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Introduction

The World Health Organization (WHO) Expert Consultation on Rabies met in
Geneva, Switzerland, on 18-20 September 2012. Dr Denis Daumerie, Project
Manager, welcomed the participants on behalf of Dr Lorenzo Savioli, Director,
Department of Control of Neglected Tropical Diseases, and the Director-General.
He pointed out that rabies, like the tropical diseases covered by the Department,
affected mainly people whose deaths are not accounted for. The disease continues
to occur mainly in poor communities, where measures that could prevent it in
humans by controlling dog rabies are not implemented, even though a resolution
adopted by the Third World Health Assembly in 1950 already mentioned the need
for prevention of rabies in humans and its control in dogs. Advances have been
made in the field of rabies, particularly in the production and use of human and
animal biologicals, but the disease is still neglected, and no new WHO resolutions
on rabies have been proposed to address human rabies transmitted by dogs. Dr
Daumerie described the successful collaboration between the Department of
Control of Neglected Tropical Diseases and major drug manufacturers for the
control and elimination of tropical diseases such as leprosy, lymphatic filariasis
and human African trypanosomiasis, and advised the consultation to explore the
benefits of such partnerships for rabies prevention and control.

Dr Frangois-Xavier Meslin, Neglected Zoonotic Diseases, recalled that
WHO had been denouncing and combating the ‘cycle of neglect’ with regard
to rabies for more than a decade. Since the first WHO Expert Consultation
on Rabies, in 2004, WHO and its network of collaborating centres on rabies,
specialized national institutions, members of the WHO Expert Advisory Panel
on Rabies and partners such as the Bill & Melinda Gates Foundation, the Global
Alliance for Rabies Control and the Partnership for Rabies Prevention, have
been advocating the feasibility of rabies elimination regionally and globally,
and promoting research into strategies. Those joint efforts have begun to break
the cycle of rabies neglect, and rabies is becoming recognized as a priority for
investment.

Dr Louis Nel was appointed Chairperson and Dr Naseem Salahuddin
was appointed Rapporteur of the Consultation. The list of participants is given
in Annex 1.

The information in this report should be considered the most current
data on rabies prevention and control, and supersedes that of the report of the
first WHO Expert Consultation on Rabies, published in 2005 (1).



1.  The burden of rabies

Information on disease burden is widely used to set public health priorities,
allocate limited resources for disease prevention and control and assess the
impacts and cost-effectiveness of interventions (I). Standardized metrics, such
as the disability-adjusted life year (DALY), have been widely adopted to evaluate
the burden of disease at regional and global levels and have become an essential
tool for decision-making by policy-makers (2). The major burden of rabies is
attributable to dog-mediated transmission, and therefore this chapter focuses
on dog-mediated rabies and only briefly addresses the burden attributable to
other host species (3). Estimates of disease burden can be contentious when the
underlying data are of poor quality; nevertheless, the resulting information is a
useful starting point for more accurate estimates as better data become available.

1.1 Methods for estimating the burden of rabies

Several factors contribute to significant underreporting of human deaths from
rabies in many parts of the world. Methods have therefore been developed to
estimate the mortality attributable to rabies, which account for the quality of
reporting in countries with endemic canine rabies. In particular, a predictive
approach based on a probability decision-tree has been devised to determine the
likelihood of the onset of clinical rabies in humans after a bite by a dog suspected
of being rabid. This method, initially used to estimate human deaths from rabies
in the United Republic of Tanzania (4), has resulted in a revised estimate of the
burden of rabies in Africa and Asia (5). More recently, the approach has been
tailored for estimating mortality due to rabies in specific countries in Asia (e.g.
Bhutan (6) and Cambodia (7)). Empirical studies to both parameterize and
validate such estimates include community surveys (8), large-scale verbal autopsy
surveys (9) and active surveillance and contact tracing (10).

DALYs incorporate both premature mortality and disability (2). The most
critical element in calculating DALY for rabies is premature death (5); because
of the short duration of the disease, disability accounts for a relatively small part
of the burden of rabies. Disability can, however, occur after administration of
nerve tissue vaccine, which is still in use in a few countries. These vaccines have
severe side-effects lasting from 4 to 7 months, depending on the type of vaccine
used, in an estimated 0.3-0.8 cases out of 1000 (5).

The economic burden of disease is typically calculated from a combination
of direct and indirect costs. For rabies, the direct costs of post-exposure
prophylaxis depend on the vaccine, regimen and route of administration as well
as the type of rabies immunoglobulin used; the indirect costs include those for
visiting a clinic (or accompanying a bite victim to a clinic) and associated income
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loss. The scale of such costs is particularly important for rabies, as lack of post-
exposure prophylaxis translates directly into human deaths. A further economic
component is productivity loss, calculated by weighting the discounted years of
life lost by the country’s gross domestic product and using a 3% discounting rate.
Up to now, productivity losses have not been considered in studies of the burden
of rabies. The cost of rabies prevention, control and elimination (including
surveillance) in animal reservoirs and losses in the animal production sector
should also be taken into account. An additional component of the burden of
rabies is its emotional and psychological impact, particularly the trauma and the
long periods of uncertainty after a bite by a rabid animal when post-exposure
prophylaxis is either unreliable or unavailable.

A working group was convened by the Partners for Rabies Prevention
to collate and review the most recent data and use the probability decision-tree
approach to assess the global burden of canine rabies. The Institute for Health
Metrics and Evaluation, as part of the study, also generated estimates of the global
burden of rabies using a ‘cause of death ensemble’ model (11,12). The preliminary
results of these studies are discussed here; however, both indicated that their
estimates are highly uncertain, owing to lack of accurate data. Field data to
validate these estimates are therefore needed to address this enduring problem.

1.2  Estimated burden of rabies in the world

In the following section, information on the rabies burden in various countries is
grouped according to epidemiological similarity and geographical proximity. For
each region, results of local studies that have provided the most accurate data are
given, as well as less certain regional estimates based on extrapolations.

1.2.1 Countries that are free of canine rabies

Canine rabies has been eliminated from western Europe, Canada, the United
States of America (USA), Japan, Malaysia and a few Latin American countries;
while Australia is free from carnivore rabies, and many Pacific island nations have
always been free from rabies and related viruses. In these areas, human deaths
from rabies are restricted to people exposed while living or travelling in areas
endemic for canine rabies. About two deaths per year due to imported human
rabies have been reported in Europe, North America and Japan (13,14). One
third of the imported cases in 1990-2010 originated in South and South-East
Asia (predominantly India and the Philippines), another third in Africa, almost
20% in Latin America and the Caribbean and over 10% in eastern Europe and
Central Asia. The costs of post-exposure prophylaxis for travellers returning from
overseas and for pre-exposure prophylaxis are often substantial. The cost of post-



exposure prophylaxis in otherwise rabies-free areas escalates after incidents of
imported rabid animals and is higher in places where illegal entry from endemic
countries is common, putting a considerable burden on the health services (15).
In countries bordering areas endemic for canine rabies, border campaigns and
intensified surveillance are required to maintain rabies-free status. Quarantine
procedures and legislation are needed in all rabies-free countries.

The costs of prevention in many countries where wildlife rabies or bat
rabies viruses circulate must also be taken into account. Millions of dollars have
been spent annually to eliminate wildlife rabies by administering oral rabies
vaccine, and the cost varies substantially according to the setting and tactics (16).
For instance, one to eight human rabies deaths occur annually in the USA as a
result of wildlife rabies (17), and, according to the Centers for Disease Control
and Prevention, an estimated US$ 300 million are spent per annum for rabies
prevention. Several states are attempting to eliminate raccoon rabies to reduce
the demand for post-exposure prophylaxis. Since fox rabies was eliminated from
western Europe, the costs for oral vaccination have been substantially reduced
(Table 1), but other European countries now striving to eliminate fox rabies are
incurring high costs. Recent incursions into Italy, although now under control,
required substantial financial commitments, and costs may escalate elsewhere,
given the threat of emergence in rabies-free countries such as Greece. The cost
of setting up a cordon sanitaire along the entire eastern border of the European
Union to prevent such incursions is estimated to exceed US$ 6.5 million per year
21).

Table 1
Examples of costs associated with rabies and its elimination from Europe
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1.2.2 Countries in which canine rabies is endemic
Latin America and the Caribbean

Canine rabies control programmes during the past two decades have had
substantial success in this region. Official reports of cases of human rabies
transmitted by dogs decreased from about 250 in 1990 to fewer than 10 in 2010,
with concomitant declines in dog rabies (22). In foci where canine rabies continues
to circulate, however, official reports probably underestimate the scale of the
problem, particularly in the Plurinational State of Bolivia, Cuba, the Dominican
Republic, El Salvador, Guatemala, Haiti, Honduras and parts of Brazil, Mexico
and Peru. In these countries, human deaths from rabies are either still occurring
or are at risk of occurring. Preliminary estimates with the probabilistic decision-
tree model suggest that the number of human deaths due to canine rabies in
the Americas is more likely to be of the order of 200 cases per annum, most
occurring in Haiti.

Although progress has been made in phasing out nerve tissue vaccines in
the Americas, their use is still widespread in Argentina, the Plurinational State of
Bolivia, Honduras, Peru and the Bolivarian Republic of Venezuela, and therefore
adverse events and the resulting disabilities are still a problem. The annual
public health burden of rabies in this region probably exceeds 15 000 DALYs,
about 100 of which are probably attributable to adverse events from nerve tissue
vaccines; however, appropriate systems for reporting adverse events are required
to accurately quantify the number.

