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Abstract Once onset of clinical rabies develops in an individual, death is inevitable.

Thus, it is imperative that, for persons exposed or potentially exposed to rabies
virus, prophylaxis must be instituted as soon as possible following the exposure.

Local wound management is an essential part of postexposure rabies prophy-
laxis. Exposed persons should receive a recommended series of a tissue culture
or cell culture origin vaccine. The number of doses and route of vaccination differ
in various regions of the world and are discussed in the text. The administration
of a rabies immune globulin is generally recommended in conjunction with the
first dose of the rabies vaccine. Nerve tissue origin vaccines, although used ex-
tensively in some parts of the world, are not recommended if cell or tissue culture
vaccines are available. Decision trees are presented in the text to aid in determin-
ing if rabies vaccine is necessary following a known or presumed exposure to the
virus, along with a table outlining the various rabies vaccines available in the
World. Rabies pre-exposure immunisation is recommended for those individuals
at risk of exposure to the virus. Pre-exposure prophylaxis consists of 3 doses of
an approved rabies vaccine administered either intramuscularly or intradermally
on days 0, 7, and 21 or 28 with periodic booster doses or titre determination
depending on the level of risk of potential exposure to the virus.

T The opinions expressed in this article are those of the authors and may not represent those of the organisations to which they
belong.
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There is no treatment that is effective for pre- P En O Caa

venting death due to rabies infection following the

onset of clinical disease. Once introduced into the No l l Yes
pody, the virus may be_ sequesFered |n.the muscle e — ———
tissues for varying periods of time, quiescent, or PR—— o T
perhaps undergoing local replication. Rabies virus

is neurotropic, moving within the body primarily ! Yes

via axonal passage in the perlphe_ral nervous sys- No Ty
tem[t Efforts, therefore, must be directed towards | within 48h of exposure?

preventing the virus from reaching the CNS wher —— (If exposure was to head

. . oo . . Begin rabies treatment )

it results primarily in dysfunction of the respiratory | o on as T or neck and resuilts will

centres and other essential functions and thus, i not be available within 24h
iably, death. Once the virus reaches nerve tissue U e s

Va'.l'li.i Y, ' - . treatment as soon as possible)

within the outer sheaths of the peripheral nerves it

is sequestered from the effects of the immune Nol

response, rendering vaccine treatment virtuall ——

ineffective. To prevent virus infection through cen- BT s bz L

ineffective. To prevent virus i ion ug N

tripetal movement to the CNS, primary wound stop if results are

Yes

\
Are results positive?

management is necessary (see section 2.1) alor negative
with timely and proper administration of rabies ves
vaccine and immunoglobuliA3! Nol !

The decision to initiate postexposure proth' Rabies treatment Begin rabies treatment
laxis should be made by medically qualified indivi- not needed as soon as possible

duals. Itis estimated that 90% of true rabies exposures o _ » _
. tries where medical intervention ma Fig. 1. High risk animals: decision tree for exposure to wild car-
oceur "‘.] coun Yhivores or bats; for bats, if there is uncertainty due to circumstan-
be lacking, and that exposures often go unreportedes whether or not an exposure has occurred, assume that an
The high cost. and the lack of readily availableexposure has occurred. Scheme is in general use in the US and
. ! L may not apply elsewhere; please see table | for World Health
modern biologicals, are often the determining facganization recommendations.
tors in postexposure treatments for rabies. Given
these facts, the authors appreciate that some of the
recommendations in this article may not be appli-control workers, veterinarians, animal biologists,
cable in such situations. animal rehabilitators, potholers (spelunkers) and
Figures 1 through 4 included in this review arethose travelling in areas where rabies is endemic and
generic, and are primarily aimed at those in the USantirabies drugs are unavailable or of poor quality.
who may have need for such guidelines due to the There are a number of different dosage regimens
relative infrequency of encounters with known andthat have been shown to be effective for pre- and
potentially rabid animals. These flowcharts will not postexposure rabies immunisatidhd. The type
fit all situations, but should be helpful in making of vaccine and the regimen used are often con-
decisions regarding human rabies treatment. In adstrained by access to medical treatment, available
dition, a table listing World Health Organization funds to purchase the vaccine and immunoglobu-
(WHO) recommendations has also been includedins of choice, and prevailing local laws. The vari-
in this review. ous regimens and vaccines presented in this article
Individuals at risk for frequent exposure to rabiesare those in most common use and approved or
should receive pre-exposure rabies vaccinationsiecommended by the US Public Health Service
Such people include, but are not limited to, animaland/or the WHO.
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1. Human Rabies Postexposure patients who either have received cell culture vac-

