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This 

 

Journal

 

 feature begins with a case vignette highlighting a common clinical problem. 
Evidence supporting various strategies is then presented, followed by a review of formal guidelines, 

when they exist. The article ends with the authors’ clinical recommendations.
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A six-month-old girl presents for a “well-baby” appointment in New Jersey. The moth-
er is concerned about a dead bat she found in the child’s bedroom.

A Virginia businessman relaxing on his patio after work pulls a toy from his puppy’s
mouth. He notices a dead raccoon within his fenced yard, where his puppy has been
playing, and telephones you for advice.

You receive e-mail from a South American colleague, who has been bitten by a stray
dog while jogging. She solicits your medical opinion.

How would you manage these situations?

 

Human rabies is uncommon in developed nations.

 

1-5

 

 In the United States, scores of
deaths from rabies were documented annually in the early 20th century. Now, fewer than
three deaths are reported each year, most without a documented exposure (Fig. 1 and
Table 1). Still, this zoonosis exerts a disproportionate influence on health resources be-
cause of the necessity for prophylactic measures, including the administration of bio-
logic agents. Continued apprehension is rooted in ancient superstitions, the dramatic
manifestation of hydrophobia, and the extreme case fatality ratio. Cases of the disease
in humans are preventable, but enzootic foci are plentiful and are not eliminated easily.
The public may not appreciate that their surroundings are a veritable sea of rabies,
maintained by common animals (Table 2).

Globally, dogs are the major reservoirs. Bites from rabid dogs cause tens of thousands
of deaths per year and prompt prophylactic treatment in millions of persons.

 

4,5

 

 Recent
assessments illustrate that the magnitude of rabies in developing countries is grossly
underestimated.

 

6

 

 Exposures may occur as single events, or one rabid animal may ex-
pose multiple people.

 

7

 

 In the United States, 15,000 to 40,000 people receive prophylaxis
annually.

 

8

 

Prophylaxis is effective and safe, but it is expensive and is often used inappropriate-
ly.

 

9,10

 

 As with any pharmaceutical agent, minimal considerations when prophylactic
measures are used include proper training, storage, handling, administration, infection-
control precautions, and sterile technique.

 

nature of the infection

 

Rabies is an acute progressive encephalitis caused by RNA viruses in the family Rhab-
doviridae, genus lyssavirus.

 

11-14

 

 Rabies virus is the only known lyssavirus in the New
World. Some locations are considered rabies-free: among them are Hawaii and many
islands in the Pacific Ocean and the Caribbean (except Cuba, the Dominican Republic,

the clinical problem
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Haiti, Grenada, and Puerto Rico).

 

15

 

 However, their
continued freedom from rabies depends on effective
methods to prevent introduction of the virus and
depends on active laboratory-based surveillance.

All mammals are susceptible and can transmit
rabies virus, but true reservoirs, which are respon-
sible for ultimate long-term disease maintenance,
persist only among Carnivora (mainly carnivorous
mammals) and Chiroptera (bats).

 

15

 

 Specific virus-
es are adapted to these hosts and typically perpetu-
ate infection within a species before the hosts die.
In North America, raccoons, skunks, bats, and foxes
are the primary reservoirs responsible for transmis-
sion (Table 2). Unvaccinated domestic animals and
humans become rabid after exposure to such reser-
voirs. By definition, all reservoirs are capable of
transmitting infection, but not all potential vectors
are reservoirs. For example, livestock die of the dis-
ease without effective prolonged transmission. Cats
(usually infected by dogs or wild animals) are effec-
tive vectors but do not sustain the disease.

In developed countries, the incidence of human
exposure to rabid domestic animals has decreased
as a result of improved canine vaccination.

 

16

 

 Where-
as more than 9000 rabid dogs were reported in the

United States in 1944, fewer than 100 were reported
in 2002.

 

15

 

 Because cats are popular but less well su-
pervised and less often vaccinated than dogs, rabid
cats now outnumber rabid dogs. Rabies in small
mammals (such as mice and squirrels) is rare, and
transmission from them to humans remains un-
documented.

 

17

 

 Larger rodents, like woodchucks,
are more frequently reported to be rabid (Table 2).

 

transmission

 

In nature, the rabies virus is labile; is inactivated by
sunlight, heat, desiccation, and other environmen-
tal factors; and is not viable outside the host. Expo-
sure occurs when there is penetration of the skin by
teeth or direct transdermal or mucosal contact with
infectious material, such as brain tissue or saliva.
Almost all cases are caused by bites from infected
mammals.

Lyssaviruses are highly neurotropic and travel by
retrograde axoplasmic flow from the periphery to
the central nervous system.

