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Abstract
The rabies virus is transmitted through exposure to infected saliva during either a bite or direct
contact with mucosal tissues. Infection with this virus results in a progressive encephalitis, ul-
timately leading to coma, end-organ damage, and death. Because rabies-associated mortality is
strikingly high, preventing viral transmission associated with an exposure is paramount. Fortu-
nately, 2 available options exist for this purpose and include the rabies vaccine and the associated
immunoglobulin. Patients presenting for consideration of rabies postexposure prophylaxis consti-
tute a frequent complaint seen in the emergency department (ED) in most geographical areas.
Management of these patients should be guided by an accurate and thorough discussion of the
circumstances surrounding their exposure to attain maximum pharmacological benefit and avoid
viral transmission. This article provides an overview of the practice recommendations surrounding
rabies virus prophylaxis and their associated pharmacological characteristics in the ED. Key words:
emergency department, immune globulin, postexposure, preexposure, prophylaxis, rabies virus,
vaccination

FEW INFECTIOUS DISEASES are as
devastating as that caused by the
rabies virus (Warrell & Warrell,
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2004). Fortunately, rabies is uncommon in
developed nations secondary to various pre-
vention programs (World Health Organiza-
tion, 2012). What separates rabies from other
infectious diseases is that it is essentially
incurable if appropriate prophylactic mea-
sures are not taken following infection (War-
rell & Warrell, 2004). Rabies is caused by
a group of RNA viruses that cause acute,
progressive encephalitis that results in more
than 50,000 deaths annually worldwide. Al-
though disease carries with it a high mortality
rate, appropriate prophylactic measures initi-
ated soon after exposure are almost univer-
sally effective. As a result, fewer than two
deaths are reported each year in the United

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

110

mailto:kaw9600@alumni.unc.edu


Article: TME200205 Date: April 24, 2013 Time: 16:34

April–June 2013 � Vol. 35, No. 2 Rabies Prophylaxis in the Emergency Department 111

States, a staggering decline from historical
levels (Centers for Disease Control and Pre-
vention [CDC], 2008). This decrease in mor-
tality through postexposure prophylaxis, al-
though impressive, comes at the expense of a
complex, lengthy, and costly process (Moran
et al., 2000). The intent of this review is to
discuss the relevant management issues as-
sociated with initial rabies exposure in the
emergency department (ED), with a focused
review of the available products for adminis-
tration and their associated pharmacological
characteristics.

BACKGROUND

An understanding of the method of trans-
mission of the rabies virus is essential to as-
certain the overall risk of acquisition for a
patient who presents to the ED. The rabies
virus is not viable outside of the host and is
easily destroyed by environmental variables
such as sunlight and heat (Leung, Davies,
& Hon, 2007). Thus, it is necessary for ex-
posure to occur through penetration of the
skin by teeth or by direct transdermal or
mucosal contact. Infected saliva following a
bite is the most common route of viral trans-
mission (Manning et al., 2008). The RNA
viruses that cause rabies exist in multiple
genotypes; however, all result in similar symp-
toms (Fooks, Brookes, Johnson, McElhinney,
& Hutson, 2003; Hemachudha, Laothamatas,
& Rupprecht, 2002; King, Meredith, & Thom-
son, 1994; Rupprecht & Gibbons, 2004).
These viruses move through the peripheral
nervous system, with their ultimate journey
terminating in the central nervous system
(CNS; Charlton, 1994). The virus then trav-
els to other sites, such as the salivary glands,
enabling transmission to other hosts.

Although all mammals have the ability to
transmit the rabies virus, the primary reser-
voir worldwide is carnivorous mammals, with
dogs accounting for the most human deaths
each year (Fekadu, 1993; Krebs, Mandel,
Swerdlow, & Rupprecht, 2005). However, ca-
nine vaccination and animal control programs
have greatly reduced the cases of domestic

animal rabies cases in the United States
(Krebs et al., 2005; Schneider et al., 2007).
As a result, wild animals, including raccoons,
skunks, bats, and foxes, have become the
most important, potential source of infection
for both humans and domestic animals in
the United States, accounting for 91.8% of
the rabid animals reported in 2011 (Blanton,
Dyer, McBrayer, & Rupprecht, 2012). Activi-
ties such as petting or handling an animal, or
contact with blood or saliva on intact skin,
do not constitute an exposure. Unprovoked
animal attacks are far more likely than
provoked attacks (i.e., bites sustained while
attempting to feed or handle an apparently
healthy animal) to indicate that an animal may
be infected (Manning et al., 2008). Nonbite
exposures have been documented in humans;
however, they are exceedingly rare (Gibbons,
2002). Although no cases of human-to-human
transmission have been documented as a
result of occupational exposure, whenever
caring for a patient who is possibly infected,
standard barrier precautions are essential to
minimize any risk of transmission that may
exist.