The Pan American Health Organization has set a target to eliminate
canine rabies from the Americas by 2015. To reach this target, an estimated total
budget of more than US$ 20 million per year is required (23); however, there is
currently an annual budget shortfall of around US$ 4 million (24). Almost 75% of
this estimated total annual budget is allocated to dog vaccination, and 5-10% is
associated with post-exposure prophylaxis. The costs incurred by people seeking
post-exposure prophylaxis (including time lost, income loss and side-effects)
were not included in these estimates, nor were the costs of bat-related rabies in
humans or livestock.

Asia

More human deaths from rabies occur in Asia than anywhere else in the world,
with estimates of human mortality due to endemic canine rabies exceeding 30
000 per annum (95% confidence interval [CI], 8100-61 400) in 2003 (5). Since
2003, the epidemiological situation in many parts of the region has changed, with
improvements in rabies control and prevention in many areas, particularly in
delivery of post-exposure prophylaxis. There have, however, been emergences
elsewhere.



Nerve tissue vaccines have been almost completely phased out in the
region; only Mongolia, Myanmar and Pakistan still use these vaccines. The
DALYs attributable to adverse events from the vaccines are estimated to have
decreased from over 40 000 (5) to around 10 000 in 2010. Bangladesh phased
out nerve tissue vaccines in late 2011, and plans are under way to discontinue
their production and use in both Myanmar and Pakistan. Wider availability of
post-exposure prophylaxis might have reduced the death toll in many areas,
including India, but its increased use has been costly, as dog rabies control
programmes have not been given the same priority, and exposure to the risk of
contracting rabies remains and may be increasing. The costs associated with post-
exposure prophylaxis are higher in Asia than anywhere else, estimated at around
US$ 1.5 billion. Extreme examples include Sri Lanka and Thailand, where the
annual direct costs of post-exposure prophylaxis in both countries exceed
US$ 10 million (25).

Estimates suggest that in 2010 between 15 900 (‘cause of death ensemble’
model approach) and 34 500 (probability decision-tree approach) human rabies
deaths occurred in Asia, excluding Central Asia, with about 1.2 million DALYs
lost in the region. Both estimates are uncertain, with overlapping confidence
intervals, and field data are required to validate the model results. In excellent
examples of such studies, the incidence of human deaths from rabies was estimated
to be 1.1-1.8 deaths/100 000 in rural Bangladesh (8), 2.5-7.5 deaths/100 0000 in
populations at risk in Bhutan (6) and 2.8-11.5 deaths/100 000 in Cambodia (7).

India is reported to have the highest incidence of rabies globally. A multi-
centre study in 2003 showed that 20 565 human deaths occur annually (26),
and a large-scale verbal autopsy study in 2005 put the figure conservatively at
12 700, without adjustment for atypical cases not captured by this latter method
(9). Most cases were reported in rural communities (9, 26) where no large-scale
dog vaccination programmes have been conducted and where the incidence of
dog rabies presumably remains high. While the availability of post-exposure
prophylaxis has improved, it is not clear how much rural communities have
benefited; furthermore, most deaths occur among people who do not seek medical
care. The number of deaths due to rabies in India therefore remains uncertain.

Estimates of the burden of rabies in China are also uncertain. Surveillance
records indicate that the incidence has decreased since 2007, when over 3300
suspect (clinically diagnosed) rabies deaths were recorded officially (27). These
records may, however, underreport the incidence of the disease (27), and field
investigations are therefore urgently needed.

Despite the uncertainty of these estimates, rabies is clearly a major
problem in Asia, mainly affecting the rural poor. In many countries, official
records substantially underestimate the scale of the problem (6,7,9), and re-
assessments are therefore encouraged. This is already planned for India.
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Africa

The number of deaths from endemic canine rabies in Africa was estimated in
2003 to be about 23 700 (95% CI, 6900-45 900) (5). Estimates of the burden
of rabies in Africa have always been uncertain, however, because of the lack of
good data. Few large-scale dog vaccination programmes were implemented in
the region during the past decade, and the disease continues to circulate largely
unregulated. Recent surveys have also indicated extremely limited availability
of post-exposure prophylaxis in most of sub-Saharan Africa. In-depth studies
show that official reports may underestimate the incidence of rabies by more than
100-fold, because most deaths occur in communities rather than in hospitals
(4,10), and those that occur in hospitals are frequently misdiagnosed as forms of
encephalitis (29).

The revised 2010 estimate of the rabies burden in Africa by the probability
decision-tree approach of about 23 800 deaths (95% CI, 21 000-28 000) and
609 000 DALY (95% CI, 522 000-707 000) is consistent with the earlier estimate
(5). In the study of the Institute for Health Metrics and Evaluation, 9500 rabies
deaths were estimated to occur in 2010 (11), although the number of DALY's was
similar (750 000; 95% CI, 169 000-2 733 000). These figures should be interpreted
with caution, as there are few data for validation, and they should be the subject
of further investigation in the region.

Use of nerve tissue vaccine remains widespread in Ethiopia, contributing
about 1000 DALYs per annum. Algeria still produces nerve tissue vaccines, but
the situation in some other countries in North Africa and in the horn of Africa
is unknown.

Central Asia and the Middle East

Little information is available on rabies in the Middle East or Central Asia, and the
scale of the rabies burden in these regions has not been investigated previously.
On the basis of the literature and population data in the probability decision-tree
model, initial estimates can be made of 350 deaths (95% CI, 270-450) and 13 100
DALYs (95% CI, 11 100-15 900) in the Middle East and 1900 deaths (95% CI,
1600-2350) and 55 200 DALY (95% CI, 47 500-66 600) in Central Asia.

1.2.3  Vampire bat rabies

In Latin America and the Caribbean, cases due to vampire bat rabies virus
are largely underreported. In 1985, it was estimated that the death toll among
cattle was of the order of 100 000 per year, at an annual estimated cost of US$
30 million. Evidence suggests, however, that the incidence of bat rabies has
increased, probably resulting in more human cases and livestock losses (30).



1.3  Global summary

The annual number of human rabies deaths globally is estimated in 2010 to be
from 26 400 (95% CI 15 200-45 200) (‘cause of death ensemble’ model approach)
to 61 000 (95% CI 37 000-86 000) (probability decision-tree approach) (Table 2).
The vast majority of deaths (84%) occur in rural areas. These estimates represent
about 1.9 million (95% CI, 1.3-2.6 million) DALYs. About 12 600 DALYs are due
to morbidity following adverse events due to nerve tissue vaccine. The estimated
annual cost of rabies is US$ 6 billion (95% CI, 4.6-7.3 billion), with almost
US$ 2 billion (~40%) due to lost productivity after premature deaths and a further
US$ 1.6 billion spent directly on post-exposure prophylaxis.

Although there is considerable debate about the estimated burden of neglected
tropical diseases, the estimates of direct mortality due to rabies are among the
highest (possibly the highest), and the DALY's due to rabies are also high (31).

The cost of life-saving prophylaxis is a major burden both to national
economies and to poor families as more data on increasing numbers of post-
exposure prophylaxis provided annually are becoming available from countries
such as China (e.g. reports of 10 million post-exposure prophylaxis treatments
delivered in 2010) and India since 2004, suggesting higher exposure to the risk of
contracting rabies even if a large proportion of these are not from rabid animals.
The psychological impact of fear and trauma after a suspected rabid dog bite
is difficult to translate into a monetary value but was estimated to account for
about 32 000 DALY in Africa and 140 000 DALYSs in Asia (32). These effects are
heightened by uncertainty about the availability, quality and affordability of post-
exposure prophylaxis in many countries endemic for canine rabies.

Poor surveillance, underreporting in many developing countries, frequent
misdiagnosis of rabies (29) and an absence of coordination among all the sectors
involved are likely to lead to underestimation of the scale of the disease burden.
Both country-specific burden studies and improved surveillance (see section 11)
should be encouraged in order to obtain more reliable global estimates of the
burden of rabies.

Nonetheless, it is clear that rabies disproportionately affects poor rural
communities, and particularly children. Most of the expenditure for post-
exposure prophylaxis is borne by those who can least afford it. For example, in
India, patients pay nearly half the financial burden of rabies. Previous estimates
indicated that a full course of post-exposure prophylaxis represents as much as
3.87% of the gross national income for a person in Asia and 5.80% for a person
in Africa (equivalent to 51 days’ wages for an average African, and 31 days’ wages
for an average Asian). A recent field study in the United Republic of Tanzania
suggests, however, that these are still considerable underestimates of the true
cost for high-risk populations. As a result, many patients do not complete their
treatment courses and often use regimens that are not recommended. The
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annual cost of livestock losses due to rabies is also substantial: approximately
US$ 12.3 million (90% CI, 11-13.7 million) (5), disproportionately affecting the
rural poor who depend upon livestock for subsistence.

As a result of growing dog and human populations, the burden of human
deaths from rabies and the economic costs will continue to escalate in the absence
of concerted efforts and investment for control. Rabies is entirely preventable.
As countries strive to reduce the number of human deaths and improve the
availability of post-exposure prophylaxis, the costs will rise; however, if dog rabies
control and ultimately elimination are achieved by mass dog vaccination, both
the demand for post-exposure prophylaxis and the costs should decline. National
vaccination programmes will require consistent, sustained commitment but will
have widespread health benefits, particularly for the poorest communities in the
world.
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2.  (Classification of lyssaviruses

2.1  Distinguishing features of lyssaviruses

Rabiesisan acute encephalitis or meningoencephalitis due to alyssavirus infection.
The etiological agents of rabies encephalitis belong to the Mononegavirales order,
the Rhabdoviridae family and the Lyssavirus genus. Lyssaviruses have a 12-kb
nonsegmented RNA genome of negative polarity that encodes five viral proteins
(3’ to 57): a nucleoprotein (N), a phosphoprotein (P), a matrix protein (M), a
glycoprotein (G) and an RNA-dependent RNA polymerase (or large protein,
L). The lyssavirus particle is shaped like a bullet, 100-300 nm long and 75 nm
in diameter. It is composed of two structural and functional units: an internal
helical nucleocapsid and an external envelope. The nucleocapsid consists of a
ribonucleoprotein complex comprising the genomic RNA and tightly bound
N protein together with the L and P proteins. The nucleocapsid is active for
transcription and replication: the N-RNA template is processed by the L protein,
which contains most of the RNA polymerase activities, and its cofactor, the P
protein. The lipid envelope is derived from the host cytoplasmic membrane
during budding. Knobbed glycoprotein spikes (5-10 nm long and about 3 nm in
diameter) consisting of three glycosylated ectodomains, which binds the virions
to host cell receptors, protrude through the virion membrane. The M protein
forms oligomers that bind to the outside of the nucleocapsid, giving rigidity to
the virion structure and providing a binding platform for the viral glycoprotein
and the envelope membrane (1,2).

