahrain

Bangladesh

Bhutan

Brunei Darussalam
Cambodia

China (People’s Rep. of)
Chinese Taipei

Hong Kong (SAR-PRC)
India

Indonesia

Iran

Iraq

Israel

Japan

Jordan

Kazakhstan

Korea (Dem. People’s Rep.)
Korea (Rep. of)
Kuwait

Kyrgyzstan

Laos

Lebanon

Malaysia

Maldives

Mongolia

Myanmar

Nepal

Oman

Pakistan

Palestinian Auton. Territories
Philippines

Qatar

Saudi Arabia
Singapore

Sri Lanka

Syria

Tajikistan

Thailand
Turkmenistan

United Arab Emirates
Uzbekistan

Vietnam

Yemen

New
outbreaks®

2005
+..
0

15
0
145
31
+0
297
22

13

250

0
98
5
9

2Number of new outbreaks reported to OIE
0 Disease absent; +.. disease present but without quantitative data; + disease present with quantitative data but with an

unknown number of outbreaks; ...

suspected but not confirmed

2006
12
90
17

+0
370

22
19

67

=]

354

2007

S N+ O

43
150
+0

23
886

2008

23
33
47

419
+0

189

2009

10

26

97

200

20

2010

130

546

87

56
185

+0
413

2011

DO e+ O

92
187
22

20

72
12
37

+()

350

88

70
107

+0
216

no information available; +() disease limited to one or more zones; ? disease
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Table 3.3 Incidence of rabies in animals in African countries (2005-2011) (OIE 2013)

New outbreaks®
Country 2005 2006 2007 2008 2009 2010 2011
Algeria 887 808 995 1,088 718 563 686
Angola 4 7 28 17 12 + 10
Benin . .. 2 0 0 5 1
Botswana 32 25 48 57 39 29 29
Burkina Faso 5 2 +.. +.. +.. +.. +..
Burundi + + + 3
Cameroon 5 1 4 1 ? 4 1
Cape Verde 0 0 ..
Central African +.. +.. +.. +.. 16 10 +..
Republic
Chad +.. + .. ... 4 14
Comoros 0 0 0 0
Congo +.. +.. + + +.. +.. 5
(Dem. Rep. of the)
Congo (Rep. of
the)
Cote D’Ivoire +.. +.. 6 1 13 10 13
Djibouti 0 0 0 0 0 0 0
Egypt 0 0 0 0 0 0 0
Equatorial Guinea .. . .. .. ? ? ?
Eritrea 1 1 1 1 5 0 .
Ethiopia 64 61 58 30 38 83 34
Gabon 12 10 12 10 1 3
Gambia ? 1
Ghana 13 23 10 31 21 31 26
Guinea 38 37 23 57 38 55 44
Guinea-Bissau +.. ? ? ? ? ? ?
Kenya 49 72 48 55 77 59 77
Lesotho 41 24 43 23 17 11
Libya 0 0 0 1 +.. .
Madagascar 23 4 1. +.. +.. 7 9
Malawi 32 4 25 6 16 30 21
Mali +.. +.. ? 1 0 0 0
Mauritania 13 7 4 +.. 14 11 11
Mauritius 0 0 0 0 0 0 0
Morocco 47 326 350 307 284 254 248
Mozambique 13 6 10 14 5 7 2
Namibia 216 154 72 32 90 175 207
Niger .. 0 0 +.. 1 5 +()
Nigeria 3 1 2 23 24 5 11
Reunion (France) 0 0 0 0 0 0 0
Rwanda 14 22 12 3 33 32
Sao Tome 0 0
and Principe
Senegal 1 1 1 0 1 2 18
Seychelles .. 0 0
Sierra Leone 0 +..

(continued)
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Table 3.3 (continued)

New outbreaks®

Country 2005 2006 2007
Somalia
South Africa 290 472 392
Sudan 3 0 4
Swaziland 13 41 48
Tanzania 82 . 87
Togo 58 25 37
Tunisia 83

Uganda 11 ? ?
Zambia . 33 50
Zimbabwe 234 121

2Number of new outbreaks reported to OIE

3 Epidemiology

2008 2009 2010 2011
0 0 0 5
488 522 401 295
1 4 5 1
59 47 36 32
28 14 16 10
39 28 18 14
+ 80 116 91
? +.. 1 3
106 125 96 +
61 38 128 184

0 Disease absent; +.. disease present but without quantitative data; + disease present with quantitative data but with an
unknown number of outbreaks; ... no information available; +() disease limited to one or more zones; ? disease sus-

pected but not confirmed

while raccoon dogs (Nyctereutes procyonoides)
play a significant role in the epidemiology of
rabies in the Baltic countries (Cliquet et al. 2010).
In addition, distinct epidemiological cycles occur
in certain bat species involving different lyssavi-
ruses. Classical rabies has been eliminated in
many European countries through implementa-
tion of oral rabies vaccination programmes. The
majority of the Western European countries are
now free of classical rabies, with reported rabies
restricted to relatively rarer bat cases (European
bat lyssaviruses type 1 and type 2). However,
rabies is still prevalent in wildlife in several east-
ern member states of the European Union and
adjacent non-member states.

Based on the data provided by the European
countries to the Rabies Information System of
the WHO Collaboration Centre for Rabies
Surveillance and Research, the numbers of rabies
cases in domestic animals, wildlife, bats, and
human beings in Europe are shown in Table 3.4.
The numbers of animals tested negative during
the same period are shown in Table 3.5.

3.5 Rabiesin North America

Rabies was most likely present in the New World
before European colonisation. Reports of Spanish
conquistadors dying after being bitten by vam-

pire bats exist as early as 1514 (Baer 2007).
However, canine rabies was most likely intro-
duced after colonisation. Rabies epizootics asso-
ciated with dogs were not reported until the early
eighteenth century, but later on dogs remained
the primary source of rabies in the USA until the
mid-twentieth century. Subsequently, with the
control of canine rabies, the epidemiology of
rabies in the USA shifted to primary circulation
and maintenance in wildlife species (Blanton
etal. 2011).

Over the last 100 years, the situation of rabies
in the USA has changed dramatically. The num-
ber of rabies-related human deaths in the USA
has declined from more than 100 annually at the
turn of the century to one or two per year in the
1990s, largely due to the availability and success
of modern prophylaxis measures. Every year, it is
estimated that 40,000 persons receive PEP
against potential exposure to rabies (CDC
2012b).

Since 1995, 49 human rabies cases have been
recorded in the USA (CDC 2012a). These are
summarised in Table 3.6. Human fatalities asso-
ciated with rabies occur mainly in the people
who fail to seek medical assistance, usually
because they were unaware of their exposure
(Blanton et al. 2011).

Before 1960, the majority of animal rabies
cases reported annually to CDC were in domestic
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Table 3.4 Rabies cases in European countries (2001-2011) (Rabies Bulletin Europe 2012)

Country Domestic animals Wildlife excluding bats Bat Human cases Total
Albania 8 9 0 0 17
Austria 4 24 0 0 28
Belarus 2,604 6,706 0 1 9,311
Belgium 1 0 0 0 1
Bosnia—Herzegovina 104 415 0 0 519
Bulgaria 58 224 0 0 282
Croatia 516 6,240 0 0 6,756
Cyprus 0 0 0 0 0
Czech Republic 2 36 1 0 39
Denmark 1 0 23 0 24
Estonia 328 1,780 0 0 2,108
Finland 1 0 1 0 2
France 11 0 51 0 62
Germany 9 172 107 6 294
Greece 0 0 0 0 0
Hungary 168 634 4 0 806
Iceland 0 0 0 0 0
Ireland 0 0 0 0 0
Ttaly 15 272 0 1 288
Latvia 649 3,026 0 1 3,676
Lithuania 1,747 6,021 0 0 7,768
Luxembourg 0 0 0 0 0
Macedonia 0 6 0 0 6
Malta 0 0 0 0 0
Moldova 323 179 0 0 502
Montenegro 29 173 0 0 202
Norway 0 0 0 0 0
Poland 758 4,489 61 0 5,308
Portugal 0 0 0 0 0
Romania 1,111 3,287 1 1 4,400
Russian Federation 15,143 12,754 5 84 27,986
Serbia 115 688 0 0 803
Slovak Republic 82 555 0 0 637
Slovenia 14 255 0 0 269
Spain 28 0 8 0 36
Sweden 0 0 0 0 0
Switzerland + Lichtenstein 1 0 1 0 2

The Netherlands 0 0 90 0 90
Turkey 2,013 234 0 0 2,247
Ukraine 11,269 8,614 11 9 19,903
UK 1 0 9 5 15
Total 37,113 56,793 373 108 94,387
% 39.3 60.2 0.4 0.1 100

animals, but now more than 90 % of these occurin  foxes, and coyotes are found in broad geographical
wildlife. The principal rabies hosts today are wild regions across the USA (CDC 2012b).

carnivores and bats. Outbreaks of rabies infections Most people are exposed to rabies due to
in terrestrial mammals like raccoons, skunks, close contact with domestic animals, such as
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Table 3.5 Animals tested negative in rabies surveillance in European countries (2001-2011) (Rabies Bulletin

Europe 2012)

Country Domestic animals
Albania 30
Austria 791
Belarus 171
Belgium 2,280
Bosnia—Herzegovina 152
Bulgaria 405
Croatia 5,318
Cyprus 0
Czech Republic 2,929
Denmark 22
Estonia 780
Finland 207
France 8,191
Greece 82
Hungary 4,385
Italy 4,262
Kosovo 22
Latvia 1,249
Lithuania 2,768
Luxembourg 24
Macedonia 2
Moldova 270
Montenegro 1
Poland 11,160
Portugal 0
Romania 112
Russian Federation 0
Serbia 1,256
Slovak Republic 2,547
Slovenia 835
Spain 102
Sweden 0
Switzerland + Lichtenstein 188
The Netherlands 62
Turkey 2,093
Ukraine 9,083
UK 179
Total 61,958
% 12.7

cats or dogs. While dogs have historically been
associated with rabies transmission to humans,
cats are more likely to be reported rabid in the
USA. Cats are often in close contact with both
humans and wild animals, implying that rabies
may be more easily transmitted to humans from
cats (CDC 2012b).

Wildlife excluding bats Bat Total
162 148 340
37,714 574 39,079
40 0 211
1,073 173 3,526
70 0 222
1,527 1 1,933
23,239 81 28,638
0 0 0
37,167 89 40,785
13 100 135
1,076 5 1,861
3,242 46 3,495
1,183 1,262 10,636
4 5 91
39,670 59 44,114
25,795 237 30,294
18 0 40
2,609 0 3,858
5,838 6 8,612
137 0 161
164 0 166

89 19 378
219 0 220
155,652 580 167,392
0 0 0

102 0 214

0 0 0

846 5 2,107
20,612 26 23,185
10,252 611 11,698
72 69 243

0 0 0

252 121 561

48 825 935
133 3 2,229
44,655 35 53,773
75 5,599 5,853
414,348 10,679 486,985
85.1 22 100

Rabies surveillance data of the USA and Puerto
Rico for the period 2005-2010 has been presented
in Table 3.7. In 2010, 48 states and Puerto Rico
reported 6,153 cases of rabies in animals and 2 in
humans (Blanton et al. 2011; CDC 2012b). Wild
animals accounted for 92 % of reported cases of
rabies in 2010. Raccoons were the most frequently
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Table 3.6 Cases of rabies in human beings in the USA (1995-2011) (CDC 2012a)

Sr. No.

NoRieRIEN Bie MRV R R R S R

N N N N N N N S N R R N R T N T T T T N B R R R N R R N N R e e e e N
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Date of death
March 15, 1995
September 21, 1995
October 3, 1995
November 9, 1995
February 8, 1996
August 20, 1996
October 15, 1996
December 19, 1996
January 5, 1997
January 18, 1997
October 17, 1997
October 23, 1997
December 31, 1998
September 20, 2000
October 9, 2000
October 10, 2000
October 25, 2000
November 1, 2000
February 4, 2001
March 31, 2002
August 31, 2002
September 28, 2002
March 10, 2003
June 5, 2003
September 14, 2003
February 15, 2004
May 3, 2004

June 7, 2004

June 9, 2004

June 10, 2004

June 21, 2004
Survived, 2004
October 26, 2004
September 27, 2005
May 12, 2006
November 2, 2006
December 14, 2006
October 20, 2007
March 18, 2008
November 30, 2008
Survived, 2009
October 20, 2009
November 11, 2009
November 20, 2009
August 21, 2010
January 10, 2011

Exposure history*
Unknown®

Unknown®

Unknown®

Unknown®

Dog bite — Mexico

Dog bite — Nepal
Unknown

Unknown

Unknown®

Unknown®

Unknown®

Unknown®

Unknown

Unknown®

Dog bite — Ghana
Unknown®

Bat bite - MN
Unknown®

Unknown® — Philippines
Unknown®

Unknown"

Unknown®

Unknown®

Bite

Bite

Bite

Bite (organ donor)
Liver transplant recipient
Kidney transplant recipient
Arterial transplant recipient
Kidney transplant recipient
Unknown®

Unknown®

Unknown"

Unknown®

Bite

Bite

Bite

Bite — Mexico

Bite

Unknown®

Unknown®

Unknown®

Bite

Bite

Unknown

Rabies virus variant®

Bat, Msp

Bat, Tb

Bat, Ln/Ps

Bat, Ln/Ps

Dog, Mexico

Dog, SE Asia

Bat, Ln/Ps

Bat, Ln/Ps

Bat, Ln/Ps

Bat, Ef

Bat, Ln/Ps

Bat, Ln/Ps

Bat, Ln/Ps

Bat, Tb

Dog, Africa

Bat, Tb

Bat, Ln/Ps

Bat, Ln/Ps

Dog, Philippines

Bat, Tb

Bat, Ln/Ps

Bat, Ln/Ps

Raccoon, eastern USA

Dog/mongoose, Puerto Rico

Bat, Ln/Ps

Dog, Haiti

Bat, Tb

Bat, Tb

Bat, Tb

Bat, Tb

Bat, Tb

Bat, unknown

Dog, El Salvador

Bat, unknown

Bat, Tb

Bat, Ln/Ps

Dog, Philippines

Bat, unknown

Fox, Tb-related

Bat, Ln/Ps

Bat, unknown

Bat, Ps

Bat, Ln/Ps

Dog, India

Bat, Mexico, Ds

Bat, Ps
(continued)
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Table 3.6 (continued)

Sr. No. Date of death Exposure history?* Rabies virus variant®
47 Survived, 2011 Unknown Unknown

48 July 20, 2011 Bite Dog, Haiti

49 August 31, 2011 Bite Dog, Afghanistan

*Data for exposure history are reported only when the biting animal was available and tested positive for rabies or when
plausible information was reported directly by the patient (if lucid or credible) or when a reliable account of an incident
consistent with rabies exposure (e.g. dog bite) was reported by an independent witness (usually a family member)

°In some instances where the exposure history is unknown, there may have been known or inferred interaction which,
especially for bats, could have involved an unrecognised bite

“Variants of the rabies virus associated with terrestrial animals in the USA are identified with the name of the reservoir
animal (dog or dog/coyote in all cases shown) followed by the name of the most definitive geographical entity (usually
the country) from which the variant has been identified. Variants of the rabies virus associated with bats are identified
with the name(s) of the species of bat(s) in which they have been found to be circulating. Because information regarding
the location of the exposure and the identity of the exposing animal are almost always retrospective, and much informa-
tion is frequently unavailable, the location of the exposure and the identity of the animal responsible for the infection
are often limited to deduction

Ln/Ps = Lasionycteris noctivagans or Pipistrellus subflavus, the silver-haired bat or the eastern pipistrelle; Msp=Myotis,
species unknown; Tb="Tadarida brasiliensis, the Brazilian (Mexican) free-tailed bat; Ef=Eptesicus fuscus, the big
brown bat; Ds =Desmodus rotundus, the vampire bat

Table 3.7 Rabies surveillance data in the USA and Puerto Rico (2005-2010) (Blanton et al. 2006, 2007, 2008, 2009,

2010, 2011)

Type of rabid species 2005 2006
Cases of rabies in animals 6,417 6,940
Human cases 1 3
Total wild animals cases 5,923 6,393
Raccoons 2,534 2,615
Skunks 1,478 1,494
Foxes 376 427
Bats 1,408 1,692
Domestic animals 494 547
Rabid cats 269 318
Rabid dogs 76 79
Rabid cattle 93 82

reported rabid wildlife species in the year 2010
(2,246 raccoons, 36.5 % of all rabid animals dur-
ing 2010), followed by 1,448 skunks (23.5 %),
1,430 bats (23.2 %), 429 foxes (6.9 %), 303 cats
(4.9 %), 71 cattle (1.1 %), and 69 dogs (1.1 %).
Other wild animals included rodents and lago-
morphs (1.8 %) (Blanton et al. 2011). Domestic
species accounted for about 8 % of all rabid ani-
mals reported in the USA in 2010. Approximately
1.1 % of cats and 0.3 % of dogs tested for rabies
were found positive (CDC 2012b).

In Canada too, rabies represents a serious
threat although human cases are rarely reported.

2007 2008 2009 2010
7,258 6,841 6,694 6,153
1 2 4 2
6,776 6,369 6,185 5,666
2,659 2,389 2,327 2,246
1,478 1,589 1,603 1,448
489 454 504 429
1,973 1,806 1,625 1,430
482 471 505 487
274 294 300 303
93 75 81 69

57 59 74 71

One case of human rabies was recorded in the
country during 1993-2002 (Belotto et al. 2005).
Thereafter, one human fatality due to rabies was
recorded each in the year 2003 and 2007 (Krebs
et al. 2004; Blanton et al. 2008). The status of
human and animal rabies in Canada during
2005-2010 is summarised in Table 3.8. During
2010, no human cases of rabies were reported;
however, there were 123 laboratory-confirmed
cases of rabies involving animals (Blanton et al.
2011). Ninety-three per cent (n=114) of the
cases involved rabid wildlife, 1.6 % (2) involved
rabid livestock, and 5.7 % (7) involved rabid cats
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Table 3.8 Cases of rabies in Canada (2005-2010) (Blanton et al. 2006, 2007, 2008, 2009, 2010, 2011)

Type of rabid species 2005 2006
Domestic and wild animals 248 229
Human cases 0 0
Wild animals 214 176
Livestock 18 34
Companion animals 16 19
Bats 94 72
Raccoons 3 5
Skunks 94 84
Foxes 18 14
Dogs 12 13
Cats 4 6
Bovines 16 26
Equines 2 7

and dogs. No rabid wolves were reported in
Canada in 2010, compared with 5 in 2009. Rabid
foxes (6), bats (48), dogs (3), and cattle (1) were
reported in the year 2010. The corresponding
numbers of these animals during the year 2009
were 13, 55, 9, and 8, respectively. The reported
number of rabid skunks was 60, cats 4, and equids
1 in 2010, while the corresponding figures of
these during 2009 were 49, 3, and 0, respectively
(Blanton et al. 2011).

3.6 Rabiesin Latin America

In Latin America, two distinct epidemiological
cycles of rabies circulating in dogs and bats have
been recognised since early colonial times. Dog
rabies is suspected to have been present in
Mexico since 1709 (Malaga-Alba 1957) while
records in South America date to the early nine-
teenth century (Steele 1975). Leans (2011) anal-
ysed the epidemiological trends of human and
canine rabies cases during 1970-2009 in Latin
America. He observed that the number of human
cases was very high, at times even greater than
300 per year, up to 1990s which gradually
declined to 19 in the year 2009. According to the
information available at the Epidemiological
Information System, 56 human rabies cases were
reported in the year 2011 while the average for
the past one decade was 56 human cases (PAHO
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2007 2008 2009 2010
273 235 145 123
1 0 0 0
243 204 122 114
19 16 11 2
11 15 12 7
93 61 55 48
59 27 0 0
78 99 49 60
13 15 13 6
12 9 3

3 3 3 4
15 12 8 1
2 0 0 1

2012). The corresponding number of canine
rabies cases in the year 2011 stood at 466 while
the average for the previous decade was 989.

There has been substantial reduction in
human and canine rabies cases due to systematic
control programmes but rabies continues to pose
a real challenge in the region. During the period
2000-2009, total 462 cases of human rabies
were recorded (PAHO Rabies Information
System 2011; Leans 2011). These were transmit-
ted by different animal species including dogs
(239), vampire bats (149), non-hematophagous
bats (11), nonspecified bats (15), cats (9), cattle
and horses (4), wild carnivores (10), and unspec-
ified sources (25). The incidence of rabies in ani-
mals reported to the OIE by different countries
in the Americas (excluding USA and Canada)
during the years 2005-2011 has been sum-
marised in Table 3.9.

3.7 Rabies in Australia and

Oceania

Australia is currently free from classical rabies.
Only two imported human cases have been
reported between 1900 and 1995 in travellers
who returned from endemic areas, one in 1987
and another in 1990 (CDC 1988; Department of
Health, Australia 2012). Subsequently, two human
cases of Australian bat lyssavirus infection were
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Table 3.9 Incidence of rabies in animals in Latin American countries (2005-2011) (OIE 2013)

New outbreaks?®

Country 2005 2006
Argentina 2 27
Aruba

Barbados 0
Belize 11 2
Bolivia 231 23
Brazil 1,496 1,388
Cayman Islands 0 0
Chile 0
Colombia 103 111
Costa Rica 4 2
Cuba 21 47
Dominica
Dominican Republic 27 80
Ecuador 12 4
El Salvador 174 241
French Guiana 0

Grenada ..

Guadeloupe (France) 0 0
Guatemala 35 28
Guyana +() +()
Haiti +.. +..
Honduras 0 +()
Jamaica 0 0
Martinique (France) 0 0
Mexico 249 47
Nicaragua 1 4
Panama 4 29
Paraguay +.. +
Peru 55 104
St. Kitts and Nevis 0
St. Vincent and the 0
Grenadines

Suriname 0 0
Trinidad and Tobago 1 1
Uruguay 0 0
Venezuela 27 12

“Number of new outbreaks reported to OIE

2007 2008 2009 2010 2011
39 22 7 24 58
0 0
0 . e 0
2 3 0 5 0
30 330 75 43 35
1,096 1,135 1,135 913 938
1 0 0 30 42
92 119 152 156 100
1 0 3 1 3
32 81 74 42 34
16 89 103 78 95
11 32 26 27 53
97 55 4 18 4
0 1 0 0
? +.. +
0 0 0 0 0
77 102 142 95 96
+0 +0 +0 +0 +0
+ +. +.. +
0 1 18 3
0 0 0 0
0 0 0 0 0
268 205 335 321 214
0 1 0 0
8 25 7 8 17
+.. +.. 21 46 62
93 106 81 104 92
0 0 0 0
0 0 0 0
1 0 0 3 2
26 30 30 12 0
34 54 32 26 11

0 Disease absent; +.. disease present but without quantitative data; + disease present with quantitative data but with an
unknown number of outbreaks; ... no information available; +() disease limited to one or more zones; ? disease sus-

pected but not confirmed

reported, one from Northern New South Wales
(1996) and the other from Rockhampton in
Queensland (1998). These persons had a history
of bites and scratches from a bat and both devel-
oped fatal encephalitis and died (Department of

Health, Australia 2012). Rabies of bat origin is
thus an emerging infectious disease in the region
and the risk of human exposure rises with the
increasing human contact with Australian bat
environments.
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Table 3.10 Incidence of rabies in animals in Oceania (2005-2011) (OIE 2013)

New outbreaks®

Country 2005 2006
Australia 0 0
Fiji ..
French Polynesia 0 0
Kiribati

Micronesia (Federated States) .
New Caledonia 0 0
New Zealand 0 0
Papua New Guinea

Samoa 0

Tonga
Tuvalu 0
Vanuatu 0 0

Wallis and Futuna Islands

“Number of new outbreaks reported to OIE
0 Disease absent; ... no information available

As revealed from the data reported to the OIE
concerning rabies in animals, the disease is gen-
erally absent in Oceania region (OIE 2013), but
in some cases, the information on the disease is
yet not available (Table 3.10).

3.8 BatRabies

The significance of bats as sources of rabies
infection has been increasingly appreciated,
and new information has been accumulating
rapidly during recent years. Rabies in flying
mammals (Chiroptera) is known to be wide-
spread; however, it is neither transmitted by the
same species nor caused by the same virus in all
parts of the world (FLI 2012). Bats are the prin-
cipal reservoirs for most of the recognised lys-
savirus species (Table 2.1) and are suspected as
hosts of other putative species (Kuzmin et al.
2010, 2011). Rabies virus, which circulates in
bats and other mammals, is known to circulate
in bats only in the Americas, whereas globally,
it circulates in carnivores. In the Old World,
bats maintain circulation of other lyssavirus
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2007 2008 2009 2010 2011
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

0
0 0 0 0
0 0 0 0 0
0 0 0 0 0

0 0 0 0

0 0 0
0 0
0 0 0 0 0
0

species, such as Lagos bat virus, Duvenhage
virus, European bat lyssaviruses type 1 and
type 2, Australian bat lyssavirus, Aravan virus,
Khujand virus, Irkut virus, West Caucasian bat
virus, and Shimoni bat virus. For these viruses,
bats are the principal hosts, with only a few
spillover infections documented in other mam-
mals (Kuzmin et al. 2011). It is not known
which lyssaviruses circulate in bats of northern
Africa and southern Asia because surveillance
data from developing countries is very limited.
However, historical reports along with more
recent serological findings indicate that bats do
maintain lyssavirus circulation in these territo-
ries (Kuzmin et al. 2011).

3.8.1 Bat Rabies in the Americas

Bats are the source of most human rabies deaths
in the USA and Canada. As seen from Table 3.6,
during the period 1995-2011, out of 49 human
cases of rabies in the USA, 35 were associated
with bats. Out of total 24,298 bat specimens
examined during the year 2010, 1,430 (5.9 %)
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Table 3.11 Species of bats tested rabies positive in the
USA during 2010 (Blanton et al. 2011)

Bat species (common name)

Antrozous pallidus (desert pallid bat)
Eptesicus fuscus (big brown bat)
Lasionycteris noctivagans (silver-haired bat)
Lasiurus borealis (red bat)

Lasiurus cinereus (hoary bat)

Lasiurus ega (southern yellow bat)

Lasiurus intermedius (northern yellow bat)
Lasiurus seminolus (seminole bat)

Lasiurus xanthinus (western yellow bat)
Mpyotis austroriparius (southeastern myotis)
Mpyotis evotis (long-eared myotis)

Mpyotis lucifugus (little brown bat)

Myotis spp. (not further speciated)

Mpyotis thysanodes (fringed myotis)

Mbyotis volans (long-legged myotis)

Mpyotis yumanensis (Yuma myotis)
Nycticeius humeralis (evening bat)
Nyctinomops macrotis (big free-tailed bat)
Parastrellus hesperus (canyon bat)
Perimyotis subflavus (tricoloured bat)
Tadarida brasiliensis (Mexican free-tailed bat)
Unspeciated

were positive for rabies (Blanton et al. 2011). The
number of rabies-positive bat specimens was
even more during the previous years 2006
(1,692), 2007 (1,973), 2008 (1,806), and 2009
(1,625) (Blanton et al. 2006, 2007, 2008, 2009,
2010, 2011). The corresponding numbers of
rabies-positive bats reported in Canada were 72,
93, 61, 55, and 48 in the years 2006, 2007, 2008,
2009, and 2010, respectively (Krebs et al. 2004,
2005; Blanton et al. 2006, 2007, 2008, 2009,
2010, 2011). The species of bats that tested posi-
tive for rabies in the USA in 2010 as reported by
Blanton et al. (2011) are listed in Table 3.11. Out
of total 1,430 rabies-positive bat specimens, 648
were unspeciated.

The analysis of 1,147 human rabies cases
encountered in the Americas (including North
America and Latin America) during 1993-2002
has revealed that the transmitting animal species
included hematophagous bats (62 cases),
non-hematophagous bats (27 cases), and uniden-
tified species of bats (79 cases) (Belotto et al.
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2005). Another report covering the period
2000-2009 reveals even greater public health
threat posed by the bats in Latin America.
During this period, out of 462 cases of human
rabies, vampire bats were implicated in 149
cases, non-hematophagous bats in 11 cases, and
nonspecified bat species in 15 cases (PAHO
Rabies Information System 2011; Leans 2011).
Apart from it, the economic losses due to vam-
pire bat rabies in livestock are tremendous
(Kuzmin et al. 2011).

In a similar study in Brazil, among the 863
cases of rabies diagnosed in bats between 2001
and2007,424 (49.1 %) were non-hematophagous
bats, 250 (29 %) were hematophagous bats, and
189 (21.9 %) were of unidentified species
(PAHO 2008; Sodre et al. 2010). Sodre et al.
(2010) analysed the database (1996-2009) and
developed an updated list of bat species positive
forrabiesin Brazil. The new list of rabies-positive
bats consists of 41 species, belonging to 25 gen-
era and three families: Phyllostomidae (43.9 %),
Vespertilionidae (29.3 %), and Molossidae
(26.8 %). These have been presented in
Table 3.12.

3.8.2 Bat Rabies in Europe

In Europe, though the risk of possible exposure to
bat lyssaviruses is low, sporadic human rabies
cases following a bat bite have been described.
The first confirmed case of European bat lyssavi-
ruses type 1 associated with a bat bite in Europe
was reported in Ukraine in 1977 and another fatal
infection in Russia in 1985. A fatal case of
European bat lyssaviruses type 2 infection in a
Swiss biologist who had multiple bat bites was
recorded in Finland in 1985. The second con-
firmed case of this infection following exposure
to bats occurred in Scotland in 2002 (Rabies
Bulletin Europe 2012).

From 1977-2010, total 959 cases of bat rabies
were detected in Europe and reported to the
WHO Collaborating Centre for Rabies
Surveillance and Research in Germany. The
majority (more than 90 %) of positive bats
originated from Denmark, followed by the
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Table 3.12 List of Brazilian bat species positive for rabies (1996-2009)

(Sodre et al. 2010)

Phyllostomidae
Anoura caudifer
Anoura geoffroyi
Artibeus fimbriatus
Artibeus lituratus
Artibeus planirostris
Carollia perspicillata
Chrotopterus auritus
Desmodus rotundus
Diaemus youngi
Diphylla ecaudata
Glossophaga soricina
Lonchorhina aurita
Lophostoma brasiliense
Micronycteris megalotis
Phyllostomus hastatus
Platyrrhinus lineatus
Trachops cirrhosus
Uroderma bilobatum

Netherlands, Germany, and Poland. Bat rabies
was also reported from France, Spain,
Switzerland, Great Britain, the Czech Republic,
Slovakia, Hungary, Ukraine, and Russia.
European bat lyssaviruses type 1 has a specific
association with the Serotine bat (Eptesicus sero-
tinus, in Spain E. isabellinus), while type 2 is
associated with the species of Myotis bats (M.
daubentonii and M. dasycneme) and has been
isolated from bats in the Netherlands, UK,
Switzerland, Germany, and Finland. West
Caucasian bat lyssavirus was isolated from a
common bent-winged bat (Miniopterus sch-
reibersi) and Bokeloh bat lyssavirus from a
Natterer’s bat (Myotis nattereri) recently from
Germany (Rabies Bulletin Europe 2012).

Transmission of bat rabies to terrestrial mam-
mals (spillover), though arare incident, represents
a potential risk. In 1998 and 2002, European bat
lyssaviruses type l-induced rabies was detected
in sheep in Denmark. The first spillover to
wildlife species was confirmed in 2001 in
Germany. France also reported the infections in
two cats in 2003 and 2007, respectively (Rabies
Bulletin Europe 2012).

Vespertilionidae
Eptesicus brasiliensis
Eptesicus diminutus
Eptesicus furinalis
Histiotus velatus
Lasiurus blossevillii
Lasiurus cinereus
Lasiurus ega
Lasiurus egregius
Myotis albescens
Mbyotis levis

Myotis nigricans

Molossidae

Eumops auripendulus
Eumops glaucinus
Eumops perotis
Cynomops abrasus
Cynomops planirostris
Molossops neglectus
Molossus molossus
Molossus rufus
Nyctinomops laticaudatus
Nyctinomops macrotis
Tadarida brasiliensis

Mbyotis riparius

3.8.3 BatRabies in Australia

In Australia, both the larger flying foxes (fruit
bats) and the smaller insectivorous (micro) bats
have been found to carry Australian bat lyssavi-
rus. The virus was identified in 1996 in a sick
black flying fox (Pteropus alecto). The second
case was diagnosed retrospectively in another bat
of the same species, sampled in 1995 with signs
of unusual aggressiveness (Fraser et al. 1996;
Kuzmin et al. 2011). Later the infection was doc-
umented in each of the four flying fox species,
present in continental Australia. Furthermore, a
genetically divergent variant of the virus was dis-
covered in insectivorous bats Saccolaimus flavi-
ventris (Gould et al. 2002; Kuzmin et al. 2011).
Studies suggest that this lyssavirus is widely dis-
tributed in Australia, and it is therefore assumed
that all Australian bats have the potential to carry
and transmit the virus. There is no evidence that
lyssaviruses in bats can establish and spread
among terrestrial animals, although isolated
cases in humans may occur on rare occasions.
Two such cases have been reported in Australia
(Department of Health, Australia 2012).
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3.8.4 BatRabies in Africa

A variety of bat lyssaviruses have been docu-
mented in Africa. Lagos bat virus, first docu-
mented in Nigeriain 1956 (Boulger and Porterfield
1958), was further isolated in many sub-Saharan
countries (Kuzmin et al. 2008a, 2010). Moreover,
in 1999, it was imported into France with fruit
bats Rousettus aegyptiacus captured in Togo or
Egypt (Aubert 1999). Fruit bats of several species
serve as reservoir hosts for this virus, with infre-
quent spillover infections documented in dogs,
cats, and a mongoose (Markotter et al. 2006).
Another divergent lyssavirus, Shimoni bat virus,
was isolated from insectivorous bat Hipposideros
commersoni in Kenya in 2009. This virus demon-
strates similarity to Mokola virus and Lagos bat
virus, but cannot be included into any of these
species (Kuzmin et al. 2010). Recently, serologi-
cal reactivity to West Caucasian bat lyssavirus
was detected in Miniopterus bats of several spe-
cies from Kenya (Kuzmin et al. 2008b).

3.8.5 BatRabiesin Asia

Data on rabies in Asian bats are limited because
of lack of a suitable surveillance system. Only a
few investigators reported presumable rabies
virus isolates of bat origin in Asia till recently,
but these were not corroborated (Kuzmin et al.
2006). However, in the last 10 years, evidence of
lyssavirus maintenance in Southeast Asian
Chiropterans has emerged from surveillance in
Cambodia, Thailand, Bangladesh, and the
Philippines (Kuzmin et al. 2006; Robertson et al.
2011). Neutralising antibodies associated with
lyssaviruses have been detected in sera from both
regional mega- and microbats, suggesting that
Asian bats maintain lyssaviruses like their coun-
terparts in Europe, Africa, Australia, and the
Americas (Robertson et al. 2011).

At least two bat-associated human rabies or
rabies-like cases have been reported during the
past decade in Northeast China. It prompted a
study of the prevalence of lyssaviruses in bats in
the region which led to the recovery of an
Irkut virus isolate with high pathogenicity in

3 Epidemiology

experimental mice from the brain of a northeastern
bat, Murina leucogaster (Liu et al. 2013). This is
likely to boost the interest in the role of bats in
lyssavirus transmission in the continent.
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Rabies Manifestations
and Diagnosis

Abstract

All mammals are susceptible to rabies but there are variations in the
disease manifestations among various animal species and even within the
species. The animals may exhibit furious form of the disease or dumb/
paralytic form. In general, rabies virus causes acute encephalitis with fatal
outcome. The incubation period of rabies is quite variable in different
cases as it is influenced by several factors. In humans, it is generally 1-3
months but may vary from less than one week to over a year. Because of
the wide variation and non-characteristic signs, reliable diagnosis of rabies
is based on identifying the virus or some of its specific components.
Fluorescent antibody test (FAT) is the most widely used method for diag-
nosing rabies in animals and humans. Intra vitam diagnosis of rabies may
require several tests; no single test is sufficient. Samples of saliva, serum,
spinal fluid, and skin biopsies of hair follicles at the nape of the neck may
be used for laboratory diagnosis. Serological tests are useful mainly to

evaluate the immunogenicity of human and animal rabies vaccines.

4.1 Manifestations in Animals

All mammals are susceptible to rabies. These
include pet animals, livestock, wild animals, and
bats. Different species show different signs of the
disease. There are variations in the manifestation
of disease even within the same species. All the
signs of rabies may not always be exhibited by all
the animals. Moreover, some of the signs may be
so subtle that they can go unnoticed. In general,
rabies virus causes acute encephalitis in all
warm-blooded hosts and the outcome is almost
always fatal. One of the first signs of rabies in an
animal is a change in behaviour. It is usually
reflected by a normally calm animal turning

aggressive or a usually active animal looking
depressed or dull. In case of wild animals, a rabid
animal can lose fear of humans, and nocturnal
animals might be seen during daylight hours.
The severity and the site of the lesions largely
decide the clinical picture of the disease.
Depending on these, the disease may exhibit
signs of irritative (furious form) or paralytic
(dumb or paralytic form) phenomena. Many
cases lie somewhere between these two extreme
forms of the clinical picture of rabies (Radostits
et al. 2007). The source of the virus may also
cause variations in the major manifestations,
mania or paralysis. Virus from vampire bats
almost always causes the paralytic form. ‘Fixed’
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virus that has been modified by serial intracerebral
passage causes ascending paralysis in contrast to
‘street’ virus, which more commonly causes the
furious form. The site of infection and size of
inoculum may also influence the clinical course.
There is also geographical difference in the pro-
portion of animals affected by the furious or par-
alytic form of the disease. In the Americas most
cases are paralytic. In Africa and India, most
cases in farm animals display the furious form
(Radostits et al. 2007).

4.1.1 Incubation Period

The incubation period of rabies is quite variable
in different cases. It is influenced by the amount
of virus transmitted, virus strain, site of inocula-
tion, host immunity, and the severity of bite. The
incubation period is shorter in case the site of bite
is near to the head and where the site has more
nerves in comparison to the cases where the rabid
animal inflicts a bite on the extremities. Similarly,
deep and multiple wounds infected with higher
concentration of rabies virus may result in a more
severe and rapid onset of disease. In dogs and
cats, the incubation period may be around 10
days to 6 months; most cases become apparent
between 2 weeks and 3 months (CFSPH 2009).
In most species, the incubation period in natu-
rally occurring cases is about 3 weeks but varies
from 2 weeks to several months, although incu-
bation periods of 5-6 months have been observed
in cattle and dogs. Experimentally, the average
incubation period has been reported as 15 days in
cattle, 10 days in sheep, and 12 days in horses.
Unvaccinated animals have been reported to have
shorter incubation and clinical duration of dis-
ease than the vaccinated animals (Hudson et al.
19964, b; Radostits et al. 2007).

4.1.2 Clinical Signs in Dogs

The first symptoms of rabies in the dogs may be
nonspecific. This stage is called as prodromal
phase and the signs include restlessness, anorexia
or an increased appetite, vomiting, a slight fever,

4 Rabies Manifestations and Diagnosis

dilation of the pupils, hyperreactivity to stimuli,
and excessive salivation. There may be change in
the behaviour and temperament of the animal.
The affected animal may become either more
aggressive or dull, opposite to its normal behav-
iour. The pet may turn unresponsive to the pet
owner and may prefer sitting in isolation. On the
other hand, it may turn unusually affectionate,
contrary to its normal response. Noticing a sud-
den change of behaviour may help in suspecting
the disease in early stages.

The prodromal signs usually last for 2-5 days
and then may lead to further progression of the
disease (CFSPH 2009). The disease may appear
in two forms: furious form and dumb form.

4.1.2.1 Furious Form of Rabies

Furious form of rabies is very common in dogs
and the animal becomes quite excited and rest-
less. A rabid dog becomes dangerously aggres-
sive and bites objects like its own chain, stones,
paper, wood, and metal and even may show signs
of snapping at imaginary objects. There may be
unusual bark and aimless wandering. Later, there
is drooling of saliva due to paralysis of muscles
of deglutition. Partial paralysis of vocal cords
leads to change in tone of bark to howl. The dog
may not recognise its owner. In the terminal
stage, there is muscular incoordination and paral-
ysis of limbs and trunk. Death occurs mostly due
to respiratory paralysis and convulsions.