Exposures involving bats provide a rather
unique situation. The most common rabies
virus variants responsible for human rabies in
the United States are bat related, accounting
for 87.5% of human rabies cases in the United
States in the last decade (Blanton et al., 2012;
Krebs et al., 2005). As such, all bat exposures
require a thorough evaluation (Manning et al.,
2008). It is entirely possible that a bite from
a rabid bat may go unnoticed by the potential
host and therefore postexposure prophylaxis
is indicated even in the absence of a clear
route of transmission. This includes situations
in which persons were in the same room as a
bat and who might be unaware that a bite, or
direct contact, had occurred (CDC, 1999). Ex-
amples include a sleeping person awakening
to find a bat in the room or a bat witnessed
in the room with an unattended child, men-
tally disabled person, or intoxicated person.
With any wild animal bite, postexposure pro-
phylaxis should be considered if the animal is
unavailable for testing.
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The absence of symptoms does not consti-
tute justification for delaying therapy or with-
holding treatment. The clinical presentation
of this disease can occur with a wide vari-
ety of symptoms, beginning with a signifi-
cant and variable incubation period, typically
1–3 months (Hemachudha et al., 2002; Rup-
precht, Hanlon, & Hemachudha, 2002). This
is secondary to the need for the virus to repli-
cate in the muscle fibers following a bite prior
to its movement into nerve tissue and subse-
quently entering the CNS (Hemachudha et al.,
2002; Leung et al., 2007).

PRODUCTS AND ADMINISTRATION

Human Rabies Immune Globulin

Because of the delay in antibody production
following the administration of the rabies vac-
cine, the administration of virus-neutralizing
antibodies for immediate passive immunity
is necessary for adequate postexposure pro-
phylaxis (CDC, 1999). Two immune globu-
lin formulations are available in the United
States: HyperRAB S/D (Talecris Biotherapeu-
tics, 2010) and Imogam Rabies-HT (Sanofi
Pasteur, 2005). Following injection of these
agents, antibodies present in the serum within
1 day and persist for close to 3 weeks
(Sanofi Pasteur, 2005; Talecris Biotherapeu-
tics, 2010).

Both human rabies immune globulin
(HRIG) products are preservative-free im-
munoglobulin preparations obtained from hu-
man donors and should be used immediately
following vial penetration. Both products
should remain refrigerated and should not
be frozen. To expedite flow through the ED
in this often ambulatory population, ideally,
these agents should be stored in automated
dispensing cabinets of the ED, provided re-
frigeration is available. If it is dispensed from
a central pharmacy, it is often cost-effective to
dispense full vials rather than patient-specific
doses, as it is unlikely that lost or unused
doses can be reused, owing largely to the lack
of preservatives and the infrequency of this
presentation when compared with the expi-

ration of the drug. The recommended dose
for all age and weight groups of HRIG is 20
units/kg of total body weight. As the concen-
tration of commercially available products is
150 units/ml and is available in 2- and 10-ml
vials, rounding to the nearest vial size is rec-
ommended. The presence of ED pharmacists
at the bedside and involved in protocol de-
velopment will greatly assist in ensuring an
evidence-based and cost-effective approach.
The HRIG is indicated only for those who have
not previously been vaccinated and should
be administered concomitantly with the first
dose of vaccine. Concomitant HRIG and vac-
cine administration has been demonstrated to
be more effective than either used alone and
is therefore the standard of care (Koprowski,
Van Der Scheer, & Black, 1950). If there ex-
ists a bite wound or site of infection, as much
of the dose of HRIG as is feasible should
be injected around the wound (Sanofi Pas-
teur, 2005; Talecris Biotherapeutics, 2010).
Any remaining dose should be administered
intramuscularly in the deltoid, quadriceps, or
anterolateral thigh. It is important that a loca-
tion other than that used for vaccine inocula-
tion is utilized to minimize the potential for
interference (Rupprecht & Gibbons, 2004).
Virus neutralization has been shown to be
most effective when HRIG is injected directly
around the wound, whereas only distant in-
jection significantly increases the risk of viral
infection (Dean, Baer, & Thompson, 1963).
If no wound is visible, then the entire dose
should be administered at sites other than that
used by the vaccine. The administration of
this dose may require multiple injections de-
pending on the dose, ability to inject around
the wound, and size of the patients’ deltoid
and quadriceps. Institutional standards should
be followed regarding the maximum volume
of intramuscular medication for specific sites.

