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TRAVEL CLINIC PEER REVIEWED

Rabies

immunisation
Update for
travellers

SONNY LAU wmB BS, MPHTM, FRCPEdin, FFTM, RCPSG

Rabies is a zoonotic disease prevalent throughout
the world, particularly in underdeveloped countries.
Although Australia is rabies-free, rabies-like
lyssaviruses carried by bats pose a risk of infection.
Australians travelling to and arriving from rabies-
prone areas are also at risk of contracting rabies.
Pre- and postexposure rabies immunisations are
available in Australia and GPs should recommend
these when indicated, and advise animal
avoidance while travelling overseas.

abies is a fatal acute progressive encephalomyelitis that

causes nearly 60,000 human deaths per year, mainly in

resource-poor countries, due to a lack of awareness and
access to safe and effective rabies vaccines and immunoglobulins.
However, death from rabies is readily preventable with animal
avoidance and proper pre-exposure management, and post-
exposure immunisation substantially enhances survival
(Box 1'?).
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This article focuses on immunisation for those travelling or
returning from overseas and should be read in conjunction with,
and with reference to the chapter on rabies and other lyssaviruses
in the Australian Immunisation Handbook (AIH).3

Rabies virus taxonomy and properties

Rabies is derived from the Latin word rabere (to rage). Rabies virus
(RABV) belongs to the order Mononegavirales, which are envel-
oped viruses with a nonsegmented, negative-stranded RNA
genome. Itis part of the distinctly bullet-shaped Lyssavirus genus
(Figures 1a and b), which also includes the serotypes Lagos bat
virus, Mokola virus, Duvenhage virus, European bat virus 1 and
2 and Australian bat virus (Figure 2).* Lyssaviruses cause acute
progressive fatal encephalomyelitis. The negatively stranded RNA
codes for 5 proteins: nucleoprotein, phosphoprotein, matrix pro-
tein, glycoprotein and polymerase. The glycoprotein is the only
viral protein exposed on the surface of the virus and is not only
the major determinant of viral pathogenicity, but also the major
protective antigen responsible for inducing protective immunity
against rabies by eliciting virus-neutralising antibodies.>®

There are few viruses as successful as RABV; it has survived
for millennia (over 4000 years) in most parts of the world.”* There
are awide range of hosts for the virus. It can replicate in all warm-
blooded animals, where the resultant disease is almost invariably
fatal. The virus ensures its own survival by influencing the behav-
iour of the afflicted host in ways that lead to virus transmission;
rabid animals often behave aggressively, attacking humans and
other animals without provocation.?

RABYV infectivity is destroyed by lipid solvents, hence cleansing
and sterilising wounds is an essential part of postexposure proph-
ylaxis (PEP). RABV cannot survive for long periods in the envi-
ronment, exceptina cool dark area, and is susceptible to ultraviolet
radiation or heat of one hour at 50°C and rapidly inactivated in
sunlight.” Rabies virus becomes noninfectious when it dries out,
or when it is exposed to sunlight.”” So in general, if the material
containing the virus is dry, it can be considered noninfectious.
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TRAVEL CLINIC continued I

1. BENEFITS OF RABIES PRE-
EXPOSURE IMMUNISATION*2

¢ |tis a long-term investment
— immune memory lasting for life

¢ |t streamlines postexposure
prophylaxis
— fewer postexposure injections are
required

— there is no need for rabies
immunoglobulin (RIG)

— human RIG is a scarce, not readily
available blood product, and is very
expensive to make

— equine RIG availability is unreliable
and there are concerns over
adverse reactions

e Survival is enhanced on exposure

— Survival has been well documented
in at least 15 cases. In all but one
case, the survivors received one or
more doses of rabies vaccine
before the onset of clinical
symptoms and signs.

Rabies virus transmission and
pathogenesis

RABV is transmitted mainly through
direct contact (such as through broken
skin or mucous membranes in the eyes,
nose or mouth) with saliva or brain/
nervous system tissue from an infected
animal. People usually get rabies from the

bite of a rabid animal. Such an animal is
generally a mammal that may attack
humans and transfer saliva. Among labo-
ratory workers and cave explorers, RABV
may be transmitted through inhalation of
aerosolised virus, although this is uncom-
mon. Transmission occurs rarely from
nonbite exposures such as scratches, abra-
sions or open wounds that are exposed to
saliva or other potentially infectious mate-
rial from a rabid animal "’ In the cases out-
lined in Box 2, doctors did not consider
rabies as a possible diagnosis, and the
consequences to the patient were fatal 2
These cases highlight the need for GPs
to be vigilant when assessing patients
who have returned from overseas travel,
especially from countries where rabies is
endemic.