2.2 Criteria for differentiating between lyssaviruses

Until the 1950s, the rabies virus was considered to be unique. Identification
of serologically related viruses in Nigeria—Lagos bat virus from a pteropodid
bat (3) and Mokola virus from a shrew (4)—showed that the structure of this
virus group was more complex, and the terms ‘rabies-related viruses’ and ‘rabies
serogroup were introduced (4). Another serologically related virus, Duvenhage
virus, was isolated from a man who died of rabies after a bite of an insectivorous
bat in 1970 in South Africa (5), representing a fourth serotype.

The viruses regularly isolated from bats in Europe since the 1950s were
related serologically to Duvenhage virus and were initially included in the
Duvenhage serotype (6,7). Later, use of monoclonal antibodies made it possible
to refine the classification of the ‘rabies serogroup’ (8). European bat lyssaviruses
were not only distinguished from the African Duvenhage virus (9) but also
separated into two distinct serotypes (10), temporally termed ‘biotypes’ (11).
This differentiation was later supported by gene sequencing and phylogenetic
analysis (12,13). Extensive phylogenetic studies of the diversity of rabies-related



viruses led to the creation of the operational term ‘genotype, which has since
been used broadly in the scientific literature (12). New genotypes were identified,
and quantitative criteria for their differentiation were proposed (12,14-18).

To accommodate the growing variety of ‘rabies-related’ viruses, the genus
Lyssavirus was established under the auspices of the International Committee
on the Taxonomy of Viruses. The name of the genus was derived from Greek
mythology: Lyssa (Avooa) was a goddess or spirit of rage, fury, raging madness
and frenzy. The existing ‘genotypes’ served as a basis for the taxonomy of lyssavirus
but were refined to satisfy the official rules of the International Committee, which
apply to more complex entities such as viral species.

The demarcation criteria for lyssavirus species include (19):

= Genetic distance, with a threshold of 80-82% nucleotide identity for
the complete N gene, which provides better quantitative resolution
than other genes, or 80-81% nucleotide identity for concatenated
coding regions of the N+P+M+G+L genes. In general, all isolates
belonging to the same species have higher identity values than the
threshold, except the viruses currently included in the Lagos bat virus
species. For that reason, some authors have suggested that Lagos bat
virus be subdivided into several genotypes (20,21). In the absence of
other sufficient demarcation characters, however, Lagos bat virus has
not been separated into several species, as these representatives seg-
regate into a monophyletic cluster in most phylogenetic reconstruc-
tions.

= Topology and consistency of phylogenetic trees obtained with vari-
ous evolutionary models

= Antigenic patterns in reactions with nucleocapsid monoclonal anti-
bodies (preceded by serological cross-reactivity and definition of lys-
savirus serotypes with polyclonal antisera)

= When available, additional characteristics, such as ecological proper-
ties, host, geographical range and pathological features.

2.3 Present structure of the Lyssavirus genus

Currently, the International Committee on the Taxonomy of Viruses recognizes
12 Lyssavirus species (Table 3). On the basis of genetic distances and serological
cross-reactivity, the genus has been subdivided into two phylogroups:
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= Phylogroup I contains the species rabies virus, European bat lyssavi-
ruses type 1 and type 2, Duvenhage virus, Australian bat lyssavirus,
Aravan virus, Khujand virus and Irkut virus.



= Phylogroup II contains Lagos bat virus, Mokola virus and Shimoni
bat virus.

The remaining species of the genus, West Caucasian bat virus, cannot
be included in either of these phylogroups and is suggested to be considered a
representative of an independent phylogroup III.

A further potential extension of the genus, a novel Bokeloh bat lyssavirus,
was recently isolated from an insectivorous bat (Myotis nattereri) in France and
Germany. This virus is related phylogenetically to European bat lyssavirus type 2
and Khujand virus (17,22). Another divergent lyssavirus, related phylogenetically
to West Caucasian bat virus (therefore potentially a member of the proposed
phylogroup III) and tentatively named Ikoma lyssavirus, was detected in an
African civet (Civettictis civetta) in the United Republic of Tanzania (18). Bats
are the reservoirs and vectors of lyssaviruses for 12 of the 14 recognized and
proposed species, while the reservoirs of Mokola virus and Ikoma lyssavirus
remain to be determined.

Lyssaviruses show broad antigenic cross-reactivity at the nucleocapsid
level, mainly because of sequence conservation of the N protein. Therefore, similar
reagents can be used for diagnosis by immunofluorescence. The ectodomain of
the G protein (which carries the main antigenic sites) is more variable, and there
is cross-neutralization among lyssaviruses of the same phylogroup (amino acid
identity in the ectodomain, >74%) but not between phylogroups (amino acid
identity in the ectodomain, <62%). Experimental evidence indicates that the
available vaccine strains, which all belong to rabies virus species in phylogroup
I, are ineffective against infection with lyssaviruses in phylogroup II and West
Caucasian bat virus. A similar lack of protection is likely for Ikoma lyssavirus.
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Table 3
Viruses currently included in the genus Lyssavirus
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Recognized Primary host Geographical Comments
and proposed range
species
(abbreviation)
Rabies virus Carnivora and bats (Chiroptera) Terrestrial 1
(RABV) mammals

worldwide except

in Australia,

Antarctica and

several islands; bats

in the New World

only
Australian Pteropodid bats (at least four species of | Australia (and 2
bat lyssavirus Pteropus genus) and insectivorous bats | perhaps several
(ABLV) (Saccolaimus albiventris) nearby islands)
European bat Insectivorous bats (predominantly Most of Europe, 3
lyssavirus, type | Eptesicus serotinus) from Spain to the
1 (EBL1) Ukraine
European bat Insectivorous bats (predominantly North-western 4
lyssavirus, type | Myotis daubentonii and M. dasycneme) | Europe
2 (EBL2)
Khujand virus Insectivorous bat Myotis mystacinus Central Asia 5
(KHUV)
Aravan virus Insectivorous bat Myotis blythi Central Asia 6
(ARAV)
Bokeloh bat Insectivorous bat Myotis nattereri France, Germany 7
lyssavirus
(BBLY)
Irkut virus Insectivorous bat Murina leucogaster Eastern Asia 8
(IRKV)
Duvenhage Insectivorous bats Sub-Saharan Africa | 9
virus (DUVYV)
Lagos bat virus | Pteropodid bats of several genera (e.g. Sub-Saharan Africa | 10
(LBV) Eidolon helvum, Rousettus aegyptiacus,

Epomophorus spp.)

Mokola virus Unknown Sub-Saharan Africa | 11
(MOKYV)
Shimoni bat Insectivorous bat Hipposideros Kenya 12
virus commersoni
(SHIBV)
West Caucasian | Insectivorous bats from genus South-eastern 13
bat virus Miniopterus Europe
(WCBV)
Ikoma lyssavirus | Not known United Republic of | 14
(IKOV) Tanzania




1. Responsible for the vast majority of human rabies cases in the world. All currently available human and
veterinary vaccine strains originate from this species.

2. Given limited surveillance, the host range among insectivorous bats may be greater. Two human cases
have been documented.

3. Given the limited surveillance in eastern Europe and Asia, may be distributed more broadly, along the
reservoir species range. Spillover infections in wild and companion animals and a very small number of
human cases have been documented.

4. Two human cases have been documented.

5. Known from a single isolate. Given the limited surveillance in eastern Europe and Asia, may be distributed
more broadly. No human cases have been documented.

6.  Known from two isolates. Given the limited surveillance in eastern Europe and Asia, may be distributed
more broadly. No human cases have been documented.

7. Known from a single isolate. Does not have species status and is not listed in current International
Committee on the Taxonomy of Viruses documents. No human cases have been documented.

8. Known from two isolates, from a bat and from a human.

9. Known from four isolates, three of which came from humans bitten by bats and one from a bat, presumably
of the Miniopterus species.

10.  Constitutes several lineages with long genetic distances. In the future, may be subdivided into two or
three separate species. Spillover infections reported in wild and companion animals. No human cases
documented to date.

11.  Twice isolated from shrews, once from a rodent. Most other isolates were obtained from companion
animals, such as cats, as the result of spillover infection. Two human cases have been reported.

12.  Known from a single isolate. Serological surveys suggest that H. commersoni is the probable reservoir. No
human cases have been documented.

13.  Known from a single isolate; however, serological surveys suggest that West Caucasian bat virus (or
another serologically related virus) is present in Miniopterus bats in Africa (Kenya). No human cases have
been documented.