Prophylaxis (PEP) cines or have a demonstrated adequate fite %)
[complete neutralisation of the virus at a serum di-

1.1 Local Wound Treatment lution of 1: 5 on the rapid fluorescent focus inhi-
bition test], and for those who have previously re-

Immediately wgfsh the wound W|th soap andcewed PEREI
water and/or a viricidal agent, and irrigate the - : .
. . In the US, a recent rising trend in human rabies
wound (or other potential entry point), as neces-

. X . : -~~~ cases has been attributed predominantly to bat-
sary, using a sterile solution, i.e. buffered saline.

. : ._:associated rabies virus variants. During retrospec-
As medically necessary, apply an antibacterial

tive investigations of human deaths attributed to

CF’mpOUT‘d to prevent secondary |nfect|ons and proFabies, the case histories often lack a definitive his-
vide antitetanus treatment. Debride the wound a

. o : . ?ory of a bite from a bat, although encounters with
requwe_d and_ thoroughly infiltrate th(_a immediate bats have been reported in about 50% of the case
area with rabies hyperimmune globulin (RIG). Su-

T : investigations. Among the 21 human rabies deaths
turing is not recommended unless unavoidable. | . :
AN . C in the US from 1980 to 1997 associated with bat
suturing is required, first infiltrate the wound

thoroughly with RIGI- rabies variants, a bat bite was clearly identified in
only one case. It is suspected that exposure to ra-
bies from a bat may occur through a seemingly
insignificant wound under conditions of somno-
1.2.1US lence or physical impairment, or during recrea-

The Advisory Committee on Immunisation Prac- tional or work-related activities. In response to this
tices (ACIP) of the US Public Health Service rec-trend, current recommendations advise that when
ommends that human postexposure rabies prophy bat is physically present and a bite cannot be
laxis for rabies-naive (not previously vaccinated)reasonably excluded, and rabies cannot be ruled
individuals should consist of 5 doses of rabies vacoeut through laboratory testing of the bat(s) in ques-
cine administered intramuscularly (IM), 1 dose intion, PEP should be considered (fig[*f).
the upper deltoid in adults or the anterior thigh in
young children and infants, on each of days 0, 3, 1.2.2World Health Organization
7, 14 and 28, and a one-time administration of The WHO Expert Committee on Rabies, 8th Re-
human RIG (HRIG), 20 1U/kg, upon the initiation Port, 199221 does not specifically recommend any
of postexposure prophy|axis (PEP) on ddﬁn% one regimen for rabies PEP, Stating that the vacci-
In contrast to previous guidelines which suggestediation schedule is dependent on the type and po-
that up to 50% of HRIG was to be infiltrated in the tency of the vaccine available. The following are
wound(s), current recommendations are that aghe WHO approved regime#fs’!
much HRIG as anatomically feasible should be The 5-dose ‘Essen’ regimen consists of one IM
infiltrated locally. Any remaining HRIG should dose of vaccine given in the deltoids on days O, 3,
then be administered in the gluteldt is critical 7, 14 and 28 (or 30).
that HRIG and vaccine are never drawn up in the The 2-1-1 ‘Zagreb’ regimen requires 2 doses on
same syringe, nor administered in the same anaday 0 administered IM in the deltoid with a single
tomical site, as their effectiveness will be compro-dose on days 7 and 21. The advantage of this reg-
mised due to the formation of antibody-antigenimen is that it requires one less dose of vaccine and
complexedld one less clinic visit.