Human-to-human transmission of
RABV is extremely rare, apart from trans-
mission through corneal and solid organ
transplants. There was a single report of
likely perinatal transmission.”* No cases of
human rabies resulting from consumption
of raw meat or milk from a rabid animal
have been reported.”” RABV infection of
rodents is very uncommon and no human
rabies case from rodent exposure has been
documented.”

RABYV infects the brain and leads to
encephalitis. The virus also infects most

other organs, especially salivary glands,
skin, mucosal surfaces and the gut (Figure
3"). The incubation period varies with the
amount of virus transmitted, the virus
strain, site of inoculation (bites closer to
the head have a shorter incubation period),
pre-existing host immunity and nature
of the wound.”® The incubation period
may last for weeks to months before symp-
toms manifest (Figure 4'°),"” although
longer incubation periods of up to six years
have been reported.’®

Global burden of rabies

According to the Centers for Disease
Control and Prevention (CDC), rabies
occurs globally and causes more deaths in
humans than any other zoonotic disease,
and almost all cases of rabies in humans
(99%) are dog-mediated.’** The reported
number of deaths from rabies in humans
is often an underestimate of the true burden
of disease because of under-reporting.

Rabies from exposure to bats

There are a range of animal vectors that
can transmit RABV including cats (Box 2,
Case 2) monkeys (Box 3, Case 3) and most
notably, bats. Bats anywhere in the world
are a potential source of lyssaviruses and
apotential risk for infecting humans with
rabies. In the UK, the Daubenton’s bat
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Figures 1a and b. The 'bullet’ shape of Rhabdoviruses, which include the Lyssavirus genus. a (left). Electron micrograph showing the rabies
virus. b (right). The structure of the rabies virus, including the ribonucleoprotein complex that codes for nucleoproteins (N), phosphoproteins
(P), matrix proteins (M), glycoproteins (G) and polymerase (L).
Figure 1a reproduced from Centers for Disease Control and Prevention (CDC). Rabies. CDC National Center for Emerging and Zoonotic Infectious Diseases, Division of High-
Consequence Pathogens and Pathology; 2019. Available online for no charge at: www.cdc.gov/rabies/diagnosis/electron_microscopy.html.
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species can carry a variation of rabies called
European bat lyssavirus 2 (EBLV-2).2>*' In
2002, a bat handler who had not travelled
outside the UK died from bat rabies caused
by EBLV-2. Only three other human cases
of EBLV infection (all fatal) have been
reported in Europe in the past 30 years.'

In recent years in the US, bats sur-
passed raccoons as the animal most likely
to carry rabies. Among 125 human rabies
cases reported between 1960 and 2018,
89 were US acquired, including six from
organ transplantations, 36 (28%) from
dog bites during international travel and
62 (70%) attributed to bats.?? Since 2000,
vampire bats have been the leading cause
ofhuman rabies in Latin America and the
Caribbean.”

Rabies in Australia

Australia islisted as being free of the rabies
virus in land dwelling animals. However,
the Australian bat lyssavirus (ABLV),
which is closely related to RABV, does
occur in Australia, and can be transmitted
from bats to humans. Bat lyssaviruses are
spread the same way as RABV, and like
rabies, are usually fatal once symptoms
develop.® There is evidence of ABLV
infection in all four species of Australian
fruit bats (flying foxes) and in several
species of Australian insectivorous bats
(Figure 5%).3%

Three cases of human infection with
ABLV have been recorded since the virus
was first identified in Australia in 1996.
All cases were in Queensland and occurred
after people were bitten or scratched by
bats — and all three people died as a result
of ABLV infection.?®? In Australia, there
have been two confirmed human deaths
from RABV, in 1987 and 1990.%** In both
cases, the infection was contracted over-
seas. Although Australia is rabies free, it
isimportant that Australian GPs are able
to provide up-to-date advice on the risk
of rabies to patients travelling overseas,
recommend pre-exposure prophylaxis
(PrEP) whenever indicated, and consider
rabies as a possible diagnosis in relevant
cases (Box 4%).