 

18

 

 Replication occurs
primarily in neurons. There is passive, centrifugal
movement from the brain to other organs or glands,
such as the salivary glands. The virus is excreted
abundantly in saliva. Excretion is concomitant with

 

Figure 1. Temporal Trends in the Diagnosis of Rabies in the United States, 1944 to 2002.
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the development of clinical signs but may begin sev-
eral days beforehand. The virus may be detected in
practically any tissue.

According to experimental data and epidemio-
logic observations, some domestic species may be
observed for signs of rabies. A healthy dog, cat, or
ferret that exposes a person may be observed for 10
days.

 

16

 

 If the animal remains healthy, the patient
does not need prophylaxis; only wound care is need-
ed. If the animal sickens with signs compatible with
rabies, it should be euthanized and the brain should
immediately be examined. If infection is confirmed
within 24 to 48 hours after the animal is euthanized,
there is adequate time to begin prophylaxis. After
exposure to wildlife in which rabies is suspected,
prophylaxis is warranted in most circumstances.
Vaccination is discontinued if tests of the animal’s
brain tissue are negative for infection.

 

prophylaxis

 

Decisions regarding prophylaxis are complex: they
depend on local epidemiology, the nature of the an-
imal involved and its behavior, the degree of contact,
and (when possible) the results of diagnostic test-
ing. Procedures include treatment of the patient af-
ter exposure as well as vaccination of those at risk
for exposure. Efficacy data for prophylaxis are gen-
erated by experiments in animals as well as clinical
trials.

 

19

 

Postexposure prophylaxis consists of three pri-
mary elements: wound care, infiltration of rabies
immune globulin, and vaccine administration.

 

20

 

Immediate and thorough washing of wounds with
a soap solution may considerably reduce the risk of
contracting rabies.

 

21

 

 Other measures, such as the
use of tetanus toxoid or antibiotics, are applied as
needed.

 

22

 

 Decisions are urgent, because delays
may affect the outcome. Postexposure prophylaxis
is highly effective if applied appropriately. In the
United States, no failures have been reported since
1979.

 

1-3

 

vaccines

 

Three rabies vaccines are licensed in the United
States. Table 3 summarizes their uses and potential
adverse effects, which are generally minor.

 

20,27-31

 

Serious reactions are infrequent

 

32

 

 and are less com-
mon with current cell-culture vaccines than with
products derived from nerve tissue.

 

33

 

 Although as-

strategies and evidence

 

* After 1979, there were no cases involving documented exposure to a domestic 
animal known to be rabid or probably rabid. Thereafter, all cases originated in 
countries where canine rabies was endemic.

† Other sources of exposure included laboratory aerosol (in 1972 and 1977) and 
corneal transplantation (in 1978).

‡ If a definitive source of exposure was not identified in the patient’s history, the 
source of exposure was considered to be unknown, regardless of the source 

 

suspected on the basis of antigenic or genetic characterization.

 

Table 1. Sources of Human Exposure to Rabies in the United States.

Year 
Domestic 
Animal* Wildlife

Other 
Sources† Unknown‡

Total No. 
of Cases

 

number of cases (percent)

 

1946–1955 86 (72) 8 (7) 0 26 (22) 120

1956–1965 21 (55) 7 (18) 0 10 (26) 38

1966–1975 6 (38) 7 (44) 1 (6) 2 (12) 16

1976–1985 6 (30) 1 (5) 2 (10) 11 (55) 20

1986–1995 2 (12) 1 (6) 0 14 (82) 17

1996–2003 4 (19) 2 (10) 0 15 (71) 21

 

* All mammals are considered to be susceptible to rabies, and incidental 
(or spillover) infection from wild-animal reservoirs may occur in any species.

† Rabies may occur in an exposed animal in any location; the geographic foci 
listed here are based on current epidemiologic trends. No cases of rabies have 
been reported in Hawaii or in American Samoa, the Commonwealth of the 

 

Northern Mariana Islands, Guam, or the U.S. Virgin Islands.

 

Table 2. Cases of Animal Rabies in the United States.

Animal* 

Average No.
of Cases, 

1998–2002 Geographic Focus†

 

Raccoon 2962 Eastern United States

Skunk 2257 California, upper and lower Midwest, 
eastern United States

Bat 1175 Entire United States, except Hawaii

Fox 443 Alaska, Texas, southwestern United 
States

Cat 276 Entire United States, except Hawaii

Cattle 106 Entire United States, except Hawaii

Dog 105 Entire United States, except Hawaii

Horse or mule 62 Entire United States, except Hawaii

Mongoose 58 Puerto Rico

Woodchuck 50 Eastern United States

Bobcat 30 Entire United States, except Hawaii

Sheep or goat 9 Entire United States, except Hawaii

Other wild animal 24 Entire United States, except Hawaii

Other domestic 
animal

3 Entire United States, except Hawaii
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sociations have been reported between current vac-
cines  and cases of neurologic illness, causality has
not been established.