For previously immunised individuals, full PEP ~ The 2-site ‘Thai Red Cross’ intradermal (ID)
consists of 2 doses of rabies vaccine administeretegimen requires that one 0.1ml ID dose be admin-
IM, one dose each on days 0 and 3; the administrastered at each of 2 sites, the forearm or upper arm,
tion of HRIG is contraindicated for preimmunised on days 0, 3 and 7, and one ID dose at one site on

1.2 Vaccination

O Adis International Limited. All rights reserved. Drugs 1998 Nov; 56 (5)



804 Dreesen & Hanlon

days 30 and 90. ID doses should be administered The 8-site ‘Oxford’ regimen consists of 8 ID
only by staff trained in this technique. This regi- doses, 0.1ml each, on day 0, at 4 sites on day 7, and
men should not be used with an adjuvented tissuat 1 site on days 28 and 90. Cell culture or avian
culture vaccine or with suckling mouse brain ortissue vaccines should only be used in this regimen.
sheep brain vaccines. No adjuvented vaccine should be used.

Did an exposure occur?

Nol
4

Rabies treatment Is animal available
not necessary for observation/testing?

No l l Yes

Did animal exhibit signs of Did animal exhibit signs of
rabies at time of exposure? rabies at time of exposure?

No l
\

Begin rabies treatment
as soon as possible

Yes

Yes

Was exposure
provoked?

No l | l Yes

Has animal been
bitten before?

Is animal currently
vaccinated against rabies?

| l Yes No/Unknown l l Yes

No/Unknown l

Rabies treatment Is animal currently Rabies treatment

For head or neck exposures
begin rabies treatment as soon

almost never
necessary

vaccinated against rabies?

probably not
necessary

as possible; begin within 5 days
if animal not found.

Note: There should not be a
5-day waiting period in countries
where canine rabies exists at
relatively high levels

No/Unknown l l Yes

Rabies treatment
not necessary

Rabies treatment
probably not
necessary

No l l ves
Begin rabies treatment as soon as possible unless animal
brain can be tested within 48h of exposure (within 24h for head
or neck exposures) and is negative for rabies. Treatment
may be stopped if animal brain tests negative before
completion of the series

Rabies treatment not necessary if
animal tests negative or animal
remains healthy for 10 days

Fig. 2. Intermediate risk animals: decision tree for exposure to dogs, cats and ferrets. Scheme is in general use in the US and may
not apply elsewhere; please see table | for World Health Organization recommendations.

O Adis International Limited. All rights reserved. Drugs 1998 Nov; 56 (5)
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It should be noted that with the Thai and Oxford
regimens, the higher potency and purification of
the cell culture and avian tissue vaccines produced No Yes
on these substrates allows for ID injections. ) Y

. X Did animal clearly
The WHO recommends that RIG, either HRIG Rabies treatment exhibit signs of rabies

Did an exposure occur?

or purified equine RIG (pERIG) be given for all ITelE MEEESHERELRY at time of exposure?
category lll exposures, irrespective of the time
between exposure and the initiation of PEP (table No l I Yes
).[26] The method and dose recommended is sim; ——— T el
ilar to that described above for the US; however,| gimest never necessary for testing?
equine rabies immune globulin (ERIG) should be
given at a dose of 40 IU/kg, rather than 20 1U/kg Yes
for HRIG 2 -
No Begin rabies treatment as
1.2.3 Nerve Tissue Vaccines soon as possible unless
25% or more of all rabies vaccines manufac- ! L
tured worldwide are nerve tissue origin vaccines —— within 48 of exposure
. | A . Begin rabies treatment (within 24h for head or neck
(NTOVS), produced typlca”y in brain tissue of as soon as possible exposures) and is negative for
young sheep, goats or, preferablykting mice[6-11] rabies. Treatment may be
National authorities should recommend a regimen stopped if animal brain tests
that has been shown to be effective. Due to residual TR (i G o
amounts of encephalogenic substances in the final ofthe series

product, NTOVS are associated with hlgher ratesFig. 3. Low risk animals: decision tree for exposure to livestock.