Rabies vaccine and HRIG should never be
mixed in the same syringe. Preparations of
HRIG are not associated with the acquisition
of disease (Rupprecht & Gibbons, 2004). It
should be noted that these are blood prod-
ucts and therefore they may also carry with
them the potential for the transmission of
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viral diseases and Creutzfeldt-Jakob disease or
contain antibodies to other agents and thus
inhibit immune responses to noninactivated
viral vaccines such as measles-mumps-rubella
and varicella vaccines. These vaccines should
be delayed for at least 3–4 months after pos-
texposure prophylaxis to allow for the elim-
ination of HRIG (Atkinson et al., 2002; Siber
et al., 1993).

Vaccines

Rabies vaccines are inactivated vaccines that
induce the production of virus-neutralizing
antibodies within a few days and can last
several years (Novartis, 2006; Sanofi Pasteur,
2012). Two rabies vaccines are licensed in
the United States: human diploid cell vaccine
(HDCV, Imovax Rabies) and purified chick
embryo cell vaccine (PCECV, RabAvert; Man-
ning et al., 2008). Similar to HRIG, both HDCV
and PCECV are preservative free and there-
fore should be administered immediately
after reconstitution (Novartis, 2006; Sanofi
Pasteur, 2012). They both require refrigera-
tion and should be protected from light as
well.

Each 1-ml dose should be administered in-
tramuscularly into the deltoid region. The vac-
cine may be injected into the anterolateral
area of the thigh if necessary in young chil-
dren and infants. Administration in the gluteal
area is not recommended, as this may result
in lower antibody titers and may damage the
sciatic nerve (gluteus maximus site) (Fish-
bein, Sawyer, Reid-Sanden, & Weir, 1988).
The vaccine should not be administered sub-
cutaneously, intradermally, or intravascularly.
The administration regimen for the rabies vac-
cines is discussed later, but a vaccination se-
ries is initiated and completed usually with
one product. If needed, switching to another
product may be considered if adverse effects
prove intolerable (Briggs et al., 2000; CDC,
1999). Neither product is superior to the
other, and the adverse effect profile is sim-
ilar; however, PCECV should be avoided in
patients with severe egg allergies. The avail-

able agents for human rabies prevention are
outlined in Table 1.

Adverse effects

The use of both the vaccine and HRIG is asso-
ciated with local injection site reactions such
as pain, erythema, itching, and swelling and
systemic reactions such as headache, nausea,
abdominal pain, muscle aches, dizziness, and
fever (Ajjan & Pilet, 1989; Arora, Moeller, &
Froeschle, 2004; Sabchareon et al., 1999). Sys-
temic hypersensitivity reactions are far less
frequent, with most of these occurring 1–
2 weeks after the injection of the vaccine
(Bernard, Smith, Kader, & Moran, 1982; Boe
& Nyland, 1980; Fishbein et al., 1993). No
serious hypersensitivity reactions have been
reported with the use of HRIG.

It is recommended that the rabies
vaccination series not be interrupted or
discontinued because of local and mild
adverse reactions. Attempts should be made
to alleviate reactions through the use of
anti-inflammatory agents, antihistamines, and
antipyretics (Manning et al., 2008). In situa-
tions where serious systemic hypersensitivity
reactions occur, it is necessary to carefully
consider a patient’s risk for acquiring ra-
bies before discontinuing the vaccination
series.

In a patient with a history of hypersensi-
tivity to the rabies vaccine who presents for
revaccination following a possible infection,
medication pretreatment with agents such as
anti-inflammatory agents, antihistamines, and
antipyretics should be considered on the ba-
sis of the success of such agents used during
the prior hypersensitivity reaction. Because
of a high risk of an anaphylactic reaction in
this population, epinephrine should be on-
hand during vaccine administration and sub-
sequent monitoring (Kroger, Atkinson, Mar-
cuse, & Pickering, 2006). About half of imme-
diate hypersensitivity reactions occur on the
first day of vaccination, with the remainder
occurring 6–14 days later.
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PROPHYLAXIS