Mononegavirales

Enveloped viruses with a nonsegmented, negative-stranded

RNA genome

\

Rhabdoviridae

Distinct bullet-shaped viruses with helical symmetry (Figure 1)

Order

Family

Genera Lyssavirus
Species/ For example:
serotype * Rabies virus

* Lagos bat virus

* Mokola virus

* Duvenhage virus
European bat virus 1
European bat virus 2
Australian bat virus

! /

Ephemerovirus Vesiculovirus

Figure 2. Taxonomy of rabies and related viruses.

Rabies vaccines and
immunoglobulins

Rabies immunisation available
globally

The first rabies vaccine was developed
and successfully administered by Louis
Pasteur in 1885. These nerve tissue-
derived vaccines were only used for PEP

and administered intra-abdominally.
Since 1984, the WHO has strongly rec-
ommended against the production and
use of nerve tissue rabies vaccines,
although such vaccines are still used in
some developing countries. Despite their
comparatively low cost, they are anti-
genically less potent than the cell culture

2. CASES 1 AND 2. UNDIAGNOSED RABIES LEADING TO DEATH

Case 1. In February 2019, a 24-year-old Norwegian woman rescued a stray puppy while
on holidays in the Philippines. On returning to Norway, she became unwell but her
doctors did not make a diagnosis. On 28 April 2019, she was eventually admitted to
the hospital where she worked, and died eight days later. This was the first rabies-
related death in Norway in more than 200 years. No one, including the victim herself,
initially thought that her ililness was related to the scratches and bites from looking
after the dog. The nation’s health officials provided postexposure prophylaxis (PEP) to
31 people who had taken care of the victim.** This case is a reminder that rabies can

be unexpected and rapidly fatal.

Case 2. On 4 November 2018, a 58-year-old British citizen died from rabies in England.
He had been bitten on his finger by a cat while visiting his native Morocco in late
August 2018. He had been denied PEP despite his repeated requests, initially in
Morocco and subsequently at his local accident and emergency department back in
England. The duty clinical staff at the local hospital collectively and repeatedly failed to
appreciate the urgent need for PEP, which would have saved his life.*?
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TRAVEL CLINIC continued I

5. Brain becomes infected
resulting in encephalitis

4. Virus continues to
replicate in the spinal cord
and ganglia, and travels to
the brain

6. Virus travels to and infects
other organs, including the
salivary glands

3. Virus infects nerves
in the peripheral
nervous system

Rabies virus

1. Virus inoculation from
a bite or scratch from a
rabid animal

2. Virus replicates in
the muscle

Figure 3. Pathogenesis of the rabies virus.

Adapted from Abraham S, Ravindran J, Abishaw N, Sandam NP, Thimmareddy P, Govindaraju G. Review on rabies and
vaccines. Int J Curr Microbiol App Sci 2017; 6: 2064-2085.%*

and embryonated egg-based rabies vac-
cines (CCEEVs), and appreciably more
prone to causing adverse reactions.*

These vaccines are safe, highly immuno-
genic and well tolerated.*
WHO approved CCEEVs or CCDVs

« purified chick embryo cell vaccine

(PCEC, Rabipur)

o purified vero cell rabies vaccine

(PVRY, Verorab)

« purified duck embryo vaccine

(PDEYV, Lyssavac)

All of these are inactivated vaccines,
with a minimal acceptable potency of at
least 2.5 IU/dose per intramuscular (IM)
dose (0.5mL or 1 mL depending on the
brand). Generally, the shelf-life of these
vaccines is three years, provided they are
stored at 2 to 8°C and protected from sun-
light. They may be used interchangeably
if absolutely necessary.*

The modern rabies vaccines are
generally available in major urban centres
of most countries of the developing
world.”? However, there are cyclical short-
ages internationally and in Australia.®*3*
Rabies immunoglobulin (RIG) is in short
supply in many countries with rabies-
infected dogs and may not be available,
even in major urban centres.” There are
recent confirmed reports of poor quality
or counterfeit products available in China
and the Philippines.*>*

Rabies immunisation available in
Australia

Merieux HDCV and Rabipur PCEC are
available in Australia. However, in view
of recent shortages of these vaccines, the
TGA has approved the use of Verorab

The WHO-approved rabies vaccines  include: PVRY, being made available under the
are known as either CCEEVs or purified + human diploid cell vaccine special access scheme as an interim
cell culture derived vaccines (CCDVs). (HDCV, Merieux) measure.