of postvaccinal adverse events than the cell culturecheme isin general use in the US and may not apply elsewhere;

or avian tissue vaccines. This high rate of adversé@lease see table | for World Health Organization recommenda-
. . . . tions.

reactions, along with relatively poor efficacy, far

outweighs their one advantage, that of low £&t. iy iy
NTOVs should be used only when there is no acof additional HRIG, pERIG, ERIG, or repetition of
cess to cell culture or avian tissue vaccines. or ithe original dose is contraindicated. Treatment fail-

the expense prohibits the use of such vaccines. Ures have been extremely rare with the proper and
timely use of the modern avian tissue [i.e. purified

1.2.4 PEP: Comments _ duck embryo vaccine (DEV)] or cell culture vac-
Once initiated, PEP regimens should be adherei:!ines

t_o as closely as possible, as discussed above (sec- Reiiable access to sufficient stocks of HRIG may,
tions 1.2.1 and 1.2.2), according to the vaccine t times, be problematic due to its human origin

used and the type of exposure. It is possible thaTi‘nd consequent concerns about potential adventi-

alterations to the regimen may compromise overali nts. For example. with the recent i
PEP efficacy. Any interruption in the PEP vaccine I0US agents. -or example, € recent applica-

schedule should be considered on a case-by-caé'é’n of the nes.ted polymerg§e chgin reaction assay
basis. Generally, the regimen is simply resumed, as [P" the detection of hepatitis C in human origin
no delay had occurred. If the delay has been signif?roducts, access to HRIG for PEP was often de-
icant or if the patient may be immunosuppressedlayed in the US. In such cases where the HRIG is
Sequentia' monitoring of rabies titres may be apﬂot |mmed|ate|y available but is indicated (a” PEP
propriate, with the possible administration of addi-in the US; category Il of the WHO guidelines,
tional vaccine on amd hocbasis, as needed, in table I), the vaccination regimen should be initi-
consultation with rabies experts. In no case should@ted as soon as the treatment decision is made. The
the entire series be reinitiated. The administratiortHRIG may be administered up to and including

O Adis International Limited. All rights reserved. Drugs 1998 Nov; 56 (5)



806 Dreesen & Hanlon

day 7. It is most likely unnecessary on day 8 andissue vaccines (DEV) and cell culture vaccines (ta-
later, or possibly contraindicated due to potentialble Il). The WHO recommends that rabies vaccines
interference with active immunisatié¥! How-  for human use should have a potency, as measured
ever, it is not uncommon for facial wounds to beby the US National Institutes of Health testzaf5
infiltrated with RIG in countries where rabies is IU/dose. The suckling mouse NTOV should have
hyperendemic, regardless of the delay. a potency 0£1.3 1U/dose? 1% pERIG is employed
Although PEP should be initiated as soon asextensively in some countries other than the US
possible after a recognised exposure, it is never toBecause itis a less expensive, but well tolerated and
late, unless clinical signs are already present. If &n effective alternative to HRIG, which is used ex-
patient presents with a history of potential expo-Clusively in the US. However, it must be recog-
sure that warrants treatment and a significant timdised that 1 to 6% of patients given ERIG develop
delay may have occurred since the incident, fullS€"Um sickness. It has been a practice to skin test

PEP should still be administered. patients before gsi_ng ERI®) but a recent re\_/iew _
suggests that this is unnecessary as the skin test is
1.2.5 Vaccines for PEP not predictive of serum sickness and/or anaphylac-

For worldwide use, there are 3 main types oftic reactions arising from the use of modern puri-
rabies vaccines that are available: NTOVs, aviarfied or pepsin-enriched ERI&

Did an exposure occur? |

No Yes
| !
Rabies treatment Was exposure
not necessary provoked?
No Yes
l \
Did animal clearly Rabies treatment
exhibit signs of rabies almost never
at time of exposure? necessary
No l Yes
n \4
Rabies treatment - -
Is animal available
almost never X
for testing?
necessary
Yes
\
No Begin rabies treatment as soon

as possible unless animal
brain can be tested within 48h
of exposure (within 24h for head
or neck exposures) and is
negative for rabies. Treatment
may be stopped if animal brain
tests negative before
completion of the series

4

Begin rabies treatment
as soon as possible

Fig. 4. Very low risk animals: decision tree for exposure to rodents and rabbits. Scheme is in general use in the US and may not apply
elsewhere; please see table | for World Health Organization recommendations.