 

34-39

 

When possible, the same product is used for an
entire vaccine series. Switching to another product
is reasonable if sensitivity to a vaccine or its compo-
nents develops between doses, although follow-up
data are limited.

 

20,40

 

 Prophylaxis should not be dis-
continued after the development of local or mild
systemic signs.

Modern cell-culture vaccines are potent, but the
immunity they afford eventually wanes. After pri-
mary vaccination, additional doses are needed after
known exposures or as part of routine maintenance
of the antibody titer in persons deemed at risk (as
discussed below). When booster doses of vaccine
are given, complex anamnestic responses occur:
they include the stimulation and deployment of ex-
isting memory T cells, the differentiation of mem-
ory B cells into antibody-secreting cells, elicitation
of additional memory B cells, and replenishment of
antigen depots at lymphoid germinal centers.

 

human rabies immune globulin

 

Passive administration of virus-neutralizing anti-
bodies, before a patient mounts an active immune
response from vaccination, is an important part of
postexposure prophylaxis.

 

20

 

 For patients who have
not been vaccinated, human rabies immune globu-
lin is administered only once, concomitantly with
vaccine. When there is a visible wound, as much of
the dose as is feasible is infiltrated directly into the
wound (Table 3). The expense and limited distribu-
tion of human rabies immune globulin, however,
are problems in the developing world.

 

4

 

 Equine ra-
bies immune globulin may be an alternative. Multi-
site intradermal vaccination is another possible
strategy to accelerate the immune response.

As compared with unpurified or heterologous
serum, modern commercial preparations of human
rabies immune globulin are highly safe and are not
associated with the acquisition of disease. Human
blood products can contain antibodies to other
agents and may inhibit immune responses to non-
inactivated viral vaccines. Interference depends

 

* Adverse reactions include pain, erythema, swelling, or induration (in 15 to 74 percent of recipients); itching or local 
lymphadenopathy; headache, malaise, myalgia, or dizziness (10 to 25 percent); gastrointestinal symptoms (in less 
than 10 percent); allergic reactions during primary vaccination (in 0.1 percent [less than 10 percent of whom have ana-
phylactic reactions]); type III hypersensitivity reactions (in 6 to 10 percent after booster doses of human diploid cell 
vaccine and in fewer during primary vaccination).

 

23-26

 

 Precautions should be taken if a serious allergic reaction has 
been documented after previous administration of a product or component.

† The vaccines are inactivated with beta-propiolactone. Additives (e.g., polygeline) or residual substances used during 
the manufacturing process (e.g., antibiotics) may be present.

‡ This vaccine is a lyophilized preparation.
§ For postexposure prophylaxis, the vaccine is administered on days 0, 3, 7, 14, and 28 in patients who have not previ-

ously been vaccinated and on days 0 and 3 in patients who have been previously vaccinated; for preexposure prophy-
laxis, the vaccine is administered on days 0, 7, and 21 or 28.

¶ This vaccine is currently not available.
¿ Imovax Rabies I.D., given by the intradermal route, is no longer available in the United States.
** Human rabies immune globulins are purified from the serum of vaccinated donors. Historically, licensed human ra-

bies immune globulins in the United States have been safe. No human infection with adventitious agents has been 
documented.

†† As much of the product as is anatomically feasible is infiltrated into and around the wound, and any remainder is ad-
ministered intramuscularly, in the deltoid or quadriceps (at a location other than that used for vaccine inoculation, to 

 

minimize potential interference).

 

Table 3. Biologic Agents Licensed in the United States for Human Rabies Prevention.*

Product Dose Route Indications

 

Vaccines†

RabAvert (Chiron Behring)‡ 1 ml Intramuscular Preexposure or postexposure§

Rabies vaccine adsorbed (BioPort)¶ 1 ml Intramuscular Preexposure or postexposure§

Imovax Rabies (Aventis Pasteur)‡¿ 1 ml Intramuscular Preexposure or postexposure§

Human rabies immune globulins**

BayRab (Bayer) 20 IU/kg Local†† Postexposure only

Imogam Rabies-HT (Aventis Pasteur) 20 IU/kg Local†† Postexposure only
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on the amount of specific antibody. Administration
of vaccines such as measles and varicella vaccines
should be delayed for at least four months after
postexposure prophylaxis to allow the degradation
of human rabies immune globulin.