14. Known from a single isolate from an African civet (Civettictis civetta). The natural host is unknown. Given
the phylogenetic relatedness to the West Caucasian bat virus, the index case in an African civet may have
resulted from a spillover infection of bat origin. No human cases have been documented.
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3.  Pathogenesis

Rabies virus enters the body through wounds or by direct contact with mucosal
surfaces. It cannot cross intact skin. Rabies virus replicates in the bitten muscle
and gains access to motor endplates and motor axons to reach the central nervous
system (I-5). Virions are carried in transport vesicles (6) and travel to the central
nervous system exclusively by fast retrograde transport along motor axons, with
no uptake by sensory or sympathetic endings (1-3,5). Viruses can also enter
motor axons in peripheral nerves directly during a penetrating injury (1,3,4). In
some bat variants, viral propagation may also occur via sensory nerves due to skin
tropism (3,7,8). The incubation period varies from 5 days to several years (usually
2-3 months; rarely more than 1 year), depending on the amount of virus in the
inoculum, the density of motor endplates at the wound site and the proximity of
virus entry to the central nervous system (3-5). Muscle-specific micro-RNA may
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contribute to this eclipse phase by suppressing viral transcription and replication
in the muscle (9,10). The estimated speed of virus migration depends on whether
it moves by centripetal retrograde axonal transport or centrifugal spread. In
centripetal retrograde axonal transport, migration is fast, with speeds of 5-100
mm)/day or even faster, because neuronal populations of the same synaptic order
located at various distances, e.g. 10 pm to 2 cm, are infected simultaneously (1,5).
Conversely, centrifugal spread is slow, probably mediated by passive diffusion
rather than active transport (1-3,5).

The first rapid centripetal phase leads to wide transneuronal transfer
within the central nervous system and to infection of dorsal root ganglia via
their central connections with the initially infected motor neurons and spinal
interneurons (1-3,5). The virus then moves centrifugally from the central nervous
system via slow anterograde axoplasmic flow in motor axons to the ventral roots
and nerves and in peripheral sensory axons of the infected dorsal root ganglia,
leading to infection of muscle spindles, skin, hair follicles and other non-nervous
tissues, such as salivary glands, heart muscle, lung and abdominal visceral organs
via their sensory innervation (3-5). By the time of clinical onset, the virus is
widely disseminated throughout the central nervous system and probably to
extra-neural organs (11).

The first specific clinical symptom is neuropathic pain at the site of the
bite. This is caused by virus replication in dorsal root ganglia and inflammation
induced by cellular immunity (12). Human rabies can manifest as furious or
paralytic forms, which cannot be correlated with a specific anatomical localization
of rabies virus in the central nervous system (12-14). The major clinical signs
are probably due to different site-specific responses (14). Functional neuronal
impairment also explains coma. Electrophysiological studies with pathological
correlates show that peripheral nerve axonopathy or myelinopathy is responsible
for weakness in paralytic rabies (7,12). Preferential entry via the motor route
explains why subclinical anterior horn cell dysfunction precedes sensory loss in
furious rabies and is initially localized at body segments corresponding to the
site of the bite, progressively spreading to other locations (3,5,12). The same
considerations apply to prodromal symptoms and signs in paralysed patients
(3-5). It is likely that less virus is present in the brain in paralytic rabies (when
consciousness is preserved) than in furious rabies. Diffusion tensor imaging in
canine paralytic rabies showed that neural tract integrity is compromised at brain-
stem level, limiting viral propagation to the forebrain (5,15,16). A viral immune
evasive strategy with blood-brain barrier integrity prevents eradication of the
virus in the central nervous system (4,16-21). There is no evidence of immune
suppression or accelerated death in rabies-infected patients (15,16).

Rabies with atypical clinical and/or neuroimaging features is increasingly
recognized (4,22-26). Whether this is due to atypical virus variants, a hostimmune

WHO Technical Report Series No. 982, 2013



response or large doses of virus inoculum (as in the case of organ transplantation
from rabies-infected donors) is unknown. Without intensive care, death occurs
within 2 weeks after the appearance of clinical symptoms (5,7).
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4, Diagnosis

Rabies is an acute, progressive encephalitis caused by a lyssavirus. Clinical
diagnosis of encephalitis can be challenging, and all suspected and probable
clinical cases of rabies should be confirmed by laboratory methods when possible.
During the past decade, significant progress has been made in laboratory
diagnostic methods for clinical case confirmation. Each country should have a
national reference laboratory with the capacity for basic rabies diagnosis and case
confirmation by suggested modern techniques (I-7). Where such expertise is
lacking, training and reference diagnostic capability can be obtained from WHO
collaborating centres (8) (Annex 8) and from reference centres of the World
Organisation for Animal Health (OIE) for animal rabies (9).

4.1 Standard case definitions for rabies

All countries should use standard case definitions for rabies supported by
laboratory-based surveillance of suspected cases in humans and animals.
According to the WHO recommended standards and strategies for surveillance,
prevention and control of communicable diseases, a clinical case of rabies is
defined as:

a subject presenting with an acute neurological syndrome (i.e. encephalitis)
dominated by forms of hyperactivity (i.e. furious rabies) or paralytic syndromes (i.e. dumb
rabies) progressing towards coma and death, usually by cardiac or respiratory failure,
typically within 7-10 days after the first sign, if no intensive care is instituted.

One or more of the following laboratory criteria should be used to
confirm a clinical case:

= presence of viral antigens;
= isolation of virus in cell culture or in laboratory animals;

= presence of viral-specific antibodies in the cerebrospinal fluid or the
serum of an unvaccinated person; or
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= presence of viral nucleic acids detected by molecular methods in
samples (e.g. brain biopsy, skin, saliva, concentrated urine) collected
post mortem or intra vitam.

Cases of rabies are basically classified as follows:
= suspected: a case that is compatible with a clinical case definition

= probable: a suspected case plus a reliable history of contact with a
suspected rabid animal

= confirmed: a suspected or probable case that is laboratory-confirmed.
In some situations, a clinical suspicion of encephalitis or a history of
animal exposure may be lacking; however, a case would still be con-
sidered confirmed by appropriate laboratory diagnostic testing.

A record form for possible exposure to rabies is given in Annex 2.

4.2  Clinical diagnosis

A presumptive diagnosis of rabies, an acute, progressive encephalomyelitis,
with the highest case fatality rate of any infectious disease, is simple in a person
presenting with a compatible illness after documented exposure to a laboratory-
confirmed rabid animal. Specific clinical signs of hydro- or aerophobia in humans
provide a strong suspicion of rabies, if they are well documented. In the absence
of a history of exposure or paramount signs, however, the diagnosis of rabies
on clinical grounds alone is difficult and often unreliable. For example, some
patients can present with a paralytic or Guillain-Barré-like syndrome or other
atypical features (10). Atypical or non-classical rabies is increasingly recognized
and may be responsible for underreporting of cases. Detailed clinical information
on patients with atypical rabies, especially cases associated with exposure to bats
or other wildlife, has been reported (11,12). Human case reports can be found in
a variety of peer-reviewed publications, national and international reports and
electronic sources, such as the website of the United States Centers for Disease
Control and Prevention.

Classical signs of brain involvement include spasms in response to
tactile, auditory, visual or olfactory stimuli (e.g. aerophobia and hydrophobia)
alternating with periods of lucidity, agitation, confusion and signs of autonomic
dysfunction (10). Spasms may occur in rabid patients in whom excitation is
prominent. Spontaneous inspiratory spasms can occur continuously until death,
and their presence may facilitate a clinical diagnosis. Excitation is less evident
in paralytic rabies, and phobic spasms may appear in only 50% of such patients.
During the early stages of paralytic rabies, notable signs may include myoedema
at percussion sites, usually in the region of the chest, deltoid muscle and thigh,
piloerection and fasciculations.
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Magnetic resonance imaging, performed with adequate precautions
for potentially infectious patients, can be helpful (10,13). Abnormal, ill-
defined, mildly hypersignal T2 images involving the brain-stem, hippocampus,
hypothalamus, deep and subcortical white matter and deep and cortical grey
matter indicate a diagnosis of rabies, regardless of clinical type. Gadolinium
enhancement may appear clearly only in later stages, when patients lapse into a
coma. Such patterns can help differentiate rabies from other viral encephalitides,
not in terms of location, but in the T2 image appearance and in the pattern of
contrast enhancement, when compared to consciousness status. Computerized
tomography of the brain is of little diagnostic value.

Rabies should be included in the differential diagnosis of all patients
who present with unexplained, acute, progressive viral encephalitis, even in
areas where the disease is rare, as it can occur locally in wildlife, such as bats,
can be acquired during travel to enzootic areas and because imported cases
of human and animal rabies continue to occur (2,12). In addition, rabies may
be misdiagnosed and death ascribed to another cause (e.g. cerebral malaria),
without adequate epidemiological scrutiny and laboratory confirmation (2,4,14).
As transmission of rabies virus to recipients of solid organ transplants has been
described, all potential organ donors who present with a compatible encephalitis
should be screened and tested to determine whether they present an infectious
risk, by examining suitable ante- or post-mortem specimens by sensitive, specific
laboratory methods (2,4,6).

4.3  Biosafety, sampling and specimen transport for laboratory
diagnosis

43.1 Biosafety

Rabies has the highest case fatality rate of any currently recognized infectious
disease. Safety is therefore of paramount importance when working with
lyssaviruses. In general, biosafety level 2 safety practices are adequate for routine
laboratory activities such as handling animals, necropsy, collection preparation
and processing samples (5-7). The basic facility design should be adequate, and
precautions should include personal protective equipment (e.g. clothing, gloves,
eye protection) and vaccination. Certain activities may require a biosafety level
3 classification, such as production of large quantities of concentrated virus,
procedures that may generate aerosols (e.g. homogenization of tissue suspensions)
and working with newly isolated lyssaviruses for which the effectiveness of
current prophylaxis is not known. All national safety guidelines for working with
infectious agents should be followed.
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4.3.2 Sampling for intra-vitam diagnosis in humans

Secretions, biological fluids (e.g. saliva, spinal fluid, tears) and tissues (skin
biopsy samples and hair follicles at the nape of the neck) can be used to diagnose
rabies during life (1,2,5,6,15,16). Three saliva samples taken at intervals of 3-6 h,
skin and hair follicules are the most sensitive samples. Ideally, samples should be
stored at -20 °C or less. Serum should be collected from blood samples before
freezing and stored at —20 °C or less.