4.1.2.2 Dumb Form of Rabies

Dumb form is the paralytic form of rabies which
is characterised by progressive paralysis. In some
cases it may develop without any noticeable signs
of the furious form of the disease. Throat and
masseter muscles become paralysed and the ani-
mal may be unable to swallow. This causes saliva
to accumulate with possible drooling and foam-
ing (Fig. 4.1). There may be facial paralysis or
the lower jaw may drop. Dumb form of rabies is
less common in dogs. The phase of excitement is
short or absent in the dumb form. The dog has a
dull or vacant expression and prefers to sit iso-
lated in a corner (Fig. 4.2). It may respond to its
owner’s call but there is tendency of forgetfulness
(Fig. 4.3). Paralysis begins with the muscles of
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Manifestations in Animals

Fig.4.1 A rabid dog
with saliva dripping
from the mouth

(Photo courtesy: CDC)

Fig.4.2 Two dogs
afflicted with dumb
rabies, manifested as
depression, and
self-imposed isolation
(Photo courtesy: CDC)

Fig.4.3 A dog afflicted
with dumb rabies,
manifested as depres-
sion, lethargy, and a
seemingly overly tame
disposition (Photo
courtesy: CDC)
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Fig. 4.4 Close-up of a dog’s face during late-stage
‘dumb’ paralytic rabies (Photo courtesy: CDC, Barbara
Andrews)

head and neck region (Fig. 4.4). The animal has
difficulty in swallowing. This is often mistaken
as bone stuck in the mouth and the owner out of
ignorance tries to help the dog and gets exposed
to infection. General paralysis results in death of
the animal usually in 3-5 days.

4.1.3 Clinical Signs in Cats

In a cat, the disease is usually of furious type. The
cat may strike at the air with its forepaws as if it
were catching mice. Paralysis of the hind part
begins 2-4 days after the symptoms of excite-
ment, and the animal generally dies in 3-5 days
due to convulsions and respiratory paralysis.

4.1.4 Clinical Signs in Livestock

In domestic animals, rabies should be suspected
if there is a sudden change in disposition and
failure to eat or drink or if the animal becomes
paralysed or runs into objects (Shultz 2004).

Ruminants may separate from the herd and stop
ruminating. Subsequently, there is ataxia, incoor-
dination, and ascending spinal paresis or paraly-
sis. The clinical picture of rabies in different
species of the farm animals has been vividly
described by Radostits et al. (2007).

4.1.5 Clinical Signs in Cattle

Rabies in cattle may be manifested either in furi-
ous form or in paralytic form. Cattle may appear
unusually alert. Convulsions can occur, particu-
larly in the terminal stages. In the final stages,
there is incoordination and ascending paralysis.
The animal usually dies 4-8 days after the onset
of the clinical signs (CFSPH 2009).

In an experimental study, major clinical find-
ings of the disease included excessive salivation
(100 %); behavioural change (100 %); muzzle
tremors (80 %); vocalisation (bellowing 70 %);
aggression, hyperesthesia, and/or hyperexcitability
(70 %); and pharyngeal paralysis (60 %). The
furious form occurred in 70 % cases. Average
course of the disease has been recorded as 3.7
days (Hudson et al. 1996b; Radostits et al. 2007).

4.1.5.1 Furious Form of Rabies

In furious form of rabies, the animal has a tense,
alert appearance. It is hypersensitive to sounds
and movement. In some cases, it violently attacks
other animals or inanimate objects, but these
attacks are often badly directed and reveal
incoordination of gait. The animal shows loud
bellowing and produces a characteristically
hoarse sound. Sexual excitement is also common,
bulls often attempting to mount inanimate objects
(Radostits et al. 2007). There is very wide varia-
tion in the clinical signs; hence, any animal
known to be exposed to rabies or showing ner-
vous signs should be considered rabid until
proved otherwise. Severe clinical signs may be
evident for 24-48 h, and the animal then col-
lapses suddenly in a paralysed state, dying usu-
ally within a few hours. Body temperatures are
usually normal but may be elevated to 39.5—
40.5 °C (103-105 °F) in the early stages by mus-
cular activity. There is variation in appetite too.
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Some animals do not eat or drink, although they
may take food into the mouth. The inability to
swallow is apparent. Other animals may eat nor-
mally until the terminal stages. The course of the
disease may vary from 1 to 6 days (Radostits
et al. 2007).

4.1.5.2 Paralytic Form of Rabies

Early signs in the paralytic form of the disease
include knuckling of the hind fetlocks, sagging,
and swaying of the hindquarters while walking
and often deviation or flaccidity of the tail to
one side. Decreased sensation, most evident
over the hindquarters, is one of the best diagnos-
tic criteria in the detection of rabies. Tenesmus,
with paralysis of the anus, resulting in the
sucking in and blowing out of air, is a character-
istic finding but it may be transient or absent
(Radostits et al. 2007). It usually occurs late in
the incoordination stages just before the animal
becomes recumbent. Drooling of saliva is one of
the most constant findings. There are yawning
movements which are more accurately described
as voiceless attempts to bellow. When paralysis
occurs, the animal becomes recumbent and
unable to rise. Bulls in this stage often have
paralysis of the penis. Death usually occurs 48 h
after the recumbency develops and after a total
course of 67 days.

4.1.6 Clinical Signsin Sheep
and Goats

Clinical picture of rabies in sheep is similar to that
in cattle. Rabies may occur in a number of animals
at one time due to the ease with which a number of
sheep can be bitten by a dog or fox (Radostits et al.
2007). Major clinical findings in an experimental
study included muzzle and head tremors (80 %),
aggressiveness, hyperexcitability and hyperesthe-
sia (80 %), trismus (60 %), salivation (60 %),
vocalisation (60 %), and recumbency (40 %). The
furious form occurred in 80 % of sheep. The aver-
age course of the disease in experimental study
was 3.25 days (Hudson et al. 1996b).

Sudden falling after violent exertion, muscle
tremor, and salivation are characteristic signs.

a

Some animals show sexual excitement, attacking
humans or each other, and vigorous wool pulling.
Excessive bleating does not occur. Most sheep
are quiet and anorectic. In one large outbreak of
rabies in sheep, deaths occurred between 17 and
111 days after exposure. Goats are commonly
aggressive, and continuous bleating is common
(Radostits et al. 2007).

4.1.7 Clinical Signs in Horses

In naturally occurring cases in horses, the initial
clinical findings may include abnormal postures,
frequent whinnying, aggressiveness and kicking,
biting, colic, sudden onset of lameness in one
limb followed by recumbency the next day, high-
stepping gait, ataxia, apparent blindness, and
violent head tossing. Lameness or weakness in
one leg may be the first sign observed, but the
usual pattern of development starts with lassi-
tude, then passes to sternal recumbency and
lateral recumbency, followed by paddling con-
vulsions and terminal paralysis (Radostits et al.
2007). Most recorded cases in horses lack dis-
tinctive nervous signs initially but incline to the
paralytic form of the disease. In an experimental
study, the average duration of disease has been
determined as 5.5 days, and muzzle tremors
were the most frequently observed and most
common initial signs (Hudson et al. 1996a;
Radostits et al. 2007). Other clinical findings
included pharyngeal paresis (71 %), ataxia or
paresis (71 %), and lethargy or somnolence
(71 %). The furious form occurred in 43 % of
cases, some of which began as the dumb form.
The paralytic form was not observed.

In a series of 21 confirmed cases in horses
studied by Green et al. (1992), the clinical find-
ings at the time of initial examination included
ataxia and paresis of the hindquarters (43 %),
lameness (24 %), recumbency (14 %), pharyn-
geal paralysis (10 %), and colic (10 %). The
major clinical findings observed over the course
of hospitalisation included recumbency (100 %),
hyperesthesia (81 %), loss of tail and anal sphinc-
ter tone (57 %), 38.5 °C fever (52 %), and ataxia
and paresis of the hindquarters (52 %). Mean
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survival time after the onset of clinical signs
was 4.47 days (range, 1-7 days). Clinical find-
ings of the furious form of rabies, such as
aggressiveness (biting), compulsive circling, and
abnormal vocalisation, were evident in only two
horses. In furious form, the animals become
excited and vicious and they bite and kick
(Radostits et al. 2007).

4.1.8 Clinical Signs in Pigs

The clinical findings in pigs are extremely vari-
able and only one or two of the classical findings
may occur. Pigs manifest excitement and a ten-
dency to attack or dullness and incoordination.
Affected sows show twitching of the nose, rapid
chewing movements, excessive salivation, and
clonic convulsions. They may walk backwards.
There is paralysis in terminal stage and death
occurs 12—48 h after the onset of signs (Radostits
et al. 2007).

4.1.9 Signs of Rabies in Wild
Animals

Change in behaviour of wild animals such as
loss of fear of man or unusual friendliness
should be viewed with suspicion of rabies.
Nocturnal animals may show abnormal activity
during daytime and may attack humans. In the
furious form of rabies, there is unprovoked
aggression and some animals may attack any-
thing that moves or even inanimate objects. The
affected animal may appear disoriented or unco-
ordinated, or wander aimlessly. It may stumble
or fall. Paralysis often begins in the hind legs or
throat. Paralysis of the throat muscles can cause
the animal to bark, whine, drool, choke, or froth
at the mouth. Vocalisations ranging from chat-
tering to shrill scream are observed (Shultz
2004). Skunks, raccoons, and foxes usually dis-
play furious rabies. Bats often display dumb
rabies. Unable to fly, they may be found on the
ground (Shultz 2004). This can be very risky for
children, who are more likely to handle wild
animals than adults.
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4.2  Manifestations in Humans

In humans, the incubation period is a few days to
several years. Typically it is 1-3 months but may
vary from less than 1 week to over a year. The
length of the incubation period depends on
factors such as the amount of virus inoculated,
the degree of innervation at the site of viral entry,
and the proximity of the bite to the central ner-
vous system (CNS) (WHO 2010).

The disease in the beginning appears with
nonspecific symptoms. This stage is character-
ised with headache, anxiety, restlessness, fever,
and often pain or paraesthesia at the wound site.
As the virus spreads through the CNS, progres-
sive fatal encephalomyelitis develops and an
encephalitic (furious) form or a paralytic (dumb)
form may predominate (CFSPH 2009; WHO
2010). Neural symptoms of the disease include
excessive salivation, excitation, agitation, aggres-
sion, and abnormal behaviour (Fig. 4.5). Violent
spasm of the gullet, pharynx, and larynx causes
difficulty in swallowing of water and other fluids
which is characterised by hydrophobia or aero-
phobia or both. The patient also becomes highly
sensitive to noise and fearful of light (photopho-
bia). These symptoms usually progress towards
paralysis, coma, and death. In the terminal stages,
there is respiratory paralysis, cardiac arrest, and
death.

Paralytic (dumb) form is characterised by gen-
eralised paralysis. Paralytic rabies, which may
represent as many as 30 % of the total human
cases, is characterised by generalised paralysis.
This form of disease runs a less dramatic and usu-
ally longer course than the furious form but it is
ultimately fatal too (CFSPH 2009; WHO 2010).

4.3 Diagnostic Procedures

Rapid and accurate diagnosis of rabies is very
important in prevention and control of rabies.
Because the signs of the disease, particularly in the
early stages, are not characteristic and may vary
greatly between species and even between animals
of the same species, the clinical observations
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Fig.4.5 A hospitalised human rabies
victim in restraints (Photo courtesy:
CDC)

may only lead to a suspicion of rabies but no
confirmation. The only way to undertake a reliable
diagnosis of rabies is to identify the virus or some of
its specific components using laboratory tests (OIE
Terrestrial Manual 2011). Laboratory tests help to
determine whether or not an animal is rabid and to
take decision accordingly regarding timely admin-
istration of the postexposure treatment. It also
guides about the necessity of instituting epizootic
control measures in an area. Rapid results may save
a patient from unnecessary physical and psycho-
logical trauma and financial burdens, if the animal
is not rabid (CDC 2012). Confirmation of positive
rabies cases also provides epidemiological informa-
tion of the disease and aids in development of rabies
control programmes. Considering the nature of the
disease, it is very essential that laboratory tests for
rabies are adequately standardised, rapid, sensitive,
specific, economical, and reliable (CDC 2012).
Several laboratory techniques are available
that vary in their efficiency, specificity, and reli-
ability. They are classically applied to brain tis-
sue, but they can also be applied with variable
sensitivity and specificity to other organs (e.g.
salivary glands). As rabies virus is rapidly inacti-
vated, refrigerated diagnostic specimens should
be sent to the laboratory by the fastest means.
Diagnosis in Animals In animals, rabies is
diagnosed using the direct fluorescent antibody
test (FAT), which looks for the presence of rabies
virus antigens in brain tissue. Diagnosis can be
made after detection of rabies virus from any part

of the affected brain, but in order to rule out
rabies, the test must include tissue from at least
two locations in the brain, preferably the brain
stem and cerebellum (CDC 2012). The animal
needs to be euthanised for the test. Collection of
the brain sample from the suspected animal and
its shipment to a diagnostic laboratory takes long
time though the conduct of the test requires about
2 h only (CDC 2012).

Diagnosis in Humans During infection, the
rabies virus is concealed from immune surveil-
lance by its intraneuronal location, and antibody
responses in serum and cerebrospinal fluid (CSF)
are unpredictable and rarely detected before the
disease has much progressed. Consequently, no
tests are available to diagnose rabies infection in
humans before the onset of clinical disease. The
clinical diagnosis may be difficult unless the
signs of hydrophobia or aerophobia are present
(WHO 2010, 2012).

For intra vitam diagnosis of rabies at the stage
of clinical manifestations in humans, several tests
are necessary; no single test is sufficient. Tests
are performed on samples of saliva, serum, spinal
fluid, and skin biopsies of hair follicles at the
nape of the neck. Saliva can be tested by virus
isolation or reverse transcription followed by
polymerase chain reaction (RT-PCR). Serum and
spinal fluid are tested for antibodies to rabies
virus. Skin biopsy specimens are examined for
rabies antigen in the cutaneous nerves at the base
of hair follicles (CDC 2012).
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Fig.4.6 Immunofluorescent
micrograph revealing a positive result
for the presence of rabies virus
antigens in the specimen (Photo
courtesy: CDC, Dr. Tierkel)

On post-mortem, the standard diagnostic tech-
nique is to detect rabies virus antigen in brain tis-
sue by FAT (WHO 2012). A rapid tissue culture
isolation test may also be used. A direct rapid
immunohistochemical test is also available to
detect rabies virus antigen in brain specimens.

Several new techniques and protocols have
been proposed for rabies diagnosis; however, the
reported number of laboratory-confirmed human
rabies cases remains limited, particularly in Asia
and Africa, resulting in underestimates of the real
impact of the disease.

4.3.1 Identification of Rabies Virus

or Its Specific Components

Identification of causative virus or some of its
components in the specimen provides reliable
diagnosis of rabies. The most widely used test for
rabies diagnosis is FAT, which is recommended
by both WHO and OIE, and is sensitive, specific,
and cheap (OIE Terrestrial Manual 2011). In
cases of inconclusive results from FAT, or in all
cases of human exposure, further tests such as
cell culture or mouse inoculation (MI) test on the
same sample or repeat FAT on other samples are
recommended. This is particularly important
where sample autolysis is confirmed or suspected
(OIE Terrestrial Manual 2011). Several other
molecular techniques are also available that can
be used as supplementary or confirmatory tests.

4 Rabies Manifestations and Diagnosis

4.3.1.1 Fluorescent Antibody Test (FAT)

FAT is now the most widely used method for diag-
nosing rabies infection in animals and humans. The
test is based on the observation that animals
infected by rabies virus have rabies virus proteins
(antigen) present in their tissues. Because rabies is
present in nervous tissue (and not in blood as in
many other viruses), the ideal tissue to test for
rabies antigen is brain. The test is based on micro-
scopic examination, under ultraviolet light, of
impressions, smears, or frozen sections of brain or
nervous tissue after treatment with antirabies serum
or globulin conjugated with fluorescein isothiocya-
nate (FITC). Examination of impressions or smears
of tissue samples from Ammon’s horn and brain
stem is recommended. Smears prepared from a
composite sample of brain tissue are fixed in 100 %
high-grade cold acetone for at least 20 min, air
dried, and then stained with a drop of specific con-
jugate for 30 min at 37 °C. Commercially available
antirabies fluorescent conjugates include poly-
clonal or monoclonal antibodies (MADb), specific to
the entire virus or to the rabies nucleocapsid pro-
tein, conjugated to a fluorophore such as FITC.
Labelled antibody upon incubation with rabies-
suspect brain tissue binds to rabies antigen.
Unbound antibody can be washed away and areas
where antigen is present can be visualised as
fluorescent-apple-green areas using a fluorescence
microscope by trained personnel (Fig. 4.6). If
rabies virus is absent, there will be no staining (OIE
Terrestrial Manual 2011; WHO 2012; CDC 2012).
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The test is accurate, and results can often be
obtained within 30 min of receipt of the speci-
men, although for routine purposes a period of
2-4 h is desirable for the fixation in cold acetone
(WHO 2012).

FAT is recommended by both WHO and OIE.
This ‘gold-standard’ test may be used directly on
a smear and can also be used to confirm the pres-
ence of rabies antigen in cell culture or in brain
tissue of mice that have been inoculated for diag-
nosis. FAT gives reliable results on fresh speci-
mens within a few hours in more than 95-99 % of
cases. The test is sensitive, specific, and cheap
(OIE Terrestrial Manual 2011).

The technique is highly sensitive in fresh
specimens; however, it may also be performed on
fixed specimens. The specimen should be treated
with one or more proteolytic enzymes such as
trypsin or pepsin before staining to unmask the
antigenic sites. The sensitivity of the test using
fixed specimens has been reported to be 90-100 %
of that obtained using fresh specimens. It is rec-
ommended that fresh tissue be examined where
possible. When specimens are received in 50 %
glycerol-saline, it is imperative that the tissue be
washed several times in saline before staining
(WHO 2012).

4.3.1.2 Cell Culture Test

Samples containing small amounts of rabies virus
may be difficult to confirm as rabies positive by
routine methods. Virus replication in cell cultures
such as mouse neuroblastoma cells and baby
hamster kidney (BHK) cells increases the virus
concentration without the use of animals. Cell
culture tests may be undertaken in multi-well
plastic plates, on multichambered glass slides, or
on glass cover slips. After passage, the cells are
examined by FAT. The cell culture technique is
helpful in avoiding the use of laboratory animals
and is less expensive and gives more rapid results
in comparison to the MI test (OIE Terrestrial
Manual 2011; CDC 2012; WHO 2012).

4.3.1.3 Mouse Inoculation (MI) Test

In this test, mice are inoculated intracerebrally
with homogenate of brain material including
brainstem (e.g. cortex, Ammon’s horn, thalamus,
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medulla oblongata). The mice are observed daily
for 28 days, and every dead mouse is examined
for rabies using FAT. MI test may not be neces-
sary and should be replaced with cell culture test
wherever a validated and reliable cell culture unit
exists in the laboratory. However, it is quite use-
ful under the situations where skills and facilities
for cell culture are not available (OIE Terrestrial
Manual 2011).

4.3.1.4 Other Methods of Amplification
of Virus Components

Apart from cell culture and MI techniques, sev-
eral other molecular methods are available to
amplify the small amounts of rabies virus in
specimens which otherwise may be difficult to
confirm by routine methods. RT-PCR, PCR-
enzyme linked immunosorbent assay (PCR-
ELISA), hybridisation in situ, and real-time PCR
may help in rapid detection of viral RNA.

Another method for amplifying the nucleic
acid portion of rabies virus uses biochemical
techniques. With this procedure, rabies virus
RNA can be enzymatically amplified as DNA
copies. Rabies RNA can be copied into a DNA
molecule using reverse transcriptase (RT). The
DNA copy of rabies can then be amplified using
PCR. This technique can confirm FAT results and
can detect rabies virus in saliva and skin biopsy
samples.

4.3.1.5 Histopathological Examination
of Specimens

Prior to the availability of the current diagnostic
methods, rabies diagnosis was made using histo-
pathological examination of biopsy or autopsy
tissues for the histopathological evidence of
rabies encephalomyelitis. This method involves
examining brain tissue and meninges by staining
and microscopy. The signs of rabies encephalitis
include mononuclear infiltration, perivascular
cuffing of lymphocytes or polymorphonuclear
cells, lymphocytic foci, Babes nodules consisting
of glial cells, and Negri bodies (CDC 2012).
Negri bodies correspond to the aggregation of
viral proteins that are regarded as pathognomonic
lesion, but the presence of Negri bodies is variable
and their absence does not rule out the suspicion
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Fig.4.7 Micrograph depicting Negri
bodies and histopathological changes
associated with rabies encephalitis.
H&E stain (Photo courtesy: CDC,
Dr. Daniel P. Perl)

Fig.4.8 Micrograph of brain tissue
from a rabies encephalitis patient
displaying Negri bodies within the
neuronal cytoplasm. H&E stain
(Photo courtesy: CDC, Dr. Daniel
P. Perl)

of rabies (Figs. 4.7, 4.8, and 4.9). Thus, histopath-
ological staining for Negri bodies is neither as
sensitive nor as specific as other tests. Techniques
that stain sections of paraffin-embedded brain tis-
sues are time-consuming, less sensitive, and
more expensive than FAT. These methods are no
longer recommended for routine diagnosis (OIE
Terrestrial Manual 2011; CDC 2012).

4.3.1.6 Immunohistochemistry (IHC)

Immunohistochemical tests constitute the only
histological methods specific to rabies. These are
more sensitive than histopathological staining
methods, such as hematoxylin and eosin and
Sellers stains. These provide sensitive and

specific means to detect rabies in formalin-fixed
tissues. Like FAT, these procedures use specific
antibodies to detect rabies virus inclusions. The
techniques use enzyme-labelling systems that
increase sensitivity. In addition, MAb may be
used to detect rabies virus variants (OIE
Terrestrial Manual 2011; CDC 2012).

A rapid immunohistochemical test (RIT) to
detect rabies virus antigen has been developed by
incorporating various components of existing
immunoperoxidase techniques (Niezgoda and
Rupprecht 2006). Like the direct FAT, RIT is per-
formed on brain touch impressions, but the prod-
uct of the reaction can be observed by light
microscopy, and rabies virus antigen appears as
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Fig.4.9 Micrograph depicting
perivascular cuffing due to the
perivascular accumulation of
inflammatory cell infiltrates. H&E
stain (Photo courtesy: CDC,

Dr. Daniel P. Perl)

magenta inclusions against a blue neuronal
background. Modifications of a former indirect
test have led to a direct test (dRIT) that uses a
cocktail of highly concentrated and purified bio-
tinylated antinucleocapsid MAb produced in
vitro in a direct staining approach and allows a
diagnosis to be made in <1 h.

The sensitivity and specificity of dRIT have
been shown to be equivalent to those of the FAT.
The test is simple, requires no specialised equip-
ment or infrastructure, and can be successfully
performed on samples preserved in glycerol solu-
tion for 15 months or frozen for 24 months and in
variable conditions of preservation (Lembo et al.
2006). Although further laboratory and field
evaluations are required, the test is quite promis-
ing and has great potential for use under field
conditions and in the countries with limited diag-
nostic resources.

4.3.1.7 Rapid Rabies Enzyme
Immunodiagnosis (RREID)

RREID has been developed based on ELISA
used for the detection of rabies virus nucleocap-
sid antigen in brain tissue. In this test, micro-
plates are coated with purified IgG and an
IgG—peroxidase conjugate is used to react with
immunocaptured antigen. However, the test has
been found to be less sensitive in comparison to
FAT; hence it should not replace FAT in the
laboratories where FAT is already performed

(WHO 2012). RREID is a simple and relatively
cheap technique, which can be especially useful
for epidemiological surveys. It may be used to
examine partially decomposed tissue specimens
for evidence of rabies infection, but it cannot
be used with specimens that have been fixed
in formalin. Since the antigen can be visualised
with the naked eye, the test can be carried out in
laboratories that do not have the necessary equip-
ment for FAT (WHO 2012).

4.3.1.8 Electron Microscopy

The ultra structure of viruses can be examined by
electron microscopy. Using this method, the
structural components of viruses and their inclu-
sions can be observed in detail. Rabies virus is in
the family of rhabdoviruses which are seen as
bullet-shaped particles when viewed with an
electron microscope (Fig. 2.1).

4.3.1.9 Virus Identification Techniques

Typing of the virus can provide useful epidemio-
logical information. The use of MAb helps in
identifying various lyssavirus serotypes. Virus
identification is useful in determining the geo-
graphical origin of strains, distinguishing
between field and vaccine strains, and differenti-
ating rabies viruses isolated from terrestrial
animal species from those isolated from bat spe-
cies. Although MAD are mainly used for epide-
miological investigations, they have been found
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to be very useful for rabies diagnosis in certain
circumstances, such as imported cases of human
rabies and rabies associated with uncertain expo-
sure, and also routinely in countries where large-
scale programmes for oral vaccination of foxes
are underway to establish that no infections are
caused by the vaccine strain. Other techniques of
virus typing involve the use of nucleic acid probes
or PCR, followed by DNA sequencing of genomic
areas (OIE Terrestrial Manual 2011; WHO 2012).

4.3.2 Serological Tests for Rabies
Antibodies

Serological tests are useful mainly to evaluate the
immunogenicity of human and animal rabies
vaccines. In accordance with the WHO recom-
mendations, 0.5 TU per ml of rabies antibodies is
the minimum measurable antibody titre consid-
ered to represent a level of immunity in humans
that correlates with the ability to protect against
rabies infection. The same measure is used in
dogs and cats to confirm a satisfactory response
to vaccination. In case of animals, the test is use-
ful in determining responses to vaccination,
either in domestic animals prior to international
travel or in wildlife populations following oral
immunisation. Serological surveys have also
been used to provide information on dynamics of
lyssaviruses in bats although standardisation of
serological tests for bats is still needed (OIE
Terrestrial Manual 2011).

Serum neutralisation assays are used to deter-
mine the potency of rabies serum and immuno-
globulin for postexposure treatment and to
evaluate the immunogenicity of human and, to a
lesser degree, animal rabies vaccines.

4.3.2.1 Mouse Neutralisation Test

Mouse neutralisation test (MNT) and the plaque
reduction assay were recommended as the stan-
dard procedures at the seventh meeting of the
WHO Expert Committee on Rabies, but plaque
reduction methods have now been superseded by
fluorescent focus inhibition tests, which are more
convenient. Virus neutralisation test in mice is no
longer recommended by either OIE or WHO.
The rapid fluorescent focus inhibition test

4 Rabies Manifestations and Diagnosis

(RFFIT) has become the test of choice in most
modern laboratories. Fluorescent antibody virus
neutralisation (FAVN) test and ELISA have also
been developed to measure the antirabies
antibody titres in the vaccinated subjects (OIE
Terrestrial Manual 2011; WHO 2012).

4.3.2.2 Rapid Fluorescent Focus
Inhibition Test (RFFIT)

RFFIT is a serum neutralisation test which deter-
mines the rabies virus-neutralising antibody in
the serum. It is a prescribed test for international
trade. Challenge virus standard (CVS) strain
CVS-11 and BHK-21 cells or mouse neuroblas-
toma cells are used to conduct the test (Meslin
et al. 1996; OIE Terrestrial Manual 2011). Serial
dilutions of serum are mixed with a standard
amount of live rabies virus and incubated. The
rabies virus-neutralising antibodies present in
the serum neutralise the virus. Tissue culture
cells are then added and incubated. The rabies
virus which has not been neutralised by the anti-
body in the serum will infect the cells, which can
be microscopically examined. Antibody titre in
the serum can thus be calculated.

4.3.2.3 Fluorescent Antibody Virus
Neutralisation (FAVN) Test

FAVN test is a virus neutralisation assay in cell
culture that measures the response of an animal’s
immune system to the rabies vaccine. The test has
been developed to screen animal sera by a stan-
dard method for an adequate level of rabies anti-
bodies following vaccination. It is a prescribed test
for international trade and is required by many
rabies-free countries or regions for dogs and cats
in order to qualify for a reduced quarantine period
prior to entry. The test involves in vitro neutralisa-
tion of a constant amount of rabies virus (CVS
strain adapted to cell culture) and then inoculating
into the cell culture. Microplates are used to carry
out the test (OIE Terrestrial Manual 2011). One
plate is used for the titration of the CVS and for
the controls that include OIE standard serum
(0.5 TU/ml), naive dog serum (negative), and pos-
itive control or WHO standard serum. The other
plates are used for the sera to be tested. The serial
dilutions of the sera are titrated against CVS. After
attempting neutralisation of virus, BHK-21 cells
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are added to detect the presence of non-neutralised
virus. The plates after incubation are fixed and
stained with FITC antirabies conjugate and exam-
ined for fluorescent cells. The serum titre is the
dilution at which 100 % of the virus is neutralised
in 50 % of the wells. This titre is expressed in IU/
ml by comparing it with the neutralising dilution
of the OIE serum of dog origin under the same
experimental conditions.

4.3.2.4 Enzyme-Linked
Immunosorbent Assay (ELISA)

The ELISA provides a rapid test that avoids
the requirement to handle live rabies virus.
Commercial indirect ELISA kits are available
that allow detection of rabies antibodies in indi-
viduals and animals following vaccination (OIE
Terrestrial Manual 2011). Serial dilutions of test
sera and the control sera are placed in the wells of
the microtitre ELISA plates precoated with the
antigen. If rabies antibodies are present in the
sera, they bind with the virus antigen fixed on the
plate. Horseradish peroxidase conjugate is then
added which binds with the retained antibody.
After adequate incubation, the reaction is stopped
by adding the stopping solution. The immobil-
ised enzyme on the complexes can be quantified
by spectrometric readings at 492 nm. Comparison
of the readings of the test samples with that of the
control sera provides the titre of antibodies in the
test sera specimens.

It is a prescribed test for international trade.
The test can be useful when facilities for RFFIT
or FAVN are not available, as is usually the case
in developing countries (WHO 2005).
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Risk Assessment and Management
of Exposures

Abstract

The assessment of risk of rabies transmission in individual cases is important
in arriving at appropriate decision regarding the course of postexposure
prophylaxis (PEP) requirements. The World Health Organization has laid
down guidelines for differentiating the categories of potential rabies expo-
sure and taking appropriate prophylactic measures. Development of a
decision tree assists in risk evaluation. A three-pronged strategy is adopted
to manage the exposures. It involves bite wound management, postexpo-
sure passive immunisation through rabies immunoglobulin (RIG), and
vaccination for active immunity. Wound treatment includes mechanical
and chemical action against rabies virus. RIG neutralises and destroys the
virus while postexposure antirabies vaccination helps in developing active
immunity against rabies. Pre-exposure prophylactic vaccination is also
recommended in high-risk individuals. Intradermal rabies vaccination has
emerged as a less expensive alternative to intramuscular route of vaccine
administration. PEP treatment is a proven method of rabies prevention;
however, prophylaxis failures and rabies-related deaths are encountered
largely due to deviations from the recommended guidelines. There is no
specific treatment after the onset of symptoms of rabies.

Human Exposure-Risk
Assessment

history of the exposure is essential for the risk
assessment (Fig. 5.1).
A number of factors should be considered to

Since the nature of bite or contact differs in each
event and the epidemiology of rabies varies too
in different regions, the assessment of risk of
rabies transmission in individual cases is impor-
tant in arriving at appropriate decision regarding
the course of postexposure prophylaxis (PEP)
requirement. Collection of detailed and accurate

S.R. Garg, Rabies in Man and Animals, DOI 10.1007/978-81-322-1605-6_5,

© Springer India 2014

assess the risk of exposure and take up appro-
priate prophylactic measures in individual
cases as outlined by several public health
organisations (NICD 2007; Georgia Department
of Community Health 2011; Florida Department
of Health 2012). These factors are briefly dis-
cussed below.
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Fig.5.1 A child
with severe dog bite
(Photo credit:

Dr. B. J. Mahendra)

Table 5.1 The WHO guidelines for postexposure prophylactic measures (WHO 2010a)

Category
I

11

III

5.1.1

Type of exposure

Touching or feeding animals, licks

on intact skin (that is, no exposure)
Nibbling of uncovered skin, minor
scratches, or abrasions without bleeding

Single or multiple transdermal bites

or scratches, contamination of mucous
membrane with saliva from licks, licks
on broken skin, exposures to bats

Type of Exposure

Postexposure prophylactic recommendations
No prophylaxis is required

Thorough washing and flushing of bite wounds and scratches
for about 15 min with soap or detergent and copious amounts
of water immediately or as early as possible

Application of iodine-containing or similar viricidal topical
preparation to wounds

Immediate postexposure antirabies vaccination; PEP may be
discontinued if the suspect animal is proved by appropriate
laboratory examination to be free of rabies or, in the case of
domestic dogs, cats, or ferrets, the animal remains healthy
throughout a 10-day observation period starting from the date
of the bite

Thorough washing and flushing of bite wounds and scratches
for about 15 min with soap or detergent and copious amounts
of water immediately or as early as possible

Application of iodine-containing or similar viricidal topical
preparation to wounds

Immediate vaccination and administration of rabies
immunoglobulin (RIG); PEP may be discontinued if the
suspect animal is proved by appropriate laboratory
examination to be free of rabies or, in the case of domestic
dogs, cats, or ferrets, the animal remains healthy throughout
a 10-day observation period starting from the date of the bite

sures based on the type of exposure (WHO

The World Health Organization (WHO) has laid 2010a). Appropriate prophylactic measures have
down guidelines for differentiating the potential also been recommended in different categories as
rabies exposure into Category I, II, or III expo- shown in Table 5.1.
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5.1.2 Type of Animal Leading

to Exposure

The likelihood of rabies in different species of
animals varies by region. In India and many other
developing countries, dogs and cats remain the
major reservoir and vector of rabies and represent
an increased risk for rabies exposure. In such
countries, free-roaming animals pose greater risk
than those living in homes under supervision and
their movements are restrained. On the other
hand, the picture in many developed nations may
be quite different because dogs and cats are less
likely to become infected with rabies due to strict
surveillance and regular updating of vaccination
status in these animals. In these countries, the
highest risk of rabies transmission is generally
associated with bite exposure from terrestrial
wild carnivores or bats. Although all species of
livestock are susceptible to rabies, they may not
be as frequently involved in inflicting bites to
humans. Small rodents (squirrels, hamsters,
guinea pigs, gerbils, chipmunks, rats, and mice)
and lagomorphs (rabbits and hares) are rarely
infected with rabies and have not been known to
transmit rabies to humans and seldom require
treatment.

5.1.3  Geographical Location

of the Incident

Information regarding the endemicity of disease
in the region of the exposure event can provide
useful guidance regarding the PEP requirement.
In rabies-endemic country like India, where
every animal bite is potentially suspected as a
rabid animal bite, the treatment should be started
immediately.

Animal Behaviour
and Health

5.1.4

Animal behaviour and its health status provide
clue to the rabid disposition of the biting animal.
Any animal, wild, domestic, caged, or feral, that
shows signs of rabies typical to that species
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should be considered possibly rabid. Most
free-ranging wild animals that normally avoid
humans approaching or attacking humans or their
pets should be considered possibly rabid.

Vaccination Status
of the Biting Animal

5.1.5

Although unvaccinated animals are more likely
to transmit rabies, vaccinated animals may also
not be regarded as free from the risk of trans-
mitting the infection. This is particularly so in
the developing countries where critical rabies
surveillance systems are generally not available.
Many times the information about the pre-
exposure prophylactic vaccination status of the
implicated animal may not be reliable, the vacci-
nation records may not be available, and the
booster doses of rabies vaccination might not be
current. In addition to it, evaluation of the post-
vaccination immune status of vaccinated animals
is usually impracticable in the developing coun-
tries. The vaccination of the biting animal might
also be ineffective due to reasons such as
improper administration, poor quality of vaccine,
and poor health status of the animal. Due to these
reasons and that a single shot of vaccine does not
provide long-lasting protection against infection,
a history of rabies vaccination in an animal is not
always a guarantee that the biting animal is not
rabid. Under such situations, it may not be advis-
able to withhold postexposure vaccination even if
the animal is vaccinated (WHO 2010a); however,
in developed countries, a currently vaccinated pet
dog or cat may be unlikely to become infected
with rabies.

5.1.6  Type of Encounter-Provoked

Versus Unprovoked Bites

An unprovoked attack by an animal may be more
likely than a provoked attack to indicate that the
animal is rabid. Provoked attacks or bites by
domestic dogs and cats may be the sequelae of
certain circumstances created by any person even
though the animal might not be rabid. Though it
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may be difficult to distinguish the provoked
attacks from the unprovoked ones, but certain
circumstances at the time of attacks may help in
assessing the risk as listed below (CDCB 2012).
However, whether a bite was provoked rather than
unprovoked should not be considered a guarantee
that the animal is not rabid as it can be difficult to
understand and pinpoint the cause of provocation
for an attack. Any bite from a high-risk species,
whether provoked or unprovoked, should be con-
sidered a rabies exposure unless proven otherwise
by laboratory testing of the animal or observation
for 10 days in case of dogs and cats.

5.1.6.1 Signs of Provoked Attack

e Entering an unfamiliar compound which is
guarded by a dog

 Threatening or injuring the animal or the pet owner

e Beating an animal

e Playing in an area where a dog is located

e Petting or playing with a strange dog

e Walking past a dog

e Stepping on or bumping into a dog

* Stepping on a cat

e Interfering in a dog fight

e Taking puppies from their mother

* Disturbing the animal’s offspring

* Disturbing the animal while eating

* Handling or removing the animal’s food

* Handling/startling a sleeping animal

* Invading the animal’s living space

* Restraining or handling sick or injured animals

e Attempting to feed or handle an apparently
healthy but unfamiliar domestic animal

5.1.6.2 Unprovoked Attack

e Attack by a dog for an unknown reason and
from an unknown site

* Biting by the victim’s own dog without such
prior history of aggressive behaviour

Observational and
Laboratory Findings on
Animal’s Rabies Status

5.1.7

Pet dogs, cats, and livestock can be isolated and
observed to determine their rabies status after
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exposing a person to rabies. However, feral or
unidentified dogs and cats may not be available
for either observation or testing. Animals killed
during attacks, euthanised, or dying after capture
should be tested as soon as possible to decide
about the initiation and continuation of PEP
administration. The PEP immunisation should be
started immediately after the bite unless the bit-
ing animal is proved to be not rabid. The treat-
ment may be modified if the biting animal (dog
or cat) remains healthy throughout the observa-
tion period of 10 days by converting PEP to pre-
exposure vaccination by skipping the vaccine
dose on day 14 and administering it on day 28
while using the Essen Schedule. The observa-
tion period is valid for dogs and cats only. The
natural history of rabies in mammals other than
dogs or cats is not fully understood and there-
fore the 10-day observation period may not be
applicable.

5.1.8 Bite by Wild Animals

Bite by all wild animals should be treated as
Category III exposure regardless of the animal’s
health status or behaviour as it may be difficult to
reliably interpret the clinical signs of rabies
among wildlife. Moreover, these animals have
been shown to sometimes have virus in their
saliva for a week or more before becoming appar-
ently ill or showing reliable signs of the disease.
Some of these animals may belong to a species
known for its status as a rabies reservoir or in
which rabies is diagnosed frequently. All bites by
such wildlife, therefore, must be considered pos-
sible exposures to the rabies virus. PEP should be
initiated as soon as possible unless the animal is
available for testing and it is proved to be nega-
tive for rabies.

5.1.9 BatRabies

Bat rabies has not been conclusively proven in
India; hence exposure to bats may not warrant
treatment in the country (NICD 2007). However,
in all those parts of the world where bat rabies is
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prevalent or bats are implicated as reservoirs for
rabies, rabies PEP is recommended for all persons
with bite, scratch, or mucous membrane expo-
sure to a bat, unless the bat is available for testing
and shows no evidence of rabies. PEP might also
be appropriate even if a bite, scratch, or mucous
membrane exposure is not apparent but when
there is reasonable probability that such exposure
might have occurred.

5.1.10 Patient’s Previous
Immunisation Status

The individuals who are not previously immun-
ised against rabies are at much greater risk and
require complete course of PEP immunisation
according to the exposure-risk category require-
ments. However, the persons who are previously
immunised against rabies through pre-exposure
vaccination with modern cell culture vaccine
may require less number (two) of doses of antira-
bies vaccine and may not require RIG at all. On
rare occasions, it may be required to evaluate the
immune status of the person in the laboratory.