 

41,42

 

 If the in-
terval is shorter, additional vaccination may be nec-
essary, unless serologic testing indicates that the
immunologic response has been appropriate.

 

preexposure vaccination

 

It is recommended that vaccination be provided to
persons at risk (laboratory workers, diagnosticians,
veterinarians and their staff, animal-control offi-
cers, rabies researchers, and some travelers to areas
where rabies is prevalent) before exposure.

 

20

 

 This
strategy simplifies the management of a subsequent
exposure because fewer doses are needed and be-
cause human rabies immune globulin is not re-
quired (Table 3). To avoid injury to sciatic nerves and
lessen the delivery to adipose depots, it is recom-
mended that the gluteal region not be used for
administration.

 

41

 

 

 

Routine serologic analysis for ver-
ification of the presence of virus-neutralizing anti-
body is unnecessary after primary vaccination,
unless major interruptions in the schedule occur or
questions arise about immune competence. There-
after, the need for routine booster vaccination may
be monitored by serologic testing performed every
six months to two years as long as a person remains
at risk. If titers fall below a minimal acceptable lev-
el (i.e., complete neutralization at a serum dilution
of 1:5), a single vaccine booster is administered.
Healthy adults maintain adequate titers for years.
No absolute protective level exists, and two booster
doses are administered as part of postexposure
prophylaxis, regardless of titer. Antibodies are im-
portant but are only one means of preventing a pro-
ductive viral infection. More short-lived immune
functions, such as cytokine responses, are reinvig-
orated in response to vaccination.

 

bats and rabies

 

“Cryptic” human cases, in which there is no history
of exposure to a rabid animal, are now the norm in
the United States (Table 1). Molecular character-
ization has determined that the majority of these
cases are associated with bat rabies viruses.

 

43 

 

Bat
bites are not dramatic and may not be appreciated
when they occur or when the patient is examined
(Fig. 2). In other cases, people may recognize that a

bite has occurred but may not comprehend its im-
plications

 

44

 

 or may believe that the risk of rabies is
exceedingly low.

 

45

 

 Certain persons, such as young
children or persons with disabilities, may be unable
to provide an accurate history of a bite. When in
doubt, attempts should be made to capture animals
safely for submission to a laboratory.

Rabies is not commonly reported in free-ranging
bats (estimated frequency, less than 1 percent, ac-
cording to field surveillance) and is diagnosed in ap-
proximately 5 to 15 percent of bats submitted for
public health evaluation. If test results are negative,
postexposure prophylaxis is unnecessary. As with
wild-carnivore bites, prophylaxis should begin if the
bat is unavailable for examination.

 

20 

 

Once the risks
have been explained, many patients without a defin-
itive exposure (such as healthy adults who are light
sleepers or who had body parts covered and would
have detected a bat bite) may elect to forgo postex-
posure prophylaxis.

 

exposures other than bites

 

Since 1960, exposures other than bites have result-
ed in fewer than 35 well-documented human cas-
es.

 

46

 

 Most of the reported cases were due to poorly
inactivated vaccine (in 18 instances) or transplanta-
tion (in 12). Although extremely uncommon, trans-
plantation of tissue from a donor with rabies will
have disastrous consequences for the transplant re-
cipient, as has recently been described.

 

47

 

 No cases
in humans after indirect, nonbite exposure, such as
touching a pet that may have been exposed to a rab-
id animal, have been reported. Theoretically, hu-
man-to-human transmission is possible, but no
cases have been documented among health care

areas of uncertainty

 

Figure 2. Bat Bite (Arrows) on the Finger.

 

The bite occurred in a 23-year-old man as he handled a bat.
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workers. Barrier procedures and personal-protec-
tion equipment minimize the risk of true exposure. 

Many circumstances, though fueled by fear, are
not indications for prophylaxis. The medical care of
a patient with rabies can cause anxiety on the part
of the clinician because of the voluminous produc-
tion of saliva and the opportunity for unnoticed ex-
posure. Often, postexposure prophylaxis is enter-
tained because the threat of disease is erroneously
considered to be greater than unanticipated risks
of vaccination. Primum non nocere: if the benefits
do not outweigh the risks, postexposure prophylax-
is should not be performed.

 

schedules and delays

 

Clinicians should adhere to prophylaxis schedules.
Deviations of a few days are unimportant, but the ef-
fect of lapses lasting weeks or months is unknown.
Most deviations will not require complete reinitia-
tion of vaccination.