433 Sampling for post-mortem diagnosis in humans and animals

Brain tissue is the preferred specimen for post-mortem diagnosis in both humans
and other animals (4,5,7). If a brain biopsy cannot be performed, such as in field
studies, tissue samples can be collected via the trans-orbital or trans-foramen
magnum route (I). Preservation in glycerine (at +4 °C or -20 °C) or drying
smears of brain tissue on filter paper containing proper inactivating chemicals
(at +30 °C) allows safe, stable transport of infected material, but safe, effective
viral inactivation must be ensured before shipment (1,17). Other specimens, such
as skin and hair follicles taken at the nape of the neck, are also highly sensitive for
post-mortem diagnosis (5,6,18).

434 Transport of specimens

Specimens for a diagnosis of rabies should be shipped according to national
and international regulations to avoid exposure. Information on the appropriate
International Air Transport Association shipment classification can be found
on the Association’s website (19), and packing instructions are given in the
WHO recommendations on transport of infectious substances (20). Diagnostic
specimens should be frozen or refrigerated; if they are shipped at ambient
temperature, they should be preserved in 50% glycerine-saline solution. The
source of specimens for diagnosis and the storage conditions clearly affect the
results of any laboratory procedure. Rabies can be diagnosed in fresh (unfixed)
specimens from several different tissue sources, but they are preferably refrigerated
or frozen.

If samples are stored in 50% glycerol-saline before testing, they must be
washed thoroughly; freezing and long-term storage are not recommended. Unlike
the processing of fresh or frozen tissues, acetone fixation is not recommended
before direct fluorescent antibody testing of samples stored in glycerol saline. The
choice of specimens and handling depend on the test to be performed and the
stage of the disease (1,6).

Examination of chemically fixed specimens for viral antigens can be
both sensitive and specific if appropriate tissues and tests are used (21). Formalin
fixation of brain tissue is not, however, a suitable method for routine diagnosis,
because it delays the test results. If specimens are received in formalin, the
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duration of fixation should be approximately 7-14 days before embedding in
paraffin. Wet tissue specimens should be transferred from formalin to absolute
ethanol for subsequent molecular diagnosis and antigen detection. Typical
intracytoplasmic inclusions in fixed brain tissue can be detected in neurons by
validated immunohistochemical methods (22).

4.4  Laboratory techniques for post-mortem diagnosis of rabies

A definitive diagnosis of rabies can be made only with the appropriate laboratory
methods. The basic techniques are described in the WHO publication Laboratory
techniques in rabies (5) and the OIE Manual of diagnostic tests and vaccines for
terrestrial animals (7). Participation in routine quality management is strongly
recommended when using any of the laboratory techniques described (6).

441 Viral antigen detection

The direct fluorescent antibody technique is a rapid, sensitive, specific method
for diagnosing rabies in animals and humans (5-7,23,24) and is the gold standard
for rabies diagnosis. The accuracy of the test depends, however, on variables
such as the expertise of the examiner, the quality of the anti-rabies conjugate
and basic equipment, including the fluorescence microscope. The test is based on
microscopic examination of impressions or smears of brain tissue after incubation
with anti-rabies polyclonal globulin or broadly cross-reactive monoclonal
antibodies conjugated with fluorescein isothiocyanate. The diagnostic conjugate
should be of high quality, and the appropriate working dilution for optimal
performance and detection of virus-specific antigens must be determined.

Impressions (or smears) of samples from the brain-stem and cerebellum
are recommended for high sensitivity of the test (6). The hippocampi (Ammon
horns) may be included but are not necessary for a definitive diagnosis.

Other methods for the detection of lyssavirus antigens, such as enzyme-
linked immunosorbent assays (ELISAs) and direct rapid immunohistochemistry
tests, have provided consistently reproducible results in several laboratories
(6,25-28). Extensive evaluation of direct rapid immunohistochemistry tests has
shown that their sensitivity and specificity are at least comparable to those of
the direct fluorescent antibody test, the traditional standard in rabies diagnosis.
This test allows rapid onsite testing by light microscopy and should facilitate
decentralized epidemiological surveys if the reagents become commercially
available. The Consultation recommends further development of direct rapid
immunohistochemistry tests as an alternative to the direct fluorescent antibody
test for improved decentralized laboratory-based surveillance.

Lateral flow tests for rapid detection of rabies virus antigen under
field conditions have been developed (29-31); however, the procedures for the
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commercially available assays have not been standardized or harmonized for
proper use and adequate validation according to international standards (5).

4.4.2 Virusisolation

Virus might have to be isolated to confirm the results of antigen detection tests
and for further amplification or characterization of an isolate (5). Viruses can be
isolated in cell cultures, such as neuroblastoma cells, or by intracranial inoculation
into mice. Virus isolation in animals should be replaced by alternative methods,
whenever possible.

Murine neuroblastoma cells (e.g. NA C1300) are more susceptible to
field isolates of lyssavirus than other cell lines tested (5,6). Virus isolation in
neuroblastoma cell culture is at least as efficient as animal inoculation, especially
for small quantities of virus. Cell culture isolation also reduces the time required
for diagnosis, from 10-21 days with the mouse inoculation test to only 1-2
days. If the conditions are not optimal, however, such as decomposed brain,
false-negative results may be obtained. When cell culture facilities or molecular
methods are not available, animal inoculation can be used. If a rapid answer is
required, suckling mice (<3 days old) are preferred to weanling or adult mice,
because they are more susceptible than older animals. The observation period
may be shortened by fluorescent antibody examination of brains of inoculated
mice euthanized 14-21 days (or more) after inoculation or when clinical signs
appear.

4.4.3 Viral RNA detection

Molecular methods, such as the reverse transcription polymerase chain reaction
(RT-PCR) and other amplification techniques, are playing an increasingly
important role in many countries but are not recommended currently for routine
post-mortem diagnosis of rabies if brain tissue is available, when the direct
fluorescent antibody test should be used (5). Molecular techniques can be used,
however, for epidemiological surveys in laboratories with strict quality control
procedures and with experience and expertise in using such techniques; they can
also be used for ante-mortem diagnosis in humans. The use of robust positive
controls or in-process controls is strongly recommended.

4.5 Techniques for intra-vitam diagnosis of rabies in humans

Many laboratory methods can be used to confirm a clinical case of rabies while
the patient is still alive (2,32). Use of intra-vitam techniques for the diagnosis
of rabies in animals is, however, strongly discouraged. The sensitivity of a
technique for diagnosing rabies varies widely according to the stage of the
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disease, immunological status, intermittent viral excretion and the training of the
technical staff. While a positive validated result is indicative of rabies, a negative
result does not necessarily rule out the infection. It is not recommended that a
brain biopsy sample be taken solely for the diagnosis of rabies, but it can be useful
when obtained (6,10). A diagnosis of rabies in a patient suspected of having the
disease is valuable for multiple reasons, including: specific characterization of the
causative agent and of the potential source of infection, especially when a history of
exposure to an animal is lacking; identification of other people who may have been
exposed to the same animal during the public health investigation; application of
appropriate measures for infection control to prevent exposure from contact with
the patient; administration of post-exposure prophylaxis to people exposed to
the patient’s infectious secretions; case closure and grief counselling with family
members; consideration of experimental therapeutic options; monitoring of viral
loads and patient response if treatment is undertaken; less invasive techniques for
documenting the human burden of disease, given the infrequency of autopsies;
and indication of another infectious agent if the tests are negative.

4.5.1 Viral antigen detection

Viral antigens can be detected with the direct fluorescent antibody test in skin
biopsy samples or hair follices from patients with clinical rabies (33). The results
are independent of the antibody status of the patient, and specimens may be
positive during the early phase of the disease. Skin samples are usually taken
from the nuchal area of the neck, with hair follicles containing peripheral nerves.
Examination of several sections may be required to detect viral antigens around
the base of hair follicles. The quality of the samples is of paramount importance,
as the absence of follicles decreases the sensitivity of the test. This technique may
not be practicable in all settings, because a cryostat is required to prepare frozen
sections of skin; it should be replaced by detection of viral RNA (6,12,18,34).
Fluorescent antibody testing of corneal impressions is rarely reliable in most
clinical settings, and it is not recommended as a routine test because of the
risk of corneal scarification, particularly in patients with encephalitis and not
rabies. Immunochromatographic methods have been developed to detect rabies
antigen directly in saliva or in brain tissue from animals (29-31) but still require
standardization and stringent quality control.

4,52 Viral antibody detection

Neutralizing antibodies in the serum of unvaccinated patients or in cerebrospinal
fluid can be measured with a virus neutralization test, including the rapid
fluorescent focus inhibition test and the fluorescent antibody virus neutralization
test (27,35-37). If virus-neutralizing antibodies are present in serum, they tend
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to appear on average 7-8 days after clinical symptoms. Viral antibodies are
infrequently found in cerebrospinal fluid, depending in part on the clinical stage
of the disease. Antibody titres against rabies glycoprotein measured by ELISA
correlate well with those measured by virus neutralization, and ELISA is easier
to perform routinely (27,35). Rapid detection of antibodies (immunoglobulins
G and M) to other viral antigens, (e.g. nucleoprotein) may also be useful, as they
may appear before neutralizing antibodies (12).