Preexposure

Although patients are unlikely to present to
an ED to receive preexposure prophylaxis, it
is important for the practitioner to be cog-
nizant of its use in order to provide appropri-
ate care to those who have received it and
had a potential exposure. Preexposure pro-
phylaxis helps provide protection for those
who may be at a high and/or continuous risk
of contracting the virus, and it provides pro-
tection to those persons who are at a risk
for an unrecognized exposure to rabies (Man-
ning et al., 2008). For these individuals, pre-
exposure vaccination eliminates the need for
HRIG and decreases the total number of vac-
cine doses following exposure. Those quali-
fying for preexposure prophylaxis should re-
ceive three 1-ml injections for postexposure
prophylaxis. One injection per day should
be given on Days 0, 7, and 21 (or 28), with
Day 0 being the day of first injection (Manning
et al., 2008).

The persons who are at high and contin-
uous risk for infection include veterinarians
and their staff, animal handlers, rabies re-
searchers, and certain laboratory workers. In
addition, some international travelers are can-
didates for preexposure vaccination if they
are likely to come in contact with animals in
areas where rabies is prevalent and immedi-
ate access to appropriate medical care might
be limited. Routine preexposure prophylaxis
for the general U.S. population or travelers
to areas where rabies is not prevalent is not
recommended (Fishbein & Arcangeli, 1987;
LeGuerrier, Pilon, Deshaies, & Allard, 1996).
To further delineate those at higher risk, the
reader is directed to guidelines related to
travel that are available from the CDC (www.
cdc.gov/travel/diseases/rabies.htm) or local
and state health departments.

Although the assessment of rabies virus–
neutralizing antibody levels can indicate the
immune status of a patient to rabies, its corre-
lation with infection susceptibility is unclear
(Manning et al., 2008). Current recommenda-
tions suggest that rabies virus–neutralizing an-

tibody levels be measured periodically on the
basis of an individual’s risk for exposure and
that booster doses be administered only when
indicated (Manning et al., 2008). Attempting
to ascertain the rabies virus–neutralizing anti-
body titer for decision making about postex-
posure prophylaxis is inappropriate, as it will
delay care and not change the recommenda-
tions for treatment.

Postexposure

Patients presenting to the ED for poten-
tial postexposure prophylaxis constitute the
most common presentation related to the ra-
bies virus. Postexposure prophylaxis in a pre-
viously unvaccinated patient includes wound
care, infiltration of rabies immune globu-
lin, and vaccine administration (CDC, 1999;
World Health Organization, 2005). Although
the administration of postexposure prophy-
laxis is not a medical emergency, appropriate
prophylaxis should not be delayed for unnec-
essary reasons. Practitioners should always err
on the side of treatment in uncertain situa-
tions (Bernard et al., 1982; Dreesen, Bernard,
Parker, Deutsch, & Brown, 1986). Any bite
wound should be cleansed thoroughly, a pro-
cess that has been shown to be effective in
reducing the risk of transmission (Dean et al.,
1963; Kaplan, Cohen, Koprowski, Dean, &
Ferrigan, 1962). The use of virucidal antisep-
tics (i.e., povidone-iodine and ethanol) and
topical antibiotics has been suggested for ini-
tial wound treatment as well. The closure of
bite or scratch wounds should be avoided if
possible; yet, this should be determined on a
case-by-case basis (McDermid et al., 2008).

The administration of both HRIG and
rabies vaccine is recommended for previ-
ously unvaccinated persons following the
determination of a possible rabies exposure
regardless of the interval between exposure
and initiation of prophylaxis. The HRIG is
administered only once to provide immedi-
ate coverage until the patient responds to
the vaccine by producing his or her own
antibodies (Cabasso, Loofbourow, Roby, &
Anuskiewicz, 1971; Manning et al., 2008).
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If HRIG is not administered at the outset,
it can be administered up to, and including
Day 7, of the prophylaxis series (Khawplod
et al., 1996). After this time period, antibody
response to the vaccine is presumed to have
occurred and the administration of HRIG may
negatively impact antibody production.