5.1.11 Human-to-Human

Transmission

The risk of rabies transmission to other humans
from a human rabies case is very minimal, and
there has never been a well-documented case of
human-to-human transmission, other than the few
cases resulting from organ transplant. However,
people who have been exposed closely to the
secretions of a patient with rabies may be offered
PEP as a precautionary measure (NICD 2007).

5.2 Human Exposure

Management

A person after exposure to infection through ani-
mal bite or contact with a rabid or suspected ani-
mal or infected material should be handled with
utmost speed to prevent the disease. Three-
pronged strategy is adopted that involves the
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management of bite wound and PEP immunisation
against rabies as shown below.
e Step 1. Bite wound management
e Step 2. Postexposure passive immunisation
with RIG where necessary
e Step 3. Postexposure vaccination for active
immunity
Development of a decision tree assists in the
evaluation of the rabies transmission risk associ-
ated with an animal bite and in taking correct
decision regarding the need of PEP immunisation
and the regimen to be adopted in each case of
exposure. Decision trees are evolved taking into
consideration the epidemiological features of the
disease in a geographical area and the extent of
risk posed by different species of animals in that
area. The availability of rapid diagnostic facilities
may also be a factor in a decision tree algorithm.
A decision tree prepared by the National Centre
for Disease Control (previously National Institute
of Communicable Diseases) to provide guidance
on human rabies prophylaxis in India is shown in
Fig. 5.2 (NICD 2007).

5.2.1 Bite Wound Management

The best way to ward off the exposure to rabies
virus is to avoid bites and licking of fresh wounds
or mucous membranes by the mammals, mainly
dogs, monkeys, bats, cats, and wild animals.
However, when such exposures take place, imme-
diate medical care is critical. As the rabies virus
enters the body through a bite or scratch, it is
important to remove as much saliva, and thereby
the virus, from the wound as is possible by effi-
cient wound cleansing without causing additional
trauma. Prompt wound care can substantially
reduce the risk of infection.

For Category II and III exposures, this should
be done by prompt and gentle thorough washing
and flushing of the wound for about 15 min with
soap or detergent and copious amount of running
water. If soap and detergent are not immediately
available, washing with running water alone is
also useful. After thorough washing and drying
the wound, disinfection of the wound should be
carried out with ethanol (700 ml/l) or iodine
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Fig. 5.2 Decision tree: guide to postexposure prophylaxis in India (Adapted from NICD 2007)

(tincture or aqueous solution), povidone iodine,
or similarly viricidal topical preparation (NICD
2007; WHO 2010a, b). Antiseptic agents such as
Betadine, alcohol, chloroxylenol (Dettol),
chlorhexidine gluconate, and cetrimide solution
(Savlon) may be applied in appropriate recom-
mended concentration. Rabies virus can be inac-
tivated by soap solutions, 45-75 % ethanol,
iodine preparations, quaternary ammonium com-
pounds, or a low pH. Being susceptible to ultra-
violet radiation, the virus is rapidly inactivated in
sunlight. Proper care of wound removes or
reduces the virus and lowers the risk of rabies to
the extent of 50-70 %.

Substances like turmeric, neem, chilli, lime,
salt, oil, plant extracts, and coffee powder should
not be applied on the wound. These irritants may
propel the virus deep into the wound causing
nerve infection. In case such irritants have been
applied on the wound at home, the extraneous
material especially oil should be removed by
washing the wound with soap or detergent and
flushing the wound with copious amount of water
immediately.

The wound washing is most effective when
fresh wound is cleaned immediately but it should
be carried out even at a later stage if the patient
reports for treatment late and the wound is
unhealed that can be washed. As rabies virus can
persist and even multiply at the site of bite for a
long time, wound cleaning after a delay will also
be useful.

Bandaging, dressing, and suturing of wounds
should be avoided; these should be left open
without suturing for a few days. However, if
surgically suturing is necessary to control the
bleeding or for functional or cosmetic reasons,
RIG should be administered into the wound
before closing the wound and loose sutures
should be applied. The use of local anaesthetic is
not contraindicated in wound management.

Cauterisation of wound is no longer recom-
mended as it leaves very bad scar and does not
confer any additional advantage over washing the
wound with water and soap. Tetanus toxoid
should be injected to unimmunised individuals.
A suitable course of an antibiotic may be recom-
mended to prevent the wound sepsis.
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5.2.2  Postexposure Prophylactic

(PEP) Immunisation

Wound treatment includes mechanical and chemi-
cal action only against rabies virus. It should
always be followed by exposure-risk assessment
by the healthcare specialist and adequate PEP
immunisation where required. Antirabies immun-
isation neutralises and destroys the virus. It should
be initiated immediately following a transdermal
bite or scratch by an animal suspected of being
rabid or when possibly infectious material, usu-
ally saliva, comes into direct contact with the vic-
tim’s mucosa or with fresh skin wounds according
to the WHO guidelines (WHO 2010a, 2012).

Postexposure antirabies immunisation involves
administration of antirabies vaccine with or with-
out application of RIG based on the category of
exposure as shown in Table 5.1.

PEP should start immediately wherever rec-
ommended according to the guidelines. The per-
sons who present for evaluation and rabies PEP
even months after having been bitten should be
dealt with in the same manner as if the contact
occurred recently. Pregnancy and infancy are
never contraindications to PEP (WHO 2010b).
Apart from the category of exposure, factors such
as the epidemiological likelihood of the impli-
cated animal being rabid, clinical features of the
animal, and its availability for observation and
laboratory testing should be taken into consider-
ation when deciding whether to initiate PEP. If
the animal inflicting the wound is suspected of
being rabid and is not apprehended, PEP should
be instituted immediately (WHO 2012).

The institution of PEP in the exposed indi-
viduals should not be postponed awaiting the
results of laboratory diagnosis because in many
cases it may delay the immunisation process,
jeopardising its success. Many times, particu-
larly in developing countries, the information
about the pre-exposure prophylactic vaccination
status of the implicated animal may not be reli-
able; hence it may not be advisable to withhold
the postexposure vaccination even if the animal
is vaccinated. Similarly, in certain situations
where a reliable history cannot be obtained, the
cases may be treated as Category II or III,
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particularly in rabies-enzootic areas, even
though the animal is considered to be healthy at
the time of exposure (WHO 2010a, 2012).

PEP treatment should be continued until a
clear and unequivocal negative laboratory report
is provided. A positive test by any one of several
recognised procedures overrides negative reac-
tions in the others. Where a doubtful result is
obtained in any single test, recourse to the other
tests available is essential in order to arrive at a
definitive conclusion. PEP may be terminated or
modified at that point if the animal involved is a
dog or cat that remains healthy for an observation
period of 10 days after the exposure occurred; or
if the animal is humanely killed and proven to be
negative for rabies by a reliable diagnostic labo-
ratory using a prescribed test (WHO 2010a, b,
2012). However, the circumstances may occa-
sionally justify the initiation or continuation of
treatment by the physician, e.g. suspicious clini-
cal signs in the animal, or an attack in a rabies-
enzootic area by an animal that could not be
caught or killed for laboratory diagnosis. In areas
where canine or wildlife rabies is enzootic, ade-
quate laboratory surveillance is in place, and data
from laboratory and field experience indicate that
there is no infection in the species involved, local
health authorities may not recommend antirabies
prophylaxis (WHO 2010a, b, 2012).

5.2.3  Administration
of Postexposure

Antirabies Vaccine

After an exposure or suspected exposure to
rabies, active immunisation is achieved by
administration of safe and potent cell culture vac-
cines. Postexposure antirabies vaccination should
start immediately wherever recommended
according to the guidelines. All patients with
Category II and III exposures require PEP vacci-
nation. In addition to it, administration of RIG is
required in all Category III exposures and in
those Category II exposures that involve immu-
nodeficient people. Due to the serious implica-
tions of the rabies exposure, vaccination should
not be delayed or deferred.
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5.2.3.1 Antirabies Vaccines

The vaccination should be done using vaccine
regimens and routes of administration that have
been proven to be safe and effective (WHO
2010b). All cell culture vaccines should comply
with the WHO-recommended potency of >2.5 U
per single intramuscular dose. The WHO strongly
advocates the use of purified rabies vaccines pre-
pared on cell culture or embryonated eggs for
PEP that comply with the WHO criteria for
potency and innocuity and have been assessed
satisfactorily in humans in well-designed field
trials. Cell culture vaccines have proven to be
safe and effective in preventing rabies. Purified
vaccines do not have contraindication.

In India, modern cell culture vaccines are
used. Due to the reactogenic nature of the ner-
vous tissue vaccine, its use has been completely
stopped and its production was discontinued in
the country in the year 2004 (NICD 2007).

5.2.3.2 Vaccine Administration

Routes, Sites, and Dose
The postexposure vaccination involves injecting
vaccines through intramuscular route according
to an approved vaccination regimen. The dose of
the vaccine is usually 1 ml or 0.5 ml depending
on the type of vaccine. All intramuscular injec-
tions must be given into the deltoid region or, in
small children, into the anterolateral area of the
thigh. Vaccine should never be administered in
the gluteal region because the fat present in this
region retards the absorption of antigen and
hence impairs the generation of optimal immune
response (NICD 2007; WHO 2010a, 2012).

In order to reduce the cost of PEP vaccination,
intradermal administration of vaccine has also
been recommended in which less volume of vac-
cine is required. Wherever approved, it involves
multisite intradermal inoculation of 0.1 ml vac-
cine per site (deltoid and thigh regions) according
to an approved regimen (NICD 2007; WHO
2010a, 2012).

5.2.3.3 Vaccination Regimen for
Intramuscular Administration

Two regimens of PEP vaccination through intra-

muscular route have been recommended by the

5 Risk Assessment and Management of Exposures

WHO. One of these is a 5-dose schedule, while
another is a 4-dose schedule (WHO 2010a, 2012).
The day of administration of the first dose should
be taken as day 0 in cases where the vaccination
could not be initiated on the day of bite itself.

i. The 5-dose regimen. It consists of a 5-dose
schedule. One dose of the vaccine is adminis-
tered each on days 0, 3, 7, 14, and 28 intra-
muscularly in the deltoid muscle or
anterolateral thigh muscle. This vaccination
schedule involves five visits of the patient to
the healthcare facility. It is also known as
Essen regimen.

ii. The 4-dose regimen. This abbreviated multi-
site schedule, the 2-1-1 regimen, prescribes
two doses on day 0, followed by one dose
each on day 7 and day 21. On day 0, one dose
is given in the deltoid muscle of the right arm
and one dose in the left arm. Subsequently,
one dose each is applied on day 7 and day 21
in the deltoid muscle. This vaccination sched-
ule is also known as Zagreb regimen. It
involves only three visits of the patient for
vaccination which may be helpful in cases
where the patient has to travel and is unable to
make five visits to the healthcare centre for
vaccination.

An alternative reduced (4-dose) PEP regimen
has been recommended by the United States
Advisory Committee on Immunization Practices
(ACIP) for healthy, fully immunocompetent,
exposed people who receive wound care plus
high-quality RIG plus the WHO-prequalified
rabies vaccines. It consists of 4 doses adminis-
tered intramuscularly on days 0, 3, 7, and 14
(Rupprecht et al. 2009; WHO 2010a, 2012).
Previously, ACIP recommended a 5-dose rabies
vaccination regimen with human diploid cell vac-
cine (HDCV) or purified chick embryo cell vac-
cine (PCECV). These new recommendations
reduce the number of vaccine doses to four. The
reduction in doses recommended for PEP was
based in part on evidence from rabies virus patho-
genesis data, experimental animal work, clinical
studies, and epidemiological surveillance. These
studies indicated that four vaccine doses in com-
bination with RIG elicited adequate immune
responses and that a fifth dose of vaccine did not
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contribute to more favourable outcomes (CDC
2010b). It has been inferred that the administration
of only 4 doses of vaccine during prophylaxis on
days 0, 3, 7, and 14 will induce an adequate, long-
lasting immune response that is able to neutralise
rabies virus and prevent disease in all patients
when applied appropriately with proper wound
care and immunoglobulin (Rupprecht et al. 2009).

5.2.3.4 Vaccination Regimen for

Intramuscular Administration

in India
The Essen regimen is the currently approved reg-
imen for intramuscular administration of rabies
PEP cell culture vaccines in India. The course for
PEP consists of five injections on days 0, 3,7, 14,
and 28. The sixth injection on day 90 should be
considered as optional and should be given to
those individuals who are immunologically defi-
cient or those at the extremes of age and on ste-
roid therapy. Day O indicates the date of first
injection (NICD 2007).

5.2.3.5 Vaccines and Regimen

Approved for Intradermal

Administration
The WHO prescribes the 2-site regimen for intra-
dermal administration of a vaccine approved for
intradermal use. In this method, two doses of vac-
cine (0.1 ml each) are injected at two sites (one in
each of the upper arm) on days 0, 3, 7, and 28. This
regimen can be used for people with Category II
and Category III exposures in countries where the
intradermal route has been endorsed by national
health authorities. Only vaccines that have been
demonstrated to be safe and efficacious should be
used by the intradermal route. The vaccines and
brands approved by WHO (2012) for this purpose
include purified Vero cell rabies vaccine (PVRV)
(Verorab™, Imovax™, Rabies vero™, TRC
Verorab™) and PCECV (Rabipur™).

5.2.3.6 Vaccines and Regimen
Approved for Intradermal
Administration in India
Considering the WHO recommendations and the
results of safety, efficacy, and feasibility trials
conducted in India, the Drug Controller General of
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India (DCGI) has approved the use of intradermal
vaccination regimen for rabies PEP vaccination
according to the prescribed guidelines. The fol-
lowing vaccines and brands have been approved
by DCGI for use by intradermal route in the
country (NICD 2007):
1. Verorab (PVRV), Aventis Pasteur (Sanofi
Pasteur) India Pvt. Ltd.
2. Rabipur (PCECYV), Chiron Behring Vaccines
Pvt. Ltd.
PVRYV, Pasteur Institute of India, Coonoor
4. Abhayrab (PVRV), Human Biologicals
Institute
The Updated Thai Red Cross Schedule (2-2-
2-0-2) is the approved vaccination regimen in
India. It involves injection of 0.1 ml of reconsti-
tuted vaccine per intradermal site and on two
such sites per visit (one on each deltoid area, an
inch above the insertion of deltoid muscle) on
days 0, 3, 7, and 28. The day O is the day of
administration of first dose of intradermal rabies
vaccine and may not be the day of rabies expo-
sure/animal bite.

»

5.2.3.7 Postexposure Prophylaxis of
Previously Inmunised Persons

For rabies-exposed patients who have previously
undergone complete postexposure treatment or
those who can document previous complete pre-
exposure vaccination with a cell culture vaccine,
only two intramuscular or intradermal doses of
a cell culture vaccine, one on day 0 and another
on day 3, are sufficient. Authentic records of
previous immunisations are very important for
making correct decisions in such cases. This regi-
men also applies to the people vaccinated against
rabies who have demonstrated rabies virus-
neutralising antibody titres of >0.5 IU/ml. Adminis-
tration of RIG is not necessary in such cases
(WHO 2010a, 2012).

As an alternative to this regimen, the patient
may be offered a single-visit 4-site intradermal
regimen consisting of four injections of 0.1 ml
equally distributed over left and right deltoids
and thighs (WHO 2010a, 2012).

Full course of PEP vaccination should be
given to those persons who previously received
pre-exposure or postexposure prophylaxis with
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vaccines of unproven potency. Thus, persons
who have previously received full postexposure
treatment with nervous tissue vaccine should be
treated as fresh case and may be given treatment
accordingly. Similarly, those patients in whom
immunological memory is no longer assured
due to immunosuppressive causes should be
given complete PEP vaccination (NICD 2007,
WHO 2010b).

5.2.3.8 Postexposure Prophylaxis
of Immunodeficient Persons

Several studies of patients with HIV/AIDS
(immunodeficient disposition) have reported that
those with low CD4 (<200 counts) will mount a
significantly lower or no detectable neutralis-
ing antibody response to rabies vaccination.
Consequently, in immunocompromised individuals
including patients with HIV/AIDS, a complete
series of five doses of intramuscular cell culture vac-
cine in combination with comprehensive wound
management and local infiltration with RIG is
required for patients with Category II and III
exposures. When feasible, the rabies virus-neu-
tralising antibody response should be determined
2-4 weeks following vaccination to assess the
possible need for an additional dose of the vac-
cine. An antibody titre of 0.5 IU/ml or more in
serum as measured by the rapid fluorescent focus
inhibition test (RFFIT) or the fluorescent anti-
body virus neutralisation (FAVN) test is consid-
ered as protective (WHO 2010a).

5.2.3.9 Contraindications

For PEP vaccination there are no contraindica-
tions as it is a life-saving procedure. Rabies being
a fatal disease, PEP vaccination takes preference
over any other consideration. Pregnancy, lacta-
tion, infancy, old age, and concurrent illness are
not contraindications. The immune response to
rabies vaccine in infants and the elderly, without
specific immunosuppressive conditions, is
reported to be adequate. Vaccination is immuno-
genic, safe, and highly efficacious in pregnant
women (WHO 2005). No reported risk of abor-
tion or other harm to the foetus has been reported
due to administration of PEP vaccination
with cell culture vaccines in pregnant women
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(Sudarshan et al. 2007; Abazeed and Cinti 2007).
Rabies PEP should never be withheld from preg-
nant women as it is a life-saving vaccine. This is
also the case for PEP in immunocompromised
individuals, including children with HIV/AIDS
(Thisyakorn et al. 2000).

People taking chloroquine for malaria treat-
ment or prophylaxis may have a reduced response
to intradermal rabies vaccination (IDRV). For
this reason, vaccine should be administered to
this group of patients by intramuscular route
(Bernard et al. 1985; Pappaioanou et al. 1986;
WHO 2005).

5.2.3.10 Precautions

Apart from choosing appropriate vaccine, regi-
men, injection site, and route of administration,
care should be taken regarding storage, transpor-
tation, reconstitution, and handling of the vac-
cine. Most cell culture vaccines are marketed in
freeze-dried (lyophilised) form, which is more
tolerant of temperature fluctuations, but it is rec-
ommended that these vaccines should be kept
and transported at a temperature range of 2-8 °C.
Freezing does not damage the lyophilised vac-
cine but there are chances of breakage of ampoule
containing the diluent. Liquid vaccines should
never be frozen. The lyophilised vaccine should
be reconstituted with the diluent provided with
the vaccine immediately prior to use. However, in
case of unforeseen delay it should not be used
after 6-8 h of reconstitution (NICD 2007).

5.2.3.11 Side Effects

Cell culture vaccines are widely accepted as safe,
well tolerated, and least reactogenic. However,
minor and transient erythema, pain, and/or swell-
ing may occur at the site of injection in 3545 % of
vaccinees, particularly following intradermal
administration of a booster (Dreesen et al. 1986;
Fishbein et al. 1989; Briggs et al. 2000). Mild sys-
temic adverse events following immunisation,
such as transient fever, headache, dizziness, and
gastrointestinal symptoms, have been observed in
5-15 % of vaccinees (Fishbein et al. 1989; Lang
et al. 1998; Quiambao et al. 2005). Serious adverse
events mainly of allergic or neurological nature
rarely occur (Dobardzic et al. 2007; WHO 2010a).
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5.2.3.12 Discontinuation
of Vaccination

PEP may be discontinued if the suspect animal is
proved by appropriate laboratory examination to
be free of rabies or, in the case of domestic dogs,
cats, or ferrets, the animal remains healthy
throughout a 10-day observation period starting
from the date of the bite (WHO 2010a).

5.2.3.13 Switch Over from One Type/
Brand of Vaccine to Another
It would be better to use the same vaccine in all
doses in a case. Switching over from one type/
brand of cell culture vaccine to another type/
brand should be avoided, but when it is not pos-
sible to complete a full course with the same vac-
cine, another type of WHO-recommended cell
culture vaccine should be used to complete the
PEP (NICD 2007; WHO 2010a).

5.2.3.14 Switch Over from One Route
of Vaccination to Another

The effect of change of the route of vaccine
administration (e.g. from intramuscular to intra-
dermal) during PEP on vaccine immunogenicity
has so far not been examined. The practice of
switch over to different route midway the course
of PEP vaccination should be the exception
(WHO 2010b).

5.2.4  Application of Rabies

Immunoglobulin (RIG)

The objective of the PEP is to neutralise and
destroy rabies virus that was inoculated into a
victim’s body at the time of exposure. It is, there-
fore, essential that neutralising antibody directed
against rabies virus is produced as early as pos-
sible. However, primary vaccination takes 7—14
days to produce protective antibody titre. Thus, a
victim may remain vulnerable to rabies during
the initial period after exposure. Because rabies
is invariably fatal, the administration of RIG pro-
vides instant passive immunity early in the vac-
cination regimen. Administration of RIG into a
bite wound delivers ready-made antirabies anti-
bodies specifically targeted against rabies virus

61

to the anatomical region where the virus was
injected during the exposure (WHO 2011). RIG
has the property of binding with the rabies virus,
thereby causing its neutralisation and thus pre-
venting it from entering the nerve cells. However,
in common practice, it has been observed that
administration of RIG in bite cases is almost
ignored, particularly in the developing countries
due to ignorance or unavailability of RIG.

Administration of RIG side by side with anti-
rabies vaccine is the best specific systemic treat-
ment available for PEP of rabies in humans,
although experience indicated that vaccine alone
was sufficient for minor (Category II) exposures
in immunocompetent people (WHO 2012).
According to the WHO guidelines, besides anti-
rabies vaccine, RIG must be administered in all
cases of Category III exposure and in the
Category II exposures occurring in immunodefi-
cient people. Failure to use RIG where indicated
is one of the causes of failure of PEP. Care should
be taken that RIG is not used alone without
proper antirabies vaccination.

RIG for passive immunisation is administered
only once, preferably at, or as soon as possible
after, the initiation of postexposure vaccination.
Administration of RIG beyond the seventh day
after the first dose of antirabies vaccine is not
indicated because an active antibody response
to the cell culture vaccine is presumed to
have occurred by that time and RIG may inter-
fere with the vaccine-induced antibody produc-
tion (WHO 2012).

5.2.4.1 Typesof RIG

Two types of RIG, human RIG (HRIG) and
equine RIG (ERIG), are available. HRIG has a
relatively slow clearance (the half-life is about 21
days), so it is the preferred product, particularly
in cases of multiple severe exposures and bites on
the head, face, and hands. However, HRIG is
generally in short supply and available mainly in
industrialised countries. Where it is not available
or affordable, equine immunoglobulin or F(ab”)2
products of equine immunoglobulin should be
used. ERIG is raised by hyperimmunisation of
horses. Because of its heterologous origin, ERIG
carries a small risk of anaphylactic reaction
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(1/45,000 cases). However, most of the currently
manufactured ERIG preparations are highly puri-
fied, so the occurrence of adverse events has been
significantly reduced. These are potent, safe, and
considerably less expensive than HRIG. HRIG is
free from the side effects encountered in a serum
of heterologous origin (WHO 2010a, 2012).

5.2.4.2 Dose of RIG

The recommended dose of HRIG is 20 IU/kg
bodyweight (total maximum 1,500 IU) and that of
ERIG and F(ab“)2 products 40 IU/kg bodyweight
(total maximum 3,000 IU). Because of longer half-
life, HRIG is given in half the dose of ERIG. The
total dose should not exceed the recommended lev-
els as it may suppress the antibody production by
the vaccine (NICD 2007; WHO 2010a, b).

5.2.4.3 Administration of RIG

RIG should be instilled carefully using 26 G nee-
dle into the depth of all wounds and also infil-
trated around the wounds with least traumatisation.
The full dose of RIG, or as much as is anatomi-
cally feasible, should be administered into and
around the wound site. Any remaining RIG should
be injected into the thigh region intramuscularly
at a site distant from the vaccine administrative
site. If the calculated dose and the resultant vol-
ume of RIG are too small, for example, as in case
of a severely bitten child, it may be diluted two- to
three-fold in sterile saline to infiltrate all wounds
adequately. RIG should always be brought to
room temperature (20-25 °C) before use, and it
should never be administered in the same syringe
or at the same anatomical site as vaccine (NICD
2007; WHO 2010a).

5.2.4.4 Precautions While

Administering RIG
The Association for Prevention and Control of
Rabies in India (APCRI) has published guide-
lines for the persons administering RIG (APCRI
2009). The APCRI recommends that the health-
care workers may observe the following precau-

tions while administering RIG:
¢ The patient should not be on an empty stomach.
e The RIG vial(s) taken out from the refrigera-
tor should be kept outside for a few minutes
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before administration to the patient to bring to
room temperature/body temperature.

¢ While infiltrating RIG into bite wounds, care
must be taken to avoid injecting into blood
vessels and nerves. Sufficient care must also
be taken while infiltrating RIG into bite
wounds near the eyes and genital region.
Anatomical feasibility should always be kept
in mind while injecting RIG.

* While injecting into finger tips, care must be
taken to avoid the compartment syndrome.

¢ All emergency drugs and facilities for manag-
ing any adverse reactions must be available.

e If ERIG is being administered, patient’s his-
tory should be carefully taken regarding any
previous administration of horse sera, viz.
anti-tetanus, anti-diphtheria, anti-gas gan-
grene, anti-snake venom serum, and even anti-
rabies sera (ERIG).

e The patient should be kept under observation
for at least one hour after ERIG administration
and then discharged (APCRI 2009).

5.2.4.5 Sensitivity Test Before
Administration of ERIG

Because of the chances of anaphylactic shock

due to administration of ERIG, sensitivity testing

(skin test) is usually advised before giving ERIG.

The skin test may be performed according to the

instructions provided by the ERIG manufacturer.

The test in general involves the following steps

(NICD 2007; APCRI 2009):

* The patient is kept in a sitting position.

e The baseline pulse, blood pressure, and respi-
ratory rate of the patient are recorded.

e 0.1 ml ERIG diluted 1:10 in physiological
saline is injected intradermally into the flexor
surface of the forearm to raise a bleb of about
3—4 mm diameter.

e Simultaneously, an equal amount of normal
saline is injected as a negative control on the
flexor surface of the other forearm (control
injection).

e Constant watch is kept on the pulse, blood
pressure, and respiratory rate of the patient for
15 min. The patient is also watched for any
local or systemic reaction. After 15 min, the
site of ERIG injection is observed for an
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increase in diameter to >10 mm of induration

surrounded by flare. The sign is taken as

positive skin test, provided the reaction on the
saline test on the other arm (control) was
negative.

* An increase or abrupt fall in blood pressure,
syncope, hurried breathing, palpitations, and
any other systemic manifestations are taken as
positive test.

The skin sensitivity test is considered negative
when there is no reaction in both the forearms. If
patient is sensitive to ERIG, HRIG should be
used. It is important to note that a negative skin
test must never reassure the physician that no
anaphylactic reaction will occur. The skin testing
may detect the rare case of IgE-mediated (type I)
hypersensitivity to equine serum protein, but
majority of reactions to ERIG result from com-
plement activation and are not IgE-mediated and
will not be predicted by skin testing (NICD 2007,
APCRI 2009). However, the ERIG manufactur-
ers generally recommend a compulsory skin test
to check for hypersensitivity before the full dose
administration of ERIG. In such circumstances, it
is advisable to perform the skin sensitivity test to
comply with the local drug laws and to avoid any
subsequent litigation regarding medical negli-
gence (APCRI 2009).

According to the WHO, there are no scien-
tific grounds for performing a skin test prior to
administering equine immunoglobulin because
it may not predict reactions. Otherwise too,
despite the probability of anaphylactic reaction,
administration of immunoglobulin is essential
whatever the results of skin test because of the
life-threatening nature of rabies. Thus, the treat-
ing physician should be prepared to manage
anaphylaxis which, though rare, could occur
during any stage of administration irrespective
of the outcome of the skin test (APCRI 2009;
WHO 2010a, 2012).

5.2.4.6 Physician’s Preparedness for
Anaphylactic Reaction

The APCRI guidelines for persons administering

RIG to manage a situation of anaphylactic reac-

tion while administering ERIG are available

(APCRI 2009). According to these guidelines,
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those administering ERIG should always be
ready to treat anaphylactic reactions with injection
of adrenaline, hydrocortisone hemisuccinate,
pheniramine maleate, ranitidine, deriphyllin, and
dopamine. Intravenous fluids and oxygen cylin-
der should be kept ready and used if needed.
ERIG should preferably be given in a hospital
facility under close medical supervision.

5.2.4.7 RIG Tolerance and Side Effects
With RIG, there may be transient tenderness at
the injection site and a brief rise in body tempera-
ture, which do not require any treatment. Skin
reactions are extremely rare. RIG is never to be
given intravenously as this could produce symp-
toms of shock, especially in patients with antibody
deficiency syndromes. Serum sickness occurs
in 1-6 % of patients usually 7 to 10 days after
injection of ERIG, but it has not been reported
after treatment with HRIG (NICD 2007).

5.2.4.8 RIG Unavailability Situation

In circumstances where RIG is not available,
greater emphasis should be given to proper
wound toileting followed by Essen Schedule of
cell culture vaccine with double dose on day 0 at
2 different sites intramuscularly (on 0 day: 2
doses on left and right deltoid, followed by single
shot on 3, 7, 14, and 28 days). It is emphasised
that doubling the first dose of vaccine is not a
replacement to RIG. A full course of vaccine
should follow (NICD 2007).

5.2.4.9 Delay in RIG Administration

If immunoglobulin was not administered when
vaccination was begun, it can be administered up
to the seventh day after the administration of the
first dose of vaccine. RIG is not indicated beyond
the seventh day, since an antibody response to
antirabies vaccine is presumed to have occurred.

5.2.4.10 Current Scenario of RIG
Administration

Despite the fact that effective PEP against

rabies requires two-pronged strategy, i.e. active

immunisation and passive immunisation,

administration of RIG is commonly ignored

in most cases, particularly in the developing
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countries, partly due to high cost or unavailability

and partly due to ignorance. According to the

WHO (2012), the current situation concerning

passive immunisation in the developing coun-

tries is as shown below.

* Less than 1 % of all postexposure treatment
are comprised of vaccine and serum.

* HRIG is not widely available and is too expen-
sive for most people (about $250 per adult
patient, approximately five times more expen-
sive than purified horse serum).

* Cheaper and safe (purified pepsin digested
horse serum) ERIG is available in limited
quantities and in most situations is inaccessi-
ble to those that need it most.

As noted by the WHO (2012), this situa-
tion is getting worse due to the following
circumstances:

* More and more international manufacturers
are discontinuing ERIG production.

* Where production of purified equine prod-
ucts has been initiated (e.g. Thailand), it
remains limited and hardly satisfies the
national needs.

e Animal protection groups condemn and oppose
the animal rearing for serum production.

5.3 Pre-exposure Antirabies

Vaccination

Pre-exposure prophylactic vaccination is done to
attain active immunity in high-risk individuals
prior to a rabies exposure. It is recommended to
those who are at continual, frequent, or increased
risk of exposure to the rabies virus, either as a
result of their residence or occupation (Fig. 5.3).
Such individuals include veterinarians, animal
handlers, dogcatchers, wildlife wardens, quaran-
tine officers, laboratory workers dealing with
rabies virus or other lyssaviruses or infected mate-
rial, postmen, delivery personnel, pet owners, and
schoolchildren. Travellers from rabies-free areas
to rabies-endemic areas should also be vaccinated
regardless of duration of stay (NICD 2007; WHO
2010a). Children in highly endemic areas may
be considered if vaccine quantities are adequately
available (WHO 2010b).

Fig. 5.3 People awaiting pre-exposure vaccination during rabies control programme (Photo courtesy: Dr. Deborrah

Briggs)



5.4 Intradermal Rabies Vaccination (IDRV)

5.3.1 Pre-exposure Vaccination

Regimen

Same vaccines are used for pre-exposure prophy-
laxis as in case of PEP but the vaccination regi-
men is different. Pre-exposure vaccination
requires invariably three doses of intramuscular
vaccination on days 0, 7, and 21 or 28. Each dose
consists of 1 ml or 0.5 ml vaccine (volume
depending on the type of vaccine) injected in the
deltoid area of the arm in adults and the children
(above 2 years). For children aged less than 2
years, the anterolateral area of the thigh is recom-
mended. Rabies vaccine should not be adminis-
tered in the gluteal area, as the induction of an
adequate immune response may be less reliable.

Intradermal administration of 0.1 ml volume
on days 0, 7, and 21 or 28 is an acceptable alter-
native to the standard intramuscular route. It is
important that enough number of individuals is
available in one session of intradermal pre-
exposure vaccination so that all opened vials are
used within 6-8 h (WHO 2010a). Unutilised
vials may lead to wastage of the vaccine and eco-
nomic loss.

If antimalarial chemoprophylaxis is applied
concurrently, intramuscular route is preferable to
the intradermal route of injection (WHO 2010b).

5.3.2 Booster Dose Requirement

Periodic booster injections are recommended as
an extra precaution only for people whose occu-
pation puts them at continual or frequent risk of
exposure. Because vaccine-induced immunity
persists in most cases for years, a booster would
be recommended only if rabies virus-neutralising
antibody titres fall to <0.5 IU/ml. If the facilities
are available, antibody monitoring of personnel
at risk is preferred to the administration of rou-
tine boosters. For people who are potentially at
risk of laboratory exposure to high concentra-
tions of live rabies virus, antibody testing should
be done every 6 months while those not at con-
tinual risk of exposure should have serological
monitoring every 2 years (WHO 2010a). Such
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individuals on getting exposed to rabies virus
after successful pre-exposure immunisation
require only two booster injections of vaccine
given on days 0 and 3 without any RIG.

Intradermal Rabies
Vaccination (IDRV)
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The full course of postexposure rabies vaccina-
tion by intramuscular route is quite expensive.
The total cost of an average PEP course typically
ranges between US$40 and US$49 in Africa and
Asia as shown in studies. These estimates include
the cost of biologicals and of their administra-
tion (materials for injection such as syringes,
needles, and swabs and staff salaries) and
patient’s expenses towards transport to and from
medical facilities and loss of income (Partners
for Rabies Prevention 2010). The costs could
even be much higher in certain settings. The high
cost thus may limit the administration of cell
culture vaccines in many areas, particularly in
the developing countries, where canine rabies is
widespread. Intradermal administration of these
vaccines requires only 1-2 vials of vaccine to
complete a full course of PEP, thereby reducing
the volume used and the direct cost of vaccine by
60-80 % compared with standard intramuscular
vaccination (WHO 2010a). The method offers an
equally safe and immunogenic alternative of
vaccination at considerably reduced cost of a full
course of PEP.

IDRV has been in use for several years in
Thailand, Sri Lanka, and the Philippines. It has
also been successfully introduced in India, where
13 states and union territories have already
implemented it (WHO SEARO 2012).

Mechanism of Action
of IDRV

5.4.1

IDRV involves deposition of approved rabies
vaccine in the layers of dermis of skin.
Subsequently the antigen is carried by antigen-
presenting cells via the lymphatic drainage to
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the regional lymph nodes and later to the
reticuloendothelial system eliciting a prompt
and highly protective antibody response.
Immunity is believed to depend mainly upon
the CD4" T-cell-dependent neutralising anti-
body response to the G protein. In addition,
cell-mediated immunity has long been reported
as an important part of the defence against
rabies. Cells presenting the fragments of G pro-
tein are the targets of cytotoxic T-cells and
the N protein induced T-helper cells (NICD
2007). In IDRV, upon inoculating a small vol-
ume of vaccine (0.1 ml) at multiple sites, the
antigen is directly presented to the antigen-
presenting cells (without circulation/dilution
in blood) at multiple sites triggering a stronger
immune response. By intramuscular route,
single dose consists of 0.5 ml or 1 ml of vaccine
(depending upon the type) which is deposited
in the muscles, and the antigen is then absorbed
by the blood vessels and is presented to
antigen-presenting cells which trigger immune
response.

5.4.2 Intradermal Rabies Vaccines

Only the approved modern vaccines that meet
the WHO requirements regarding safety,
potency, and efficacy for this application may be
used for IDRV. The vaccines for IDRV should
meet the same WHO requirements for produc-
tion and control as required for rabies vaccines
delivered intramuscularly. In addition, the
immunogenicity and safety of intradermally
administered vaccines should be demonstrated
in appropriate clinical trials using the WHO-
recommended PEP regimen and a volume of
0.1 ml per intradermal site. To be approved for
intradermal use, any new candidate vaccine
should be proven potent (WHO 2010a, b). In
India, the guidelines provide that the vaccine
package leaflet should include a statement indi-
cating that the potency as well as immunogenic-
ity and safety allow safe use of the vaccine for
pre-exposure and postexposure vaccination by

Fig. 5.4 Intradermal vaccination against rabies (Photo
courtesy: Dr. Deborrah Briggs)

intradermal route. Post-marketing surveillance
data should be maintained for minimum of 2
years by the vaccine manufacturers on a prede-
signed and approved protocol (NICD 2007).

5.4.3 Intradermal Regimen for

Rabies PEP

The WHO has recommended 2-site (2-2-2-0-2)
intradermal PEP regimen for Category II and III
exposures. The 2-site regimen prescribes injec-
tion of 0.1 ml intradermally at two different
lymphatic drainage sites, usually the left and
right upper arm, on days 0, 3, 7, and 28. The
intradermal administration of vaccine must raise
a visible and palpable ‘bleb’ in the skin
(Fig. 5.4). In the event that a dose of vaccine is
inadvertently given subcutaneously or intramus-
cularly, a new dose should be administered
intradermally.
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5.4.4 Vaccine Potency
Requirements for

Intradermal Route

The antigenic potency of all the vaccines which
can be safely used by the intradermal route has
proven similar and is well above the minimum
value of 2.5 IU/ampoule. There is no evidence
that intradermal administration requires vaccines
with potency higher than that recommended for
intramuscularly administered rabies vaccines.
According to the WHO guidelines, the minimum
potency requirement for human rabies vaccines
for intradermal use should not be increased
beyond 2.5 IU (per single intramuscular dose) by
national authorities unless the need for a change
is substantiated by clinical or field studies (WHO
2010a, b).

5.4.5 General Guidelines for IDRV

Intradermal vaccination is a skilled procedure.

The following guidelines should be followed

while carrying out the vaccination by intradermal

route (NICD 2007; WHO 2010a):

e The vaccines should be an approved one for
administration by intradermal route.

e Sufficient and adequately trained staff should
be available to ensure correct storage and
reconstitution of the vaccine and proper intra-
dermal injection.

e Intradermal injections must be administered
by staff trained in this technique.

e The reconstituted vaccine should be used as
early as possible but within maximum 8 h.

e The vaccine should be stored at 2—8 °C and
the unused vaccine must be discarded at the
end of 6-8 h.

* Aseptic precautions should be followed while
withdrawing the dose from the vial.

e The delivery of the vaccine should be proper.
Vaccine when given intradermal should raise a
visible and palpable bleb in the skin.

e In the event that the dose is inadvertently
given subcutaneously or intramuscularly or in
the event of spillage, a new dose should be
given intradermal in nearby site.
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* Rabies vaccines formulated with an adjuvant
should not be administered intradermal.

e Animal bite victims on chloroquine therapy
(antimalarial therapy) should be vaccinated by
intramuscular route.

5.4.6 Material Requirement for

Intradermal Vaccination

The following material is required for intrader-

mal vaccination (NICD 2007):

e A vial of rabies vaccine approved for IDRV
and its diluent

* A disposable 2 ml syringe with 24 G needle
for reconstitution of vaccine

¢ Disposable 1 ml (insulin) syringe with gradu-
ations up to 100 or 40 units and with a fixed
28 G needle

* Disinfectant swabs (e.g. 70 % ethanol, isopro-
pyl alcohol) for cleaning the top of the vial
and the patient’s skin

5.4.7 Intradermal Injection

Technique

The freeze-dried vaccine in the vial is reconsti-
tuted aseptically with the diluent supplied by the
manufacturer. With a 1 ml syringe, 0.2 ml of the
vaccine is drawn for two intradermal injection
sites at the rate of 0.1 ml for each site. The air
bubbles are carefully expelled and it is ensured
that there is no dead space in the syringe. For
injecting the vaccine intradermally, the surface of
the skin is stretched and the tip of the needle is
inserted with bevel upwards, almost parallel to
the skin surface. Half of the vaccine, i.e. 0.1 ml,
is then slowly injected into the uppermost dermal
layer of skin, over the deltoid area, preferably an
inch above the insertion of the deltoid muscle. If
the needle is correctly placed inside the dermis,
considerable resistance is felt while injecting the
vaccine. A raised papule should begin to appear
immediately causing an orange peel appearance.
The remaining half of the vaccine (0.1 ml) is
injected on the opposite deltoid area. If the
vaccine is injected too deeply into the skin
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(subcutaneous), a papule is not seen. In such
case, the needle should be withdrawn and rein-
serted at an adjacent site and intradermal vaccine
should be injected correctly again (NICD 2007).