4,5.3 Viral RNA detection

Molecular detection methods are highly sensitive for diagnosis (1-3,5,10,11,14-
18,24,32,38-42), although, like all laboratory methods, they require
standardization and stringent quality control. Lyssavirus RNA can be detected
and amplified not only from brain tissue but also from other biological fluids and
tissue samples (e.g. saliva, cerebrospinal fluid, tears, skin, concentrated urine and
hair follicles). Serial samples of, for example, saliva and urine should be tested, as
the virus is excreted intermittently.

4,5.4 \Virusisolation

Virus is preferably isolated from brain or saliva or other biological samples in
which it is highly likely to be detected (1-7). The success rate depends in part
on the immunological status of the patient (more positive results are obtained in
those without antibodies), the intermittence of viral excretion and the number of
consecutive passages in cell culture. Liquid specimens or swabs should be frozen
after collection, the content of the swab having been expelled into the collection
medium. Under no circumstances should preservatives be added to the collection
medium. Specimens may contain no infectious virus even during the late stage
of the disease.

4.6 \Virusidentification with molecular techniques:
epidemiological considerations

Thousands of lyssavirus isolates from humans, domestic animals and wildlife
have been compared with molecular techniques, leading to basic identification
and classification of lyssaviruses and the demonstration that virus isolates from a
given geographical area or species have unique genetic sequences. In most cases,
these differences can be used to identify the principal animal hosts (e.g. bat, dog,
fox) and to infer the source of infection when a definitive history of exposure is
lacking (1-3,5,10-12,14-17,29,32,33,38-42).
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5. Management of patients before and after death

5.1 Rabies survivors and treatment protocols

Although rabies is considered a fatal disease, survival has been documented
during the past few decades, particularly in cases associated with bat variants
(I). After successful treatment in 2004 of an adolescent in the USA with the
Milwaukee protocol (2), attempts were made in the USA and in some countries
of South America to treat rabies patients, albeit with little success (3).

In considering a possible treatment modality for rabies patients, the
following should be kept in mind (1).
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= Rabies is not invariably fatal in animals, but a very small number of
humans have recovered.

= At present, it is not possible to predict which patients are likely to
recover.

= All survivors, with or without treatment, had a vigorous, early im-
mune response.

= Studies to identify management protocols, procedures for immu-
nomodulation and new medications, including antiviral drugs, are
encouraged.

= Human treatment must be proven to be safe and not further harm
the patient.

5.2 Clinical management of rabies patients

Patients remain conscious, are often aware of the nature of their illness and
are usually extremely agitated, particularly when excitation is predominant.
Furthermore, they are often isolated because of the perceived risk of transmission
of the virus through contact. Patients with confirmed rabies should receive
adequate sedation and care in an appropriate medical facility, preferably in a
private room, with suitable emotional and physical support. Repeated intravenous
morphine or benzodiazepines is effective in relieving the severe agitation, anxiety
and phobic spasms that afflict patients with furious rabies (I). Once furious rabies
has been diagnosed, invasive procedures should be avoided, and the patient
should be cared for in a private, quiet, draft-free area. In view of the inevitability
of death in most cases, treatment should focus on comfort, with heavy sedation
(barbiturates, morphine) and avoidance of intubation or life-support measures
once the diagnosis is certain (I).

5.3  Transmission via organ transplantation

Rabies virus is present in many tissues in the terminal stages of disease. Caution
should be exercised before transplanting organs from people who have died
with neurological symptoms and signs, as several cases of rabies due to organ
and tissue transplantation have been documented (4,5). Testing for common or
highly fatal infections should be balanced against the urgency of transplanting
a viable organ. Rare diseases will not be identified until the techniques become
available. Corneal transplantation, which is common in developing countries,
should be performed with caution.
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54 Recommendations for health care personnel and patients’
family members

The care of people in whom rabies is diagnosed may create anxiety among
medical and nursing staff and in the media and the public. Human rabies does
not pose any greater risk to health care staff than most bacterial or viral infections
if routine precautions are used, especially during intubation and suctioning.

Post-exposure prophylaxis should be provided for health care personnel
considered to be at risk after careful assessment, and they should be reminded of
the importance of adhering to barrier nursing, as recommended for all infectious
diseases. Hospitals that are likely to receive rabies patients may consider pre-
exposure vaccination for health care staff who may be involved in their
management.

It may sometimes be necessary to immunize the partners of patients, as
close contact and sexual intercourse in the early stages of the disease carry a risk
for transmission.

5.5 Management of the bodies of patients who have died of
rabies
The body of a patient suspected to have died of rabies should be labelled

as infectious. The risk for transmission to others is, however, small if normal
precautions are taken. Blood does not contain the virus, but it is present in many
tissues and fluids, such as those of the central nervous system and salivary glands
(1). If embalming or autopsy is performed, it should be undertaken carefully,
with appropriate precautions and personal protective equipment. Tissues and
body fluids should be disposed of in the same manner as for other infectious
diseases. The body of the deceased should be buried or cremated, depending on
their religious practice.
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6.  Vaccines and rabies immunoglobulin for humans

Since their development more than four decades ago, concentrated, purified
cell culture and embryonated egg-based rabies vaccines (jointly referred to
as CCEEVs) have proved to be safe and effective in preventing rabies. These
vaccines are intended for both pre- and post-exposure prophylaxis and have
been administered to millions of people worldwide (1). Prompt administration
of CCEEVs after exposure combined with proper wound management and
simultaneous administration of rabies immunoglobulins is almost invariably
effective in preventing rabies, even after high-risk exposure (I) (see also section
8).

6.1  Vaccine types

6.1.1  Cell culture and embryonated egg-based rabies vaccines

CCEEVs contain rabies virus that has been propagated in cell substrates such as
human diploid cells, Vero cells, primary chick embryo cells or embryonated duck
eggs. Recently developed vaccines based on chick embryo and Vero cells are as
safe and effective as human diploid cell vaccines and are less expensive.

After growth in cell culture (or embryonic egg), the viral harvest is
concentrated, purified, inactivated and lyophilized. In some CCEEVs, human
albumin or processed gelatine is used as a stabilizer. Rabies vaccines are not
supplied in multidose vials for intramuscular injection, and those prequalified
by WHO do not contain preservatives such as thiomersal. The shelf-life of these
vaccines is >3 years, provided they are stored at 2-8 °C and protected from
sunlight. After reconstitution with sterile diluent, the vaccines should be used
immediately or within 6 h if kept at the correct temperature (1), as partially used
vials of rabies vaccine may become contaminated.

Rabies vaccines for humans should meet WHO recommendations
for characterization, production and control, as set out by the WHO Expert
Committee on Biological Standardization (2). Presently, WHO recommendations
apply only to inactivated rabies vaccines produced in cell culture or embryonated

eggs.

6.1.2 Nerve tissue vaccines

Nerve tissue vaccines induce more severe adverse reactions and are less
immunogenicthan CCEEVs. Since 1984, WHOhasrecommended discontinuation ~ 37



of the production and use of nerve tissue vaccines and their replacement by
CCEEVs. Many developing countries have followed this recommendation (see
below list of countries and dates at which discontinuation took place) and meet
their requirements for rabies biologicals by either importing vaccine, developing
or acquiring technology for producing CCEEVs. In a few countries, mainly in Asia
and Latin America, populations at high risk for rabies still depend on vaccines
derived from animal nerve tissues for post-exposure prophylaxis. Ecuador and
Peru in Latin America and Myanmar and Pakistan in Asia are investigating
affordable, sustainable alternatives to the use of nerve tissue vaccines.

This Consultation again strongly recommends that production and
administration of vaccines based on animal central nervous systems, including
suckling mouse brain, be discontinued and replaced by CCEEVs. A four-step
strategy to replace nervous tissue vaccine by modern rabies vaccines produced
on cell culture or embryonated eggs has been developed (3) and is attached as
Annex 3 to this report.

Region, country and date of discontinuation of nerve tissue vaccines

South East Asia (1987-2011)
= Bangladesh (2011)

= Bhutan (1995)

= India (2004)

= Indonesia (1992)
= Nepal (2006)

= Sri Lanka (1995)
= 'Thailand (1987)

Western Pacific Region (1997-2007)
= Cambodia (2005)

= China (1990)
Lao People’s Democratic Republic (2005)
= Philippines (1997)

= Viet Nam (2007)
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Region of the Americas (2002-2009)
= Brazil (2002)



= Chile (2003)

= Dominican Republic (2009)
= El Salvador (2009)

= Mexico (1995)

= Nicaragua (2005)

= Paraguay (2006)

6.2  WHO prequalification of human rabies vaccines

Vaccines supplied through United Nations agencies such as UNICEF should
be prequalified by WHO. This is an established procedure, initiated voluntarily
by vaccine manufacturers, for initial and continuous evaluation by WHO of
nationally licensed vaccines. After initial prequalification, products are reassessed
at regular intervals to ensure continuing quality. A revised procedure for WHO
prequalification of vaccines was endorsed by the WHO Expert Committee
on Biological Standardization in October 2010 and has been in effect since
1 February 2012 (4).

National regulatory authorities can assume responsibility for regulatory
control of a vaccine, and a vaccine must be licensed in the country of manufacture
as a prerequisite to prequalification. WHO prequalification ensures the
quality, safety and efficacy of vaccines and their suitability for use in national
immunization programmes in low- and middle-income countries. The vaccine
characteristics must be suitable for use in such programmes with regard to e.g.
potency, thermostability, presentation, labelling and cold chain volume. The
producer must then meet international standards of quality and comply with
international standards of good manufacturing practice.

Prequalification involves a review of the production process and quality
control procedures, testing the consistency of lots, an audit of the manufacturing
facilities by WHO with observers from the responsible national regulatory
authority, assurance of continued acceptability and reassessments at regular
intervals. Continued compliance is monitored.