O Adis International Limited. All rights reserved. Drugs 1998 Nov; 56 (5)
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Table I. WHO guide for postexposure treatmentl]

Category Type of contact with a suspect or confirmed rabid domestic Recommended treatment
or wild® animal, or animal unavailable for observation

| Touching or feeding of animals None, if reliable case history is available

1l Nibbling of uncovered skin Administer vaccine immediately®
Minor scratches or abrasions without bleeding Stop treatment if animal remains healthy throughout an
Licks on broken skin observation period® of 10 days or if animal is euthanised

and found to be negative for rabies by appropriate
laboratory techniques

1] Single or multiple transdermal bites or scratches Administer rabies immunoglobulin and vaccine immediately®

Contamination of mucous membrane with saliva (i.e. licks) ~ Stop treatment if animal remains healthy throughout an

observation period® of 10 days or if animal is euthanised and
found to be negative for rabies by appropriate laboratory
techniques

a Exposure to rodents, rabbits and hares seldom, if ever, requires specific antirabies treatment.

b If an apparently healthy dog or cat in or from a low-risk area is placed under observation, it may be justified to delay specific treatment.

¢ This observation period applies only to dogs and cats. Except in the case of threatened or endangered species, other domestic and wild

animals suspected as rabid should be euthanised and their tissues examined using appropriate laboratory techniques.

In the US, there are 3 (technically 4) humanwith serological monitoring every 6 months; a
rabies vaccines licensed for use: 2 human diploidooster dose should be given when the titre falls
cell vaccines (HDCVSs), a purified chick embryo below 0.5 1U/ml (1 5 in the US). Other people at
cell vaccine (PCECV) and a rhesus monkey fetafrequent or continuing risk (see section 1) should
lung cell vaccine (RLC) [table Il]. There are 2 for- have a serum sample tested every je@r every
mulations of HRIG licensed for use. One incorpo-2 years in the U8) and a booster administered
rates a prolonged heat treatment step (58 to 60°@hen the titre falls below 0.5 IU/ml (or complete
for 10 hours) in the manufacturing process forneutralisation at 15 in the US).
inactivation of potential adventitious agents. The
other process consists of heating to 30°C for at 2.2 PEP for Those Previously Immunised
least 6 hours followed by addition of a solvent and
detergent for viral inactivation. Both formulations ~ Local treatment of wounds should always be

are considered to be well tolerated and efficaciousMPlemented immediately (see section 2.1). Two
doses of an approved rabies vaccine should be ad-

2. Human Rabies ministered IM in the upper deltoid, one each on

Pre-Exposure Prophylaxis days 0 and 3. No RIG is recommended, and in fact,
this agent is contraindicated. In Thailand, more than

2.1 Pre-Exposure Vaccination 130 000 patients have received PEP using the 2-

. site Thai Red Cross ID regimen since 1987, using
Modern cell culture vaccines should be usedgg|| culture vaccines. Approximately 4000 of these
whenever possible; purified DEV has also beemaye since been re-exposed and received 0.1ml ID

shown to induce adequate antibody titres. Vaccinggses of vaccine on days 0 and 3. No treatment
should be administered IM or ID in the upper del-t5jlures have been reportédl

toid on days 0, 7 and 28 in accordance with pack-
age instructions and licensure procedl#ésAc-
cording to the WHO, a few days’ variation does not
matteri26] The WHO estimates that 40 000 to 60 000 peo-
Those at high risk due to potential occupationalple die each year due to infection from the rabies
exposure in diagnostic, research or vaccine provirus. Most of these deaths are the result of a bite
duction laboratories should be preimmunised,from an infected dog. Current recommendations for