5.4.8 Antirabies Treatment

Centres for IDRV

Since it is to be ensured that the opened vial of

vaccine should be used within 6-8 h, it is essential

that individuals in sufficient numbers are avail-

able for vaccination at the vaccination centre to

consume an opened vial fully. Otherwise the vac-

cine will be wasted and the very purpose of reduc-

ing the cost of vaccination will be defeated. For

this reason, particular antirabies treatment centres

have been specified in India to carry out intrader-

mal vaccination. These centres are required to

meet the following criteria (NICD 2007):

e They should have adequately trained staff for
IDRV.

e They should be able to maintain cold chain for
vaccine storage.

e They should have adequate supply of suitable
syringes and needles for IDRV.

e They should be adequately trained in the man-
agement of open vials and safe storage
practices.

5.5 Chemotherapy

Although rabies is preventable with PEP vaccina-
tion, there is no specific treatment for rabies
infection after the onset of symptoms of the dis-
ease. When the disease is not treated, death typi-
cally occurs within 5-7 days after the symptoms
appear. Medical management generally focusing
on palliative care may prolong survival of the
patient but even with advanced supportive care,
the disease is usually always fatal.

A very small number of people have survived
rabies till date. Prior to 2004, five people had
been reported to survive after receiving immuno-
prophylaxis before the onset of symptoms (CDC
2005). However, in 2004, an adolescent female
treated with a novel protocol in Wisconsin (USA)
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became the first person to survive documented
clinical rabies without previous vaccination
(Willoughby et al. 2005). The patient was a
15-year-old girl who was bitten by a bat on her
left index finger while rescuing and releasing it.
Clinical rabies developed 1 month after the inci-
dence. The treatment included induction of coma
while a native immune response matured; rabies
vaccine was not administered. The patient was
treated with ketamine, midazolam, ribavirin, and
amantadine. Probable drug-related toxic effects
included haemolysis, pancreatitis, acidosis, and
hepatotoxicity. Lumbar puncture after 8 days
showed an increased level of rabies antibody, and
sedation was tapered. Paresis and sensory dener-
vation then resolved. The patient was removed
from isolation after 31 days and discharged to her
home after 76 days. At nearly 5 months after her
initial hospitalisation, she was alert and commu-
nicative but with choreoathetosis, dysarthria, and
an unsteady gait (Willoughby et al. 2005).

This case represented the sixth known occur-
rence of human recovery after rabies infection till
that time; however, the case was unique because
the patient received no rabies prophylaxis either
before or after the onset of illness. The five previ-
ous patients who survived were either previously
vaccinated or received some form of PEP before
the onset of illness (CDC 2005). This new thera-
peutic approach suggested that successful inter-
ventions may be possible; however, a number of
patients subsequently treated in a similar way did
not survive (van Thiel et al. 2009).

In 2009, another unvaccinated adolescent girl
aged 17 years with a history of bat exposure
2 months before illness, symptoms of encephalitis,
and positive rabies virus serology recovered from
a presumed abortive rabies (defined as recovery
from rabies without intensive care) after receiv-
ing only basic supportive care in Texas (CDC
2010a). Although the patient required multiple
hospitalisations and follow-up visits for recurrent
neurological symptoms, she survived without
intensive care. Initially the patient was diagnosed
as a case of suspected infectious encephalitis and
was treated with intravenous acyclovir, ceftriax-
one, ethambutol, isoniazid, pyrazinamide, and
rifampin. However, efforts of the healthcare team
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for establishing the aetiology of encephalitis
elicited the history of bat exposure. She recalled
that about 2 months before her headaches began,
she had entered a cave while on a camping trip in
Texas and came into contact with flying bats.
Although several bats hit her body, she did not
notice any bites or scratches. Rabies was thus put
in the differential diagnosis list.

The patient reportedly had never received
rabies prophylaxis. Antibodies to rabies virus
were detected in specimens of the girl’s serum
and cerebrospinal fluid (CSF) by indirect
fluorescent antibody test (IFA), but the presence
of rabies virus neutralisation antibodies (VNA)
was not detected. Later, after notification of posi-
tive rabies serology results, the girl received one
dose of rabies vaccine and 1,500 IU of HRIG.
Additional doses of vaccine were not adminis-
tered because of concern over possible adverse
effects from potentiating the immune response.
Later, the patient’s serum tested positive for
rabies VNA by RFFIT, whereas her CSF
remained negative for rabies VNA.

The patient was managed supportively and
never required intensive care. This is the first
reported case in which certain clinical and sero-
logical findings indicate abortive human rabies.
In all previous rabies survivors, the clinical
courses were substantially longer, with more
severe neurological compromise and more prom-
inent stimulation of the immune system, includ-
ing the induction of VNA. In this case, the clinical
manifestation was relatively mild, which might
imply variables associated with viral dose, route,
and type, with a more limited virus replication
and less apparent stimulation of the immune sys-
tem (CDC 2010a).

Recently, another rabies patient entered the
select list of survivors. An 8-year-old girl from
rural California, who became infected with rabies
after contact with free-roaming unvaccinated
cats, is the third unvaccinated person to recover
from clinical rabies in the USA (CDC 2012). The
girl suffering from a sore throat, difficulty in
swallowing, and weakness was ultimately diag-
nosed with rabies-based symptoms of paralysis,
encephalitis, and a positive result on a test for
rabies virus antibodies.

With a presumptive diagnosis of rabies, the
patient was sedated with ketamine and mid-
azolam and started on amantadine and nimodip-
ine to prevent cerebral artery vasospasm, and
fludrocortisone and hypertonic saline to maintain
her sodium at a level >140 mmol/L. Neither
HRIG nor rabies vaccine was administered. After
the girl was put into an induced coma to prevent
neurological complications of rabies infection
until her body could clear the virus, and given
other advanced supportive care, she recovered
after 52 days in the hospital.

In this case, early diagnosis also might have
affected the clinical outcome by focusing treat-
ment at an early stage (CDC 2012). It has been
recommended by the CDC that clinicians caring
for patients with acute progressive encephalitis
should consider rabies in the differential diagno-
sis and coordinate with health departments for
laboratory diagnostic testing when indicated.
Once a diagnosis of rabies has been established,
clinical management should focus primarily on
comfort care and adequate sedation of the patient
(Jackson et al. 2003; CDC 2008). Experimental
treatment might be considered after detailed dis-
cussions and informed consent by the patient,
family, or legal representatives, particularly if the
patient is young, healthy, and at an early stage of
clinical disease (CDC 2008).

5.6 Postexposure Treatment
Failures in Animal Bite

Cases

PEP treatment is a proven method of rabies pre-
vention. However, rabies-related deaths despite
PEP administration are encountered. The treat-
ment failures resulting in rabies are largely due to
deviations from the guidelines laid down by the
WHO. Delay in starting or failure to complete
correct prophylaxis, particularly when the animal
bites involve highly innervated regions, such as
the head, neck, or hands, or following multiple
wounds, may be the major reason of failure of
prophylactic treatment (Wilde 2007; APCRI
2009; WHO 2010a). Some other reasons are
listed in Box 5.1.
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Box 5.1 Major Reasons for Treatment
Failures Resulting in Human Rabies
(APCRI 2009)

» Extensive deep bite cases with inocula-
tion of rabies virus directly into the
nerve, especially in bites on head, neck,
and face (high-risk bites)

e Delay in starting treatment due to late
reporting of patients

e Improper bite wound management

» Application of irritants to bite wounds

e Suturing of bite wounds without local
infiltration of RIG

e Skipping RIG in cases where its admin-
istration is indicated

e Incomplete infiltration of wounds with
RIG or missing some wounds

* Wrong administration of RIG (intra-
muscular injection instead of infiltration
of wounds)

e Incomplete regimen of vaccination

e Failure to observe the vaccination
schedule

* Administration of rabies vaccines into
gluteal (hip) region instead of deltoid
(arm) muscle

e Immunocompromised status of patient

Apart from failures due to omissions and flaws
in PEP, rarely, true failures have also been
reported despite administration of the state-of-
the-art treatment (Shantavasinkul et al. 2010;
WHO 2010a). Shantavasinkul et al. (2010)
reported a case where the patient had rabies
despite receiving appropriate treatment. The
patient was bitten by a rabid dog on his hands and
right knee. He received proper wound care, vac-
cination, and HRIG administration within 6 h
after the attack. Although there were difficulties
in infiltrating the wound at the nail bed of the
right thumb, a great effort was made by
experienced staff to infiltrate this wound with
HRIG. The only deviation from the current WHO
guidelines was the additional HRIG infiltration
of the wounds 4 days after the first treatment
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when the positive results of the fluorescent
antibody test of dog brain specimens became
known. Nevertheless, the patient was able to mount
a good antibody response, as his neutralising anti-
body level on day 27 was 1.39 TU/ml by RFFIT,
which was much higher than 0.5 IU/ml, the level
considered adequate for protection from rabies.
The HRIG potency was reassessed and found
to be comparable (280 IU/ml) with that of the
manufacturer’s export certificate (150-300 IU/ml).
However, despite the treatment, the patient
became symptomatic 24 days after being bitten.

This case raised the possibility of an unusual
strain of rabies or other lyssavirus as cause of the
disease. It also suggested that in canine rabies-
endemic countries, physicians need to be aware
of atypical presentations of human rabies
(Shantavasinkul et al. 2010).

5.7 Management of Rabies

Exposure in Animals

In animals, if the bite is seen, irrigation of the
wound with 20 % soft soap solution or a solution
of Zephiran immediately after exposure may pre-
vent the establishment of the infection. No treat-
ment should be attempted after clinical signs are
evident (Radostits et al. 2007). Unlike humans,
postexposure vaccination may not be of value in
animals, as death usually occurs before appre-
ciable immunity develops. Further, antirabies
serum may not be available for animal treatment.
The suspect animals should not be euthanised,
particularly if human exposure has occurred;
rather these should be isolated and kept under
strict observation to note any sign of develop-
ment of rabies. It will help to establish a diagno-
sis and take appropriate action for protection of
the humans and animals that had previously come
in contact with the affected animals (Radostits
et al. 2007).

The National Association of State Public
Health Veterinarians (NASPHV) publishes a
Compendium of Animal Rabies Prevention and
Control annually detailing the postexposure man-
agement of any animal exposed to a confirmed or
suspected rabid animal (NASPHV 2011). Any
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animal potentially exposed to rabies virus by a
wild, carnivorous mammal or bat that is not avail-
able for testing should be regarded as having
been exposed to rabies. The Compendium pro-
vides guidance for management of dogs, cats,
ferrets, and livestock that have been exposed to
rabies. The suggested actions differ depending on
the type of animal and the vaccination status at
the time of exposure as shown below.

5.7.1 Dogs, Cats, and Ferrets

Any illness in an exposed animal should be
reported immediately to the local health depart-
ment. If signs suggestive of rabies develop (e.g.
paralysis, seizures), the animal should be
euthanised and the head sent for testing. The
guidelines given by NASPHYV (2011) for animals
with different status of pre-exposure vaccination
are summarised below.

Unvaccinated dogs, cats, and ferrets. Dogs,
cats, and ferrets that have never been vaccinated
and are exposed to a rabid animal should be
euthanised immediately. If the owner is unwilling
to have this done, the animal should be placed in
strict isolation for 6 months. Isolation in this con-
text refers to confinement in an enclosure that
precludes direct contact with people and other
animals. Rabies vaccine should be administered
upon entry into isolation or up to 28 days before
release to comply with pre-exposure vaccination
recommendations. PEP of previously unvacci-
nated domestic animals is not practised in the
USA as there is evidence that the use of vaccine
alone will not reliably prevent the disease in these
animals (Radostits et al. 2007; NASPHV 2011).

Dogs, cats, and ferrets overdue for booster
vaccination. The animals which are overdue for a
booster vaccination should be evaluated on a
case-by-case basis considering the severity of
exposure, time elapsed since last vaccination,
number of previous vaccinations, current health
status, and local rabies epidemiology to determine
need for euthanasia or immediate revaccination
and observation/isolation (NASPHYV 2011).

Dogs, cats, and ferrets that are currently vac-
cinated. Dogs, cats, and ferrets that are currently
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vaccinated should be revaccinated immediately,
kept under the owner’s control, and observed for 45
days for development of any signs of rabies. This
observation period is important to rule out any
chances of vaccination failure due to any reasons
and possibility of a vaccinated animal to contract
rabies (NASPHV 2011). In case of progression of
disease, rabies is most likely to become apparent
within this period. The factors such as extensive
exposure leading to overwhelming viral challenge,
incomplete vaccine efficacy, improper vaccine
administration, variable host immunocompetence,
and immune-mediated fatality may result in
reduction or loss of efficacy of the pre-exposure
vaccination.

5.7.2  Livestock

All species of livestock are susceptible to rabies.
Any illness in an exposed animal should be
reported immediately to the concerned depart-
ments. If signs suggestive of rabies develop, the
animal should be euthanised and the head dis-
patched for testing (NASPHV 2011).

Unvaccinated livestock. Unvaccinated live-
stock should be euthanised immediately. If the
animal is not euthanised, it should be observed
and confined on a case-by-case basis for 6
months.

Currently vaccinated livestock. Livestock
exposed to a rabid animal and currently vacci-
nated with an approved vaccine for that species
should be revaccinated immediately and observed
for 45 days.

In contact animals in the herd. Multiple
rabid animals in a herd or herbivore-to-herbivore
transmission are uncommon; therefore, restrict-
ing the rest of the herd if a single animal has been
exposed to or infected by rabies is usually not
necessary.

5.7.3  Other Animals

Other mammals exposed to a rabid animal should
be euthanised immediately. Animals maintained in
licensed research facilities or accredited zoological
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parks should be evaluated on a case-by-case basis
in consultation with public health authorities.
Management options may include isolation, obser-
vation, or administration of rabies biologicals
(NASPHV 2011).
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Vaccines and Other Biologicals

Abstract

Louise Pasteur prepared the first crude nerve tissue vaccine for rabies.
Dr. David Semple developed the completely inactivated and safer Semple
vaccine at Central Research Institute in Kasauli (India). With the advent
of modern cell culture vaccines, the WHO does not advocate the use of
the earlier nerve tissue vaccines anymore. Modern vaccines produced on
various cellular substrates and continuous cell lines are highly effective in
both pre-exposure and postexposure prophylaxis against rabies. Different
novel vaccines such as attenuated rabies mutants, viral recombinant vaccines,
DNA vaccines, and subunit vaccines have been developed recently
that hold great promise for the future. The use of rabies immunoglobulin
(RIG) for passive immunisation also dates back to the nineteenth century.
Currently two types of products, namely, equine RIG and human RIG, are
available. Development of alternative products and MAD is underway.
There has also been considerable progress in the production of rabies
vaccines for animal use. Several types of vaccines are available for adminis-
tration to domestic animals or wild species by parenteral or oral routes.
A third generation of live veterinary rabies vaccine has been developed
more recently using recombinant technology.

6.1 Human Vaccines and Other

Biologicals

Louis Pasteur developed the earliest effective
vaccine against rabies. He and his colleagues
traced infected brain and spinal cord as a major
replicative source of the causative agent of rabies.
They were able to fix the causative agent by serial
passage in rabbits through intracranial inocula-
tion. After a series of experiments, the first course
of successful rabies prophylaxis was administered
by Pasteur to a boy, Joseph Meister, in the year

1885 (Wu et al. 2011b). The method involved
inoculation with homogenates of the rabies
virus-infected rabbit spinal cord that had been
progressively desiccated in sterile air. The recipi-
ent initially received a subcutaneous injection of
the homogenate that was fully inactivated. This
was followed by a series of injections of prepara-
tions that contained progressively more virulent
virus (Wu et al. 2011b; Hicks et al. 2012). This
led to the development of nerve tissue vaccines.
Pasteur’s method was used for more than half a
century, before significant modifications were
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introduced in rabies vaccine preparation (Wu et al.
2011b). The developments in the rabies vaccine
production have been comprehensively reviewed
by Nandi and Kumar (2010), Wu et al. (2011b),
and Hicks et al. (2012).

6.1.1 Old Vaccines

6.1.1.1 Nerve Tissue Vaccines

The first crude nerve tissue vaccine for rabies was
prepared by Pasteur. The vaccine was not consis-
tently inactivated and comprised of a mixture of
inactivated and live virus, which led in some cases
to recipients developing rabies possibly from the
vaccination virus (Wu et al. 2011b; Hicks et al.
2012). Moreover, it was difficult to produce suf-
ficient vaccine from rabbits to meet the require-
ment. That led to the development of the Fermi
vaccine and Semple vaccine in sheep and goats.
Fermi and Semple used phenol to inactivate the
rabies virus in nerve tissue. Fermi vaccine was a
5 % aqueous suspension of rabies virus-infected
sheep or goat brain, treated with 0.5-1 % phenol
at 22 °C, but was still a combination of live and
inactivated virus. Dr. David Semple, who observed
that Fermi vaccine was totally inactivated by phe-
nol at 30 °C for 48-72 h (Semple 1911), devel-
oped completely inactivated vaccine in the year
1911 at Central Research Institute, Kasauli in
India, which was a major historical improvement
in the rabies vaccine safety. Semple vaccine con-
tained 5—10 % of sheep or goat brain tissue, 0.25—
0.5 % phenol, and possibly 1:10,000 thiomersal
as preservative (Wu et al. 2011b).

All these vaccines were prepared in the adult
mammal nervous tissue. Myelin present in these
caused sensitisation and encephalitis in the
patients. Observing that the substances responsi-
ble for side effects were largely absent in the
newborn animal tissue, suckling mouse brain
vaccine was subsequently developed to minimise
the adverse reactions of the nerve tissue vaccine.
Fuenzalida et al. (1964) introduced an inactivated
rabies vaccine prepared as a 1 % homogenised
neonatal mouse brain suspension (Fuenzalida
et al. 1964). Though an improvement over the
adult nerve tissue vaccines, severe adverse reac-
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tions were reported with this vaccine too (Bonito
et al. 2004).

The World Health Organization (WHO) does
not advocate the use of nerve tissue vaccines, so
the production of Semple vaccine has been com-
pletely stopped in India, but it is still produced
and used in some Asian and African countries.
Suckling mouse brain vaccine is also in use in
some Latin American countries (Wu et al. 2011b).

6.1.1.2 Avian Embryo-Derived Vaccines

Chicken embryo-derived rabies vaccines were
evolved to overcome the problem of reactogenic
nature of nerve tissue vaccines. The rabies virus
Flury strain was adapted to 1-day-old chicks and
subsequently established in chick embryos and
passaged in embryonated chicken egg (Leach
and Johnson 1940; Koprowski and Cox 1948; Wu
et al. 2011b). The Flury low egg passage (LEP)
vaccine consisted of live virus at the 40-50th
egg passage level and was lyophilised from a
33 % whole-embryo suspension. The LEP vaccine
was used in mass dog vaccination campaigns but
retained residual virulence and occasionally caused
rabies in young puppies, cats, and cattle. The Flury
high egg passage (HEP, 180th passage or above)
vaccine was tested in humans during the 1950s
and 1960s but was eventually discontinued due to
unreliable potency and a sense of ‘little practical
importance’ (Fox et al. 1957; Wu et al. 2011b).

A duck embryo-derived rabies vaccine was
developed in the 1950s (Peck et al. 1955; Wu et al.
2011b). This vaccine was a rather crude 10 %
suspension of whole embryos, inactivated using
B-propiolactone. It was used extensively in humans
in the USA for about 25 years, until the early
1980s. However, even this vaccine was not entirely
successful as significant poor antigenic responses
and severe adverse reactions were associated with
it (Vodopija and Clarke 1991; Wu et al. 2011b).

6.1.2 New-Generation Modern
Vaccines

The old method of vaccination for protection
against rabies involved administration of the
rabies virus antigens in homogenised tissue
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suspensions. These unpurified nerve tissue or
whole avian embryo vaccines do not meet the
modern quality standards, and their administra-
tion to humans may be regarded as an unaccept-
able practice (Wu et al. 2011b).

The development of cell culture for virus
propagation dramatically changed the scenario of
vaccination against rabies. The first tissue culture
rabies vaccine for use in humans was derived
from virus grown in primary hamster kidney
cells; however, its application was limited (Wu
et al. 2011b). During the late 1970s and the
1980s, different types of vaccines were prepared
on various cellular substrates such as primary
explant cells of hamster, dog, or foetal calf kid-
ney; fibroblasts of chicken embryo; diploid cells
from rhesus monkey foetal lung; human diploid
cells; and finally cells from continuous lines
(Vero cells).

The production of some of these vaccines was
stopped at the end of the 1980s while others con-
tinued. Since their development more than four
decades ago, concentrated and purified cell cul-
ture and embryonated egg-based rabies vaccines
have proven to be safe and effective in preventing
rabies. Intended for use both for pre-exposure
prophylaxis and for postexposure prophylaxis
(PEP), these vaccines have been administered to
millions of people worldwide (WHO 2012).

The historical perspective of development of
modern cell culture vaccines has been elaborately
reviewed by Wu et al. (2011b). A brief account of
the most common rabies vaccines traded interna-
tionally today is given below.

6.1.2.1 Human Diploid Cell Vaccine
(HDCV)

An inactivated rabies vaccine for human use was
first prepared in cell culture in 1964. In 1966 it
was shown that the human diploid cell strain
WI-38 was a suitable substrate for the propaga-
tion of the Pitman-Moore strain of fixed rabies
virus. Later, its production was done in MRC-5
cell line, a similar but foetal lung cell strain
developed in Europe. The vaccine was first
licensed for use in France in 1974 and commer-
cial production started in 1978. In the USA, the
vaccine was licensed in 1980. HDCV was the
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first purified, concentrated, and lyophilised rabies
vaccine without any adjuvant, but containing
human serum albumin as a stabiliser. Thereafter,
rabies HDCV was recommended as a gold stan-
dard reference vaccine by the WHO. Compared
to other rabies vaccines, HDCV caused much
fewer adverse effects (Wu et al. 2011b; WHO
2012). However, despite the safety and high
immunogenicity of these vaccines, the relatively
low titre of virus production by human diploid
cells posed a problem in large-scale production
of a comparatively cheap rabies vaccine of equal
quality. Therefore, the cost of HDCV remains
high, and its availability is limited typically to
developed countries (Wu et al. 2011b; WHO
2012).

A concentrated rabies vaccine adsorbed (RVA)
was developed in FRhL-2 cells, i.e. foetal rhesus
monkey lung cells in 1982, and used in the USA.
Although licensed, RVA is no longer available on
the US market. Interestingly, the vaccine was
redeveloped and licensed for human use in 2002
in India (Wu et al. 2011b). It is presently manu-
factured and marketed by the Serum Institute of
India under the brand name Rabivax.

6.1.2.2 Purified Vero Cell Rabies
Vaccine (PVRV)

A Vero cell line was established in 1962 from
African green monkey kidney cells. Following
the production of the inactivated poliomyelitis
vaccine in Vero cells, studies were carried out to
develop a human rabies vaccine. Rabies vaccine
cultured in Vero cells was developed in the early
1980s. The vaccine, which required a purification
step in order to remove the residual cellular DNA,
is known as the purified Vero cell rabies vaccines
(PVRV). PVRV was licensed in Europe in 1985.
Currently, PVRV is widely available and com-
monly used worldwide, including India, but is
not licensed for use in the USA (Wu et al. 2011b;
WHO 2012).

6.1.2.3 Purified Chick Embryo Cell
Vaccine (PCECV)

This vaccine is prepared in primary chick

embryo cells derived from specific pathogen-

free eggs. It is a freeze-dried preparation
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consisting of purified and concentrated rabies
virus antigen inactivated with p-propiolactone
(WHO 2012). PCECV was developed initially
using Flury HEP virus in 1972. Another PCECV
was developed using the Flury LEP virus. After
more than a decade of inactivated LEP vaccine
application in dogs, the seed virus was further
adapted to chicken embryo fibroblast cells and
then developed into the second PCECV for
humans. Currently, PCECV is one of the most
commonly used human rabies vaccines (Wu
et al. 2011b).

6.1.2.4 Purified Duck Embryo Vaccine
(PDEV)

Owing to the need for improvements in the
whole duck embryo-derived tissue vaccine,
purified duck embryo vaccine (PDEV) was
developed. The vaccine is registered in some
European and Asian countries, but not licensed
in the USA (Wu et al. 2011b). The vaccine was
introduced in India to meet the ever increasing
need for modern rabies vaccines. Though
PDEV is in strict sense not a cell culture vac-
cine (infected duck embryos are homogenised
and viruses are purified by zonal centrifuga-
tion and inactivated with p-propiolactone), it
is considered on par with any cell culture vac-
cine by the WHO. PDEV was originally manu-
factured by Berna Biotech, Switzerland, under
the brand name of Lyssavac N. Following the
transfer of technology in 2001, the same
PDEV is now being manufactured in India by
the Zydus Cadila Ltd., marketed as Vaxirab
from 2003 onwards. The vaccine has been
approved by the Drug Controller General of
India. PDEV manufactured in India is being
exported to some Asian countries under the
brand name of Lyssavac N. Studies in India
have concluded that indigenously manufac-
tured PDEV is a safe and immunogenic vac-
cine and can be safely used for PEP (Mahendra
et al. 2010).

In India, currently, several private and public
firms are producing and/or marketing modern
antirabies vaccines. The features of some vac-
cines available in the country are given in
Table 6.1.
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6.1.3 Development of Newer
Vaccines

Traditionally, rabies vaccines have been pro-
duced by serial passage of rabies virus in nerve
tissue or cell culture until attenuated (live virus)
or by inactivation of the virus (killed virus).
Currently available new-generation vaccines
against rabies are quite successful, but there have
been numerous attempts to develop even better
vaccines with greater features such as enhanced
immunogenicity, rapid immune response, sus-
tained protection with fewer (preferably single)
prophylactic doses, lower cost of production, fea-
sibility of large-scale commercial production,
reasonable stability at room temperature, and
reduced or no requirement of rabies immuno-
globulin (RIG) application.

With the advancement in the molecular and
genetic manipulation techniques, different novel
vaccines for rabies have been developed recently
that hold great promise for the future (Ertl 2009).
Some of these are briefly described below.

6.1.3.1 Attenuated Rabies Mutants
Advancements in reverse genetics have facili-
tated production of reconstituted rabies viruses
with altered genomes through expression of
mutated genes. A number of attenuated rabies
viruses have been generated and tested using
such techniques (Ertl 2009). Wu et al. (2011a)
recently described the development of a highly
attenuated rabies virus ERAg3m, with a mutation
in the glycoprotein (G) gene and a switch of the
G gene with the matrix protein gene in the viral
genome. After a one-dose intramuscular vaccina-
tion, the ERAg3m virus protected 100 % of mice
and hamsters from lethal challenge (Wu et al.
2011a). It was shown that the live attenuated
rabies virus when given pre-exposure or coin-
fected with street rabies virus was capable of pre-
venting rabies in two different animal models.
Overall, it offered better protection than the inac-
tivated vaccine (Wu et al. 2011a).

Attenuated rabies mutants, in which crucial
genes are deleted and replaced with a second
glycoprotein gene, have been shown preclinically
to induce more potent immune responses than
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Table 6.1 Some human antirabies vaccines available in India

Brand name, manufacturer, product detail

Abhayrab (Human Biologicals Institute — a division of
Indian Immunologicals Ltd.)

Purified inactivated rabies vaccine, prepared on Vero
cells, using L. Pasteur 2061/Vero rabies strain,
freeze-dried vaccine

Rabipur (Chiron Behring Vaccines Pvt. Ltd. — a
Novartis company; marketed by Novartis)

PCEC (purified chick embryo cell culture) rabies
vaccine; the strain used for manufacture is Flury LEP
strain of rabies virus, lyophilised

SII Rabivax (Serum Institute of India Ltd.)

Rabies vaccine (adsorbed), human diploid cell culture
vaccine, liquid vaccine

Rabies virus (Pitman-Moore strain) adapted, grown on
human diploid cells, and inactivated with

P propiolactone; after inactivation the virus is adsorbed
onto aluminium phosphate

Verorab (Sanofi Pasteur, France; marketed by Zuventus
Healthcare Ltd., Mumbai)

Inactivated purified Vero cell rabies vaccine, lyophilised,
produced on Vero cells using rabies virus (Wistar Rabies
PM/W138 1503-3 M strain)

Use, dosage, site, route of administration, packing detail*

Use: pre-exposure and postexposure vaccination against
rabies

Pre-exposure prophylaxis: three immunising doses on
0, 7, and 21 or 28 days followed by annual booster
Postexposure prophylaxis: one immunising dose on
postexposure days 0, 3, 7, 14, 28, and 90 each

Route: deep intramuscular route in the deltoid region or
by subcutaneous route

Packing: box of one-dose vial along with diluent ampoule
(0.5 ml), sterile disposable syringe with needle, and
vaccination card

Use: pre-exposure and postexposure vaccination against
rabies

Dose and route: used as either intramuscular or
intradermal and by all regimens permitted by the
authorities in India for pre-exposure and postexposure
prophylaxis

Packing: 1 vial with lyophilised powder+ 1 ampoule with
1 ml sterile water for injection and 1 sterile disposable
syringe and needle

Use: pre-exposure and postexposure vaccination against
rabies

Dosage:

Pre-exposure: one injection each on days 0, 7, 21, or 28;
booster injection 1 year later and then every 5 years
Postexposure: one injection each on day 0, 3, 7, 14, 28
each (total 5 injections)

In those previously immunised: one injection each on
day 0 and day 3

Site: deltoid muscle or anterolateral aspect of the thigh in
children

Route of administration: IM use only

Packing: one vial (1 ml, single dose) along with syringe
and needle

Use: pre-exposure and postexposure vaccination against
rabies

Pre-exposure prophylaxis by intramuscular route: one
dose each on days 0, 7, and 28 (or 21) followed by a
booster injection after 1 year and then a booster every
5 years

Postexposure prophylaxis by intramuscular route: one
dose each on postexposure days 0, 3, 7, 14, and 28
Postexposure prophylaxis by intradermal vaccination: one
intradermal dose comprising of 0.1 ml of reconstituted
vaccine (1/5 of the intramuscular dose) according to the
approved regimen in India, i.e. the 2-site intradermal
regimen (Thai Red Cross intradermal regimen, 2-2-2-0-2
regimen) that prescribes 1 injection of 0.1 ml each at

2 sites on days 0, 3, 7, and 28

Packing: one dose in a vial +0.5 ml solvent in ampoule or
prefilled syringe

“Based on the company’s product information. Consult product literature, guidelines, and local regulations before use
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traditional vaccines and the responses came up
more rapidly. The virus while retaining full
immunogenicity can be made completely non-
pathogenic by deleting certain crucial genes,
thus, obliterating the need of its inactivation.
Such viral mutants may be highly suited to
replace the current vaccines for PEP (Ertl 2009).

6.1.3.2 Viral Recombinant Vaccines
Cloning the rabies virus glycoprotein into bacte-
rial plasmids through genetic manipulation and
then expressing the protein in a range of systems
provides an alternative potential approach for
developing new vaccines against rabies (Hicks
et al. 2012). The recombinant proteins expressed
in a range of vectors in several studies have been
shown to be protective in mouse models of vac-
cination and virus challenge. Viral vectors have
also been explored as vaccine carriers; however,
these have a limitation that the existing neutralis-
ing antibodies to the parental virus in the target
species can inhibit the uptake of recombinant
viral vectors and hence production of the vaccine
antigen (Ertl 2009).

6.1.3.3 DNA Vaccines

DNA vaccines are bacterial plasmids constructed
to express an encoded protein following in vivo
administration and subsequent transfection of
cells. The use of DNA vaccination in rabies pro-
phylaxis has been demonstrated in a number of
animal models since 1994, but the poor immuno-
genicity and requirement of higher DNA doses in
larger animals limit its application. However, the
progress and accomplishments in the field of vec-
tor design hold considerable promise for rabies
DNA vaccine development (Ullas et al. 2012).

6.1.3.4 Subunit Vaccines

Glycoprotein is the major surface protein of
rabies virus, responsible for the production of
neutralising antibodies; hence the rabies virus
glycoprotein has been the major target for sub-
unit vaccine development to provide complete
protection against rabies virus. The rabies virus
glycoprotein has been expressed in various
expression systems. Various recombinant protein
expression platforms offer the advantage of
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obtaining scalable protein production without the
necessity of handling live rabies virus (Ramya
etal. 2011).

6.1.3.5 Replication-Deficient

or Single-Cycle Live Rabies

Virus-Based Vectors
Though live rabies virus vaccines have the great-
est potential to induce strong immunity against
rabies virus, their use poses risk of adverse effects
of residual pathogenesis. The reverse genetics
technologies have been used to develop
replication-deficient or single-cycle live rabies
virus-based vectors for use as a single-dose rabies
vaccine for humans (McGettigan 2010). These
vaccines have been shown to be efficacious and
safe in animal models; however, additional stud-
ies are required before these could replace the
current inactivated human rabies vaccines.

6.1.4 Potency and Safety of Modern
Rabies Vaccines

The WHO published the requirements for rabies
vaccine for human use in 1981 (WHO 1981).
Later, an additional document “WHO require-
ments for rabies vaccine (inactivated) for human
use produced in continuous cell lines’ was pub-
lished in 1987 (WHO 1987). The former encom-
passed the requirements for vaccines derived
from mammalian neural tissue as well as the
vaccines produced using embryonated eggs and
variety of cell substrates, whereas the latter cov-
ered only the vaccines produced in continuous
cell lines. Subsequently in 1994, amendments
which updated the section on the International
Standards for Rabies Vaccine were published
(WHO 199%4a, b).

Keeping in view the subsequent developments
in the production and quality control of vaccines
as well as in their overall regulation, particularly
the safety issues, the revision of the requirements
for rabies vaccines was envisaged at the meetings
of a working group held at WHO, Geneva, in
May 2003 and May 2004 and the revised recom-
mendations for inactivated rabies vaccine for
human use produced in cell substrates and
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embryonated eggs were published (WHO 2007),
replacing all previous requirements. The scope of
these recommendations encompasses vaccines
produced in cell substrates, ranging from primary
cells (hamster kidney and chick embryo fibro-
blasts) and diploid cells to continuous cell lines
such as Vero cells. Purified vaccines produced
using duck embryos are also within the scope of
the document. This document focuses on the rec-
ommendations for production, control, and eval-
uation of rabies vaccines. However, vaccines
produced in mammalian neural tissues are not
considered because their use is no longer
recommended.

Besides the use of advanced techniques, the
production of modern vaccines is also guided by
the governing regulations and the basic criteria of
efficacy, purity, potency, and safety. In the cell
culture vaccine production, rabies virus is propa-
gated in cell cultures, and the viral harvest is con-
centrated, purified, inactivated, and lyophilised.
Inactivation of the vaccines is usually done with
B-propiolactone, and the vaccines undergo the
safety, sterility, potency, and stability tests. All
cell culture vaccines need to have WHO-
recommended minimum potency of 2.5 IU or
more per single intramuscular dose. The shelf life
of these vaccines is >3 years, provided they are
stored at +2 °C to +8 °C and protected from sun-
light (WHO 2010; Wu et al. 2011b).

The modern vaccines are highly effective in
both pre-exposure and postexposure prophylaxis
against rabies. The vaccines induce a prompt
response to attain the WHO’s specified minimum
rabies virus-neutralising antibody titre of
0.5 IU/ml of serum. In healthy vaccinees, this
level should be achieved in most individuals by
day 14 of a postexposure regimen, with or
without simultaneous administration of RIG and
irrespective of age. The modern vaccines have
good immunological memory (WHO 2010).

As the purity, potency, and safety of vaccines
have increased over time, the number and fre-
quency of doses required for successful prophy-
laxis have decreased. As against the nerve tissue
vaccine which required daily doses over a 10- or
14-day period, the cell culture vaccines have only
a five-dose regimen (Wu et al. 2011b).
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6.1.5 Rabies Immunoglobulin (RIG)

Apart from active immunisation with vaccine,
passive immunisation is also required in most
instances in a rabies-infected area for the success
of PEP. The use of RIG for passive immunisation
dates back to 1890 when Babes demonstrated its
utility in experimental animals. In 1945, Habel
and his colleagues conclusively demonstrated
that postexposure treatment with antirabies
serum given at the site of the bite soon after virus
injection, along with vaccine, was much more
effective than the vaccine alone. Following simi-
lar reports, the WHO coordinated a series of
experiments to determine the optimal dose of
RIG, so that active immunity induced by vaccina-
tion is not significantly suppressed. The com-
bined use of vaccine and serum became a standard
postexposure treatment after the recommendation
by the WHO in 1966 (APCRI 2009).

For production of RIG, several types of ani-
mals were used, but horses proved to be more
suitable because large quantities could be
obtained. Till 1960, equine rabies immunoglobu-
lin (ERIG) in use was not purified and led to the
incidence of serious side effects like anaphylaxis
and serum sickness. In the late 1960s, highly
purified and enzyme-digested ERIG became
available. This has resulted in fewer side effects.
While the production of human RIG (HRIG) was
initiated by Hosty as early as in 1959, Cabasso
standardised its production and determined the
optimal dosage in 1971 (APCRI 2009).

Currently two types of products, namely, HRIG
and ERIG, are available for passive immunisation,
but the availability and access to HRIG is usually
limited due to high cost, particularly in the devel-
oping countries. However, ERIG is quite a safe
alternative option for use in the resource-poor
countries. The currently available ERIG is a highly
purified product and much safer than the previous
generation heterologous products (WHO 2012).

6.1.5.1 Equine Rabies Inmunoglobulin
(ERIG)

Different types of ERIG have been produced

using various immunogenic preparations, con-

sisting usually of a combination of inactivated
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Table 6.2 Some rabies immunoglobulins available in India

Brand name, manufacturer, product detail

Abhay RIG (Human Biologicals Institute — a
division of Indian Immunologicals Ltd.)

Equine antirabies immunoglobulin fragments

Use, dosage, site, route of administration, packing detail®

Use: for passive immunisation against rabies (in conjunction with
rabies vaccine)

Dose: 40 IU/Kg bodyweight. If anatomically feasible, as much as

possible of the dose should be infiltrated around the wounds

Route: intramuscular

Packing: vials of 5 ml, each vial containing not less than 1,500 [U
of equine antirabies immunoglobulin fragments

Equirab (Bharat Serums and Vaccines Ltd.)

Use: for passive immunisation against rabies (in conjunction with

rabies vaccine)

Rabies antiserum — equine antirabies
immunoglobulin fragments

Dose: 40 IU/Kg bodyweight. If anatomically feasible, as much as
possible of the dose should be infiltrated around the wounds

Route: intramuscular

Packing: vials of 5 ml, each vial containing not less than 1,000 IU
of equine antirabies immunoglobulin fragments

“Based on the company’s product information. Consult product literature, guidelines, and local regulations before use

and fixed strains of rabies virus. ERIG production
involves immunising horses with immunogenic
preparations, allowing adequate immunisation
period and subsequent bleeding for collection of
serum. Purification techniques are used to maxi-
mise the specific activity and to minimise the
allergenic substances in the product with an
objective to reduce the risk of sensitisation to het-
erologous ERIG. The availability of purified
ERIG has reduced the incidence of serum sick-
ness among the recipients (WHO 2012). In India,
ERIG is indigenously produced from hyperim-
munised horses both in the government sector
and in the private sector.

Many of these preparations are now based on
ERIG F(ab')2 fragments which constitute a spe-
cific part of the immunoglobulin that neutralises
rabies virus. It is free from the reactogenic Fc
fragment causing significant reduction in the
occurrence of adverse reactions (APCRI 2009).
Efficient separation of F(ab')2 fragments from Fc
fragments and other serum proteins has been a
challenge for industrial scale production despite
the availability of several purification techniques.
Some novel methods have been recently pro-
posed to produce ERIG F(ab')(2) fragments from
crude equine plasma (Fernandes et al. 2008;
Kittipongwarakarn et al. 2011).