An individual who has received preexpo-
sure prophylaxis and is exposed to rabies
should receive two intramuscular doses of
the vaccine, one immediately and one 3 days
later. The administration of HRIG is unneces-
sary and should not be used (Fishbein et al.,
1986). Patients who have not been previously
vaccinated should receive immunoglobulin in
addition to the full standard course of four
vaccine doses over 14 days (Rupprecht et al.,
2010). This recommendation is updated from
the previous CDC recommendations for a five-
dose regimen published in 2008. It should
be noted that all versions of rabies vaccine
package inserts might not reflect this update.
The first dose of vaccine should be admin-
istered as soon as possible after exposure.
This is considered Day 0 of the postexposure
prophylaxis series, and the remaining doses
should be administered on Days 3, 7, and 14
(Manning et al., 2008; Rupprecht & Gibbons,
2004). An exception includes exposures in-
volving patients who are immunosuppressed,
as they should receive a five-dose series of
the vaccine on Days 0, 3, 7, 14, and 28. Addi-
tional information regarding the provision of
postexposure prophylaxis in all populations
can be obtained both from the CDC (http://
www.cdc.gov/rabies/) and from state and lo-
cal health departments.

Subsequent doses should ideally be ob-
tained at a location other than the ED, such
as a local health department, infectious dis-
eases clinic, or primary care office, if possible.
Adherence to the complex series of vaccina-
tions can provide a substantial challenge for
the general public, from both a time and cost
perspective. For minor deviations from the
immunization schedule, vaccination can be
resumed where it was left off and the same
interval be maintained between doses (Rup-
precht & Gibbons, 2004). When substantial

deviations from the schedule occur, immune
status should be assessed by performing sero-
logic testing 7–14 days after administration of
the final dose in the series (Manning et al.,
2008). Adequate and redundant forms of doc-
umentation are strongly encouraged because
of the complexity of prophylaxis in this set-
ting. Communication with outside practition-
ers is also essential to ensure that potential
medication errors are minimized.

Some domestic species are low risk, and
thus if a healthy dog or cat bites a human,
the animal may be observed for 10 days to as-
certain the presence or absence of the virus
(Jenkins et al., 2004). If the animal remains
healthy, the patient does not need postex-
posure prophylaxis and can discontinue pos-
texposure prophylaxis if it was previously
initiated (Manning et al., 2008). If the animal
develops symptoms consistent with viral in-
fection and the infection is confirmed within
24–48 hours after the animal is euthanized,
there remains adequate time to initiate pro-
phylaxis. If potentially infected animals are
brought to the ED with the patient, it is im-
portant to keep them out of the ED if at all
possible and contact animal control immedi-
ately.

Despite all versions of the vaccine and
HRIG being labeled as pregnancy Category C
drugs, as a result of the high mortality risk
associated with untreated rabies and the fact
that studies have indicated no increased in-
cidence of abortion, premature births, or
fetal abnormalities associated with rabies
vaccination, pregnancy is not considered
a contraindication to postexposure prophy-
laxis (Chutivongse, Wilde, Benjavongkulchai,
Chomchey, & Punthawong, 1995). As with
any medication used in pregnancy, the risks
and benefits should always be considered on
a case-by-case basis. Preexposure prophylaxis
may be indicated during pregnancy if the risk
of acquiring rabies outweighs the risk of any
adverse fetal effects.

The costs associated with rabies prophy-
laxis can be substantial. The Advisory Com-
mittee on Immunization Practices estimates
the cost of one dose of HRIG to be up to U.S.
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$1,434 and the cost of each dose of vaccine
to be up to U.S. $679 (Manning et al., 2008).
These costs are in addition to general medical
care charges. Therefore, judicious and appro-
priate use of both the immunoglobulin and
vaccine is imperative to assist in controlling
health care costs.

CONCLUSION

Rabies is transmitted primarily through in-
fected saliva contained in the bite of an in-
fected mammal and almost uniformly results
in encephalitis leading to death. Although the
major reservoirs worldwide are dogs, in the
United States, the majority of naturally ac-
quired human cases have been from bats. Ap-
propriate preexposure and postexposure pro-
phylaxis is almost completely effective and
is therefore of the utmost importance. Even
though guidelines have not always been im-
plemented correctly, no failures in prophy-
laxis have been documented since current bi-
ologics have been licensed. The majority of
deaths in the United States occur in humans
unaware of they have been bitten and who
therefore did not obtain postexposure pro-
phylaxis. Postexposure prophylaxis should
be instituted liberally when exposure is sus-
pected, and it is warranted regardless of the
interval between exposure and presentation.
Delays in initiating prophylaxis are associated
with treatment failure, and the length of de-
lay that renders postexposure prophylaxis in-
effective is unclear. It is critical that all ED
practitioners be familiar with the appropriate
evaluation of patients presenting with a pos-
sible rabies exposure and ensure that expedi-
tious and appropriate prophylaxis is provided
to help prevent the development of this lethal
disease.
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