First symptoms First neurological Acute (.)nsit ('th coma
Incubation yme signs neurological pituttary
. s fever . dysfunction
period . Prodrome * anxiety phase .
« headache * CNS dysfunction * hypqtensmn
Exposure — P =3 ¢ paralysis el © CEEEE =3 Death
! * hydrophobia arrhythmia
20 to 60 days ¢ pain 2 to 10 days o et 2 to 7 days * cardica 0 to 14 days
* numbness at euE e arrest
: ® hallucinations
wound site o GETE
Abbreviation: CNS = central nervous system.

Figure 4. Clinical course of rabies in humans.
Adapted from Rupprecht CE, Hanlon CA, Hemachudha T. Rabies re-examined. Lancet Infect Dis 2002; 2: 327-343.1¢
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TRAVEL CLINIC continued

3. CASE 3. POST-EXPOSURE RABIES MANAGEMENT IN AN AUSTRALIAN MAN

In 2012, while on holiday in Bali, a young man came across a monkey that played with his
empty water bottle and drooled all over it. The man touched the monkey saliva with his
bare hand. He then put his fingers, which had come into contact with the monkey’s saliva,
into his mouth. There was no physical contact between him and the monkey. A few days
after returning home to Melbourne, he became concerned that this might constitute a
rabies exposure. He attended his local accident and emergency department, but was sent
away by the duty medical staff, who reassured him that he did not have to worry about risk
of rabies exposure at all. He subsequently came to consult the author for a second
opinion. We noted that the incident was actually a WHO category Il exposure (direct saliva
contact via mucous membrane), hence post-exposure prophylaxis (PEP) was definitely

indicated, and administered PEP.

In Australia, PEP is supplied free of
charge by state and territory health author-
ities, via the Accident and Emergency
Departments oflocal teaching and district
hospitals, as well as some travel clinics. In
cases of suspected rabies exposure, PEP
is indicated regardless of time since
exposure. PrEP consisting of three full IM
or subcutaneous (SC) doses of a CCDV is

Black flying fox (Pteropus alecto)

Little red flying fox (P. scapulatus)

recommended for those who are at risk
of contracting rabies or coming into
contact with animals carrying the virus
(Box 5).

Updated recommendations on
rabies immunisation

The Strategic Advisory Group of Experts
(SAGE) on Immunization, a part of the

Grey-headed flying fox (P. poliocephalus)

Spectacled flying fox (P. conspicullatus)

Yellow-bellied sheathtail bat (Saccolaimus flaviventris) (southern limit)

Figure 5. Distribution of Australian bat species known to carry the Australian bat lyssavirus.?*
Reproduced from Weir DL, Annand EJ, Reid PA, Broder CC. Viruses 2014; 6: 909-926 under the terms of the Creative

Common CC BY licence.
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WHO, recently issued recommendations
on rabies PrEP, PEP and RIG administra-
tion (Box 6).3**7* Their recommendations
aim to maximise use of resources and
enhance compliance, particularly in low-
income countries, which bear the highest
disease burden of rabies.

Updates to PrEP recommendations
The latest WHO position paper on rabies
vaccine has incorporated the SAGE
recommendations.” There has been
precedent for reducing rabies immuno-
prophylaxis recommendations in favour
of the abbreviated rabies PrEP on days 0
and 7. When CCDVs first appeared in the
1970s, PEP consisted of six doses, given on
Days 0, 3, 7, 14, 28 and 90. The sixth dose
was dropped in the 1980s, and the fifth
dose was dropped by US authorities (during
a rabies vaccine shortage) in the 2000s.
Australian health authorities adopted this
modified four-dose Essen PEP regimen in
2011. Booster dose recommendations were
also changed from booster-only for those
atrisk instead of every two years. Boosters
are no longer recommended in people who
have only intermittent risk of rabies expo-
sure. To date, there has not been any
increase in deaths from rabies as a result
of these modifications.** As repeatedly
shown, neither the number of previous
PrEP doses nor the mode of application
significantly influences the speed of an
adequate immune response.>*

The conventional three-dose PrEP
schedule (on days 0,7 and 21 to 28, i.e. Essen
regimen) is still recommended for the
clinically immunocompromised, those
aged over 65 years (because of paucity of
data), and those in occupational at-risk
groups including laboratory technicians
working with RABYV, bat handlers and
dog vaccinators.*®

The Australian Department of Health,
CDC, and UK National Travel Health
Network and Centre have not changed
their national recommendation on PrEP
and continue to endorse the conventional
Essen regime, reccommending a (full-dose)
IM/SC route instead of a (low-dose)
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4. VACCINATION RECOMMENDATIONS FOR PRE-EXPOSURE PROPHYLAXIS (PrEP)
AND POST-EXPOSURE PROPHYLAXIS (PEP)?