6.1.5.2 Human Rabies Immunoglobulin
(HRIG)

HRIG preparations have been developed and
used for postexposure treatment in most indus-
trialised countries to avoid the reactions asso-
ciated with ERIG. HRIG is homologous in
origin and its infiltration does not require prior
skin testing. Since 1975, this product has been
administered to more than 250,000 people in
the USA, and no cases of serum sickness have
been reported (WHO 2012). HRIG has a longer
half-life in comparison to ERIG, so its dose is
half the dose of ERIG. As HRIG has slower
clearance than F(ab')2 fragments from the
body, it is advisable to use HRIG in multiple/
severe exposures (APCRI 2009). However,
HRIG is expensive, therefore, not as com-
monly available. In India, HRIG is imported
and less accessible.

Recently, production of a functional human-
ised Fab fragment of a neutralising antibody
against rabies virus has been described as a pro-
totype of a therapeutic agent that could be an
alternative to ERIG and HRIG obtained from the
blood of vaccinated human donors (Sveshnikov
et al. 2010).

Some RIG products available in India are
mentioned in Table 6.2.
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6.1.6 Development of Monoclonal
Antibodies (MAb)

Limited supply of HRIG and ERIG is a major
obstruction in the passive immunisation com-
ponent of the PEP against rabies in the coun-
tries where canine rabies is endemic. Based on
vaccine utilisation, it is estimated that in India
alone about five million people receive PEP
against rabies annually (WHO SEARO 2012).
Replacement of HRIG and ERIG with other
potentially cheaper and efficacious biologicals,
therefore, remains a high priority. Development
of alternative products and use of carefully
selected MAD for therapeutic purpose provides
a possible solution to the problem. MADb have
demonstrated their activity in certain animal
models and with the progress of technology,
their potential ease of production in large
quantities at low cost and ease of quality con-
trol compared to polyclonal serum make it an
attractive proposition (Muller et al. 2009;
WHO 2012).

The scientist of Crucell, a global biopharma-
ceutical company, Thomas Jefferson University
(TJU) in Philadelphia, and the CDC collaborated
to discover a combination of human MAb for the
postexposure treatment of rabies (Anonymous
2012). The candidate MAb product is designed to
be used together with rabies vaccine. Preclinical
studies conducted during 2004 indicated that the
MAD combination could neutralise (inactivate)
rabies virus at least as effectively as HRIG. Since
then, the rabies MAb combination has success-
fully progressed through phase I clinical trials in
the USA and India (in 2006-2007) and phase 11
trials in the USA and the Philippines. An addi-
tional phase II study in India is now imminent.
This study is designed to collect safety and neu-
tralising activity data of the CL184 antibody in
combination with the vaccine in simulated rabies
PEP setting. Crucell and Sanofi Pasteur are code-
veloping the rabies antibody product which is not
derived from blood and would be affordable for
everyone. Other important potential advantages
of this MADb product compared to RIG include
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more consistent production volumes and less
painful administration due to smaller injections.

In yet another initiative, MassBiologics and the
Serum Institute of India partnered in an effort to
develop MAD that could be used in place of HRIG.
The new cost-effective rabies therapy developed
by them gave positive results from a phase 1 study
carried out in India in the year 2010 (Anonymous
2010). The study showed that a new MAb (RAB-1)
resulted in protective antibody levels in the serum
of treated subjects. Preclinical testing of RAB-1
showed that it neutralised all isolates available
from a panel of rabies viruses. In the phase 1 trial
run at the King Edward Memorial (KEM)
Hospital in Mumbai, 74 healthy volunteers were
randomised into several groups that either received
escalating doses of RAB-1 or of HRIG combined
with vaccine. RAB-1 was well tolerated by all
subjects, with no serious adverse side effects. Blood
samples were then analysed and showed that the
volunteers who received RAB-1 and vaccine at a
dose of 0.150 mg/kg had levels of rabies antibod-
ies equal to or higher than the levels from those
volunteers who had received the standard dose of
HRIG and vaccine. The half-life of RAB-1 was
18-19 days (Anonymous 2010). Blood samples
were also analysed by the Kansas State Veterinary
Diagnostic Laboratory to determine if antibodies
present in the volunteers’ bloodstream could
neutralise rabies virus in a cell-based assay using
two different strains of virus. The data showed that
volunteers who received RAB-1 at 0.150 mg/kg
with vaccine had similar or better protective serum
levels when compared to those who received HRIG
with vaccine.

Following the successful conclusion of this
phase 1 trial, the Serum Institute of India and
MassBiologics are moving ahead in a clinical
trial in India to evaluate the efficacy of RAB-1
combined with vaccine compared to the standard
of care for patients who have been exposed to
potentially rabid animals. It will be possible to
produce MAD in large quantities and at much
lower costs than blood products, which could
make this new therapy widely available in Asia
and India (Anonymous 2010).
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6.2  Animal Vaccines

There has been considerable progress during the
past two decades in the production of rabies vac-
cines, whether live or inactivated, for animal use.
With the increasing use of continuous cell lines
as a substrate and adoption of the fermentor tech-
nology for antigen production, several types of
second-generation vaccines are currently avail-
able for administration to domestic animals or
wild species by parenteral or oral routes accord-
ing to vaccine characteristics (WHO 2012).
Highly immunogenic inactivated but affordable
cell culture vaccines are widely available for
immunisation of dogs via parenteral route, and
more and more developing countries are coming
forward for transfer or acquisition of modern cell
culture technology for parenteral veterinary vac-
cine production.

More recently a third generation of live veteri-
nary rabies vaccine has been developed using
recombinant technology. Depending upon the
expression system, these vaccines are used either
parenterally or orally. Oral rabies vaccines are
widely used in foxes in Europe and in raccoons in
the USA. Trials are underway for oral immunisa-
tion of dogs in developing countries (WHO 2012).

6.2.1 Vaccines for Parenteral Use
Modified live-virus and inactivated vaccines are
produced in cell culture, using either primary cells
or continuous cell lines. The seed virus and cell
systems may vary considerably between different
manufacturers. Combined vaccines are already
used for the immunisation of dogs and cats (WHO
2012). Several different antigens are incorporated
in canine rabies vaccine, such as canine distemper,
canine hepatitis, leptospirosis, and canine parvovi-
rus. Combined rabies vaccines for cats may
include various other antigens such as feline pan-
leukopenia virus, feline calicivirus, and feline par-
voviruses. A combined rabies and foot-and-mouth
disease vaccine is available for use in cattle, sheep,
and goats. Some commonly available animal
rabies vaccines in India are listed in Table 6.3.
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6.2.1.1 Potency Requirements

The eighth report of the WHO Expert Committee
on Rabies in 1992 suggested that inactivated vet-
erinary vaccines with a potency of less than 1.0 [U
per dose, as measured by the NIH (National
Institutes of Health) test, should not be licensed or
released unless an adequately designed experi-
ment has demonstrated a duration of immunity of
at least 1 year in the species for which the vaccine
is to be used. The potency of live and inactivated
vaccines should be ascertained at intervals after
they have been distributed. Inactivated vaccine,
even in liquid form, and lyophilised modified live-
virus vaccines are relatively stable when stored
under proper conditions. It is recommended that
samples from the field that are approaching their
expiry date be tested to verify that storage condi-
tions are adequate (WHO 2012).

6.2.2 Modified Live-Virus Vaccines
for Oral Immunisation of
Wildlife

Several types of modified live-virus vaccines
have been proposed for oral immunisation of ani-
mals in the past 20 years; however, only five have
proved suitable for use in the field for vaccination
of foxes (Canada and Europe) and raccoon dogs
(Finland). All these vaccines are derivatives of
the original SAD (Street Alabama Dufferin)-
attenuated virus, which was isolated from a rabid
dog in Alabama (USA) in 1935, then passaged in
mouse brain cells (ERA strain) and adapted to
BHK cells by various passages (SAD Berne)
(Steck et al. 1982; WHO 2012; Cliquet 2012).

Four SAD-related vaccines (ERA, SAD-
Bern, SAD-B19, and Vnukovo-32) are patho-
genic for adult mice (by the intracerebral,
intramuscular, and oral routes) and for many
other rodent species. They do not appear to be
pathogenic for North American and European
carnivores and other large mammals when they
are given by the oral route, except in the case of
skunks (WHO 2012).

SAG vaccine is a deletion mutant of SAD
developed using selected MAb. SAG vaccine is
pathogenic neither for adult mice nor for any
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Table 6.3 Some rabies veterinary vaccines available in India

Brand name, manufacturer, product detail

Raksharab (Indian Immunologicals Ltd.)

Inactivated rabies virus with a potency > 1.0 IU per dose.
The virus is propagated in BHK-21 cell line, inactivated
with an aziridine compound and concentrated. Aluminium
hydroxide is added as an adjuvant

Defensor (Lincoln, Nebraska Estate, USA; marketed by
Pfizer Ltd.)

Rabies vaccine, cell culture-grown, chemically inactivated
virus, killed vaccine

Nobivac Rabies (Intervet International by, Boxmeer, the
Netherlands; marketed by Intervet India Pvt. Ltd.)

Inactivated rabies vaccine, contains inactivated culture of
Rabies virus, cloned out of strain Pasteur RIVM, virus is
grown on BHK-21 clone CT cell line and inactivated with
[B-propiolactone, aqueous aluminium phosphate
suspension

Rabigen Mono (Virbac SA, France; marketed by Virbac
Animal Health India Pvt. Ltd.)

Inactivated (cell culture) antirabies vaccine, prepared from
fixed Rabies vaccinal strain Pasteur VP12 grown on BHK
cell line and inactivated with p-propiolactone, adjunction
of AIOH as an adjuvant

Use, dosage, site, route of administration, packing
detail®

Use: for immunisation of dogs and other domestic
animals against rabies, for prophylactic use, age 3
months and above

Dose and route: 1 ml, subcutaneous or intramuscular
Primary vaccination: at age 3 months and above
Revaccination: immunity is conferred for 36 months.
However, annual vaccination is recommended in
endemic areas

Packing: single-dose vial (1 ml), multidose vial of five
doses (5 ml), multidose vial of 10 doses (10 ml)

Use: for vaccination of healthy dogs, cats, cattle, and
sheep at 3 months of age or older as an aid in
preventing rabies

Dose and route: 1 ml, intramuscular or subcutaneous
Primary vaccination in healthy dogs and cats: a
single dose at 3 months of age or older, a repeat dose
1 year later

Revaccination: annual revaccination with a

single dose

Packing: single-dose vial (1 ml), multidose 10 ml vial
Use: for active immunisation of healthy dogs, cats,
cattle, sheep, goats, ferrets, foxes, and horses and in
principle all healthy mammals against rabies

Dose and route: 1 ml, subcutaneous or intramuscular
injection depending on species

Vaccination scheme:

Dogs and cats — primary vaccination at 3 months of
age or above, revaccination every 3 years (annual
revaccination recommended in endemic areas),
intramuscular or subcutaneous route

Cattle, horse, sheep, goat — primary vaccination at 6
months of age or above, revaccination every 2 years
(annual revaccination recommended in endemic
areas), intramuscular route

Ferrets — primary vaccination at 3 months of age or
above, revaccination every year, subcutaneous route
Packing: single-dose vial (1 ml), multidose vial of 10
doses

Use: for active immunisation of dogs, cats, cattle, and
horses and in principle all mammals against rabies
Dose and route: 1 ml, in dogs and cats — subcutaneous
or intramuscular route; in cattle and horses —
intramuscular route

Primary vaccination:

Carnivores — a single injection from 3 months

of age®

Herbivores — single injection from 6 months of age®
Revaccination: annual revaccination recommended
Packing: single-dose vial (1 ml), multidose vial (10 ml)

aBased on the company’s product information. Consult product literature, guidelines, and local regulations before use
"Primary vaccination can be administered at an earlier age, but then a repeat injection must be given at 3 or 6 months of

age depending on species
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wild rodents tested by the oral, intramuscular, or
intracerebral routes; however, it is pathogenic for
suckling mice when given by the intracerebral
and oral routes (WHO 2012).

The SAG2 vaccine (Rabigen, Virbac Labora-
tories, France) is a modified live attenuated rabies
virus vaccine registered in 27 countries of the EU
(European Medicines Agency registration) for oral
administration in baits to foxes and raccoon dogs
(Anonymous 2008; Cliquet et al. 2012). The SAG2
virus strain was selected from SAD-Bern in a two-
step process of amino acid mutation (Lafay et al.
1994; Cliquet et al. 2012). Tetracycline (150 mg
per bait) was used as a biological marker to assess
the bait consumption.

6.2.3 Recombinant Vaccines for
Oral Immunisation of Wildlife

The development of recombinant DNA technol-
ogy has initiated a new era in rabies control.
Recombinant vaccines cannot exhibit residual
pathogenicity caused by rabies because they
contain only single non-virulent gene products.
Newer vaccines include a vaccinia-rabies glyco-
protein V-RG recombinant oral vaccine and a
live adenovirus recombinant oral vaccine. These
are available under the brand names Raboral
V-RG® and ONRAB®), respectively. Raboral
V-RG® (Merial) is licensed in the USA for ORV
in coyotes (Canis latrans) and raccoons and is
used under experimental licence in grey foxes
(Urocyon cinereoargenteus). ONRAB® (Artemis
Technologies Inc., Guelph, Ontario, Canada),
consisting of a human adenovirus type 5 vector
containing the ERA glycoprotein gene, is used
under CFIA (Canadian Food Inspection Agency)
experimental permit in Canada for control of
rabies in skunks and raccoons. Studies have
shown that ONRAB® may serve as an effective
tool for raccoon rabies control (Rosatte 2011;
Fehlner-Gardiner et al. 2012).

6.2.3.1 Potency Requirements

Minimum potency requirements for oral vaccines
for immunisation of wild animals have not been
generally established, although the median effective
doses (EDsy) of various modified live-virus and

6 Vaccines and Other Biologicals

recombinant vaccines are known. Testing of the
efficacy of candidate vaccines for oral immunisa-
tion involves vaccinating sufficient numbers of
target animals maintained under captive condi-
tions and challenging these with the virus.
Subsequently, the vaccine requires testing in field
trials. Apart from estimating the ability of the vac-
cine to induce virus-neutralising antibodies in the
target species, environmental stability tests are
also necessary to demonstrate that vaccine potency
is retained under field conditions (WHO 2012).
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Rabies Prevention and Control

Abstract

Despite its severity and high incidence, rabies continues to be largely
neglected in the developing world. Multiplex strategies are required for
rabies control in animals and humans. Effective national plans need to be
evolved by the rabies-affected countries taking cue from the countries
which have been able to successfully control or even eliminate the disease.
Since the best way of prevention of rabies is to avoid rabies exposure,
reduction of stray dog population and elimination of rabies in dogs consti-
tute the mainstay of any rabies control programme. Mass educational cam-
paigns and legislative measures are important in seeking public support.
The Animal Welfare Board of India is promoting the implementation of
Animal Birth Control (ABC) and Anti-Rabies (AR) programme in the coun-
try. The countries facing the problem of sylvatic rabies need to control
the disease in wildlife reservoirs. Provision of prompt medical care and
postexposure prophylactic immunisation is essential to protect the persons
exposed to infection. A number of factors and constraints that may obstruct
the action plans have been elaborated in this chapter.

Prevention and Control
Strategies

developing countries, eliminating rabies in dogs
is the most important approach for rabies preven-
tion and control. Multiplex strategies are required
for successful and sustainable rabies control in

Despite its severity and high incidence in
developing countries, rabies continues to be largely a
neglected disease. Though a variety of animal
reservoirs are known to transmit rabies to human
beings, dogs constitute by far the most common
cause of human rabies infections in the world.
It is quite evident that the rabies transmission
cycle can be broken only through prevention and
control of rabies in animal source. As dog is the
principal reservoir of rabies, particularly in the

animals and humans. These have been elaborated
by Garg (2012) and briefly outlined below.

7.1.1 Evolving a Comprehensive

Rabies Control Programme

Rabies prevention and control programmes
have led to successful control or even elimination
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of rabies in several countries or regions includ-
ing the developing nations. Taking cue from
their operational strategies and experiences,
appropriate national plans for rabies control
should be evolved by the rabies-affected coun-
tries. An Interregional Consultation organised by
the World Health Organization in Geneva in

2001 has recommended inclusion of the fol-

lowing components in the national plans (WHO

2001):

e Access to modern human vaccines and
application of new economical postexposure
prophylaxis (PEP)

* Rabies surveillance and collection and pro-
cessing of data at the national, regional, and
global levels

* Intersectoral collaborative efforts for control-
ling rabies in dogs at national and regional
levels

* Plan to increase the awareness concerning rabies
control and prevention among the public and
healthcare workers

e A detailed budget covering a 3- to 5-year
period

* A time frame and targets for each year
It has been recommended that political com-

mitment and leadership for the national plan

should be through the Ministry of Health, with
additional partnerships that are appropriate to
implement the programme within each country.

While the health department is mainly respon-

sible for prevention of rabies in human beings,

veterinary services are responsible for regulation
of rabies control programmes in dogs and other
animals. The support of many other relevant
national departments and agencies is also inevi-
table. These include departments of finance,
education, internal home affairs, law and justice,
municipalities, village panchayats, municipal
councils, district councils, and academic and
research institutions (e.g. faculties of Veterinary
Sciences and Human Medicine). It is also essen-
tial to rope in the non-governmental organisa-
tions (NGOs), private sector, and media in the
programme for its success. International agencies
such as the WHO, OIE, FAO, PAHO, and world-
wide veterinary associations provide guidelines
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and support for the provision and supply of
appropriate biologicals for national and regional
planning of rabies control programmes (Partners
for Rabies Prevention 2010).

A rabies elimination programme funded by
the Gates Foundation and coordinated by the
WHO was launched in the Richards Bay/Uthungulu
area of KwaZulu-Natal province in South Africa
in April 2011. Two similar programmes funded
by Gates Foundation are running in Tanzania and
the Philippines.

India, despite carrying the maximum burden
of rabies, does not have a comprehensive National
Rabies Control Programme. However, a pilot
project on prevention and control of human
rabies was initiated in January 2008 in five cities,
viz., Ahmedabad, Bangalore, Pune, Delhi, and
Madurai. The project focused on the training of
health professionals in animal bite management,
wider coverage of PEP, availability of adequate
and cost-effective vaccines and rabies immuno-
globulin (RIG), implementation of intradermal
route for vaccination, enhancing awareness about
timely and adequate postexposure treatment
in the community, sensitisation of veterinarians,
and strengthening of diagnostic capabilities and
surveillance (Mittal 2009; WHO SEARO 2012).

India has vast medical, paramedical, and
veterinary professional human resource. The
country also has the capability to produce enough
modern antirabies vaccines and RIG. A large
number of dedicated scientific societies and
NGOs are already working for rabies control, and
the Animal Welfare Board of India (AWBI) has
been providing support for the Animal Birth
Control and Anti-Rabies (ABC-AR) programme
in many parts of the country. However, it is desir-
able to bring all the stakeholders to a common
platform, build consensus, establish intersectoral
coordination, and evolve a comprehensive
programme for the country. The Association
for Prevention and Control of Rabies in India
(APCRI) recommended launching of such pro-
gramme long back using the approaches given in
Box 7.1 (APCRI 2006). The Government of India
is in the active process of launching a nationwide
rabies control programme.
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Box 7.1 Approaches for Rabies Control
(APCRI 2006)

* Human rabies prevention
— Postexposure prophylaxis (PEP)
— Pre-exposure prophylaxis
— Advancement of diagnostics
* Maintaining rabies-free areas
— Maintaining rabies-free status of the
rabies-free areas
— Monitoring and surveillance
e Animal reservoir control
— Control of community dog population
— Compulsory vaccination and licensing
of pet dogs
— Mass parenteral annual vaccination
of community dogs

7.1.2 Prompt Management

of Animal Bite Wounds

The best way of prevention of possible exposures
to rabies virus is to avoid animal bites (mainly
dogs, monkeys, bats, cats, and wild animals).
Licks from animals to fresh wounds or mucous
membranes should also be avoided to ward off
the possibility of exposure. However, accidental
exposures are not uncommon. In India alone, the
annual animal bite incidence has been estimated
at 17.4 million cases in a year (APCRI 2004).
Bite wound care can substantially reduce the risk
of infection. Animal bite or scratch should receive
prompt care and management because immediate
and adequate medical care is critical to prevent-
ing rabies.

7.1.3 Improving Access to Modern

Cell Culture Vaccines

Prompt PEP significantly reduces the number of
human rabies cases. It is estimated that about
327,000 persons would die from rabies in Africa
and Asia each year in the absence of PEP (Knobel
et al. 2005). Modern purified cell culture and
embryonated egg-based rabies vaccines are safe
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and effective in pre-exposure prophylaxis as
well as PEP against rabies (WHO 2010). Modern
vaccines are much better than the nerve tissue
vaccines which are less immunogenic and bear
the risk of inducing adverse reactions.

India has stopped producing and using nerve
tissue vaccine (Semple vaccine produced in sheep)
since 2005 and has replaced it with modern vac-
cines. However, cell culture vaccines are much
expensive in comparison to the nerve tissue
vaccines, limiting their access and use particu-
larly in less-developed countries. Probably due
to this reason, many countries, mainly in Asia and
Latin America, still depend on rabies vaccines
derived from animal nerve tissues for PEP (WHO
2010). In India too, Semple vaccine was earlier
freely available in government hospitals, but the
availability of cell culture vaccines is not as
good due to budgetary constraints. The cost of
one dose of cell culture rabies vaccine is about
Rs. 350, making the full course of five doses by
intramuscular route quite expensive for the animal
bite victims who are generally poor. Moreover,
the modern vaccines may not be easily available
in rural and remote areas leading to delay in initiating
the PEP immunisation. Easy access to modern
vaccines is very crucial in protecting the patients
from the grave risk of contracting rabies.

7.1.4 Promoting Timely
and Adequate Immunisation

Postexposure treatment should start immediately
wherever recommended according to the prescribed
guidelines. Factors that should be taken into
consideration when deciding whether to initiate
PEP include the epidemiological likelihood of
the implicated animal being rabid, the category
of exposure, and the clinical features of the
animal as well as its availability for observation
and laboratory testing. Many times the information
about the PEP vaccination status of the implicated
animal may not be reliable; hence it may not
be advisable to withhold PEP even if the animal
is vaccinated (WHO 2010).

PEP involves administration of antirabies
vaccine and depending upon the exposure category,
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application of RIG. Strict adherence to the complete
vaccination regimen and administration of
vaccine by the prescribed route and at recom-
mended site are important for the success of the
immunisation process. Where administration of
RIG is also required along with vaccination,
vaccination alone may not be sufficient for
protection. Skipping of RIG administration in
such cases may lead to prophylaxis failure.

7.1.5 Promoting Cost-Effective
Intradermal Vaccination

Full course of PEP vaccination by the intramuscular
route is quite expensive, which generally limits its
use, particularly in the developing countries where
canine rabies is widespread. Intradermal admin-
istration of cell culture vaccines offers an equally
safe and immunogenic alternative that requires
less amount of vaccine, resulting in considerably
reduced cost of a full course of vaccination.
However in certain settings where sufficient num-
ber of patients is not available for vaccination, the
reconstituted leftover vaccine is expected to be
wasted. The provision of specially pre-packaged
vaccine vials for intradermal use may help in
preventing wastage and cost-effectiveness of the
expensive biological.

7.1.6 Evolving More Efficient
Cost-Effective Biologicals

Rabies deaths can be substantially reduced by
increasing the availability and accessibility of
antirabies vaccines and RIG. While it is impor-
tant to make provision for adequate availability
of rabies biologicals, avoiding their wastage
and unnecessary use is also equally important
in view of the high costs and the limited supply.
Development of new cost-effective rabies bio-
logicals and antiviral drugs is critical in continu-
ing to prevent and reduce the disease. Current
rabies vaccines are highly effective but alternative
approaches for improved vaccines, including novel
avirulent rabies virus vectors, should be pursued
(Smith et al. 2011). Development of rabies vaccine
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that is fully protective without the need for RIG
can substantially bring down the cost and
complexity of PEP. Virus-specific monoclonal
antibody (MADb) should be evolved for providing
passive immunity, replacing the currently available
expensive and generally unaffordable RIG.

7.1.7 Vaccination of Dogs

Vaccination of dogs and elimination of rabies in
dogs constitute the mainstay of any rabies control
programme. It provides a more cost-effective
and efficient tool with long-term benefits than the
post-bite treatment of individual cases. The cost
of a post-bite treatment in humans is about
20-100 times more than the vaccination of a
dog (OIE 2009). Thus, veterinary services would
be able to eradicate rabies in animals and con-
sequently stop almost all human cases with only
10 % of the financial resources used worldwide
to treat people after a dog bite.

Many industrialised countries either have
eliminated or are close to elimination of human
rabies through vaccination of domestic dogs
and implementation of other control measures.
The developing countries should also develop
on high priority the strategies for canine vaccina-
tion. They should organise mass dog vaccina-
tion programmes in a planned manner (Figs. 7.1
and 7.2).

7.1.8 Evolving Oral Rabies
Vaccination

Administration of vaccination by the parenteral
route to stray dogs is a tedious process requir-
ing huge manpower and financial resources. It
makes the task of covering sufficient numbers
of dogs in an area speedily very difficult creat-
ing problem in attaining the desirable level of
vaccinated dog population in an area at a time.
This is particularly so in the countries with
large population of stray or unsupervised dogs.
Development of safe and effective oral vaccines
may help in mass vaccination of animals in a
wide area.
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Fig.7.2 Stray dog vaccination in Sri Lanka (Photo Credit: Dr. P. A. L. Harischandra)

7.1.9 Managing Dog Population

Apart from mass vaccination of dogs, reduction
of unsupervised stray dog population is also impor-
tant in the countries where dog rabies is prevalent.
It has been observed that indiscriminate mass

culling and destruction of dogs may not bring
the desired results in rabies control. There is no
evidence that removal of dogs alone has ever had
a significant impact on dog population densities
or the spread of rabies but targeted and humane
removal of unvaccinated, ownerless dogs may be
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effective when used as a supplementary measure
to mass vaccination (WHO 2012a). Dog removal
and destruction being contrary to animal welfare
may however be unacceptable to local communi-
ties. Mass sterilisation combined with antirabies
vaccination is thus a practicable result-oriented
approach.

7.1.10 Strengthening of Laboratory
Facilities

Laboratory facilities are important for rapid
diagnosis of the disease, quality assurance of bio-
logicals, and evaluation of the immunity develop-
ment. These facilities help in timely initiation and
success of the rabies prophylaxis. Laboratory facili-
ties also help in evaluation of duration of immunity
of the vaccination, thus facilitating optimal appli-
cation and utilisation of rabies biologicals.

7.1.11 Strengthening of Rabies
Surveillance System

Epidemiological surveillance involves estimation
of incidence and prevalence of disease in a
geographical region. Strengthening of rabies sur-
veillance and data collection systems is essential
to determine the most affected areas and other
epidemiological features of the disease. The infor-
mation provides the foundation for planning rabies
control measures and also to demonstrate the
effectiveness of such programmes.

7.1.12 Mass Education

Lack of awareness among the people about rabies,
the risks associated with the disease, and the
action to be taken in the event of an exposure is a
major reason for the occurrence of the disease in
man and animals. In a multi-country survey con-
ducted by the Asian Rabies Expert Bureau (AREB)
in Bangladesh, China, India, Indonesia, Pakistan,
the Philippines, Sri Lanka, and Thailand, it has been
observed that in the instances of rabies exposure,
people’s awareness of the necessity to apply
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appropriate wound care and to consult the nearest
rabies prevention centre as soon as possible can
make a big difference in the rabies situation in
the world (Dodet et al. 2008). Mass educational
campaigns are important. These assume the
greatest importance in the developing countries
like India, where sizeable population is illiterate,
semiliterate, and less informed (Figs. 7.3 and
7.4). People need to be educated about the wound
care practices and importance of seeking medical
help immediately instead of wasting time in
home remedies after an animal bite. They need to
be emphatically told that the delays in starting or
failure to complete correct prophylaxis may result
in death, particularly after being bitten in highly
innervated regions, such as head, neck, or hands,
or when there are multiple wounds (Wilde 2007).

People’s participation is paramount for the
success of a rabies prevention and control
programme. Mass education programmes should
promote responsible dog ownership at the com-
munity level. Pet owners should be educated
about their responsibility for keeping the move-
ments of their pets restricted and supervised.
They should also be instructed to follow the
rules of pet animal registration and vaccination
guidelines. Dog owners should be guided to
restrict the movement of their pets. They should
be educated to prevent the risk caused by their
pets to the people, other pets, livestock, and
wildlife. They should be made responsible for
the hazards caused by their pets. Legal mecha-
nisms are necessary to deal with irresponsible
owners and imposition of penalties.

The people should be pursued to provide full
cooperation to the agencies involved in dog
population management and rabies control by
desisting from feeding stray animals, avoiding
garbage disposal in open, and participating in the
vaccination campaigns.

7.1.13 Enforcing Legislative
Measures

Legislative measures such as tie-up orders, indi-
vidual animal identification, and pet animal
registration are necessary to enforce responsible
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Fig.7.3 The author interacting with people in a mass rabies awareness campaign

Fig.7.4 The author interacting with schoolchildren regarding rabies prevention

pet ownership. Border checks, control of pet animal
trade, restriction on animal movements, and
other measures should be implemented to prevent
the introduction of rabies into rabies-free areas
(Partners for Rabies Prevention 2010). There
should be strict laws and regulations concerning
companion animal travel, animal importation,

and animal trade to avoid spread and reintroduction
of the disease, particularly in those countries which
are rabies-free. During transborder movement,
animals should have proper identification, complete
documentation, and valid rabies vaccination certifi-
cate. In addition, a laboratory report of rabies
antibody titre in the blood may also be obtained.
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Making it mandatory to notify the cases of
rabies and animal bites is also important. It can
facilitate surveillance, estimation of disease
burden, and evolving rational and result-oriented
disease control strategies.

7.2  Stray Dog Population

Control

Stray and feral dogs pose serious human health,
animal health, and animal welfare problems and
have a socio-economic, environmental, political,
and religious impact in many countries (OIE
2011). Dog population management is an integral
part of rabies control programmes.

7.2.1 Types of Dogs
A dog for which a person claims responsibility
may be treated as an owned dog, but any dog
not under direct control of a person or not
prevented from roaming is considered a stray
dog. A stray dog may belong to any of the following
categories:

* Free-roaming owned dog not under direct
control or restriction at a particular time

e Free-roaming dog with no owner

e Feral dog, i.e. domestic dog that has reverted
to the wild state and is no longer directly
dependent upon humans
In India, dogs can be distributed into four

categories based on their dependence on humans

and their movements:

1. Restricted or supervised owned pet dogs —
These are wholly dependent on owners and
the movements of these dogs are restricted by
the pet owners.

2. Family dogs — These are wholly dependent
on humans, but their movements are only
partially restricted by the owners.

3. Neighbourhood or community dogs — These are
partially dependent on humans (community),
but their movements are wholly unrestricted.

4. Feral dogs — These are independent or depend
on human waste/garbage alone. Their move-
ments are completely unrestricted.
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A vast majority of dogs belong to the last three
categories in India. The unrestricted movements of
dogs not only make them vulnerable to infection but
also increase the transmission of rabies to humans.

7.2.2 Dog Population Control
Programme

Dog population control programme means a
programme with the aim of reducing a stray dog
population to a particular level and/or maintaining
it at that level and/or managing it in order to meet
a predetermined objective. According to the OIE
Terrestrial Animal Health Code (OIE 2011), such a
programme may include the following objectives:
1. Reduction in the numbers of stray dogs to an
acceptable level
2. Improvement in health and welfare of owned
and stray dog population
Promotion of responsible ownership
4. Assistance in creating and maintaining a
rabies immune or rabies-free dog population
5. Reduction of the risk of zoonotic diseases
other than rabies
6. Prevention of health risks to other animals
Prevention of environmental degradation
8. Prevention of illegal trade and trafficking of
animals
OIE (2011) recommends that while developing
a dog population control programme, the authori-
ties should establish an advisory group, which
should include veterinarians; experts in dog
ecology, dog behaviour, and zoonotic diseases;
and representatives of the local authorities,
human health services/authorities, environmental
control services/authorities, NGOs, and the
public. The main purpose of this advisory group
would be to analyse and quantify the problem,
identify the causes, obtain public opinion on
dogs, and propose the most effective approaches
to use in the short and long term.

»
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7.2.3 Methods of Stray Dog Control

OIE has laid down recommendations to deal
with stray dog population control (OIE 2011).
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The guiding principles for these recommendations

include:

* Dog population control should be done without
causing unnecessary animal suffering.

e Promoting responsible dog ownership can
significantly reduce the numbers of stray dogs
and the incidence of zoonotic diseases.

* Along with dog population control, changes in
human behaviour are also required because
dog ecology is linked with human activities.
A number of stray dog control strategies

described by the OIE (2011) are briefly sum-
marised below. These can be implemented accord-
ing to the national context and local circumstances
and may be used in combination. Euthanasia
of dogs, used alone, is not an effective control
measure. If used, it should be done humanely and
in combination with other measures to achieve
effective long-term control (OIE 2011). Attempts
to control dog populations through culling, with-
out alteration of habitat and resource availability,
have generally been unsuccessful.

7.2.3.1 Education and Legislation for
Responsible Ownership

The promotion of responsible dog ownership
through education and legislation is a necessary
part of a dog population control programme.
They should also be educated about proper selec-
tion and care of a dog, proper socialisation and
training of the dog, registration and identification
of dogs, and disease prevention through regular
vaccination in rabies-endemic areas. Mandatory
registration and identification of owned dogs is
important to ensure responsible pet ownership,
effective animal health programmes, rabies vac-
cination, and traceability. Pet owners should also
be told to control reproduction of pets according
to their carrying capacity based on availability
of resources (food, water, shelter) and human
acceptance for the welfare of their pets, their own
families, as well as the community.

7.2.3.2 Reproductive Control

Controlling reproduction in dogs prevents dispro-
portionate growth of dog population. Sterilisation
of dogs requires involvement of veterinary services,
in both the public and private sectors. Funding
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from the government or other organisations is
essential for the reproductive control programmes.

7.2.3.3 Capture and Removal
of Stray Dogs

It involves capturing and removal of stray dogs
from an area. The staff should be adequately
trained to carry out the job of dog capture, trans-
port, handling, and holding in a humane manner.
Appropriate legislation and availability of proper
equipment are also important for humane han-
dling of the animals.

7.2.3.4 Capture and Return, Rehoming,
or Release

In this approach, dogs that are removed from a
community may be reunited with the owners or
offered to new owners for rehoming. However,
the scope of rehoming is very limited due to poor
acceptance of such abandoned or stray dogs
and also due to their large numbers. The dogs
after sterilisation and rabies vaccination can be
released back to the place or a nearby place from
where these were captured if it is permissible by
law and acceptable to the local community. In
other instances, it is required to make provision
of adequate shelter, food, water, healthcare
services, etc. for holding and maintaining such
dogs. If euthanasia of these unwanted animals
is the only option, the procedure should be car-
ried out humanely and in accordance with the
regulations.

7.2.3.5 Habitat Control

Dog population can be controlled by preventing
their access to the sources of food and garbage.
It can be achieved by holding the waste in animal-
proof enclosures or containers. Protection of
slaughterhouse waste is particularly important.

7.2.3.6 Control of Transborder and
Inland Dog Movement

Transborder movement, export, and import of
dogs should be guided by the legislative provi-
sions. Similarly, movement of dogs within a
country or an area can be controlled by local laws
putting restrictions on unsupervised unleashed
movement of dogs.
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7.2.3.7 Regulation of Commercial
Dog Dealers

A regulatory mechanism should be evolved for
dog breeders and dealers so that they observe
good practices for raising healthy animals in
proper conditions and under veterinary supervi-
sion. They should be asked to raise and sell
physically and psychologically healthy dogs and
provide guidance to the new pet owners about
proper care of their pets, as unhealthy dogs may
be more likely to be abandoned to become part of
the stray population.

7.2.3.8 Euthanasia
When euthanasia is practised, approved humane
methods should be used to minimise distress,
anxiety, and pain to the animals according to the
general principles in the Terrestrial Code and
local legislations. The operators should be properly
trained and their safety should be ensured. In India,
the Animal Birth Control (Dogs) Rules, 2001, have
a provision of humanely euthanising dogs under
certain circumstances (GOI 2001). Incurably sick,
mortally wounded or rabid dogs may be euthanised
as per these rules. The dogs found to be extremely
aggressive and bad tempered, prone to biting people,
and with a history of having bitten people may also
be included in this category (AWBI 2009).

The method of euthanasia should be painless.
It should achieve rapid unconsciousness followed
by death with minimal animal fear and distress.
The method should be reliable and irreversible.
According to the AWBI guidelines, in India, eutha-
nasia should be carried out using intravenous
injection of 20 % solution of thiopentone sodium
(90 mg/kg bodyweight) after sedation with xyla-
zine. Alternatively 10 % potassium chloride can be
used as a euthanising agent after xylazine sedation
(AWBI 2009). Confirmation of death after the
procedure is essential and all operators should
be able to identify when death has occurred.

7.2.4 Methods of Reproduction
Control

Dog reproduction control involves catching, neuter-
ing, and releasing the dogs in their original habitats
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by the civic bodies. The rationale of reproduction
control is to reduce the dog population turnover
as well as the number of dogs susceptible to
rabies and influence the male dog behaviour
such as dispersal and fighting, which otherwise
facilitate the spread of rabies (WHO 2005).

The control of unwanted reproduction of dogs
can be achieved by surgical sterilisation, chemical
sterilisation, or chemical contraception. Separation
of female dogs during oestrus from unsterilised
males also helps (OIE 2011). Surgical sterilisa-
tion should be carried out by a veterinarian and
includes appropriate anaesthesia and pain manage-
ment. Any chemicals or drugs used in controlling
reproduction should be shown to have appropriate
safety, quality, and efficacy for the function
required, and these should be used according to
the manufacturer’s instructions and the competent
authority’s regulations. In case of chemical steril-
ants and contraceptives, research and field trials
may need to be completed before use.

7.2.5 Animal Birth Control
Rules in India

Animal birth control programmes coupled with
rabies vaccination have been advocated as a
method to control dog populations and ultimately
human rabies in Asia since the 1960s (WHO
2005). The Government of India notified the
Animal Birth Control (Dogs) Rules, 2001 (ABC
Rules), in the year 2001 under the Prevention of
Cruelty to Animals Act, 1960. The principal
rules were published in the Gazette of India
on December 24, 2001 (GOI 2001). Later, some
amendments were made through Animal Birth
Control (Dogs) Amendment Rules, 2010, that
were notified on February 8,2011, by the Ministry
of Environment and Forests, Government of India
(GOI 2011). The scope and main features of the
ABC Rules are briefly summarised below.

7.2.5.1 Classification of Dogs and Their
Sterilisation
1. According to the ABC Rules, all dogs shall be
classified in one of the following two catego-
ries: (i) pet dogs and (ii) street dogs.
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2. The owner of pet dogs shall be responsible
for the controlled breeding, immunisation,
sterilisation, and licensing in accordance with
the ABC Rules and the law for the time being
in force within a specified local area.

3. The street dogs shall be sterilised and
immunised by participation of animal wel-
fare organisations, private individuals, and
the local authority.

7.2.5.2 Formation of Committee

A monitoring committee consisting of the following
persons shall be constituted by the local author-
ity, for a period of 3 years, namely, Commissioner/
Chief of the local authority, who shall be the ex
officio Chairman of the committee, a representa-
tive of the Public Health Department of the local
authority, representative of the Animal Welfare
Department if any of the local authority, a
veterinary doctor, a representative of the District
Society for Prevention of Cruelty to Animals
(SPCA), at least two representatives from the
Animal Welfare Organizations operating within
the said local authority, and a representative of
the people who is a humanitarian or a well-known
individual who has experience in animal welfare
in the locality.

7.2.5.3 Functions of the Committee

The committee constituted as above shall be

responsible for planning and management of dog

control programme in accordance with the ABC

Rules. The committee may:

a. Issue instructions for catching, transportation,
sheltering, sterilisation, vaccination, treat-
ment, and release of sterilised vaccinated or
treated dogs.

b. Authorise the veterinary doctor to decide on
case-to-case basis the need to put to sleep
critically ill or fatally injured or rabid dogs in
a painless manner by using sodium pentothal.
Any other method is strictly prohibited.

c. Create public awareness and solicit cooperation
and funding.

d. Provide guidelines to pet dog owners and
commercial breeders from time to time.

e. Get a survey done of the number of street dogs
by an independent agency.
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f. Take such steps for monitoring the dog bite
cases to ascertain the reasons of dog bite, the
area where it took place, and whether it was
from a stray or a pet dog.

g. Keep a watch on the national and international
development in the field of research pertaining
to street dogs control and management, devel-
opment of vaccines, and cost-effective meth-
ods of sterilisation, vaccination, etc.