In 2012, only three rabies vaccines were prequalified for intramuscular
use: purified Vero cell rabies vaccine, purified chick embryo cell vaccine and
purified duck embryo vaccine. The list, which is updated when necessary, can
be found at http://www.who.int/immunization_standards/vaccine_quality/
prequalification_vaccine_list_en/en/.

The WHO Consultation encourages rabies vaccine manufacturers to
enter the WHO prequalification process and Member States to purchase WHO
prequalified vaccines. 39



6.3 Requirements for human rabies vaccines
6.3.1 Potency requirements, tests and standards

The minimal acceptable potency of CCEEVs is 2.5 international units (IU) per
intramuscular dose, as determined in the mouse protection potency test (5,6).
Alternative assays based on serum neutralization (7), ELISAs (8), fewer animals
(9), peripheral challenge (10) and others (11) are being explored. The efficacy
of these alternative tests should be established in multicentre studies carried
by WHO collaborating centres, national regulatory authorities and control
laboratories, in collaboration with manufacturers.

The international standard for rabies vaccine is used in standardizing
the mouse protection test and in vitro assays for glycoprotein content. In 2008,
a candidate vaccine was calibrated against the fifth international standard in a
collaborative study and became the sixth international standard for rabies vaccine.
When used in mouse protection tests, this standard contains 8 IU per ampoule,
i.e. 8 IU/ml, when reconstituted in 1 ml of distilled water. Other units are used in
in vitro assays, such as enzyme immunoassays and single radial immunodiffusion
tests, to determine the rabies virus glycoprotein antigen content (12).

6.3.2 Characterization and evaluation of rabies vaccines

More than a dozen species or genotypes of Lyssavirus have been described as
causative agents of rabies (see section 2). Lyssavirus genomes vary considerably,
rabies virus being by far the commonest causative virus for human rabies and
the only virus used to date in vaccines. Current vaccines may not protect against
lyssaviruses other than those in phylogroup I (see section 2). The virus strains
used for vaccines must be carefully selected, and the antigenic identity of the
virus strains and the identity and purity of the cell lines used for production
should be evaluated periodically. Comprehensive genetic characterization by full
genome sequencing of vaccine virus strains is recommended.

General principles for nonclinical and clinical evaluation of inactivated
rabiesvaccineshavebeen publishedby WHO (4). Preclinical testingisa prerequisite
for the initiation of clinical trials in humans and includes immunogenicity
studies (proof of concept) and safety testing in animals. Clinical development of
rabies vaccines should include evaluation of their use for pre- and post-exposure
prophylaxis, with various vaccination schedules and routes of administration, the
onset, extent and duration of protection, and the requirement for and timing of
booster vaccination. Clinical trials should adhere to the principles described in
the WHO Guidelines for good clinical practice (13) and to those for the design,
conduct and analysis of vaccine clinical trials, described in the WHO Guidelines
for clinical evaluation of vaccines (4). All clinical trials should be approved by the
relevant national regulatory authority.
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6.4 Routes of vaccine administration

Current rabies vaccines are produced as individual doses for intramuscular
injection. CCEEVSs reconstituted with 0.5 or 1 ml of solvent in one intramuscular
dose vial with a potency of 2.5 IU/dose can be used for both pre- and post-
exposure prophylaxis.

The cost of cell culture-based vaccines for intramuscular administration
limits, however, their widespread use in many areas where rabies is present.
Intradermal administration of these vaccines is an equally safe and immunogenic
alternative. Only one or two vials of vaccine are required to complete a full
course of post-exposure prophylaxis by the intradermal route, thereby reducing
the volume used and the direct cost of vaccine by 60-80% in comparison with
standard intramuscular injection (14-18). There is no evidence that vaccines
administered intradermally must be more potent than those recommended for
intramuscular administration (3,19,20). Intradermal vaccination results in an
equivalent immune response at a lower dose, thus sparing vaccine in pre- and
post-exposure prophylaxis. Appropriate training should be given to ensure full
intradermal instillation of the vaccine and to avoid accidental subcutaneous
injection. An intradermal dose of 0.1 ml per site represents one fifth to one tenth
of the intramuscular dose, depending on its volume after reconstitution. Although
antibody titres are higher and more sustained after intramuscular injection, both
routes induce rapid recall responses upon booster immunization. Intradermal
vaccination is not recommended in immunocompromised individuals (21,22),
as the underlying disease appears to impair transport of antigen-presenting
dendritic cells to draining lymph nodes and thereby the magnitude of the
antibody response.

Once opened, vials should be stored for no longer than 6 h, resulting in
some wastage, particularly in centres where the number of patients injected daily
is small. Nevertheless, intradermal administration remains cost-effective for both
pre- and post-exposure prophylaxis (23).

Only two of the three WHO prequalified vaccines—purified Vero cell
rabies vaccine and purified chick embryo cell vaccine—have been shown to be
safe and effective when administered intradermally at a dose of 0.1 ml in a WHO-
recommended pre- or post-exposure prophylaxis regimen.

Vaccine manufacturers should provide clinical evidence that new products
are immunogenic, effective and safe when given intradermally. Administration
should adhere to WHO guidance for that route and prior approval by the national
health authorities. In particular, the vaccine should have been compared with a
vaccine of known immunogenicity, efficacy and safety and should have undergone
serological testing with the rapid fluorescent focus inhibition test, and the results
should have been published in an international, peer-reviewed journal.

In countries where intradermal administration is an approved route

for pre- or post-exposure prophylaxis, manufacturers of vaccines proven to be
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safe and effective when given by this route should register their product for
intradermal use and state in the product insert that their vaccine can be used
intradermally.

6.5 Adverse events after active immunization

In general, CCEEVs are safe and well tolerated. Adverse events may occur,
however, depending in part on the purity of the inactivated rabies virus, which
may vary among lots (24). In 35-45% of vaccinated people, minor, transient
erythema, pain or swelling occurs at the site of injection, particularly after
intradermal administration of a booster. Mild systemic adverse events, such as
transient fever, headache, dizziness and gastrointestinal symptoms, have been
observed in 5-15% of vaccinated people. Serious adverse events are rare and
include Guille-Barre syndrome and allergic reactions (25).

6.6  Duration of immunity

CCEEVs establish immunological memory that presumably persists for the life
of the individual even after titres of neutralizing antibodies decline. Clinical
data confirm that vaccinated people respond to booster immunization (26-28),
even if the initial course of pre- or post-exposure prophylaxis was administered
years previously and regardless of the route of priming or booster immunization
(intramuscular or intradermal) and the presence or absence of detectable titres of
rabies virus-specific antibodies at the time of the booster. In addition, published
data indicate that periodic booster doses of vaccine are not required after primary
rabies vaccination (29,30), except as an additional precaution for people whose
occupation puts them at continual or frequent risk of exposure (see section 8.4).
Nevertheless, all vaccinated individuals subsequently exposed to rabies, according
to the WHO definition of exposure, should receive an abbreviated course of post-
exposure prophylaxis, as specified in section 8.

6.7 Rabies vaccine and full post-exposure prophylaxis failures

Post-exposure prophylaxis failures, when a patient dies despite having received
the correct protocol in a timely manner, are very rare among the estimated 20
million people who receive post-exposure prophylaxis each year. Although such
cases are certainly underreported, only a few have been notified, all in developing
countries and most involving deviations from the WHO-recommended
prophylaxis protocol (31,32). Most deviations from the recommended protocol
leading to death are: delay in seeking rabies prophylaxis; lack of or improper
administration of rabies immunoglobulin (e.g. failure to inject all bite sites); lack
of or improper primary wound care, and/or poor-quality rabies vaccine (33).
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6.8 Rabiesimmunoglobulins

In order to protect people from developing rabies, those who were previously
unvaccinated or incompletely vaccinated, in category III of exposure or severely
immunocompromised (e.g. AIDS patients or transplant recipients) people
with category II exposure should receive both an effective rabies vaccine and
rabies immunoglobulin (34). Rabies immunoglobulins should preferably be
administered into and around the wound site to neutralize the rabies virus still
present (see section 8).

Three classes of biological product are available for passive immunization:
human rabies immunoglobulin, equine rabies immunoglobulin and highly
purified F(ab")2 fragments produced from equine immunoglobulin (35). In this
latter preparation the deletion of the Fc fragment might reduce the immunological
functions of the antibody preparation, including its immunogenicity and thus the
reactogenicity of the product.

The second international standard preparation of human immunoglobulin
is held and distributed on request by the WHO International Laboratory for
Biological Standards at the National Institute for Biological Standards and
Control, Potters Bar, Hertfordshire, United Kingdom (12). The current WHO
reference serum for standardization contains 30 IU per ampoule.

Rabies immunoglobulin should be given with the first dose of vaccine
into and around the wound site. Human immunoglobulin should be given at 20
IU/kg of body weight, while equine immunoglobulin has a shorter half-life in
humans, and 40 IU/kg of body weight are required. Equine immunoglobulin is
considerably less expensive than the human product, and most of the new equine
preparations are potent, highly purified and safe, with few adverse events. Serum
sickness can occur 1 week after administration of highly purified equine rabies
immunoglobulin in <1-3% of recipients. The risk for anaphylactic reaction is low
(1/150 000), and the reaction is generally treatable.

Skin tests are not recommended before administration of equine rabies
immunoglobulin, as such tests poorly predict severe adverse events and should
not be the basis for not giving equine immunoglobulin if it is needed. Equine
immunoglobulin should be administered under conditions that would allow
management of an anaphylactic reaction.