Vaccination before exposure to rabies virus
and other lyssaviruses (PrEP) should be
recommended for:

¢ people who have contact with bats

¢ people who travel to rabies-
enzootic regions, based on a risk
assessment

¢ Occupational at-risk groups:
— laboratory technicians working
with rabies virus
— bat handlers
— dog vaccinators

intradermal (ID) route.?*"*2 The use of ID
rabies vaccination is considered off-label
and there are no available data on whether
ID rabies vaccination protects against infec-
tion with other lyssaviruses suchas ABVL.?

Updates to PEP and RIG
recommendations
The other major change in the WHO
recommendations is on the use of RIG in
rabies PEP. RIG dose should be infiltrated
into and around the wound as much as
anatomically feasible. The remaining RIG
dose should not be administered into a site
distant to the wound (i.e. gluteal region), it
should instead be conserved for other
patients.”” Tetanus vaccine must also be
given when indicated.

Primary PEP failures are extremely rare.

Vaccination must be administered after
potential exposure to rabies virus or other
lyssaviruses (PEP).

Rabies virus is contained in saliva, among
other potentially infectious materials from
a rabid mammal. Exposure is defined as:

contact of the mammal’s saliva
with broken skin i.e. scratches
(mammals lick their paws) or bites

contact of the mammal’s saliva
with mucous membrane i.e. eyes,
nose or mouth

inhalation of aerosolised virus

Around 20 million PEP treatments are
given globally each year. Failures are mostly
notified in developed countries and
under-reported in developing nations.
The principal identified causes of PEP
failure involve deviation from protocol
and include:*
o delay in seeking rabies prophylaxis
o lack or improper administration
of RIG (e.g. failure to inject all
bite sites)
o lack of or improper primary
wound care
o poor-quality rabies vaccine
« Dbites in highly innervated regions of
the body such as hands and face.
Atthe time of writing, Australian health
authorities have not formally taken up any
of the latest WHO recommendations on

6. STRATEGIC ADVISORY GROUP OF EXPERTS ON IMMUNIZATION
RECOMMENDATIONS ON RABIES PREP, PEP AND RIG ADMINISTRATION?3?:37:38

* Use fractionated ID doses of the vaccine

* Shortened schedules for both PrEP and PE

* Accelerated PrEP regimens for all age groups of healthy individuals of the general

population:

— two-site (0.1 mL per site) ID regimen on days O and 7 or
— one-site (one vial per site) IM regimen on days O and 7
— single dose IM PrEP is not routinely recommended because of insufficient

evidence

* No contraindication for use of PrEP and PEP, including for children, pregnant women,

immunocompromised individuals

Abbreviations: ID = intradermal; IM = intramuscular; PEP = post-exposure prophylaxis; PrEP = pre-exposure

prophylaxis; RIG = rabies immunoglobulin.

MedicineToday

5. HIGHER RISK GROUPS FOR
PRE-EXPOSURE PROPHYLAXIS WITH
RABIES VACCINE

* Those undertaking rural/remote travel

e Cyclists: notoriously chased by dogs

¢ Spelunkers and other cave activity
enthusiasts

e Children: more likely to be bitten

because they are generally

— pet and animal friendly

— unable to accurately recognise the
animal’s emotions

— less likely to report an exposure

— slow runners (when being chased
by animals)

— short stature - higher chance of
head/facial injuries

rabies immunisation. Health practitioners
should follow the ATH for guidance in the
management of rabies.’

Conclusion

There is an alarming lack of awareness
of the risk of rabies globally, particularly
among front-line healthcare workers in
affluent countries that have been free of
rabies for decades. Rabies is fatal if left
untreated; however, death from rabies is
preventable with PEP including prompt,
thorough wound cleansing and sterili-
sation, and administration of CCDV and
human RIG if indicated. Australian GPs
need to be vigilant in informing patients
who are travelling or who have returned
from overseas of the risk of contracting
rabies and to recommend PrEP and PEP
as needed. Travel medicine practitioners
must be proactive in strongly advising
animal avoidance and advocating PrEP
whenever indicated. M
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