The ABC Rules require that the activities
of the committee shall be brought to the public
notice by announcements and advertisements.

7.2.5.4 Obligations of the Local
Authority

The obligations of the local authority envisaged

in the ABC Rules are summarised below.

1. The local authority shall provide for:

(a) Establishment of a sufficient number of
dog pounds including animal kennels/
shelters which may be managed by animal
welfare organisations

(b) Requisite number of dog vans with
ramps for the capture and transportation
of street dogs

(c) One driver and two trained dog catchers
for each dog van

(d) An ambulance cum clinical van as
mobile centre for sterilisation and
immunisation

(e) Incinerators for disposal of carcasses

(f) Periodic repair of shelter or pound

2. If the Municipal Corporation or the local
authority thinks it expedient to control street
dog population, it shall be incumbent upon
them to sterilise and immunise street dogs
with the participation of animal welfare
organisations, private individuals, and the
local authority.

3. The animal welfare organisations shall be
reimbursed the expenses of sterilisation/
immunisation at a rate to be fixed by the
committee on fortnightly basis based on the
number of sterilisation/immunisation done.

4. The monitoring committee of the said locality
shall meet at least once in every month to assess
the progress made in regard to implementation
of the ABC Programme.
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7.2.5.5 Capturing/Sterilisation/
Immunisation/Release

The ABC Rules provide as below:

1. Capturing of dogs shall be based on:

(a) Specific complaints (for which the local
authority in consultation with the moni-
toring committee shall set up a dog
control cell to receive complaints about
dog nuisance, dog bites, and information
about rabid dogs)

(b) General
(i) On receipt of specific complaint

about nuisance or dog bite, the same
shall be attended on priority basis,
irrespective of the area from which
the complaint comes. On receipt of
such complaint, the details such as
name of the complainant, his com-
plete address, date and time of com-
plaint, and nature of complaint shall
be recorded in a register to be main-
tained for permanent record.

(ii) Capturing for general purpose will be
on such dates and time to be specified
by the committee.

. The dog-capturing squad shall consist of driver

of the dog van, two or more trained employees

of the local authority who are trained in capturing
of dogs, and one representative of any of the
animal welfare organisation.

Each member of the dog squad shall carry a

valid identity card issued by the local authority.
The dog-capturing squad will be accompanied
by a representative of an animal welfare organisa-
tion nominated for the purpose.

3. On receipt of specific complaint or for capturing

dogs in normal course, the dog squad will
visit the concerned area and capture the
dogs identified by the complaint in case of
complaint-oriented capturing and other dogs
in case of general capturing. All the dogs caught
will be tagged for identification purposes
and to ensure that the dogs are released in the
same area after sterilisation and vaccination.
Only stipulated number of dogs, according to
the ABC Programme target, shall be caught
by the van. A record of dogs captured shall be
maintained in a register, mentioning therein
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the name of the area/locality, date and time of
capture, names of persons in the dog squad
on that particular day, and details about dogs
captured such as number of male dogs, number
of female dogs, and number of puppies.

. The dogs shall be captured by using humane

methods such as lassoing or soft-loop animal
catchers such as those prescribed under the
provisions of Prevention of Cruelty (Capture
of Animals) Rules, 1979.

. While dogs are being captured in any locality,

the representative of the local authority or
of the animal welfare organisation accompany-
ing the dog squad will make announcements
on a public address system that dogs are being
captured from the area for the purpose of
sterilisation and immunisation and will be
released in the same area after sterilisation
and immunisation. The announcement may
also briefly educate the residents of the area
about the dog control programme and solicit
the support of all the residents reassuring them
that the local authority is taking adequate steps
for their safety.

. The captured dogs shall be brought to the dog

kennels/dog pounds managed by the animal
welfare organisations. On reaching the dog
pounds, all the dogs shall be examined by
the veterinarians and healthy and sick dogs
should be segregated. Sick dogs should be
given proper treatment in the hospitals run by
the SPCA/other recognised institutions, and
only after they are treated, they should be
sterilised and vaccinated. The dogs will be
sterilised/vaccinated under the supervision of
the veterinarians of the hospital run by the
SPCA, animal welfare organisation, or other
dog shelters. After necessary period of follow-
up, the dogs shall be released at the same place
or locality from where they were captured,
and the date, time, and place of their release
shall be recorded. The representative of animal
welfare organisations shall accompany the
dog squad at the time of release also.

. Atatime only one lot of dogs shall be brought

for sterilisation and immunisation at one
dog kennel or dog pound, and these dogs shall
be from one locality. Two lots from different
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areas or localities shall not be mixed at the
same dog pound or dog kennel.

8. The dog kennel must have sufficient space for
proper housing and free movement of dogs.
The place should have proper ventilation and
natural lighting and must be kept clean. Adults
and puppies must be housed separately,
and among the adults, the males and females
also should be housed separately. Adequate
arrangement for drinking water and food shall
be made for dogs while in captivity.

9. Female dogs found to be pregnant shall not
undergo abortion (irrespective of stage of preg-
nancy) and sterilisation and should be released
till they have litter.

7.2.5.6 Identification and Recording

ABC Rules prescribe that sterilised dogs shall be
vaccinated before release and the ears of these
dogs should be either clipped and/or tattooed for
being identified as sterilised or immunised dogs.
In addition, the dogs may be given token or nylon
collars for identification and detailed records
of such dogs shall be maintained. Branding of
dogs would not be permitted.

7.2.5.7 Euthanasia of Street Dogs

ABC Rules have a provision that incurably ill
and mortally wounded dogs as diagnosed by a
qualified veterinarian appointed by the commit-
tee shall be euthanised during specified hours in
a humane manner by administering sodium
pentothal for adult dogs and thiopental intraperi-
toneal for puppies by a qualified veterinarian or
euthanised in any other humane manner approved
by AWBI. No dog shall be euthanised in the
presence of another dog. The person responsible
for euthanising shall make sure that the animal is
dead, before disposal.

7.2.5.8 Furious or Dumb Rabid Dogs

1. On receipt of complaints from the public to
the Dog Control Cell of the local authority, or
on its own, the dog squad of the local authority
would catch such dogs, suspected to be rabid.

2. The caught dog would then be taken to the
pound where it would be isolated in an iso-
lation ward.
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3. The suspected rabid dog would then be
subjected to inspection by a panel of two
persons, i.e. a veterinary surgeon appointed
by the local authority and a representative
from an animal welfare organisation.

4. If the dog is found to have a high probability
of having rabies, it would be isolated till it dies
a natural death. Death normally occurs within
10 days of contracting rabies. Premature killing
of suspected rabid dogs, therefore, prevents
the true incidence of rabies from being known
and appropriate action being taken.

5. If the dog is found not to have rabies but
some other disease, it would be handed over
to the animal welfare organisations who will
take necessary action to cure and rehabilitate
the dog.

7.2.5.9 Disposal of Carcasses

The carcasses of such euthanised dogs shall be
disposed of in an incinerator to be provided by
the local authority.

7.2.5.10 Guidelines for Breeders

1. A breeder must be registered with AWBI.

2. Breeders must maintain full record of the
number of puppies born/died from individual
bitches.

3. A breeder must maintain record of the person
buying the puppies. He should ensure that
the buyer has the required knowledge for the
upkeep of the puppies.

7.2.5.11 Application of Rules Where
Local Bye-laws Exist

If there is in force in any area to which the ABC
Rules extend, any Act, rule, regulation, or bye-
law made under any law for the time being in
force by the state or the local authority in respect
of any of the matters for which provision is made
in the ABC rules, such rule, regulation, or bye-law
shall to the extent to which:

(a) It contains provisions less irksome to the
animal than those contained in these rules,
shall prevail

(b) It contains provisions more irksome to the
animal than those contained in ABC Rules,
be of no effect
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7.2.6 Animal Birth Control (ABC)
Programme in India

AWBI is promoting the implementation of
ABC-AR Programme in almost all major cities
of India. Over 100,000 stray dogs are sterilised
and vaccinated against rabies every year under the
ABC Rules. The ABC Programme has been
operating in over 60 cities all over India, including
Delhi, Jaipur, Chennai, Mumbai, Bangalore,
Hyderabad, Kolkata, Jodhpur, and Kalimpong. In
Tamil Nadu and Goa, the ABC-AR Programme
has been successfully implemented for the entire
state since 2007. This has led to Tamil Nadu state
pioneering a new concept of a Participatory Model
of the ABC Programme in 50 Municipalities and
5 Municipal Corporations, with 50 % cost sharing
by local bodies on participatory basis. Delhi
has adopted the Participatory Model of the ABC
Programme since 2008 (AWBI 2009).

7.2.6.1 Standard Operating Procedures
for ABC Programme in India

AWRBI has brought out the Standard Operating
Procedures (SOP) manual (AWBI 2009) to carry
out ABC projects for effective population control
of street/stray dogs with a uniform and standard
code of professional practice, efficiently, diligently,
and humanely. This SOP manual provides detailed
guidelines on all aspects of the ABC Programme
including techniques for humane catching and
transportation of stray dogs, identification methods,
record keeping, basic infrastructure requirements,
anaesthetic and surgical protocols, and preop-
erative and post-operative care. It also includes
the guidelines for humane euthanasia of dogs
and safe disposal of carcasses. It is mandatory
for all animal welfare organisations implement-
ing the ABC programme in the country to follow
these guidelines.

7.3  Canine Rabies Control

Though human fatality due to rabies can be sub-
stantially reduced by the application of protective
vaccines and RIG, it is difficult to attain true
success in rabies control without controlling and
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eliminating the disease at the source, mainly dogs,
which constitute the largest single source of rabies
exposures resulting in human deaths. Canine rabies
control programmes reduce the disease not
only in canines but eventually result in decline
in the human rabies incidence too at a much lower
cost. This is so because human rabies biologicals
are usually much more expensive than animal
vaccines. Effective canine rabies vaccination
is thus an indispensable component of any rabies
control programme.

Many developed nations have successfully
controlled rabies in animals. For example, the
United States (USA) annually spends US$ over
300 million for rabies prevention, most of which
is spent on dog vaccinations. Due to an annual
turnover of approximately 25 % in the dog popu-
lation, revaccination of millions of animals is
required each year. Rabies control programmes
require continuous operation to prevent reintro-
duction of rabies in an area from the infected
animals coming from other areas (CDC 2012).

Modern veterinary vaccines are now widely
available and affordable in the developing coun-
tries. These are highly immunogenic inactivated
cell culture vaccines for immunisation of dogs
via the parenteral route. For mass canine vac-
cination, use of inactivated rabies vaccine is
recommended over live vaccine because the
management of inactivated vaccine in the field
is easier and it is less sensitive to changes in
temperature. Further, inactivated vaccines do not
cause any risk to the vaccinator due to accidental
self-inoculation. There is increasing use of these
for animal immunisation due to recent improve-
ments in vaccine production techniques (WHO
2012b). Combined vaccines including rabies
vaccine and vaccines against other diseases are
also available for dogs and cats.

For a successful vaccination campaign, vacci-
nation of dogs should be done in a planned,
organised way. Atleast 75 % of the dog population
in each community should be vaccinated within
a month. In areas where the dog population
turnover is rapid, it may be necessary to carry out
a mass vaccination campaign each year (Figs. 7.5
and 7.6). However, if the vaccine produces effective
immunity for longer period and the system for
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Fig.7.5 Stray dog vaccination (Photo courtesy: Dr. Deborrah Briggs)

Fig.7.6 Rabies vaccination in Sri Lanka after tsunami (Photo credit: WSPA)

identifying vaccinated dogs can be trusted to
last more than 1 year, the advantage of longer
immunity may be taken by vaccinating only the
dogs entering the population after the last cam-
paign. Revaccination of dogs covered during
the last campaign can then be done at intervals
of about 2 years (WHO 2012b).

Full implementation of dog vaccination
programmes may be expensive. For example, the
cost of dog vaccination typically ranges between
US$1.19 and US$4.27 per dog vaccinated in a
range of rural and urban settings when a central-
point vaccination strategy is adopted, which is
the most cost-effective strategy. This includes
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consumable costs (vaccine, syringes, needles,
certificates, registers, collars, stationery), delivery
(staff costs, transport), storage (fridges, cool boxes),
and societal costs (days of work lost). The house-
to-house vaccination campaigns tend to be more
expensive and the cost may vary widely between
different communities. However, adopting this
strategy may be necessary in some situations
to reach sufficient vaccination coverage (Partners
for Rabies Prevention 2010). The cost can be
reduced through involvement of volunteers in the
vaccination campaigns, through careful consider-
ation of logistics and transport costs, and by
holding well-planned synchronised campaigns.

The task of dog rabies control in India is really
enormous due to large dog population. It is,
therefore, essential to chalk out programmes
for dog population management besides inno-
vating cost-effective animal vaccine delivery
systems in the country.

7.4  Wildlife Rabies Control

Some countries have been successful in controlling
rabies in dogs by implementing vigilant control
measures, but with the decline in dog rabies, the
role of sylvatic or wildlife rabies has come to
the fore. Today, in European countries and the
USA, more rabies cases are reported in wild
animals than in domestic animals, and a consid-
erable proportion of both human and domestic
animal exposures to the disease are the result of
wild animal contact.

Rabies in Europe is predominately sylvatic
rabies, with wildlife species accounting for approx-
imately 80 % of all rabies cases. Of these, more
than 80 % are red foxes (Vulpes vulpes) (Rabies
Bulletin Europe 2012). In the USA, 92 % of
reported cases of rabies in the year 2010 were
due to wild animals, mainly raccoons, skunks,
bats, foxes, and other including rodents and
lagomorphs. Outbreaks of rabies infections in
raccoons, skunks, foxes, and coyotes are found in
broad geographical regions across the country
(CDC 2012).

The emergence of wildlife as principal rabies
vector has added a complex dimension to rabies
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control. While dog rabies can be effectively
controlled through different simple strategies, the
same kind of measures may not be directly appli-
cable to wildlife (Hanlon et al. 1999).

7.4.1 Methods of Control
General approaches to controlling rabies in
wildlife include reduction or elimination of the
reservoir species and elimination of rabies in the
reservoir species (Figs. 7.7, 7.8 and 7.9). Another
option includes protection of the victim species
from the reservoir species. It involves reducing
the opportunities of interaction or contact of wild-
life with humans, pets, or livestock by certain mea-
sures, such as garbage management, modification
or elimination of habitat, and proper storage or
removal of human and pet foods (Hanlon et al. 1999;
Rupprecht et al. 2001; Rosatte 2011). These
methods may be applied in combination.
Initially, culling and destruction of reservoir
species was the primary rabies control measure,
but during the past few decades, there have been
significant changes in the tactics of wildlife
rabies control. The advances in the research and
development of oral rabies vaccines and delivery
systems for wildlife have now made it feasible
to apply the control measures to substantially
large areas. This has led to elimination of rabies
from many territories (Rosatte 2011). Hanlon
et al. (1999) and Rosatte (2011) have published
detailed descriptions of the historical and con-
temporary methods of rabies control in wildlife.
These are briefly summarised below.

7.4.1.1 Rabies Vector Population
Reduction

The conventional method of population control
aims at reducing the densities of rabies vector
species resulting in disruption of the natural route
of spread of infection among the animal popula-
tion. For this, a number of techniques such as
trapping and euthanasia, hunting, poison baits,
and gassing have been used. However, such
programmes are generally quite labour-intensive,
cost prohibitive, and ecologically and ethically
unacceptable (Hanlon et al. 1999; Rupprecht
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Fig.7.7 USDA-APHIS Wildlife Services (Photo credit: USDA-APHIS)

Fig.7.8 Wildlife rabies management (Photo credit: USDA-APHIS)

et al. 2001; Rosatte 2011). Moreover, it has been
observed that these methods alone are incapable
of reducing and maintaining the vector population
below a certain threshold level and it may not
be possible to decrease the rabies incidence
effectively (Rabies Bulletin Europe 2012). Due
to the impracticability, this approach has limited
utility in large-scale application.

7.4.1.2 Fertility Control

Research has been done to lower the fertility
of animals through reproductive inhibitors, thus
controlling the rabies vector population growth.
However, this method has not been very suc-
cessful because of lack of safe, effective, and
long-lasting agents and effective delivery systems
(Hanlon et al. 1999; Rosatte 2011).
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Fig.7.9 Wildlife rabies
management.

Collection of tissue
sample from an
anesthetised raccoon to
determine the protective
status of oral vaccination
(Photo credit:
USDA-APHIS)

7.4.1.3 Habitat Modification

Habitat modification is aimed at reducing the
chance of interaction of potential rabies vectors
like skunks, raccoons, and bats with human
beings, pets, and livestock. It can be achieved
by using animal-proof garbage containers or
enclosures, frequent garbage disposal, making
pet food inaccessible to wild animals, capping
chimneys, and screening louvre vents. Similarly,
techniques may be improvised to prevent access
of bats to human habitations (Hanlon et al. 1999).

7.4.1.4 Trap-Vaccinate-Release
Programmes

Vaccination of reservoir species has been shown

to be more effective and economically beneficial

than the wildlife population control approach.

Trap—vaccinate-release (TVR) approach is one of

the two potential methods of vaccinating wildlife

| §
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reservoir species, the other being oral rabies
vaccination. In TVR approach, targeted reservoir
species are livetrapped and manually injected with
liquid vaccine. The difficulty faced in capturing
of wild animals and administration of parenteral
vaccine reduces the feasibility of TVR pro-
grammes (Hanlon et al. 1999; Rosatte 2011).

7.4.1.5 Oral Rabies Vaccination

Oral rabies vaccination (ORV) has been found to
be a very cost-effective method and has been
extremely successful in red foxes and raccoon
dogs in Europe. It involves vaccinating the animals
through baits containing oral vaccine. The ORV
is practically a very feasible approach that can be
applied on a very large scale to increase herd
immunity even in the cases where the probability
of trapping the wildlife vectors is low. Contemporary
advances in the research and development of oral
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rabies vaccines and delivery systems have now
made it feasible to distribute millions of vaccine
baits over thousands of square kilometres of
habitat to control rabies in wildlife rabies vectors
(Rosatte 2011).

Oral Rabies Vaccination
in Animals

7.5

ORV represents a socially acceptable methodology
that may be applied on a broad geographical
scale to manage the disease in specific terrestrial
wildlife reservoirs. It has proven its utility as a cost-
effective tactic and has been extremely successful
in Europe in controlling rabies in red foxes and
raccoon dogs (Nyctereutes procyonoides), and
many countries have attained “rabies-free” status
(Rosatte 2011). The application of ORV has also
shown promising results in controlling rabies in
foxes in Canada and in coyotes and grey foxes
in the USA (Rosatte 2011). The feasibility of
application of ORV in stray dogs has also been
demonstrated in some countries.

Oral vaccines are distributed in baits over a
large area; hence the safety aspects of the vaccine
baits released into the environment would require
utmost attention. The WHO (2012b) recommends
the assessment of the safety of a candidate vaccine
for the target and nontarget species as given below:
e The candidate vaccine strain should be

characterised according to procedures recom-

mended for rabies vaccines for veterinary use.

e The vaccine chosen should not produce any
disease in 10 young (3—6 months old) animals
belonging to the target species when adminis-
tered orally at 10 times the dose recommended
for field use.

* The possibility of excretion of vaccine virus
in the saliva of the animals should also be
examined. Following immunisation, swabs
should be taken daily. No virus should be pres-
ent after 3—4 days. Any virus recovered should
be characterised using MAb.

*  Where feasible, at least 10 and if possibly 50
of each of the most common local rodent
species should be given the field dose of vac-
cine (i.e. the dose which is contained in a bait)
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orally and intramuscularly. No more than 10 %

of the animals so vaccinated should exhibit

sickness or mortality due to rabies.
¢ Relevant local wild or domestic animal species
that may take baits should be examined using

MAD to ensure that no vaccine-induced rabies

has occurred (WHO 2012b).

The development of recombinant DNA
technology has initiated a new era in rabies
control. Recombinant vaccines cannot exhibit
residual pathogenicity caused by rabies because
they contain only single non-virulent gene prod-
ucts. The majority of the safety requirements for
modified live-virus vaccines are also applicable
to recombinant vaccines (WHO 2012b).

7.5.1 Application of ORV in Wildlife
The first field trial on ORV of foxes was success-
fully conducted in Switzerland in 1978. Chicken-
head baits containing SAD-Berne ORV were
used. Between October 1978 and October 1990,
1.3 million such baits were distributed in the
country. Continual surveillance led to detection
of three cases of vaccine-induced rabies. No other
vaccine-related deaths were noted in over 900
animals examined. Baits containing SAD-B19
vaccine were also used in Europe to control fox
rabies. Since 1983, millions of baits containing
this virus have been distributed in Europe, including
Belgium, France, Germany, Italy, Luxembourg,
and a number of Eastern European countries
with no reported deaths among nontarget species.
Other vaccine strains (SAG 1, SAG 2, ERA,
Vnukovo-32) have been distributed in certain
Western European countries, Canada, and the
Russian Federation (Rosatte 2011; WHO 2012b).
The application of ORV for rabies control in
terrestrial vectors (red foxes and raccoon dogs)
showed excellent results in Europe as the annual
number of rabies cases in Europe dropped from
21,000 in the year 1990 to 5,400 in 2004. Rabies
has been successfully controlled and eradicated
in most parts of Western and Central Europe.
So far several countries including Finland, the
Netherlands (1991), Italy (1997), Switzerland
(1998), France (2000), Belgium, Luxembourg
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(2001), Czech Republic (2004), Germany (2008),
and Austria (2008) have been declared as being
officially free of terrestrial rabies. In 2009, Italy
was reinfected by fox rabies, and ORV is currently
applied as a control measure (Rosatte 2011;
Rabies Bulletin Europe 2012).

In North America, ORV has been under field
investigation since 1985 in Canada and since
1990 in the USA. Raboral V-RG® is currently
the only effective oral vaccine licensed for use
in free-ranging raccoons, grey foxes, and coyotes
in the USA. In the year 2007 alone, more than
12 million vaccine baits were distributed over
241,350 km? area in the country. The figures for
the years 2005 and 2006 were also almost sim-
ilar. In all, there have been nearly 48 million
doses of the vaccine distributed in the USA and
Canada, and 63 million doses have been dispersed
worldwide (USDA 2012).

7.5.1.1 Vaccine Delivery Systems
ORYV utilises baits attractive to targeted reservoir
species. When the bait is taken (bitten) by the
animal, it releases an encapsulated, attenuated
rabies virus vaccine into the mouth or pharyngeal
tissues of the animal to elicit an immune response.
During the first field trial of ORV in the late
1970s, chicken heads were used as bait, to which
SAD-Bern vaccine in plastic capsule was stapled.
Nowadays, usually a vaccine-filled sachet is
enveloped by a bait casing typically consisting of
fishmeal, fat, and paraffin (Figs. 7.10 and 7.11).
Raboral V-RG consists of a plastic sachet
containing the vaccine (about 1.5 ml) which is
enclosed in solid fishmeal polymer bait or is
coated with wax and fishmeal crumbs. In the
USA, the outer bait matrix is made from fishmeal
(for raccoons and coyotes) or dog food (for grey
foxes) combined with a polymer that acts as a
binding agent. The sachet inside the bait matrix is
waxed into place so that it does not fall out during
aerial delivery. As the raccoon, grey fox, or coyote
eats through the outer bait matrix, the inner sachet
gets punctured and the vaccine enters the
animal’s mouth and coats the lymphatic tissue in
the throat, eliciting immune response (USDA
2012). Similarly, ONRAB vaccine is contained in
bait consisting of a plastic blister pack surrounded
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by a wax- and fat-based matrix containing
tetracycline hydrochloride marker.

Vaccine baits need to be deposited throughout
all potential habitats of the vector animal which
is usually a very large area. Different vaccine bait
distribution systems have been developed. Aerial
distribution preferably by aircraft or by helicop-
ter is the most efficient way (Fig. 7.12). Aerial
distribution is generally done in rural areas. The
bait distribution machine is controlled from the
airplane and is turned off when crossing a road or
house to avoid human contact with the bait.
Baiting by hand (Fig. 7.13) is done in urban and
suburban areas to increase the chances of uptake
of the bait by the target species while minimising
the chances of human contact with the bait
(Rabies Bulletin Europe 2012; USDA 2012).

7.5.2 Application of ORV in
Stray Dogs

The programmes of mass vaccination of dogs by
parenteral route in developing countries often
face hurdles due to the resource crunch for han-
dling a large number of stray dogs. Oral vaccines
allow for easy mass vaccination and offer new
approaches promising a significant increase in
the dog vaccination coverage (especially of free-
roaming and poorly supervised dogs), both when
applied exclusively or in combination with
parenteral vaccination (WHO 2007). However,
since dogs, unlike wild animals, live in close
vicinity of human habitations, there is likelihood
of exposure of human beings to the vaccine baits
during ORV programmes for dogs. The candidate
vaccines thus have to meet certain requirements
regarding safety for the nontarget species,
particularly human beings. Further, it has to be
ensured that the vaccines are efficacious and
cost-effective.

The WHO has published recommendations
concerning evaluation of safety and efficacy
of ORV for application in dogs (WHO 2007).
Several pilot studies conducted in different
countries including Sri Lanka, the Philippines,
India, and China have shown the feasibility, effi-
cacy, and safety of ORV in dogs (Perera et al. 2000;
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Fig.7.10 Oral rabies
vaccine in fishmeal
polymer bait (Photo
credit: USDA-APHIS)

Fig.7.11 Oral rabies
vaccine in coated sachet
bait (Photo credit:
USDA-APHIS)
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Fig.7.12 Aircraft facility for oral rabies vaccine bait distribution (Photo credit: USDA-APHIS)
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Fig.7.13 Oral rabies vaccination by hand baiting (Photo credit: USDA-APHIS)

Estrada et al. 2001; Cliquet et al. 2007; Zhang
et al. 2008). However, elaborate studies may be
necessary before the technique is practically
adopted.

According to the WHO (2007), the individual
countries should study the opportunity of intro-
ducing oral vaccination in their rabies control
strategy. The countries should examine the
potential role of oral vaccination of dogs and
should consider applying it only after the tradi-
tional control measures, such as establishing
or strengthening the surveillance of rabies and
vaccinating dogs by the parenteral route, have
yielded less than optimal results from the epide-
miological and economical points of view.
The following qualification criteria (WHO 2007)
should be considered when a country contem-
plates the use of oral vaccination of dogs:

* Dog rabies is endemic.
* A dog rabies vaccination programme by
parenteral vaccination is in place for the last

5 years and is properly monitored and

evaluated.

e There is allocation of sufficient annual budget
for the operation of the rabies surveillance and
control programme.

e There is a network of biomedical services
and diagnostic laboratories with the facility
of standard immunofluorescent techniques
in the country.

e The data on human and animal rabies cases
are available for at least 5 previous years.

e The information on dog demography includ-
ing dog population size estimates, density,
distribution, age structure, and turnover is
available.

Further, when pilot research projects using
oral rabies vaccines in dogs are considered, a
national team should be constituted that includes
specialists of dog ecology. The WHO staft and/or
staff from relevant WHO Collaborating Centres
should be closely associated with the programme.
The team leader should establish the working
plan for oral vaccination projects. The population
or subpopulation of dogs intended for oral
vaccination should be identified and a strategy to
reach these animals should be elaborated. The
WHO (2007) recommends the following initial
steps for the programme:

e Selection of one or more candidate vaccines
that fulfil the safety and efficacy requirements
described by the WHO (2007)
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e Determination of vaccine efficacy in local
captive dogs by oral administration

* Evaluation of vaccine in terms of national
requirements regarding the introduction into
the country, even for experimental purpose

e Testing of vaccine safety on major local
nontarget species competitors for baits which
have not already been tested for safety with
the selected vaccine(s)

e Selection of bait out of the available options or
to developing a new bait according to local
conditions

» Selection or evolving methods of bait delivery
according to the population or subpopulation
of dogs which are targeted

e Evaluation of the possibility, extent, and cir-
cumstances of human exposure to the vaccine/
bait through placebo trials

» Evaluation of the acceptability of the selected
bait in the target population through placebo
baiting trials

e Providing sufficient information to the public
before undertaking any field trial to elicit general
public support and cooperation
According to the recommendations, a total

population vaccination level of 80 % is desired.

Repeat vaccination campaigns should be con-

ducted when population vaccination levels drop

below 60 %. Adequate long-lasting marking of
dogs is important for evaluation of vaccination

coverage (WHO 2007).

Success Stories in Rabies
Control

7.6

Despite all odds, marked success in rabies control
has been demonstrated in many parts of the world
during the past three decades. As a result, not
only has rabies declined in dogs and other
animals, but human rabies deaths have also been
substantially reduced or eliminated. Such highly
successful programmes have been carried out in
many countries including developing countries
in Asia and South America. A brief description
of some successful programmes given below
demonstrates that it is feasible to control and even
eliminate canine rabies and prevent human rabies
deaths with systematic concerted efforts.

m

7.6.1 Success in Europe

The stepwise intensive efforts to control and
eliminate both canine and wildlife-mediated
rabies have shown unprecedented results in
the European countries. Large parts of Western,
Northern, and Central Europe are officially
recognised as free from terrestrial rabies. In Western
Europe, currently all measures are directed towards
the maintenance of a rabies-free status by avoiding
reintroduction of the disease including imple-
mentation of the pet travel scheme, risk-based
surveillance, and establishment of cordon sanitaire
along borders to rabies-endemic regions (Miiller
and Freuling 2011).

7.6.2 Success in Latin America

The elimination of human rabies transmitted by
dogs in the Region of the Americas by 2005 was
a decision made by all Pan American Health
Organization (PAHO) member states in the 1980s.
Since then, these countries have made major
efforts to eliminate rabies with marked success
and the Region is very close to reaching its goal
of eliminating dog-transmitted human rabies.
Part of Latin America has already managed to
eliminate the spread of the rabies virus in the
canine population. A large part of the Southern
Cone — Chile and Uruguay, vast areas of
Argentina, and all of Southern Brazil, including
Sdo Paulo and Rio de Janeiro — is already free
of dog rabies. Panama and Costa Rica are in a
similar situation, as are some departments of Peru
(PAHO 2012). However, recently in December
2011, after 30 years with no detected cases of
terrestrial animal rabies, a cat with rabies virus
was diagnosed and confirmed in Sao Paulo state
in Brazil (Taylor and Romijn 2012). The cat was
not vaccinated as the government of Sao Paulo
had decided to suspend the free rabies vaccina-
tion programme for pets in 2010, following
several adverse reactions to a rabies vaccine
administered to dogs and cats (including some
fatalities). The cat was probably infected by a
bat because cats may chase a rabies-infected bat
which is unable to fly and may be bitten by the
bat in the process. Because the disease had been
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virtually eliminated from Sdo Paulo state by
vaccination, this case is particularly alarming.
The Ministry of Health had recently suspended
vaccination of pets in 15 Brazilian states, which
have also not recorded the occurrences of rabies
cases in recent years, but it has now decided to
restart vaccination campaigns across the whole
country (Taylor and Romijn 2012).

Analysis of the trend in rabies cases in Latin
America during the period 1982-2003 reveals
91 % decline in the number of human cases
from 355 to 35. Rabies in dogs declined by 93 %
from 15,686 cases to 1131 during this period. From
1990 to 2003, dogs were the source of infection
in 65 % of reported human cases, which fell
from 152 to 27 (Schneider et al. 2005; Belotto
et al. 2005; PAHO 2012). By the year 2010, 95 %
reduction in the cases of human and canine rabies
was achieved. Approximately 350 human cases
and 3,000 canine in the early 1980s were reduced
to less than 10 and 100 cases, respectively, in 2010
(Tamayo et al. 2011). This sharp reduction is
attributable mainly to the control measures
implemented by the countries of the Region, such
as the mass vaccination of dogs and prophylactic
treatment for people who have been exposed.
In Latin America, about 44 million dogs are
vaccinated every year, and approximately one
million people at risk of contracting the disease
are tended to, 25 % of them receiving postexposure
treatment. More than 100 national and regional
laboratories are engaged in rabies diagnosis
and have processed nearly 74,000 samples per
year indicating the extent of efforts being made
towards achieving the target of rabies elimination
(Schneider et al. 2005; Belotto et al. 2005;
PAHO 2012).

Among the Latin American countries, Mexico
has shown particularly remarkable success.
National Rabies Control Programme using mass
parenteral vaccination of dogs in the country
started in 1990 and about seven million dogs
were vaccinated the same year. The number of vac-
cinated dogs exceeded 10 and 15 million in 1995
and 2005, respectively. Between 1990 and 2005,
more than 150 million vaccine doses of modern
cell culture-based inactivated rabies virus vaccines
were administered. As a result, human cases due
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to dog-mediated rabies decreased from 60 in
1990 to 0 in 2000. The number of rabies cases in
dogs decreased from 3,049 in 1990 to 70 (Lucas
et al. 2008).

7.6.3 Successin the USA

Over the past 100 years, the scenario of rabies
in the USA has changed dramatically. Animal
control and vaccination programmes started in
the 1940s and ORV programmes in the 2000s
have eliminated the role of domestic dogs as
reservoirs of rabies in the country. Consequently,
now more than 90 % of all animal cases reported
annually to the CDC occur in wildlife while
before 1960 the majority was in domestic animals
(CDC 2012).

The number of rabies-related human deaths
in the USA has declined from more than 100
annually at the turn of the twentieth century to
one or two per year in the 1990s. Apart from dog
rabies control, the use of effective human rabies
vaccines and immunoglobulin has made it possi-
ble. In the USA, human fatalities associated with
rabies occur in people who fail to seek medical
assistance, usually because they were unaware of
their exposure (CDC 2012).

7.6.4 Success in SriLanka

Sri Lanka has registered a sharp decline in the
number of human rabies deaths through mass dog
vaccination campaigns, improved accessibility to
human PEP, and an effective vaccine delivery
system. Mass vaccination of dogs has shown great
impact on human rabies cases in the country. The
number of dogs that were vaccinated each year
was increased rapidly from few thousand in the
year 1975 to more than 800,000 in 2005 and
1,000,000 in 2008. With the result, the human
rabies incidence per 1,000,000 persons, which
was more than 2 in the year 1975, declined to less
than 1 in 1985 and less than 0.5 in the year 2005
onwards. The country has adopted cost-effective
intradermal rabies vaccination to control human
rabies (WHO 2008).
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7.6.5 Success in KwaZulu-Natal
(South Africa)

With international cooperation between the WHO,
the Bill and Melinda Gates Foundation, the South
African authorities, and other rabies experts, a
pilot canine rabies elimination programme was
started in 2009 in KwaZulu-Natal, a province in
South Africa. In 2011, KwaZulu-Natal was able
to declare no recorded human deaths from rabies
in a l-year period for the first time in over 20
years. Extensive training of health professionals
and public awareness together with the motiva-
tion provided by international attention have
been major factors in the project’s success
(Rabiesblueprint 2012). The 5-year project aims
to achieve elimination of human and dog rabies
from KwaZulu-Natal by 2014 (WHO 2012b).

7.6.6 Success in Bohol (Philippines)

The Philippines is among the top 10 countries
facing rabies deaths. In 2007, when the Global
Alliance for Rabies Control (GARC) began the
Bohol Rabies Prevention and Elimination Project,
Bohol Island was ranked as the 4th highest rabies-
affected region in the Philippines, averaging 10
deaths per year. In 2010, that number was zero.
Though there has been one death in 2011, the
project has caused tremendous improvement
(GARC 2012b). This programme produced a
seismic shift in rabies control in Bohol by turning
it from the government-dependent implementation
to a community-led movement involving thousands
of village-based volunteers and teachers apart
from some paid government staff. The project
has received the prestigious Galing Pook award
from the President of the Philippines for its
excellence.

The programme steadily enforced mandatory
dog registration and vaccination and used the
registration fee collections to fund the ongoing
programme costs and to subsidise human
postexposure vaccines. Now, almost all dogs are
registered and have dog tags. Seventy percent of
the dog population has been vaccinated and reg-
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istered, involving 47 municipalities, 109 villages,
and 43,690 households. The project envisages
inclusion of rabies education in the primary school
curriculum and teaching over 185,000 children
every year about rabies, bite prevention, and
responsible pet ownership in schools.

Besides saving lives, the project has helped
tourism industry flourish, contributing to the local
economy. An unexpected benefit of the project
includes a significant reduction in the number of
road accidents caused by stray dogs. The project
itself is expanding and it has plans to use the
rabies control infrastructure for simultaneously
controlling other diseases.

7.6.7 Afya Serengeti Rabies Control
Project

The Serengeti region is a sprawling and diverse
stretch of land located in Tanzania in the east-
ern part of Africa. At the centre of the region is
the Serengeti National Park, a controlled-
access, protected wildlife conservation area
bordered by multiple districts containing many
small villages that are the focus of the Afya
Serengeti project. Started as a research project
in 1997, it is now a rabies control project that
works with local people in the Serengeti to ensure
widespread vaccination of domestic dogs
(Afya 2012).

The project’s successes include reduction of
hospitalisations due to rabid dog bites by 92 %,
elimination of rabies from the Serengeti National
Park itself and the adjacent Ngorongoro District,
and no reported rabies outbreaks in areas where
a 70 % vaccination rate has been achieved. The
vaccination has also helped in protection of
African wild dogs that were threatened with
extinction due to outbreaks of rabies in 1990.
As a result of the operation of the project, there
is increase in the population of African wild
dogs in and around the park by 17 % each year
(Afya 2012). Because of the remarkable success
of vaccination efforts in the Serengeti, plans are
also underway to expand the project into other
countries.



114

7.7  Coordinated Efforts Against

Rabies

A number of rabies surveillance and control
programmes have demonstrated that human expo-
sure to rabies can be substantially reduced by con-
trolling and eliminating rabies in dog populations
and wildlife vectors. Though mass vaccination of
dogs is the single most cost-effective method to
control and eliminate dog rabies, the other interven-
tions such as animal birth control, promotion of
responsible dog ownership, compulsory notification
of rabies in humans and animals, ensuring the avail-
ability of reliable diagnostic procedures, and confir-
mation of cases of rabies are also important (WHO
2010). It all involves multisector coordination.

7.7.1 WHO Initiatives

The WHO promotes widespread initiatives not

only in the direction of prevention of rabies

through PEP in human beings but also for control

and elimination of canine rabies (WHO 2012b).

The major activities of WHO in these directions

are listed below:

* Promoting wider access to postexposure
treatment with modern vaccines

* Promoting the use of the multisite intradermal
regimen to reduce the cost of postexposure
treatments

e Promoting domestic production of rabies
biologicals

e Promoting consistent availability of modern
rabies vaccines for humans and for animals

* Improving rabies surveillance

* Developing documents and guidelines for
comprehensive rabies control programmes

* Implementation of canine rabies control and
elimination programmes

* Organisation of sustainable mass dog vaccina-
tion campaigns

* Stimulation of studies on oral vaccination of
dogs and development of safer and effective
oral vaccines and baits

e Implementation of dog population manage-
ment programmes
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* Continuing education of health and veterinary
professionals in rabies prevention and control
* Increasing awareness in the public and in the
medical profession about rabies prevention
and prevention
* Eliciting political support for rabies control
programmes
The WHO has a worldwide rabies network. It
is working together with numerous collaborating
centres and other organisations to reduce the
impact of rabies worldwide, with the overall goal
of human rabies eradication (Rabies Bulletin
Europe 2012). The list of WHO Collaborating
Centres for Rabies Research (updated to July
2012) is given in Box 7.2.

7.7.2 OIE Initiatives

The World Organisation for Animal Health (OIE)
is committed to the cause of worldwide eradica-
tion of rabies. It maintains a dedicated rabies web
portal and provides science-based standards,
guidelines, and recommendations for the control
of rabies in animals and to prevent its spread
through trade. It also provides standards for the
diagnosis of the disease and the preparation of
vaccines for use in animals.