3. Conclusions

O Adis International Limited. All rights reserved. Drugs 1998 Nov; 56 (5)
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Table Il. Human rabies vaccines in current use (after Wilde,® with permission)

Vaccine Diluent volume (ml) Country of origin Virus strain
Human diploid cell (HDCV) 1.0 France PM-strain
(HDCV-1D) 0.1 France PM-strain
(HDCV) 1.0 Canada Alabama-street
(HDCV) 1.0 Germany PM-strain
(HDCV) 0.5 Switzerland PM-strain
Purified chick embryo cell (PCEC) 1.0 Germany Flury-LEP
1.0 Japan Flury-LEP
Purified vero cell (PVRV) 0.5 France PM-strain
Purified duck embryo (PDEV)? 1.0 Switzerland PM-strain
Rhesus lung cell (RLC, adjuvanted) 1.0 us Kissling
Primary hamster kidney cell (PHKC, adjuvanted) 1.0 Russia Vnukovo
1.0 China Beijing
Suckling mouse brain vaccine (SMB)? 2-5 Vietnam-South America Several
Sheep brain vaccine (SV)° 2-5 India, Pakistan, Africa Several

a PDEV contains a preservative and has been approved by the Swiss government for intradermal postexposure rabies treatment. It is cur-
rently being reformulated from 1.0 to 0.5ml of diluent.

b These vaccines are given subcutaneously as 8 to 17 daily injections, usually into the abdominal wall. They should be avoided whenever
possible but must be used when one of the other products is not available and transporting the patient immediately to a higher level of
care is not possible.

LEP = low egg passage ; PM = Pittman Moore.

persons exposed to rabies include immediate locahe PCECV. Such results indicate that a cell culture
wound therapy in conjunction with rabies vaccina-vaccine such as PCECV can elicit excellent anti-
tion, and often the use of the rabies immune globbody response with a single dose in those pre-
ulin. Various regimens and vaccines are used deviously immunised.

pending on the region of the world. It is highly Itis unfortunate that so many persons die need-
recommended by the WHO that only cell culturelessly from rabies when safe and efficacious vac-
or tissue culture origin rabies vaccines be usedgcines are available to prevent the majority of such
however, due to the relatively higher cost of thesedeaths. Greater effort must be made to make the
vaccines, nerve tissue origin vaccines are commonlgell culture and tissue culture rabies vaccines more
used in many less developed countries. These latteeadily available to those in need in the less devel-
vaccines often result in severe, life-threateningoped countries of the world. Efforts are being directed
adverse reactions and are less effective in produat incorporating rabies pre-exposure immunisation
ing antibody response. The efficacy of the cell cul-in the childhood immunisation series in countries
ture and tissue culture vaccines is well establishedor cities where canine rabies is epidemic or highly
Rarely is there a report of a rabies death when exendemic. Whether such programs will be success-
posed individuals receive these vaccines adminisful or cost-effective is yet to be determined but this
tered timely and properly. Such efficacy was noteduse of the new generation of safe and efficacious
in a study just completed (unpublished to date) invaccines should be fully explored. Additionally, the
which volunteers (n = 160) received either 1 or 2possible use of the new DNA vaccines may hold
booster doses of a PCECV 1 year after a 3-dospromise for lowering the cost of rabies prophylaxis.
pre-exposure vaccine series of either HDCV or Rabies is an ancient disease; however, we are just
PCECV. There was no significant differences(p now gaining significant knowledge in the patho-
0.05) in antibody response between the group regenesis, epidemiology and prevention of the dis-
ceiving 1 dose and the group receiving 2 doses ofase to make the eradication of the disease in

O Adis International Limited. All rights reserved. Drugs 1998 Nov; 56 (5)
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humans in most, if not all, of the world a reality in 8.
the early decades of the next millennium.
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