Rabies immunoglobulins are in short supply throughout the world.
New technology may lead to use of monoclonal antibodies in post-exposure
prophylaxis. WHO has recommended the use of monoclonal antibody ‘cocktails’
containing at least two antibodies against rabies virus, as alternatives for rabies
immunoglobulins in post-exposure prophylaxis (36). A fully human monoclonal
antibody cocktail is being evaluated for clinical safety and efficacy (37), and
WHO is designing a humanized mouse monoclonal antibody cocktail for use
in post-exposure prophylaxis for developing countries (38). WHO monoclonal
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antibodies have been licensed to a number of development partners for
commercialization, and one initiated a phase-I clinical evaluation of a cocktail
in 2012. These products are therefore expected to become available in the near
future.
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7. Vaccines for animals

Veterinary vaccines have been developed for use against rabies in domestic
mammals and wildlife. These vaccines are either inactivated (killed), modified-
live or biotechnology-derived products. Whatever the method for vaccine
production, the quality of the source material and standards (e.g. virus master
seed, specific pathogen-free eggs, cell seed) should be clearly documented,
particularly with regard to sterility and safety. Rabies vaccines for animals
should be approved by the competent state authorities and comply with national
requirements for vaccines. When there are no adequate national regulations for
veterinary biologicals (pre- and post-marketing requirements) with regard to
potency, sterility, safety and efficacy, reference should be made to the relevant
international standards (1-8). Vaccine strains should be genetically characterized,
preferably by full genome sequencing.
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7.1 Vaccine types

Vaccines should be administered by or under the supervision of a competent
person, such as a veterinarian, according to the producer’s recommendations for
e.g. minimum age, route of administration (oral, intramuscular or subcutaneous),
duration of immunity and time between doses. Scientific evidence and the
absence of contraindications may, however, allow adaptation of the vaccination
schedules recommended by the producer, such as parenteral vaccination of
animals younger than 3 months during mass programmes, in order to optimize
herd immunity (see section 9).

7.1.1  Vaccines for domestic animals
Injectable modified-live virus vaccines

Modified-live vaccines are produced from a modified egg-adapted strain of virus
(e.g. Flury strain) serially passaged in embryonated chicken eggs. They can also
be produced from strains adapted to cell culture (e.g. SAD/ERA). These vaccines
are no longer considered safe because of their inherent ability to cause rabies, and
their use in domestic animals should be discontinued.

Injectable inactivated vaccines (monovalent or in combination)

The vaccines most commonly used in domestic animal species are inactivated
(killed) injectable vaccines, which are safe and inexpensive. The safety, potency
and purity of such vaccines should be assessed by validated methods before
use. Inactivated vaccines are produced in cell culture with either primary cells
or continuous cell lines infected with an adapted strain of rabies virus. Various
methods of inactivation are used, beta propiolactone or ultraviolet light being
the most frequent. An adjuvant is recommended; one of the commonest is
aluminium hydroxide. Inactivated rabies vaccines are available in either liquid
or lyophilized form.

Inactivated rabies vaccines can be used in combination with bacterins
(e.g. Leptospira) and other viral antigens (polyvalent), such as canine distemper
virus, canine adenovirus type 2 and canine parvovirus. Combined vaccines
currently available for cats include various antigens, such as feline panleukopenia
virus, feline calicivirus and feline herpesvirus. A combined rabies and foot-
and-mouth disease vaccine is available for use in cattle, sheep and goats. An
inactivated rabies vaccine combined with bacterin against Potomac fever (caused
by Ehrlichia risticii) is available for horses.

Injectable live recombinant vectored vaccine (monovalent or in combination)
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A canarypox virus expressing the rabies virus glycoprotein has been licensed
in the USA as a parenteral vaccine for cats. The commercially available vaccine



combines the rabies-canarypox with feline panleukopenia, feline calicivirosis
and feline herpesvirus components.

Live replication-competent vaccines for oral use

The parenteral route is preferred for dog vaccination, although oral vaccination
may be appropriate under specific conditions. The oral route should be used as a
complement to parenteral mass vaccination campaigns, to improve vaccination
coverage of the dog population by targeting individuals that are inaccessible
for injectable vaccines (see section 9). The liquid vaccine usually contained in
a sachet or blister pack should be incorporated in a bait, the taste, size, texture
of which should be adapted to dogs. To maximize its use and to prevent the
occurrence of vaccine-related untoward events in humans, WHO has established
requirements for the safety and efficacy of candidate oral vaccines and for the
design, testing and distribution of dog baits (9,10). Only vaccines with the lowest
known residual pathogenicity should be used in dogs. To date, one attenuated
vaccine (11) and one recombinant vaccine (12) have met the WHO minimum
recommendations (10).

Only one oral vaccine for dogs has been licensed so far. Use of oral
vaccines in domestic species should be evaluated case by case, on the basis of
preliminary knowledge of the structure (owned, ownerless) and accessibility of
the dog population to interventions (13-15). As oral rabies vaccines are costly
and safe distribution tends to be time-consuming, the cost-benefit ratio of
administering these vaccines to dogs should be carefully assessed.

7.2 Potency requirements for animal rabies vaccines
7.2.1 Inactivated animal rabies vaccines

The rabies vaccines used to immunize wild animals are usually live vaccines
delivered by the oral route. The liquid vaccine usually contained in a sachet or
blister pack should be incorporated in a bait preferably adapted to the target
species with regard to taste, size and texture. Inactivated vaccines licensed
for domestic animals can also be used for wildlife in trap-vaccinate-release
programmes

Modified-live virus vaccines

All attenuated vaccines currently used are derived from the original ERA/SAD
(Street Alabama Dufferin) strain, with various levels of attenuation after passage
in cell cultures. Several vaccines are attenuated by serial in-vitro selection on
cloned baby hamster kidney cells or by passaging in mice in vivo. One vaccine
was developed by using rabies virus glycoprotein monoclonal antibodies to select
an attenuated virus carrying two mutations in position 333 (11,16). Use of rabies
virus strains that can cause rabies in wildlife species is not recommended.
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Live recombinant vaccines

Several recombinant vaccines have been developed: a recombinant vaccinia virus
and, more recently, a human adenovirus vector, both expressing the glycoprotein
gene of rabies virus (17,18). Recombinant vaccines based on rabies virus with
site-directed mutagenesis (reverse genetics) are also available. Some of these
constructs have been approved by competent national authorities

7.2.2 Animal rabies vaccines for oral vaccination

A batch-release titre is established before marketing release, which represents the
lowest titre of vaccine that can protect 100% of the target experimental animals
against a virulent rabies challenge. The batch-release titre in the vaccine bait
should correspond to at least 10 times the minimum 100% protective dose found
during the challenge test (3,21).

National control laboratories or government institutions involved in
licensing vaccines or evaluating oral rabies vaccination programmes may verify
the viral titre of all batches of vaccine bait before and during a campaign (7,21,22).
Such tests should be conducted in qualified laboratories with documented,
validated methods and appropriate standards.

7.3  Safety of animal vaccines
7.3.1 Vaccines for parenteral use

An effective pharmocovigilance system should be in place to detect vaccine-
associated problems during post-marketing authorization (field use). Safety
tests should be conducted by intracerebral inoculation of mice or, preferably, if
validated, in cell culture (2,5,7,19).

7.3.2 Vaccines for oral use

The safety of vaccines is assessed in target and non-target species, i.e. relevant
wild rodents and other wild and domestic species that live in the area and may
consume baits, as well as in non-human primates (10). The vaccine should not
induce any adverse signs in either target or non-target species.

Some modified-live rabies virus oral vaccines used in the field for wildlife
may have residual pathogenicity, depending on the level of attenuation of the viral
strain. Therefore, any rabies virus isolated from animals in the area of vaccination
should be characterized with monoclonal antibodies or molecular techniques to
ensure that no vaccine-induced rabies has occurred.

In the event of accidental human exposure to attenuated rabies virus
vaccines, medical attention should be sought and post-exposure prophylaxis
considered. The potential risk to animals, humans and the environment of
recombinant vaccines, such as those containing live pox or adenovirus vectors,
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should be assessed, and methods for mitigation or treatment, particularly in
humans, should be identified early in research and development (10,23).

When oral vaccines are used to vaccinate dogs, the risk for vaccine virus
transmission among target and non-target species (including humans) should be
assessed by testing for rabies virus in saliva and faecal samples from dogs up to 7
days after administration. No viable virus should be detectable after vaccination,
as it would suggest replication and excretion. Any virus that is recovered should
be characterized with molecular techniques or monoclonal antibodies.

7.4 Parenteral rabies vaccination

Specific conditions may apply to the use of veterinary vaccines in mass vaccination
programmes to control dog rabies. The implementation and monitoring of mass
vaccination campaigns for dogs are described in section 9.

To preserve the immunological properties of rabies vaccines, the
manufacturers’ recommendations for storage should be respected. Particularly,
prolonged breaks in the cold chain, exposure to sunlight and temperature
fluctuations should be avoided. Opened vials should be used within 2-3 days
(inactivated vaccines), provided sterile techniques are used to withdraw vaccine
from multidose vials.

If possible, dogs should also be vaccinated against other diseases, de-
wormed, spayed or neutered, to improve their health. Such a ‘visible’ effect might
prompt people to bring their dogs for booster vaccinations in the future.

A peak in rabies virus neutralizing antibodies is generally reached 4-6
weeks after initial antigenic stimulation. Thereafter, the levels of antibodies
decrease rapidly and may be below the threshold of detection as soon as
several weeks after vaccination. In dogs vaccinated several times, including
those vaccinated twice 12 months apart, antibodies titres are generally higher,
irrespective of the date of the serum test (24). Depending on the competent
national authorities, the duration of efficacy of inactivated vaccines is considered
to be 1-3 years.
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