The OIE has a network of OIE Reference
Laboratories designated for rabies. These func-
tion as centres of expertise and standardisation
of diagnostic techniques. Leading and active
researchers are functioning as the Reference
Experts in these laboratories. They provide sci-
entific and technical assistance and expert
advice on surveillance and control of the
disease. They also provide scientific and tech-
nical training for member countries and territo-
ries and coordinate scientific and technical
studies in collaboration with other laborato-
ries or organisations. Through this network of
Reference Laboratories and Collaborating
Centres, the OIE provides policy advice,
strategy design, and technical assistance for the
diagnosis, control, and eradication of rabies
(OIE 2013). The list of Reference Experts and
Laboratories on Rabies (updated to June 2013)
is given in Box 7.3.
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Box 7.2 WHO Collaborating Centres
for Rabies Research (Rabies Bulletin
Europe 2012)

1.

WHO Collaborating Centre for Control,
Pathogenesis and Epidemiology of
Rabies in Carnivores, Centre of Expertise
(COFE) for Rabies, Ottawa Laboratory
Fallowfield (OLF), Canadian Food
Inspection Agency, Nepean (Ontario),
Canada

WHO Collaborating Centre for
Reference and Research on Rabies,
Rabies Section, Division of Viral &
Rickettsial Diseases (DVRD), Viral
and Rickettsial Zoonoses Branch,
National Center for Infectious Diseases
(NCID), Centers for Disease Control
& Prevention (CDC), Atlanta, USA

. WHO Collaborating Centre for

Reference & Research on Rabies, The
Wistar Institute, Philadelphia, USA
WHO Collaborating Centre for
Reference and Research on Rabies,
Unité de la Rage, Institut Pasteur, Paris
Cedex 15, France

. WHO Collaborating Centre for

Research and Management on Zoonoses
Control, Laboratoire d’Etudes sur la
Rage & la Pathologie des Animaux
Sauvages, Centre National d’Etudes
Vétérinaires et alimentaires, Malzeville,
France

WHO  Collaborating  Centre  for
Neurovirology, Department of Micro-
biology and Immunology, Thomas
Jefferson University, Philadelphia, USA

. WHO Collaborating Centre for

Reference and Research on Rabies,
Pasteur Institute of Iran, Teheran, Islamic
Republic of Iran

WHO Collaborating Centre for Rabies
Surveillance & Research, Institute
of Epidemiology, Friedrich-Loeffler-
Institut, Federal Research Institute for
Animal Health, Wusterhausen, Germany
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Box 7.2 (continued)

9. WHO Collaborating Centre for the
Characterization of Rabies & Rabies-
related Viruses, Veterinary Laboratories
Agency — Weybridge, Department of
Virology, Weybridge, Surrey, UK

10. WHO Collaborating Centre for
Reference and Research in Rabies,
Department of Neurovirology, National
Institute of Mental Health and Neuros-
ciences (NIMHANS), Bangalore, India

11. WHO Collaborating Centre for Rabies
Epidemiology, National Institute of
Communicable Diseases (National
Centre for Disease Control), New
Delhi, India

12. WHO Collaborating Centre for
Research on Rabies Pathogenesis and
Prevention, Queen Saovabha Memorial
Institute, The Thai Red Cross Society,
Bangkok, Thailand

Box 7.3 Reference Experts and Laboratories
on Rabies (OIE 2013)

1. Dr. Christine Fehlner-Gardiner, Centre
of Expertise for Rabies CFIA/ACIA,
Ottawa Laboratory Fallowfield, Animal
Diseases Research Institute, Nepean,
Ontario, Canada

2. Prof. Changchun Tu, Diagnostic
Laboratory for Rabies and Wildlife
Associated Zoonoses, Department of
Virology, Changchun Veterinary Research
Institute (CVRI), Chinese Academy of
Agricultural Sciences (CAAS),
Changchun, Peoples Republic of China

3. Dr. Jacques Barrat and Dr. Florence
Cliquet, Agence nationale de Sécurité
Sanitaire de 1’ Alimentation, Laboratoire
de la faune sauvage de Nancy,
Malzéville Cedex, France

4. Dr. Thomas Miiller, Institute for
Epidemiology, Friedrich-Loeffler Institut,

(continued)
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Box 7.3 (continued)

Federal Research Institute for Animal
Health, Wusterhausen/Dosse, Germany

5. Dr. Dong-Kun Yang, Rabies Research
Laboratory, Division of Viral Disease,
Animal Plant and Fisheries Quarantine
and Inspection Agency, Ministry of
Food, Agriculture, Forestry and
Fisheries, Gyeonggi, Republic of Korea

6. Dr. Claude Taurai Sabeta, Onderstepoort
Veterinary Institute, Rabies Unit,
Onderstepoort, South Africa

7. Dr. Anthony Fooks, Rabies and Wildlife
Zoonoses Group, Virology Department,
Animal Health and Veterinary Laboratories
Agency, Surrey, Weybridge, UK

8. Dr Richard Franka, Poxvirus and Rabies
Branch, Division of High-Consequence
Pathogens and Pathology, National
Center for Emerging and Zoonotic
Infectious Diseases, Centers for Disease
Control and Prevention, Atlanta, USA

7.7.3 Initiatives by the Global

Alliance for Rabies Control

Global Alliance for Rabies Control (GARC, USA)
and Alliance for Rabies Control (UK) are charitable,
non-profit organisations. They took an initiative
in 2006 to start World Rabies Day to undertake
outreach programmes raising awareness about
the impact of human and animal rabies and about
the ease with which it can be prevented and
eliminated. The inaugural campaign in September
2007 saw participation from nearly 400,000
people in 74 countries. Since then, it has seen
much progress. World Rabies Day now involves
every major human and animal health partner at
the international, national, state/provincial, and
local levels as well as veterinary, medical, and
other specialised professional and student organ-
isations, corporate, and non-profit partners, all
working to mobilise awareness and resources in
support of human rabies prevention and animal
rabies control. Beginning in 2007 till the fifth
anniversary of World Rabies Day in 2011, more
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than 2,000 events were held in 150 countries that
helped in educating an estimated 182 million
people and vaccinating 7.7 million animals
(World Rabies Day 2012; GARC 2012a). World
Rabies Day events are held in all sectors, from
the ministries of health and agriculture to veteri-
nary institutions and local groups. The campaigns
facilitate political attention and support for rabies
control.

GARC has also been instrumental in estab-
lishing and is a member of Partners for Rabies
Prevention (GARC 2012a). This informal group
includes all major international agencies involved
in rabies, including the WHO, the Food and
Agricultural Organization of the United Nations
(FAO), the OIE, the WHO rabies collaborating
centres, research scientists, representatives from
the Bill and Melinda Gates Foundation, the UBS
Optimus Foundation, and representatives from
industry. A major achievement of this group is
the preparation of Blueprint for Rabies Prevention,
which has been written by world’s foremost
rabies experts (Partners for Rabies Prevention
2010). Available at www.rabiesblueprint.com
free of cost to the governing bodies worldwide,
it elaborates a roadmap and steps needed to
reduce rabies.

In addition to this, GARC also works with the
worldwide regional networks and management
plans relating to rabies control (GARC 2012a).
These include the Africa Rabies Expert Bureau
(AfroREB), Asian Rabies Expert Bureau (AREB),
North American Rabies Management Plan
(NARMP), Middle East and Eastern Europe
Rabies Expert Bureau (MEEREB), Meeting of
Directors of National Programs for Rabies
Control in all Latin American countries
(REDIPRA), and Southern and Eastern African
Rabies Group (SEARG).

Bottlenecks in Rabies
Control

7.8

Many developed countries have successfully
controlled dog rabies and even eliminated and
human deaths due to rabies through extensive
rabies control programmes; however, the situation
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in most of the developing countries remains
grim. For example, despite having safe and effec-
tive modern rabies vaccines and great human
resource, India continues to bear the greatest
burden of rabies in the world. There are a number
of factors that are responsible for slow progress
or that may obstruct the implementation or success
of action plans for rabies control and elimination.
Several studies and analytical documents have
dwelled upon these issues; the major constraints
in rabies control are discussed below.

7.8.1 Lack of People’s Perception

of Rabies

A number of studies quite clearly show that people
are generally deficient in understanding of various
aspects of rabies, particularly in the developing
countries. The attitude and practice still continue
to be primitive, due to which the treatment
options presently available are not property uti-
lised. A survey by Agarwal and Reddaiah (2003)
revealed that 40 % people exposed to animal
bites did not seek any prophylaxis treatment.

Another study of 2,377 animal bite cases who
attended the Anti-Rabies Clinic to seek postexpo-
sure advice and treatment in the city of Gwalior
in India revealed that only 58.8 % persons reported
to the clinic within 3 days of exposure, while
the remaining were late with 13.9 % patients even
reporting after 1 week. Of these, only 23.9 % of
cases had taken some form of first aid measures
like cleaning the wound with soap and water and
applied some antiseptics while many others
(46 %) had adopted some traditional kind of
remedy like applying oil and pepper mixture on
the wound (Agarwal and Mishra 2009).

A survey of 1,434 college students of Maddur
town in Karnataka state in India revealed that
only 46.4 % of them had the idea that rabies was
caused by a virus. Although 97.6 % students
were aware about transmission of rabies through
dogs, only 53.1 % knew that the bite wound
should immediately be washed with soap and
water. The possibility of cats transmitting rabies
was known to only 52.6 % students. Only 42.6 %
students considered rabies as a 100 % fatal
disease while only 44 % knew about the requirement
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of 5 doses of rabies vaccine by intramuscular
route in case of an animal bite (Vinay and
Mahendra 2009).

Ignorance about rabies prevention measures is
rampant even among the people of excellent
educational background. In an electronic survey
of 100 persons from all over India, 90 % of the
respondents agreed that dog bite wound should
be washed with soap and water but the others did
not have such perception. Seven per cent people
even advocated the application of chilli powder
on the bite wound (Garg 2009). Though 96 %
persons knew about the requirement of antirabies
vaccination after a street dog bite, there was
widespread ignorance about the vaccination
schedule. Only 68 % persons knew about it while
15 % people thought that a single injection would
be sufficient. The remaining 17 % were not
knowledgeable of the current vaccination regimens
and still thought that 14 injections might still
be necessary in bite cases. Only 32 % persons
were aware that antirabies vaccination is given on
the arm while the others indicated hip (32 %) or
belly (36 %) as the sites of injection.

Pet dog owners also have poor knowledge
about antirabies vaccination schedule in pet
dogs. A recent survey carried out in Chandigarh
in North India revealed that 18 % pet owners did
not know the vaccination status of their dogs,
while 66 % persons had got the initial immunisa-
tion done in their pets but subsequent annual
boosters were not given (Singh et al. 2011).

Analysis of epidemiological and clinical features
of 104 human rabies cases in Bali during 2008—
2010 revealed that only 5.8 % had their wounds
treated and received an antirabies vaccine after
the bite incident. None of the patients received
RIG (Susilawathi et al. 2012). The study indicated
that human fatalities occurred because of lack
of knowledge regarding rabies risk, poor man-
agement of dog bites, and limited availability
of RIG. The situation in Cambodia is also similar.
A study in an urban and peri-urban province of
the country showed that though 93.2 % (233/250)
of the respondents had heard of the disease rabies,
but only 77.3 % (180/233) of these persons knew
it was fatal to humans. Further, only 51.9 %
(121/233) of them were aware of the vaccine for
dogs (Lunney et al. 2012).



118

7.8.2 Physicians’ Inadequate
Knowledge

Studies reveal that a large number of medical
personnel have inadequate knowledge about
wound management practices and administration
of antirabies vaccine and RIG. In many cases, the
antirabies vaccine is administered in a wrong site
(gluteal muscle) while RIG is not administered at
all despite that it is indicated according to the
guidelines. In a study of animal bite cases com-
ing to Anti-Rabies Clinic in Gwalior in India, it
was revealed that a vast majority of the patients
(57.7 %), who had previously taken treatment at
other places, were given antirabies vaccine shots
over the gluteal region while RIG had not been
administered in any of these cases (Agarwal and
Mishra 2009). In another study of clinical profile
of 945 children attending Anti-Rabies Clinic at
Berhampur in India for PEP, Pratap et al. (2009)
observed that 875 (92 %) children had Category
IIT exposure but their local medical attendants had
not administered RIG to any of them. Moreover,
majority of the children had been given antirabies
vaccine injections over the gluteal region.

A recent study revealed many gaps in the
knowledge and practices concerning animal bite
management among the doctors working in gov-
ernment hospitals, dispensaries, and private settings
in New Delhi. Of them, 81.4 % were conversant
with the PEP schedule in unimmunised patients,
but only 40.4 % knew about the postexposure
schedule in previously immunised patients, and
only 47.8 % had the idea of the pre-exposure
prophylaxis schedule (Garg et al. 2012). Only a
small proportion of the doctors knew the correct
intradermal rabies prophylaxis schedule (39.1 %),
site (42.2 %), and dose (48.4 %). Another recent
study focussing on the evaluation of knowledge
of zoonoses among medical students and recent
graduates revealed critical gaps in medical edu-
cation with respect to zoonoses. Out of 364
respondents, only 10 defined zoonoses accurately
(2.8 %). Only 5.5 % of the persons were able to
identify rabies as a disease transmitted by animals
other than dogs (Kakkar et al. 2011).

Similar deficiencies in the correct perception
regarding animal wound management and vaccine
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administration have been observed among the
general practitioners in India’s neighbouring
country Pakistan. In an evaluation of 151 general
practitioners in Karachi, 77.5 % of them knew
the cause of rabies, but only 51.7 % were knowl-
edgeable about the incubation period of rabies
(Shah et al. 2009). Only 19.4 % of the clinicians
had appropriate idea of the first-line treatment,
while almost all of them (98 %) had no knowl-
edge about the types of antirabies vaccine. Only
19.2 % of them knew about antirabies serum.

A survey of 890 Turkish physicians revealed
their insufficient basic and clinical knowledge of
rabies (Gonen et al. 2011). The average score of
the physicians was 64.5+ 16 and that for clinical
rabies knowledge was 62.8+12 out of 100;
however, 68 % of them were not aware of the
proper method for cleaning wounds as a first-line
treatment in PEP. In addition, 38.4 % physicians
did not understand the administration of vaccines
together with immunoglobulin as part of PEP.
The study also showed that 79 % physicians did
not know the correct doses of vaccines, while
37.6 % did not know the correct sites and routes
of vaccine administration. Finally, 30 % physi-
cians were not aware of the correct PEP vaccine
schedules.

7.8.3 Short Supply of Vaccines
and Other Resources

Safe and efficacious rabies biologicals are in
critical short supply globally, particularly RIG.
According to a survey, the annual incidence of
animal bites in India is estimated at 17.4 million
(APCRI 2004); however, the vaccine utilisation
data indicate that only about five million people
receive PEP (Mittal 2009). Apparently, a large
number of people suffering animal bites do not
get postexposure treatment which is the key to
prevention of rabies. Apart from ignorance,
poverty and inadequate financial resources of
health departments may be a major hurdle in
the people’s access to rabies prophylaxis. The
unavailability of adequate medical facilities,
particularly in rural and remote areas, also worsens
the situation. The availability of RIG is a real
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challenge as it may not be readily available even
in big towns in developing countries.

7.8.4 Poor Resources for Dog
Rabies Control

Control of rabies in dogs constitutes an integral
part of rabies control programme. Extensive efforts
have largely controlled dog rabies in many devel-
oped countries but it remains enzootic in much of
the developing world including India. In a recent
study on 100 street dogs and 50 household dogs
in Chandigarh, a state capital and modern city in
India, the protective titre of antirabies antibodies
in serum (0.5 TU/ml) was detected only in 1 % of
street dogs and 16 % of pet dogs (Singh et al.
2011). The unavailability of sufficient resources
(vaccine, funds, manpower) and lack of organised
programmes and strict legislations are the reasons
for the grim situation.

7.8.5 Neglect of Stray Animal
Management

Stray dogs act as the principal reservoir of rabies
in developing countries. According to estimates,
the pet, owned, and household dog population in
India is around 28 million (APCRI 2004). Dog
bites are the most common cause of human rabies
infection in Asia and Africa, which carry the
greatest burden of human and animal deaths due
to rabies. The increase in human cases is linked
to the proliferation of roaming dogs, which
include not only stray dogs but also the owned
dogs. Lack of systematic approach for successful
dog population management is usually responsi-
ble for uncontrolled increase in the dog popula-
tion resulting in more chances of exposing human
beings and livestock to rabies.

At some places, where dog reproduction con-
trol programmes are in operation, these may not
be dealing with the issue to a desired level due to
prohibitive cost considerations. The average cost
for the medicines and consumables per surgical
sterilisation in developing countries has been
found to be US$7.50 which may vary from US$3
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to US$315 depending upon the country. The
full costs (including veterinarians and veterinary
support staff, clinic running costs, all medicines,
and consumables) may range from US$10 to
US$352, with an average of US$30 per sterilisa-
tion (Partners for Rabies Prevention 2010).
Development of cheaper safe and effective
contraceptives and sterilants may help in greater
success of animal birth control campaigns.

7.8.6 Missing Political Commitment

Effective implementation of rabies control pro-
grammes may not be possible without a strong
political will despite the availability of biologicals,
scientific methods, community participation, and
financial resources. As the success of rabies
control programmes is influenced by multiple
sectors, it requires widespread commitment at
national and regional levels among the ministries
and departments concerning public health, animal
health, wildlife, forests, environment, finance,
law and justice, local civic bodies, and education.

7.8.7 Inadequate Disease
Surveillance and Laboratory

Facilities

Poorly developed disease surveillance system and
scarce diagnostic facilities in developing coun-
tries pose great difficulty in proper risk analysis
and evaluation of disease control programmes.
Similarly, inadequate laboratory facilities for
evaluation of efficacy and quality assurance of
vaccines and immunoglobulin threaten the devel-
oping countries with the problem of PEP failure.

7.8.8 Weak Intersectoral
Coordination

Human beings and animals, including domestic
animal species and wildlife species, are inextricably
linked in the transmission cycle of rabies. However,
collaboration between different sectors including
public health and animal health is usually very
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weak or even absent in many cases. This probably
is the major reason for slow progress in rabies con-
trol. Involvement and coordinated functioning of
public health agencies, veterinary organisations,
wildlife department, and civic bodies is essential
for the success of rabies control programmes.

7.8.9 Lack of Public Cooperation

The cooperation of people is inevitable for the
success of any public health programme including
rabies control programmes. However, due to
widespread illiteracy, ignorance, and financial
constraints, the participation of people in the
developing countries is usually not up to the
desired level. For example, in India, irresponsible
pet ownership is rampant resulting in unrestricted
movements and unvaccinated status of even the
pet dogs. People due to their cultural and religious
beliefs engage in feeding stray animals. Moreover,
the practice of disposing household and kitchen
waste in open is not uncommon which attracts
the stray dogs and brings them near to the human
habitations. Inadequate public support leads to
poor results of any public health programme.

7.8.10 Myths and Religious Factors
Among the Community

Due to the widespread prevalence of myths, blind
faiths, and certain religious factors, particularly in
rural and remote areas, many victims of animal
bites do not seek medical advice promptly. In ani-
mal bite cases, the recourse to indigenous treat-
ment (45.3 %) and application of local remedies
to wound (36.8 %) is quite prevalent (Sudarshan
et al. 2006). In a study of 24 clinically diagnosed
and reported rabies cases encountered in the Anti-
Rabies Clinic of a medical college in Orissa
(Odisha) during a 4-year study period, 79 % had
not taken any antirabies treatment, while all of
them had undergone treatment by traditional
systems of medicine (Satapathy et al. 2005).

It is a common practice in the rural household
to apply chilli powder on the bite wounds
(Agarwal and Mishra 2009). A survey by Agarwal

7 Rabies Prevention and Control

and Reddaiah (2003) revealed that half of the
people exposed to animal bites applied chilli
powder to the affected parts immediately after
the bite. Some bite victims also apply salt, tur-
meric powder, lime, snuff powder, paste of
leaves, acid, etc. Some people seek remedies
from religious places and local saints and apply
holy ash to the bite wounds (Ichhpujani et al.
2008). These practices may vary from one region
to another. As a result, these people lose precious
time and put their lives to risk by depending on
home remedies alone.

7.9 TheWay Forward

In spite of wide prevalence and fatal nature of
rabies and the availability of scientific preventive
and control methods, the disease remains largely
neglected or attracts low priority, particularly in
the developing world. Financial resource crunch
and lack of commitment at the local, national,
regional, and global levels are the major reasons
for the grim situation; however, these constraints
need to be overcome through cost-effective tech-
nological advancements. Improved surveillance
systems are also essential to get realistic data for
better advocacy of rabies control programmes.

A number of approaches for effective control
of rabies have been elaborately defined. It is
imperative to integrate and apply the best suited
options and combination according to the situ-
ational backgrounds as their applicability and
efficacy may vary in different settings. Strategic
implementation, multisectoral coordination,
people’s participation, and continuous evaluation
are the keys to success of the rabies control
programmes and should not be missed.
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Frequently Asked Questions

Abstract

Rabies is a serious viral disease that occurs in all mammals including
humans. Domestic and pet animals affected with the disease include dogs,
cats, ferrets, horses, cows, buffaloes, sheep, goats, camels etc. Wild animals
that are most at risk include mongooses, foxes, wolves, raccoons, skunks,
groundhogs, coyotes, bobcats, beavers, fishers, minks, otters, muskrats,
and bats in some regions. Rabies has very wide prevalence across the world
and kills more than 50,000 people and millions of animals every year. The
disease is endemic in India. Despite being vaccine preventable, rabies con-
tinues to kill primarily due to rampant ignorance and people’s wrong per-
ceptions of the disease. Many times even healthcare personnel and
veterinarians have doubts about the actions required in individual cases of
suspected exposures for prevention of rabies as well as for their own safe-
guard against the occupational risk. This chapter presents 200 frequently
asked questions and attempts to clear the doubts of the people of all strata
of the community including pet lovers, public health professionals, veteri-
narians, and the common people concerning the risk of rabies and preven-
tive measures in different situations.

1. What is rabies? saliva, either by biting or through direct

Rabies is a serious disease that can infect
mammals. It causes inflammation of the
brain. Once symptoms begin, there is no
treatment for rabies, and it is always fatal.
In man, the disease is also known as hydro-
phobia (fear of water).

. What causes rabies?

Rabies is caused by a virus that affects
mammals, including humans. Sick animals
can transmit the disease through their

contact between saliva and broken skin or
mucous membranes. Rabies virus can then
travel through nerves to the brain where it
causes inflammation and the symptoms of
rabies appear.

. Which animals can get rabies?

All mammals, including humans, can
become infected with the rabies viruses.
Domestic animals and pets such as dogs,
cats, ferrets, horses, cows, buffaloes, sheep,
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10.

goats, and camels can also be infected. Wild
animals that are most at risk include mon-
gooses, foxes, wolves, raccoons, skunks,
groundhogs, coyotes, bobcats, beavers, fish-
ers, minks, otters, muskrats, and bats in some
regions. Rodents and rabbits are much less
likely to carry rabies. Birds, reptiles, amphib-
ians, and fish do not become infected.

How serious is rabies?

Rabies is an extremely painful and
deadly disease. If prompt and appropriate
postexposure treatment is not received,
the disease is fatal. Rabies kills about
50,000 people around the world each year.
Is rabies prevalent throughout the world?
Rabies has very wide prevalence across the
world. Only in few countries it has not been
reported.

. How common is rabies in the world?

Rabies is a big problem in Asia, Africa,
and Central and South America. Each
year, rabies kills more than 50,000 people
and millions of animals worldwide.
Exposure to rabid dogs is the cause of
over 90 % of human rabies cases. Rabies
is encountered everywhere except in few
countries. In some regions, rabies has
been almost eliminated from domestic
dogs, but the virus is still active in the
wildlife population.

What is the status of rabies in India?
Rabies is endemic in India. The cases of
rabies in animals occur frequently in the
country; hence, chances of human exposure
are very high. The largest number of human
deaths due to rabies occurs in India.

What is the extent of human rabies in
India?

It is estimated that more than 20,000 human
deaths occur due to rabies in India annually.

. Is rabies prevalent everywhere in India?

Rabies is widely prevalent in India but
Andaman, Nicobar, and Lakshadweep islands
are free of rabies.

Which animals are reservoirs of rabies
infection in India?

Dogs, cats, mongoose, foxes, jackals, and
other wild animals are major reservoirs.
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The rabies virus maintains itself in such
reservoir animals.

How is rabies prevented?

There are vaccines that are effective in
preventing rabies. In humans, rabies can be
prevented by reducing exposure to unvacci-
nated animals, unfamiliar animals, and wild
or exotic animals. In case of exposure to a
potentially rabid animal, there is a postex-
posure prophylaxis (PEP) treatment which,
when administered appropriately, can prevent
the disease in exposed persons.

What should I do if I am bitten by an
animal?

Thoroughly cleanse the bite wound with
soap and water. Next, you should immedi-
ately seek medical attention. Appropriate
wound care and the need for PEP treatment
will be determined by your healthcare pro-
vider. If possible, the animal should be
safely confined for observation or examina-
tion for rabies.

What is the incidence of dog bites in
India?

It is estimated that annually there are 17
million cases of animal bites in India, more
than 90 % of which are due to dogs.

What are the most dangerous sites of bite
exposure in man?

The bites on the body parts with more nerve
supply like head, neck, face, hands, and
genitals are more dangerous, though infec-
tion may occur at any bite wound site.

Is there any treatment for rabies?

There is no treatment for rabies once a person
or animal manifests the signs of disease.
Death is inevitable in such cases. However,
rabies can be prevented by taking timely and
appropriate PEP after an exposure to rabies.
What happens if a person develops
rabies?

Rabies is fatal. Clinical rabies management
is almost universally futile and treatment is
only supportive.

How is rabies transmitted to humans?
People usually get rabies from the bite of a
rabid animal. However, it is also possible to
get the infection if infectious material
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from a rabid animal, such as saliva, enters
directly into eyes, nose, mouth, or a wound.
What are the factors that influence trans-
mission of rabies virus and occurrence of
disease in man after a rabid dog bite?
Amount of saliva, concentration of virus,
strain of virus at the bite wound site, the site
of bite (nearness to head), severity of bite,
and the number, size, and depth of bite
wounds are some important factors that
influence the transmission of rabies virus.
What are the factors that influence
protection against rabies after a dog bite?
The type of wound care immediately after
the bite (washing of wound, application of
antiseptics), prompt and adequate vaccina-
tion, site of vaccine injection, potency of
vaccine, and application of rabies immuno-
globulin (RIG) are the major factors that
decide the protection against rabies.

Can I get rabies in any other way than an
animal bite?

Non-bite exposures to rabies may occur due
to scratches and exposure of abrasions,
open wounds, or mucous membranes to
saliva or other potentially infectious mate-
rial (such as brain tissue) from a rabid ani-
mal. Inhalation of aerosolised rabies virus
is also a potential route of exposure, par-
ticularly among the laboratory workers.
Does a vaccinated dog pose risk of rabies?
Modern tissue culture veterinary vaccines
are efficacious. The pets getting the vacci-
nation regularly are generally considered
protected. However, ideally, the protective
antibody level in the pet’s blood should be
tested to ensure efficacy of the vaccine but
this is generally not done. Consequently, to
avoid the risk, a bite even by a vaccinated
dog in rabies-endemic areas like India
should be considered as a suspected case
and should not be ignored. The postexpo-
sure immunisation should be initiated in the
bitten person immediately. Simultaneously,
the dog is kept under observation for 10
days. If the dog remains healthy for 10 days
after the bite, further vaccination may then
be discontinued.
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Can a pet dog also be rabid?

Yes.

What is a street virus?

Street virus is virulent. It has long and
variable incubation period of about 3 weeks
to 3 months.

What is fixed virus?

Fixed virus is an attenuated street virus. It is
least virulent and has a fixed short incuba-
tion period of 5-9 days. It is used for mak-
ing vaccines.

What is the risk of rabies from squirrels,
mice, rats and, other rodents?

Small rodents (such as squirrels, rats, mice,
hamsters, guinea pigs, gerbils, and chip-
munks) and lagomorphs (such as rabbits
and hares) are almost never found to be
infected with rabies and have not been
known to cause rabies among humans.
Bites by these animals are usually not con-
sidered a risk of rabies unless the animal
was sick or behaving in any unusual man-
ner and rabies is widespread in the area.
However, woodchucks or groundhogs have
been reported to carry the infection in USA.
Does the age of biting dog influence
rabies transmission?

No. Age, size, breed, or sex of the dog does
not influence transmission of rabies.

If a rabid dog bites a healthy dog, and
the next day this dog bites a person, what
should be done?

The dog may not develop rabies within a
day; however, the earlier status of the appar-
ently healthy dog is not known. Vaccination
may therefore be done for safety.

Does an unvaccinated pet dog pose dan-
ger to the pet owner?

In the rabies enzootic areas, unvacci-
nated pet dog may develop rabies if bit-
ten by a stray dog, thus, posing threat to
the pet owner and his family members
and visitors.

Can rabies be transmitted by feeding
street dogs?

No. Rabies cannot be transmitted just by
the nearness of the dogs unless the dog
bites a person or licks his broken skin.
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On a camping trip in USA, we woke up to
find a bat in our tent. Does it constitute a
rabies risk?

Yes, because bat rabies is prevalent in USA.
Bats have small teeth and claws, so bite
marks may be very small that may go unno-
ticed. Therefore, you should consult a doctor
as soon as possible regarding postexposure
rabies vaccination.

Is bat rabies present in India?

No. It is not reported.

Can milk from a rabid animal contain
rabies virus?

In theory, it is possible for rabies virus to be
transmitted via milk, but there are very few
published reports about the presence of
rabies virus in cow milk.

Is there any risk of rabies due to consump-
tion of milk of a rabid cow, buffalo, goat,
etc.? Does such person require vaccination?
Boiling or adequate heating of milk Kkills
the rabies virus. However, if raw milk or
milk product has been consumed or when a
person is not sure about whether the milk
was adequately heated or not, he may be
advised to undergo vaccination.

Can people become infected with rabies
by drinking unpasteurised milk?

In theory, it is possible for someone to
become infected with rabies by drinking raw
milk from an infected animal. However, there
are no documented reports of such cases.
Can rabies be transmitted through food
(by eating milk or meat)?

Rabies virus is killed by heating; therefore
pasteurised milk or cooked meat does not
cause an exposure. However, drinking
unpasteurised milk from a rabid cow or
goat is considered an exposure.

Can rabies be transmitted while slaugh-
tering animals?

Exposure to rabies as a result of butchering,
processing, or consuming a rabid animal is
possible. Butchering of unvaccinated dogs
and cats, for example, has been recognised
as an increasing human health risk in coun-
tries where consumption of dog and cat
meat is undertaken (e.g. in some Asian
countries). Exposure to rabies virus can
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occur through contamination of cuts or
abrasions or consumption of infected brain.
Exposure can be prevented by wearing pro-
tective clothing and avoiding consumption
of uncooked meat.

Can I get rabies due to sharing food and
water with a patient who had rabies?

It is unlikely that rabies will be transmitted
through sharing food and water, but if saliva
from the infected patient comes in contact
with your mucous membranes (mouth),
then this would be an exposure and you
should seek treatment.

Is raccoon rabies or bat rabies more dan-
gerous than the rabies caused by dogs?
The disease itself is the same, only the res-
ervoir hosts may be different in different
geographical areas.

Does rabies infection occur through air?
In some countries, bats are known to
transmit rabies infection. The rabies virus
may be present in the air in caves where
bats are present. Cases of human rabies
have been reported through aerosol (inha-
lation of contaminated air) in persons
going to such caves. It can also occur
accidentally in rabies vaccine and research
laboratories.

Does a person suffering from rabies
excrete rabies virus in saliva?

Yes, the saliva of a person suffering from
rabies carries virus and can transmit infection.
Can rabies be transmitted from one per-
son to another?

Few cases of rabies caused by human-to-
human transmission have been reported
through cornea and organ transplants. Bite
and non-bite exposures inflicted by infected
humans could theoretically transmit rabies,
but no such cases have been documented.
Casual contact, such as touching a person
with rabies or contact with non-infectious
fluid or tissue (urine, blood, faeces), does
not constitute an exposure and does not
require PEP.

Can a hydrophobic patient transmit
infection through kissing?

Rabies virus is present in the saliva of a
hydrophobic patient. Kissing, therefore,
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can transmit the infection to the other per-
son through injuries or ulcers in the mouth.
Can rabies be transmitted through sex-
ual intercourse?

Rabies virus is present in the semen and to
some extent in vaginal secretions of hydro-
phobic patients. Hence, sexual intercourse
can transmit infection.

I have had contact with a person who is
undergoing rabies vaccination after a
dog bite. Could this person transmit
rabies to me? Should I receive postexpo-
sure vaccination?

A healthy person undergoing postexposure
vaccination after a potential exposure does
not pose a rabies risk to others. A person
receives rabies vaccination to prevent the
occurrence of rabies after exposure. You do
not need vaccination because that person
does not have rabies.

I have heard that rabies patients are
infectious before they show signs of ill-
ness. What is the length of time that they
are infectious before becoming ill?

The infectious period in human beings
before the appearance of clinical sign is not
fully clear. Domestic animals, such as cats
and dogs, have rabies virus present in their
saliva only a few days before the onset of
clinical signs. Other animals may have virus
in their saliva longer. Because the infectious
period is not fully known for humans, public
health officials are recommending that any-
one who had non-intact skin or mucous
membrane contact with saliva or who has
received transplant from the donor within
14 days before and anytime after the
patient’s onset of illness should receive PEP.
I visited a hospital where a rabies patient
was treated. Am I at risk for rabies?

No, in such circumstances you would not
have been exposed to rabies, there is no risk
of rabies exposure to you.

I am a healthcare worker. I handled
rabies-infected organs for a transplant
procedure in the hospital. Am I at risk
for rabies?

Healthcare workers who may have handled
an organ to be transplanted are at low risk
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for exposure because the virus is contained
within the nerve tissue of the organ.
However, certain procedures that might
generate sprays or splashes containing
nerve tissue theoretically pose a risk for
exposure to the rabies virus. Safety mea-
sures such as using gowns, gloves, mask,
goggles, or face shield would prevent such
exposure. In case of an exposure, rabies
PEP would be recommended.

I am a healthcare worker. I took care of a
rabies patient after or shortly before he
developed clinical signs of rabies. Am I at
risk for rabies?

There are no known cases of rabies trans-
mission to healthcare workers caring for
patients with rabies. Any bite from a
human rabies patient is an obvious expo-
sure to rabies. Non-bite exposure may
occur due to contamination of open
wounds, abrasions, or mucous membranes
with saliva or other potentially infectious
material (such as neural tissue and other
innervated tissue) from a rabid human.
Other contact, such as touching a rabid
human and contact with blood, urine,
cerebrospinal fluid, or faeces of a rabid
human, does not constitute an exposure.
However, an accident with sharp instru-
ments or needles (a penetrating wound
from a contaminated sharp instrument) or
lack of personal protective equipment
may cause contamination of mucous
membrane or non-intact skin with poten-
tially infectious material (droplet splashes
to the eyes, nose, or mouth). Adherence to
standard precautions will minimise the
risk of exposure.

Under what circumstances a healthcare
worker taking care of a human rabies
patient should seek PEP?

Healthcare workers who had an open
wound, non-intact skin, or mucous membrane
contact with a patient’s saliva or other
potentially infectious material and those
who experienced an injury with a contami-
nated needle, scalpel, or other sharp device
related to patient care should receive
rabies PEP.
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Why is a needle stick injury considered a
rabies exposure if the virus is not present
in the blood?
Infectious nerve material could be contained
in the bore of the needle following tissue
penetration in a rabies patient. Thus, there
may be the possibility of exposure due to
nerve tissue rather than blood exposure.
What are the circumstances in healthcare
settings that are not a risk for rabies
exposure?
Exposure to faeces, urine, blood, or other
body fluids is not considered a risk for
rabies transmission. The rabies virus cannot
survive on surfaces in the environment for
any substantial period of time. Such spe-
cific examples in healthcare settings include
the following:

e Touching a patient (unless an open
wound, non-intact skin, or mucous
membrane was contaminated with saliva
or central nervous system material)

e Changing a patient’s bed linens

e Taking a patient’s blood pressure

* Serving or cleaning up a patient’s meals,
including handling of used dishes and
utensils

e Phlebotomy (unless a needle stick injury
occurs)

* Handling the specimens of blood, cere-
brospinal fluid (CSF), and urine of the
patient in the laboratory

e Presence near the operating or autopsy
table during routine procedures

e Observing or assisting with routine
procedures

Can a person donate blood when he is

undergoing or has completed antirabies

immunisation?

Yes, he can donate blood but the blood

recipient will not get protection against

rabies through blood transfusion because
the concentration of protective antibodies
will be diluted.

What is the clinical course of rabies in

animals?

The clinical course of rabies has three

phases, namely, prodromal, excitatory, and
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paralytic stages. However, there is lot of
variability of signs and lengths of these
phases in animals.

How do I suspect rabies in an animal?
There are two forms of rabies illness seen
in animals. One is known as the furious
form and the other dumb form. In furious
form, the animal can exhibit symptoms such
as agitation and increased aggressiveness
which is later followed by depression, paral-
ysis, and death. The animals exhibiting the
dumb form of rabies are lethargic, depressed,
and eventually die. A change in animal’s
behaviour gives rise to suspicion of rabies.
For example, a pet animal behaving as wild
or a wild animal behaving tame should be
suspected for rabies.

What are the signs during the prodromal
phase of rabies in animals?

Prodromal phase may last for 1-3 days.
The animal may show only vague nervous
signs, which intensify rapidly. The disease
progresses rapidly and death occurs within
10 days after the initial onset of signs.
However, some animals may even die very
rapidly without exhibiting marked clinical
signs.

What is furious form of rabies in animals?
The excitatory phase following the prodro-
mal phase is referred to as furious form of
rabies. The animal becomes aggressive and
may attack or bite. As the disease pro-
gresses, there is muscular incoordination,
paralysis, and death.

What is dumb form of rabies in animals?
In dumb form of rabies, behavioural
changes are minimal or absent. The animal
is very quiet (not excited or aggressive) and
may not generally attack or bite. The dis-
ease is manifested mainly by paralysis.
Initially, there is paralysis of the throat and
masseter muscles often causing profuse
salivation and inability to swallow. Paralysis
progresses rapidly and leads to death.

Does a rabid dog show signs of hydrophobia
(fear of water)?

No, hydrophobia occurs in human beings
not in dogs.
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Can rabies be transmitted to a dog due to
eating the flesh of a dead rabid animal?
Yes. In a rabid animal, rabies virus may be
present in different organs. The dog can
pick up the infection through oral mucous
membrane.

What are the symptoms of rabies in
human beings?

Rabies in human beings has two types of
manifestations. The major one is the aggres-
sive form in which there is hydrophobia
(fear of water). The disease starts with
headache, restlessness, fever, and itching at
the site of bite. Subsequently, the patient
develops fear of water, fear of air/breeze
(aerophobia), fear of light (photophobia),
excessive salivation, tremors, spasms, and
convulsions. In the terminal stages, there is
respiratory paralysis, cardiac arrest, and
death in 1-5 days. The second, less com-
mon, form of the disease is the paralytic
form. In this, there is gradual ascending
paralysis, constipation, urinary retention,
stupor, coma, and death. Hydrophobia is
usually absent in these cases.

How long does it take to show signs of
rabies after being exposed?

For rabies, the incubation period is more
variable than with other infections. The
incubation period in humans is usually sev-
eral weeks to months, but ranges from days
to years.

How is rabies diagnosed?

Laboratory tests can detect rabies virus in
the saliva, skin, or brain tissue of a patient,
but unfortunately, this is not possible until
the disease has already progressed and it is
too late for treatment. Therefore, the physi-
cian will most likely make a diagnosis
based on the details of contact with a poten-
tially infected animal and the likelihood of
rabies infection from that. If the animal that
has bitten is available for observation and
testing, the diagnosis becomes easier.
What do I need to do if a rabies outbreak
has occurred?

Contact public health officials. Avoid con-
tact with animals that could have been
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exposed to rabies. Educate your family
members about rabies and to avoid sus-
pected animals.

What steps should be taken if a person
develops rabies?

Immediate medical guidance should be
sought.

What steps should be taken for bite
wound management?

Wash the wound gently, preferably under
running tap water, for at least 15 min. Apply
detergent soap also. Apply povidone iodine,
Dettol, Savlon, alcohol, etc. on the wound.
Do not apply any irritant material like chilli
powder, plant juices, herbal extracts, and
pickles. Do not dress or bandage the wound.
Seek medical guidance. A doctor will
administer postexposure rabies vaccina-
tion/RIG, tetanus toxoid or anti-tetanus
serum, antibiotics, etc. according to the
severity of wound. Suturing of wound is
generally avoided.

Should animal bite wounds be washed?
Washing bite wounds thoroughly with
ample amount of clean running water and
soap is very useful in washing away and
inactivating the virus. Application of anti-
septics, alcohol, etc. helps in inactivating
the virus, thus reducing the chances of
infection.

Should the animal bite wounds be
cauterised?

No, cauterisation with carbolic acid or
caustic agents should not be done. Rabies
can be effectively prevented with modern
antirabies vaccines.

How does washing of wound help in pro-
tecting against rabies?

Washing of wound under running tap water
helps in washing away the virus from the
site. It reduces the chances of infection.
Will the washing of wound not cause
abscess?

Clean water is used for washing. Moreover,
antiseptics are applied at the wound site and
antibiotics are administered to prevent
bacterial infection in the wound. Hence,
washing should not be avoided.
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Why are the bite wounds not sutured?
Suturing is generally avoided because it
may infect deeper tissues at the wound site
with virus.

What should be done if the wound is very
extensive and it becomes necessary to
suture the wound?

In case of an extensive wound, where sutur-
ing is essentially required, it should be done
not immediately but after few hours. The
suture should be loose and should not inter-
fere with free bleeding and drainage.
Infiltration of RIG at the wound site should
be done before suturing is done.

A pet dog of my neighbour bites me.
What should I do?

Wash the wound immediately with soap or
detergent in running tap water and apply
any antiseptic. Go to a physician for further
treatment. The doctor will assess the extent
and severity of bite and accordingly will
start the vaccination course and application
of RIG (in Category III exposure). Keep the
dog under observation for a period of 10
days or more for any kind of illness, abnor-
mal behaviour, and death. Meanwhile con-
tinue taking vaccination dose on day 3 and
day 7. If the dog remains healthy and alive
till day 10 or afterwards, further vaccina-
tion may not be required, i.e. the 4th injec-
tion of vaccine due on day 14 is not
required. If the dog dies, full course of vac-
cination should be taken.

A stray dog bites me and runs away.
What should I do?

Wash the wound immediately in running
tap water with soap or detergent, apply any
antiseptic, and go to the physician. After
assessing the extent and severity of bite, the
physician will administer RIG at wound
site (in Category III exposure) and start
vaccination course. Since the dog is not
available for observation, full course of 5
injections of vaccine should be taken as per
advice of the physician.

Is not washing of bite wound at home
ourselves harmful?

No, on the contrary, it helps in removal of
virus from the site of bite and reduces
chances of infection.
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How soon after an exposure should I
seek medical attention?

Medical assistance should be obtained as
soon as possible after an exposure to get
timely PEP.

What medical care do I need if I am
exposed to rabies?

Thorough washing of the wound with soap
and running water is the immediate effective
method to decrease the chances of infection.
Specific medical attention involves PEP that
includes administration of antirabies vac-
cine and wherever necessary RIG as soon as
possible after exposure.

After I have been exposed, how long can
I wait before getting postexposure
vaccination?

You should seek postexposure vaccination
as soon as possible. Do not wait.

What does PEP consist of?

PEP consists of 5 doses of rabies vaccine
given on treatment days 0, 3, 7, 14, and 28
in conjunction with a dose of RIG (depend-
ing on category of exposure). The vaccine
is given intramuscularly, usually in the
upper arm while RIG is infiltrated in and
around the bite wound. If a person has pre-
viously received such vaccination or has
taken pre-exposure vaccination against
rabies, only 2 doses of vaccine (on days 0
and 3) will be given, and RIG is not
required in such case.

I have been told I need rabies vaccina-
tion. Do I need to start it immediately or
should I wait for few days?

Rabies treatment should be started as
soon as possible. The vaccine is highly
effective if started well in time. However,
if the vaccination could not be started
promptly after the bite, the person should
still receive the PEP treatment, no matter
how much time has elapsed since the
exposure.

When a vaccinated pet dog bites a person,
is it necessary to vaccinate the person?

It is advisable to vaccinate the person
because it is difficult to ascertain the
immune status of the dog at the time of bit-
ing. Secondly, in many cases, the pet dogs
are not always kept restrained and under
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supervision. So vaccination of the person is
recommended to rule out any possibility of
infection. However, vaccination can be dis-
continued if the dog remains healthy and
alive after 10 days.

What is the use of vaccinating a pet dog,
if a person bitten by it still requires
vaccination?

Vaccination of pet dogs is done to protect
it against contracting rabies from stray
dogs and wild animals. Rabies is enzootic
(widely prevalent) in stray animals and
dog population in our country. Many
times, it is also difficult to ascertain the
date of the last rabies vaccination of a pet
dog due to lack of any written record.
Generally, facilities are not available to
measure the level of protective antibodies
in vaccinated dog at the time of bite. As
rabies is a fatal disease, which cannot be
reversed after onset, it is advisable to take
no chance and start vaccination. However,
vaccination can be discontinued if the
dog remains healthy and alive after 10
days.

Should I receive postexposure vaccina-
tion even for a small scratch or wound?
Yes, if the animal was a suspect or con-
firmed rabid animal. You should consult
your doctor to assess the risk.

Can I just observe the dog for 10 days
and not get vaccinated?

No, it will subject you to serious risk. Dogs
can shed rabies virus before showing clini-
cal signs of rabies. In the event of a dog
bite, washing of the wound with soap and
water for at least 15 min should be immedi-
ately done and the advice of a medical
expert should be sought. Vaccination should
be initiated, and if the suspect dog is alive
after 10 days, further doses of vaccination
can be stopped.

I was bitten by a dog 3 months ago and
the dog died 4 days after it bit me. I have
not taken any treatment. Am I at risk?
What should I do?

In areas where canine rabies is present, it is
advisable to get PEP vaccination. The
immunisation will protect you from the risk
of developing rabies.
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People say that application of red chilli
powder to the wound protects from rabies
by destroying the virus. Is it correct?

It is a misconception. Chilli powder, on the
contrary, may be harmful. It causes irrita-
tion at the bite wound site and pushes the
virus deeper into the tissue.

Can a person bitten by a pet dog of his
neighbours say that he does not need
vaccination because he can observe the
dog for 10 days?

It is very risky. The person will be at risk of
developing disease during this period. Once
the disease progresses, it cannot be reversed.
Therefore, vaccination should be started
immediately, which can be stopped if the
dog remains healthy and alive after 10 days.
If a person does not take vaccination
immediately after a stray dog bite, is it
useful to start vaccination after a delay
of 1 week or more?

By not taking the vaccination and RIG, the
person has put himself to risk all these days.
But it is wise to get the treatment even at a
late stage to stop the risk further. The treat-
ment in such case is given as in a fresh case.
Is it necessary to be vaccinated if the dog
that bit me is alive?

Dogs can shed rabies virus up to 10 days
prior to showing clinical signs of disease.
In areas where canine rabies is present,
PEP vaccination should be initiated
immediately. If the dog is alive up to 10
days after biting, the vaccination can be
discontinued.

Is there a possibility of survival of a per-
son suffering from rabies?

Death is almost certain in a patient of rabies
(hydrophobia) after appearance of signs of
the disease. Very few cases have been
recorded where the persons recovered from
the disease.

Do herbal extracts, witchcraft, religious
practices, and dietary restrictions cure
rabies?

No, these are only myths. Medical treat-
ment should be given immediately to a per-
son bitten by a rabid or suspected animal.
Proper treatment only helps in prevention
of rabies.
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How many injections of antirabies vac-
cine are required?

The complete course of vaccination requires
five injections. However, if the dog that has
bitten a person is identified and remains
healthy, normal, and alive 10 days after bit-
ing, the vaccination of the person can be
discontinued.

What is the schedule of antirabies vac-
cine injections?

According to the WHO-approved schedule in
India, the first dose is required immediately
on the day of bite or at the first opportunity to
get it (day 0). Subsequent four doses are
given at day 3, day 7, day 14, and day 28. The
sixth dose (optional, to be decided by the
doctor) may be given on day 90.

Is there any vaccine that can prevent
rabies with only a single dose of vaccine?
No, itis a misconception spread by untrained
persons and quacks. Full course of vaccina-
tion under medical guidance can only pre-
vent rabies.

What is the site of injection of antirabies
vaccine?

Antirabies vaccine is given as intramuscular
injection. It must be given into the muscles
of the upper arm (deltoid region) in adults.
In children with thin muscles in the arm, the
injection is given into the anterolateral area
of the thigh muscle. The vaccine should
never be administered in the hip region.
Why should antirabies vaccine injection
be not given in the hip region?

The vaccination is not done in the hip
region (gluteal muscle) because high fat
content in this area slows down the absorp-
tion of the vaccine.

The doctor administered rabies vaccine
into my buttocks, what do I do now?

The vaccine should be re-administered
correctly, in the deltoid area (arm).

After a dog bite, a person received three
doses of modern antirabies vaccine on
day 0, day 3, and day 7. The dog was
healthy till that time but it dies on day 8
or later. What should be done?

The remaining two doses of vaccine
should be taken at day 14 and day 28. The
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physician may also decide about the sixth
optional dose at day 90 according to the
case history.

A person who had taken five injections of
rabies vaccine after a dog bite is now bitten
again. What should be done?

Such person may need only two doses of
modern rabies vaccine on day 0 and day 3.
The application of RIG may not be required.
Previously developed immunity of the per-
son helps in raising the level of immunity
further quickly. However, if the dog is sus-
pected or confirmed for rabies, the physi-
cian may decide to give full course of
vaccination to avoid any chance of disease.

What should be done if I cannot take my
next dose of rabies vaccine on a scheduled
day?

Consult your doctor. Rabies prevention is
utmost important and changes should not
be made in the schedule of doses.

What do I do if I have missed a dose of
vaccine on the prescribed date?

The regimen should be followed as closely
as possible. However, a 1- or 2-day deviation
from the regimen may be acceptable. In case
of longer delays, you should contact a physi-
cian so that he can evaluate the situation.

I have received three doses of postexpo-
sure vaccination and the dog that bit me
is still alive, should I continue with the
vaccination and complete the entire
course?

There is no need to continue if the dog is
still alive 10 days after biting.

My baby was bitten by a suspect rabid
animal, is he too young to get postexpo-
sure vaccination?

No. Rabies vaccine is a life-saving vaccine
and should not be withheld to anyone who
has been exposed.

I have been vaccinated previously with
cell culture vaccine, and now I have been
exposed to a rabid animal. Do I need to
go through the full PEP vaccination regi-
men again?

You will need only two booster doses of
vaccine, given on day 0 and day 3. RIG
administration is not needed in this case.
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I am immunocompromised, is it safe for

me to get PEP vaccination?

Yes. Rabies vaccine is a life-saving vac-

cine and should be given to anyone who

has been exposed. If you are immuno-
compromised, you should receive PEP

vaccination under the personal care of a

physician.

Can rabies vaccine be given to a patient

with jaundice?

Yes, it should be given. RIG if required

(Category III) should be infiltrated. Antibody

titre estimation is also recommended.

What should be done if a person is taking

antimalarial drugs, steroids, or immuno-

suppressive drugs?

On day 0, two doses of vaccine should pref-

erably be given at two different sites (upper

arms, or thighs in young children). It is also
desirable to administer RIG even in

Category II exposures in such cases. The

estimation of serum antibody titres should

also be done on day 14 or later to ensure
protection.

Under what situations are two doses of

rabies vaccine (instead of one) given on

day 0?

The first dose of the vaccine is doubled in

the following situations:

e The person comes for treatment after a
delay of 48 h or more.

e There are very extensive wounds in
more risky parts of the body like head,
neck, face, hands, and genitals due to bite
by a suspect or confirmed rabid animal
or by a wild animal like mongoose,
jackal, and fox.

» Patient is immunodeficient or suffering
from AIDS.

e Patient is taking immunosuppressive
drugs, including corticosteroids, antima-
larials, and anticancer drugs.

 Patient is malnourished.

e Patient is suffering from underlying
chronic disease such as liver cirrhosis.

e Patient has Category III exposure where
administration of RIG is required but it
is not available.
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I have a fever, should I wait to receive
postexposure vaccination?

No. Rabies vaccine is a life-saving vac-
cine. You should receive postexposure
vaccination under the personal care of a
physician.

People acquire immunity against other
viral infections, but why is it not so when
rabies infection occurs due to bite?
When an infected animal bites a person,
the virus from the site of bite enters a
nerve and then travels to the central ner-
vous system (spinal cord, brain) through
the nerves. Thus, the virus does not come
in blood, i.e. there is no viraemia which is
required for the normal immune mecha-
nism of the body to function. The anti-
body production starts only when the
virus from the brain goes to different
organs through nerves. But it happens too
late at a stage when the patient’s brain has
already been severely affected. The
patient dies soon due to respiratory paral-
ysis or due to cardiac arrest.

Are antirabies vaccines and RIG one and
the same thing?

No, they are quite different. Antirabies vac-
cine gives protection by producing antibod-
ies in the body against rabies virus. It
produces active immunity and takes some
time to do so. RIG on the other hand is a
ready-made antibody against rabies virus
which inactivates the virus immediately at
the site. It provides passive immunity to
prevent infection.

In case of a dog bite, should one prefer
antirabies vaccine or RIG?

There is no question of preference. Both
have different purposes. Depending upon
the site and extent of bite wound, the doctor
decides whether antirabies vaccine alone is
required or is it to be given along with local
infiltration of RIG. In case of severe bite
exposures (Category III exposures), antira-
bies vaccination as well as local application
of RIG is required for complete protection.
What is the added advantage of giving
RIG in addition to vaccine?
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RIG is a ready-made antibody against
rabies virus and can provide immediate
passive immunity. Its local infiltration in
bite wounds helps in neutralising the virus
present in wound and thus prevents entry of
the virus into a nerve ending at the site of
bite. In contrast to this, the development of
active immunity from vaccine takes some
time, and the desired protective level of
antibody may occur by day 14 after initiat-
ing the vaccination with modern vaccines.
However, in severe bite cases or when the
bite is close to brain, the disease may
develop before the protective immunity
develops. RIG thus provides passive pro-
tection during this initial period when the
active immunity is still developing.

Is it essential to take the course of rabies
vaccine even when RIG has been admin-
istered immediately after bite?

Yes, RIG is not a substitute to vaccine. RIG
and vaccine both have different specific
purposes. The purpose of RIG is to provide
immediate short-term passive protection
while the vaccine is given to develop immu-
nity for protection against the disease dur-
ing later periods.

If a patient of Category III exposure is
given only rabies vaccination but RIG is
not administered locally, should immu-
noglobulin be infiltrated afterwards?
RIG should be infiltrated locally into the
wounded tissues before beginning the vacci-
nation. However, many times it is not done
due to unavailability of immunoglobulin or
ignorance. Administering immunoglobulin
after the development of antibody response
due to vaccination may affect the immunity
produced by the vaccination. The physician
has to evaluate the situation, taking into
consideration the time gap after the vacci-
nation and decide accordingly.

RIG is not available where I live, is there
an alternative?

There is no alternative to RIG. In developing
countries, it is generally available in larger
cities. If there is a delay in finding RIG, you
should begin the vaccination series immedi-

116.

117.

118.

119.

120.

8 Frequently Asked Questions

ately and seek RIG elsewhere if possible.
You can receive RIG up to 7 days after initi-
ating the postexposure vaccination.

What should be done if RIG is unavail-
able or the patient is unable to afford it?
In such cases, the wound management
acquires much greater importance. The
wound must be thoroughly flushed with
povidone iodine or surgical spirit to inacti-
vate the virus. Further, the patient should
preferably be given two doses of vaccine on
day 0 in both deltoids.

What should be the time gap between
RIG and vaccination?

Both should be given on the day O, i.e.
immediately after the bite. RIG may be
infiltrated in and around the bite wound
first. The vaccine should be injected within
about 1 h after administering RIG.

Can RIG be given after starting vaccination?
Ideally the RIG should be administered at
the earliest after the bite, preferably on day
0 and at the same time when the first dose
of vaccine is injected. However, in case of
its unavailability or certain other circum-
stances, it may be administered within 72 h
of starting of vaccine. Administration of
RIG much beyond the start of vaccination
may hamper the development of immunity
by the vaccine. The physician has to take
appropriate decision after evaluating the
actual situation.

What is the site of injecting RIG?

RIG is infiltrated directly into and around
the wounds. The leftover RIG, if any, after
adequate wound infiltration can be given
IM into the anterolateral thigh at a site away
from the site of rabies vaccine injection. It
should not be injected into the gluteal
region.

Is there any special technique to admin-
ister RIG locally in the wound?

Yes, certain precautions are to be taken and
it requires some experience as well. The
RIG should be brought to room temperature
(after removing it from refrigerator) before
injecting. It should be administered with
sterile hypodermic syringe with 26 G nee-
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dle carefully into and around all wounds to
locally neutralise the virus. Care should be
taken to cause minimal traumatisation. If
the wounds are extensive, the RIG can be
diluted to increase its volume to cover
whole of the wounded area. Any leftover
RIG should be given by deep IM injection
at a site away from the vaccine site.

What is the dose of RIG?

The dose rates of human rabies immuno-
globulin (HRIG) and equine rabies immu-
noglobulin (ERIG) are different. HRIG is
given at the rate of 20 IU/kg bodyweight.
Its maximum dose is 1,500 IU or 10 ml.
The dosage of ERIG is 40 IU/kg body-
weight with a maximum of 3,000 IU or
10 ml.

What is the difference between ERIG
and HRIG?

ERIG is equine RIG and is produced in
horses. HRIG is human RIG and is pro-
duced in humans. Both contain antibodies
against rabies virus but the dose of ERIG is
40 IU/Kg bodyweight while that of HRIG it
is 20 IU/Kg bodyweight.

How do we calculate the total dose of
RIG administration?

The dose of ERIG is 40 TU/Kg bodyweight
and the total maximum dose is 3,000 IU or
10 ml. HRIG is administered at the rate of
20 TU/Kg bodyweight and the total maxi-
mum dose is 1,500 IU or 10 ml. The con-
centration (IU/ml) and the volume of RIG
in a vial may differ in different brands of
RIG. In case of a vial of ERIG containing
300 IU per ml, the total dose of ERIG in ml
will be equal to 1/300 x40 IU x bodyweight
in Kg. Similarly, the total dose in ml in case
of a vial of HRIG containing 150 IU per ml
will be calculated as 1/150x 20 TU x body-
weight in Kg.

Is ERIG safe?

Generally, the currently available ERIG is
purified and safe but rarely there may be
adverse reactions ranging from serum sick-
ness like reaction to anaphylaxis. Hence, it
is always safer to be ready for emergency
situations and to keep emergency Kkits on
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hand. ERIG should preferably be given in a
hospital equipped with adequate facilities.
What are the signs of adverse reaction
after administration of antirabies serum
or ERIG?

The immediate adverse reactions are ana-
phylactic type. The signs include hypoten-
sion, dyspnoea, syncope, and urticaria.
Serious type of anaphylactic shock is rare.
Serum sickness consisting of inflammatory
reactions (type III hypersensitivity reac-
tion) may occur after 6 days in some cases.
It causes fever, pruritus, rash, urticaria, ade-
nopathy, and arthralgia.

Can adverse reactions occur with ERIG
even after a negative skin test?

In some patients, even after a negative skin
test, there may be adverse reactions with
ERIG. These reactions may range from
serum sickness like reaction to anaphylaxis.
Hence, it is always safer to be ready for
emergency situations and to keep emer-
gency kits on hand. ERIG should prefera-
bly be given in an appropriately equipped
hospital.

Is the adverse reaction due to ERIG or
antirabies serum curable?

Yes, the adverse reactions/emergencies can
be managed in a well-equipped medical
centre. Anaphylactic shock can be man-
aged with adrenaline, oxygen, artificial
respiration, hydrocortisone, and antihista-
mines. Serum sickness can be treated with
nonsteroidal anti-inflammatory agents and
antihistamines.

If a patient shows positive skin test to
ERIG, what should be done?

In such cases, administration of ERIG may
not be safe, so it is advisable to administer
HRIG, which is practically safe. However,
if the patient cannot afford HRIG and the
situation is life threatening, ERIG may be
given under strict medical supervision and
after adopting appropriate measures/medi-
cation to prevent any emergency in a fully
equipped medical facility. It is also advis-
able to inform the patient about the risk
involved and to obtain his written consent.
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What should be done if the wounds are

extensive but the volume of RIG is inad-

equate to infiltrate the wounds
thoroughly?

RIG can be diluted with normal saline to

increase its volume to infiltrate all wounds.

Any leftover RIG should be injected in the

thigh (away from the vaccine site) by IM route.

What is the difference between pre-

exposure and postexposure prophylaxis?

Pre-exposure vaccination is given prior to

an exposure in which antirabies vaccine is

administered to the people who are at
higher risk of exposure to rabies.

Postexposure vaccination is given after an

exposure to rabies has occurred. It

involves administration of rabies vaccine
along with or without RIG according to
the exposure-risk category.

Should I get a preventive rabies vaccine

before being exposed?

People who are at higher risk of being

exposed to rabies may get the vaccine

before exposure to rabies. The general pub-
lic normally does not require pre-exposure
rabies vaccination.

Who should get pre-exposure vaccina-

tion against rabies?

» Rabies vaccine is recommended for the
following groups of persons:

e Persons of who are at greater risk of
exposure, such as veterinarians, animal
handlers, stray dog control personnel,
and certain laboratory workers

e Persons whose activities bring them in
frequent contact with rabies virus or
potentially rabid bats, raccoons, skunks,
cats, dogs, or other species at risk for
having rabies

e International travellers who are likely to
come in contact with animals in areas
where dog rabies is common, especially
if there is likelihood of limited access to
appropriate medical care

What is the use of pre-exposure vaccina-

tion in pet owners?

Due to the endemic nature of rabies in India

and close contact with pet animals, the ani-
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mal lovers and pet owners constitute a high-
risk group. Pre-exposure vaccination
protects them against rabies, and in case of
an exposure, such persons may not need
RIG and require less number of postexpo-
sure vaccine injections.

After getting pre-exposure vaccination,
am I protected if I am bitten by a dog?
No, pre-exposure vaccination does not elim-
inate the need for additional therapy after a
rabies exposure. It, however, simplifies the
postexposure treatment by eliminating the
need of RIG administration and decreasing
the number of rabies vaccine doses.

I am engaged in the work of animal han-
dling and control. I have been recom-
mended  pre-exposure  vaccination
against rabies. How does pre-exposure
vaccination differ from the postexposure
vaccination?

Pre-exposure vaccination is given before
any exposure in order to develop immunity
against rabies in advance before any expo-
sure occurs. Postexposure vaccination is
given after the exposure (e.g. dog bite)
occurs. Pre-exposure vaccination helps in
reducing the risk from an unapparent expo-
sure and also reduces the number of doses
of postexposure vaccination after an expo-
sure takes place.

Is an immunised person totally protected
if bitten by a rabid animal?

No, he may be only partially protected. A
vaccinated person should receive two more
doses of postexposure rabies vaccine: one
dose immediately (day 0) and one three
days later (day 3).

What is the advantage of being immunised
against rabies in advance (pre-exposure
vaccination) if I still have to receive addi-
tional doses of vaccine if I am bitten by an
animal?

Pre-exposure vaccination simplifies the
postexposure treatment. It eliminates the
need of RIG and decreases the number of
vaccine injections after an exposure. This is
important in high-risk group of people. Pre-
exposure vaccination might also provide
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protection against unknown exposures to
rabies.
How often do I need to get a booster after
pre-exposure vaccination?
Periodic booster injections are recom-
mended for persons who are at continuous
or frequent risk of exposure. If their rabies
virus-neutralising antibody titres fall below
0.5 TU/ml, they should receive one routine
booster. For people who are potentially at
risk of laboratory exposure to high concen-
trations of live rabies virus, antibody testing
should be done every 6 months while those
not at continual risk of exposure should
have serological monitoring every 2 years.
I am planning to keep a pet dog at my
home. Should all of my family members
receive pre-exposure vaccination?
No. You should ensure that your dog is
vaccinated with an effective canine rabies
vaccine before bringing it home. It should
also be regularly vaccinated subsequently
as per schedule. You should teach your fam-
ily, especially children, how to treat the dog
properly and to tell a parent if they are
bitten.
What kinds of antirabies vaccines are
available?
Several types of vaccines produced by dif-
ferent agencies are available. These include
human diploid cell culture vaccine (HDCV),
purified chick embryo cell vaccine (PCEC),
purified duck embryo vaccine (PDEV), and
purified Vero cell rabies vaccine (PVRV).
Several brands of modern vaccines are
currently available in the market. What
is the difference between them?
These vaccines are produced by different
agencies, but all approved vaccines are pro-
tective. These vaccines may differ in pro-
duction technique, amount of dose in each
injection, and stability at high temperature.
There are several types of modern anti-
rabies vaccines in the market. Which one
is preferable?

All modern vaccines approved by the
government are safe and effective. However,
the doctor may prefer a particular type
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(brand) of vaccine based on the situation
and his experience.

What is the difference between cell cul-
ture vaccine (CCV) and nervous tissue
vaccine (NTV)?

CCV is produced in cell lines and is highly
purified and among the most efficacious vac-
cines. NTV is usually crude vaccine made
by infecting sheep or goats with rabies virus
and harvesting their brain tissue to produce
vaccine. The course of vaccination with
CCV is short but the course of NTV is long,
painful, and not always as effective. Side
effects are more often reported in persons
who receive NTV than in those that receive
CCV. The side effects from NTV can be very
serious including paralysis, whereas side
effects of CTV are extremely rare and only
very minor. WHO strongly advocates the use
of CCV and recommends complete discon-
tinuation of the production and use of NTV.
If a person is allergic to egg, can he be
safely injected with purified -chick
embryo or duck embryo vaccine?
Though these vaccines have high degree of
purity, there is a theoretical and remote
risk of allergic reaction in a person who is
allergic to avian proteins. In such persons,
other vaccines like human diploid cell cul-
ture vaccine or purified Vero cell rabies
vaccine should be used to avoid any such
reaction.

What does potency of vaccine mean?
The potency is the capacity of the vaccine to
induce immune response. WHO recommends
that rabies vaccine potency should be 2.5 IU
or more/dose.

Some people say that antirabies vaccina-
tion is painful and dangerous. Is it so?
This is a myth in context with the modern
rabies vaccines. The modern rabies vaccines
are safe and painless. There is nothing to
fear about these. However, in earlier days,
the old neural tissue vaccines were prepared
from animal brain tissue which could some-
times cause side effects. Moreover, the old
vaccines required more number of injections
and the procedure was not quite painless.
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That is why the people may get carried away
by the old notions.

p-propiolactone used for inactivation of
vaccine is a known carcinogen. Is
it safe to inject vaccine containing
p-propiolactone?

Yes, it is quite safe. f-propiolactone loses
its carcinogenicity during the process of
inactivation of rabies virus. Its final concen-
tration is very less. Hence, it is safe and
there is no reason to worry.

Is there any antirabies vaccine that gives
lifelong protection?

There is no such vaccine which gives
lifelong immunity. Every time a person is
exposed to an animal bite, he needs to
consult a physician for proper protective
immunisation.

Are there any adverse reactions of rabies
vaccine?

Adpverse reactions to modern rabies vaccine
and RIG are not common. Mild local reac-
tions to the rabies vaccine, such as pain,
redness, swelling, or itching at the injection
site, have been reported. Rarely, symptoms
such as headache, nausea, abdominal pain,
muscle aches, and dizziness have been
reported. Local pain and low-grade fever
may follow injection of RIG.

Under what circumstances rabies vacci-
nation should not be done?

Vaccination is essential for prevention of
rabies. Once the disease develops, it cannot be
reversed and it is always fatal. Hence, it should
not be avoided under any circumstances.
What precautions are needed while buying
vaccine and carrying it?

Buy the vaccine from a reliable medical
store which has continuously good facility
of storing vaccines in refrigerators. Hold
the vaccine at low temperature while trans-
porting too. Use icebox or a thermos flask
with ice for carrying vaccine.

How should the vaccine be stored at
home?

The vaccine should be kept in a refrigerator
at 2-8 °C, not in the freezing (ice-forming)
chamber.
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What happens if by mistake the rabies
vaccine is kept in the freezing chamber of
a refrigerator?

Freezing and subsequent thawing of the
vaccine affects the potency of the vaccine.
Do not use such vaccine.

Can the vaccine cause rabies?

No.

Can a person change over from one type
of cell culture vaccine to another during
the vaccination schedule?

It should be preferred to have all doses of
same type of vaccine.

What can be the reasons for shifting
from one type of vaccine to another after
the first vaccination dose?

Price difference, sudden unavailability of
one brand, and manifestation of allergy to a
particular type of vaccine are some reasons
leading to the change of type of vaccine
during the course of vaccination.

Can a pregnant woman receive rabies
vaccine if exposed to rabies?

Yes, she definitely needs to be protected
against rabies disease. No foetal abnormali-
ties have been reported with the rabies
vaccine. She can even receive routine pre-
exposure vaccination against rabies if her risk
of exposure is high.

Can a mother with a breastfed baby be
given antirabies vaccine?

Yes, antirabies vaccines are inactivated vac-
cines. These can be given to the lactating
mothers and have no bad effect on the
breastfed baby.

Can antirabies vaccine be given to a child
suffering from chicken pox or measles?
Yes, it can be given and it is protective. It
should not be avoided on the pretext of
fever, because it will endanger the child
with risk of rabies.

Can antirabies vaccine be given to HIV
or AIDS patients?

Yes, but such patients have less body immu-
nity status. Therefore, on day O, they may
require two injections of vaccine instead of
one. Two doses of vaccine are injected at
two different sites (upper arms, or thighs in
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young children). It is also desirable to
administer RIG even in Category II expo-
sures. The estimation of serum antibody
titres should also be done on day 14 or later
to ensure protection.

Is the dose of antirabies vaccine different
in the newborn babies, infants, young
children, and adults?

The dose of antirabies vaccine is same for
all age groups. It does not differ with body
size.

Can antirabies vaccine be given along
with other vaccines?

Yes, it can be given with other vaccines.
However, it should not be mixed with other
vaccines and should be given at the recom-
mended site (upper arm, or thigh in young
children) and at a site different from other
vaccine.

Do some drugs interfere with the pro-
duction of immunity with rabies
vaccine?

Antimalarial drugs, steroids, and immuno-
suppressive drugs may affect the efficacy of
rabies vaccines.

Is there any dietary restriction during
PEP course of vaccination?

It is generally advisable to avoid consum-
ing alcohol during the antirabies vaccine
administration as it may affect the immune
response.

Can I drink alcohol during the course of
antirabies vaccination?

Excessive consumption of alcohol should
be avoided.

I was bitten by a dog. Now, I am receiving
rabies vaccination. Can I transmit rabies
to other people?

A person cannot transmit rabies to other
people unless he develops clinical signs of
rabies. The vaccination you are receiving
will protect you from developing rabies,
and therefore, you pose no rabies-related
risk to other people.

What is the difference between intra-
muscular administration and intrader-
mal administration of cell culture rabies
vaccine?
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The route and dose of vaccine administration
are different in these two methods of vacci-
nation. The purpose is same. Intramuscular
vaccination is usually done by all physicians
but intradermal vaccination may require
some particular skill and training.

Can we change the route of vaccination
from intramuscular to intradermal or
vice versa during the course of
vaccination?

The route of vaccination, either intramus-
cular to intradermal, should ideally remain
the same throughout the course of vaccina-
tion in a patient.

Can we shift from one type of vaccine to
another during the course of intrader-
mal rabies vaccination?

As far as possible, the same vaccine should
be wused throughout the course of
vaccination.

Is it essential to check the efficacy of
intradermal vaccination by testing serum
for rabies antibodies?

The intradermal vaccination is well tested
and WHO approved. Hence, it is not essen-
tial to carry out the test for rabies antibodies
levels routinely.

The intramuscular dose of some antira-
bies vaccines is 1 ml while that of some
others is 0.5 ml, but the intradermal
dosage of all vaccines is uniformly
0.1 ml. Is it so?

Yes, the intradermal dose of all approved
vaccines is uniformly 0.1 ml per intrader-
mal site.

Is it essential to follow the schedule of
intradermal vaccination strictly?

The first three doses of intradermal vacci-
nation on days 0, 3, and 7 are very crucial
and should be given as close to the sched-
uled days and preferably completed by day
7. However, for the fourth dose on day 28,
1-2 days of variation may be acceptable.
Are there any contraindications to intra-
dermal vaccination?

The intradermal vaccination is contraindi-
cated when the patient is immunocom-
promised or is on chloroquine or any
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immunosuppressant therapy (anticancer
drugs, radiation therapy, long-term steroid
usage, etc.). In such cases, rabies vaccines
should be given by intramuscular route.
Are there any dietary restrictions during
intradermal vaccination?

There are no dietary restrictions during
intradermal vaccination.

Is intradermal vaccination contraindi-
cated in pregnancy and lactation?

No, it is not contraindicated in these
situations.

Are the modern antirabies vaccines
always protective?

The modern vaccines are very immuno-
genic and protective but the protection may
fail under certain circumstances.

What are the reasons for failure of anti-
rabies vaccination?

Some cases of rabies are reported despite
antirabies vaccination. There may be several
reasons for this. It may be due to insufficient
wound treatment, non-administration of
RIG by infiltration immediately at the site of
bite in Category III exposures, incomplete
infiltration of RIG in all wounds, use of
poorly stored vaccine, delay in vaccination,
faulty vaccination in hip muscles instead of
arm, incomplete vaccination course, immu-
nodeficiency of the person, use of some
other drugs simultaneously, etc.

What is the method of confirmation of
protection after immunisation?

It requires measuring the level of rabies
virus-neutralising antibody in blood serum
after administration of vaccine. Antibody
titre of 0.5 IU/ml in serum is considered
protective. Some select centres/laboratories
have this facility.

Is it essential to carry out antibody test
on all the patients after vaccination?
Antibody tests are not required routinely if
the vaccine is maintained at low (refrigera-
tion) temperature and the vaccination is
done according to the approved schedule
and correct method.

How can I protect my pet from rabies?
Get your pet dogs and cats vaccinated on
regular basis. Keep your pets indoors
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and under your supervision. Spay or
neuter your pets to limit the number of
your pets so that they are manageable.
Arrange stray animal control in your
neighbourhood.

Why does my pet need rabies vaccine?
Your pets and other domestic animals can
be infected when they are bitten by rabid
stray or wild animals. Pets should therefore
be vaccinated to prevent rabies infection in
them and its further transmission to human
beings.

What is the pre-exposure vaccination
schedule for pet dogs and cats?
Pre-exposure immunisation of pet dogs and
cats is recommended on a routine basis.
First dose is given at the age of 3 months or
above. If primary vaccination is given prior
to 3 months age, a repeat vaccination (sec-
ondary) must be given at the age of 3
months. Thereafter, annual booster dose is
recommended in areas where rabies is
endemic.

Postexposure vaccination is required in
the bitten person even when the biting
animal is a vaccinated pet dog. What is
the use of regular vaccination of pet dogs
then?

Vaccination of the dog protects it against
rabies from the stray or wild animals.
However, since the protection status of the
vaccinated dog is not confirmed by testing,
it is recommended to vaccinate the exposed
person to prevent any risk.

What should be done if an unvaccinated
or partially vaccinated pet dog is bitten
by a stray dog?

If the stray dog is suspected to be rabid, it is
advisable to consult the veterinarian and
arrange euthanasia (painless death) of the
pet dog. But if the rabid status of the stray
dog is not known, the bite wound should be
immediately washed with a detergent soap
and cold water followed by application of
antiseptics. This should be followed by
immediate postexposure vaccination of the
pet. The pet dog should be confined to an
isolated place and kept under careful obser-
vation for at least 2 months (or even up to 6
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months) for development of possible signs
of rabies.

What should be done if a pet dog is bitten
by a stray dog?

Thoroughly wash the wound with a deter-
gent soap. Apply some antiseptic and con-
sult a veterinarian immediately.

What should be done if a vaccinated dog
is bitten by a rabid animal?

PEP vaccination in such cases is not very
successful; hence, ideally, such dog should
be euthanised (humanely killed) by a
veterinarian.

What should be done if a vaccinated pet
dog dies suddenly?

It is advisable to consult the veterinarian
and arrange post-mortem examination of
the dog for ruling out or confirmation of
rabies. If is not possible, it should be con-
sidered a suspect case and all those who
had come in contact with the saliva of the
animal (directly or through its fomites)
should be given postexposure vaccination.
What should be done to the animal that
has bitten a person?

It is important to know whether the animal
at the time of biting was rabid or not. If the
biting animal is a pet or can be safely caught,
it should be confined at an isolated place
and kept under observation for at least 10
days. If it remains healthy for 10 days after
the bite, it is considered not rabid at the time
of the bite; however, if it develops disease or
dies within this period, it is suspected as rabid.
What should be done if my pet dog or cat
is bitten by a wild animal?

Any animal bitten or scratched by a wild
carnivorous mammal should be regarded as
having been exposed torabies. Unvaccinated
dogs and cats exposed to a rabid animal
should be euthanised immediately. If the
owner is unwilling to have this done, the
animal should be placed in strict isolation
for 6 months and vaccinated 1 month before
being released. Animals with expired vac-
cinations need to be evaluated on a case-by-
case basis. Dogs and cats that are currently
vaccinated are kept under observation for
45 days.
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I am moving to a rabies-free country and
want to take my pets with me. What
should I do?

The details of regulation about importing
pets into rabies-free countries vary by
country. Check with the embassy of your
destination country.

Why should we be concerned about
rabies in wildlife?

Rabies is a serious public health concern
because if left untreated it is always fatal.
In the regions where rabies in pet or domes-
tic animals has already been controlled,
there is risk of transmission of infection
from wildlife to domestic animals and
human beings. Further, in suburban and
rural areas, there are more chances of inter-
action with wildlife, increasing the risk of
rabies exposure.

What is oral rabies vaccine (ORV) bait?
ORV baits are generally used in targeted
areas to vaccinate the wildlife species, such
as foxes, raccoons, and coyotes, by oral
route to prevent the spread of rabies. ORV
bait consists of a sachet or plastic packet
containing rabies vaccine. To make the
baits attractive to wildlife, the baits are
either waxed to the inside of a fishmeal or
dog meal outer shell or covered with fish-
meal crumbs.

How does a wild animal (raccoon, coyote,
grey fox) get vaccinated by eating the
ORY bait?

The vaccine contained inside a plastic
packet is enclosed in an edible bait mate-
rial. When an animal eats the bait, the
vaccine packet inside is punctured allow-
ing the animal to swallow the vaccine.
The animal’s immune system is then acti-
vated and it makes antibodies to fight the
disease.

Is ORV bait available for vaccinating
dogs in India?

No.

Can I use the ORYV bait to vaccinate my
dog or cat?

No. This vaccine is generally approved for
use in wildlife and may not be approved
for pets in your area. Your pet should be
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vaccinated by a veterinarian in accordance
with the approved methods and local laws.
What if my dog or cat eats an ORV bait?
This vaccine has been shown to be safe in
more than 60 different species of animals,
including domestic dogs and cats. Eating a
large number of baits may cause a tempo-
rarily upset stomach in your pet, but it does
not pose a long-term health risk. Do not
attempt to remove the bait from your pet;
doing so may cause you to be bitten and
could lead to vaccine exposure. If your pet
becomes ill from bait consumption, contact
your veterinarian.

How long does the immunity from vac-
cine last?

Research suggests this vaccine should be
effective for more than a year; however, it is
difficult to determine how immune systems
in individual animals will respond to the
vaccine.

How long do ORV baits last in the
environment?

Studies have shown that most baits are
eaten within 4 days, and almost all baits are
gone in 1 week. If baits are not found and
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eaten, they will dissolve exposing the vac-
cine packet. Sunlight and exposure to air
inactivates the vaccine.

What should I do if I find ORV bait in
my house premises?

After wearing gloves, you may remove
the bait and put it in some area having
thick plantation. Wild animals are likely
to visit that area and take up the bait.
Alternatively, you may put it in a bag and
dispose it of in the garbage disposal bin.
Then wash your hands thoroughly with
soap and water.

How are ORYV baits distributed in cities
and suburban areas?

Oral baits in urban and suburban areas are
generally distributed by hand by the spe-
cialised personnel. However, in some coun-
tries, baits are distributed in rural or open
areas using aircraft.
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