 

41

 

 For example, if a patient who
had begun postexposure prophylaxis missed the
dose scheduled for day 14 and attended a clinic vis-
it on day 21, vaccination may be continued with ad-
ministration of doses at intervals as if the patient
had been on schedule. When in doubt, the patient’s
immune status may be monitored by serologic test-
ing 7 to 14 days after the final dose is given.

 

20

 

Prophylaxis should be instituted whenever expo-
sure is suspected, and it is warranted regardless of
the interval between exposure and presentation.
Delays in initiating prophylaxis are associated with
treatment failure.

 

48

 

 Typical incubation periods are
between one and three months

 

1-3

 

; in rare cases, in-
cubation periods are less than two weeks or exceed
one year.

 

49,50

 

 The extent of delay that renders post-
exposure prophylaxis ineffective is not known.

 

51

 

travel

 

Rabies vaccination is not warranted for most rou-
tine international travel.

 

52

 

 Business ventures last-
ing several days are unlikely to pose a substantive
risk. If an exposure does occur, timely access to
proper care can be sought on the traveler’s return.
Concerns related to the rise in ecotourism are min-
imized by careful planning, tempered with com-
mon sense. Minimally, all travelers should receive
education about rabies and refrain from contact
with animals. Modern biologic agents are not readi-
ly available in developing countries. Regardless of
the duration of travel, if the location and activity are
such that contact with animals is probable but op-
portunities for intervention are unlikely (especially

in the case of travel to a remote region where rabies
is endemic), preexposure vaccination should be en-
couraged.

 

20

 

 Guidelines related to travel are available
from the Centers for Disease Control and Preven-
tion (www.cdc.gov/travel/diseases/rabies.htm).

 

pregnancy

 

Specific testing of reproductive outcomes has not
been performed, but pregnancy is not a contraindi-
cation to postexposure prophylaxis against rabies.
Vaccination has not been associated with adverse
outcomes.

 

53

 

 Prophylaxis is appropriate after expo-
sure to protect the life of the mother and the fetus.
Exposure, or the diagnosis of rabies in the mother, is
not an indication for termination of the pregnancy.

 

treatment

 

Once symptoms begin, treatment is largely futile.
Patients usually die within days to weeks after pre-
sentation. Historically, five patients who survived
represent unusual occurrences and received some
form of prophylaxis before onset. Diagnosis by de-
tection of virus, antigen, antibodies, or nucleic acid
in the patient’s saliva, tissues, serum, or cerebrospi-
nal fluid warrants attempts to treat,

 

54

 

 although
management is essentially palliative. Experimental
trials have included rabies immune globulin, inter-
feron, and ribavirin, without beneficial effect.

 

45

 

The Advisory Committee on Immunization Practic-
es (ACIP) publishes routine protocols for preven-
tion of human rabies in the United States (www.cdc.
gov/nip/publications/acip-list.htm).

 

20

 

 The informa-
tion presented in this article is consistent with the
ACIP guidelines. The recommendations of the
American Academy of Pediatrics are in accord with
those of the ACIP; vaccine doses during postexpo-
sure prophylaxis are equivalent in adults and chil-
dren.

 

55

 

 The National Association of State Public
Health Veterinarians regularly issues a compendium
of recommendations for the prevention and con-
trol of rabies in animals.

 

16

 

 As a barrier to human
infection, pets and other animals should be vacci-
nated and receive regular booster doses. Exposed,
currently vaccinated animals should receive imme-
diate booster doses, whereas unvaccinated animals
should either be euthanized or quarantined. The
World Health Organization maintains information
on the global distribution of rabies and recom-
mendations for postexposure prophylaxis, includ-

guidelines
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ing alternative vaccines, schedules, and routes,
on its Web site (www.who.int/emc-documents/
rabies/whocdscsreph200210.html#english%
20contents).

 

5,56

 

 Booster doses of vaccine are sug-
gested when the antibody titer in a patient at risk
falls below 0.5 IU per milliliter.

Once symptoms develop, rabies is almost invari-
ably fatal. The overarching public health goals are
to educate the public about the disease, prevent ex-
posures, offer vaccination to those at increased
risk, and administer postexposure prophylaxis ap-
propriately. Figure 3 provides general guidance for
the most common circumstances encountered in
the United States. 

The child described in the first vignette should
be examined thoroughly for any evidence of a small
lesion compatible with a bite wound. If the bat is
available, the carcass should be sent to a diagnostic
facility. Postexposure prophylaxis is unnecessary if
test results in the bat are negative. However, prophy-
laxis is needed if the bat is found to have been rabid.
If the bat is unavailable, consultation with the local
or state health department is appropriate, and pro-
phylaxis should be considered if it is likely that the
child was exposed.

In the second vignette, the owner has not been
exposed, even if his puppy had contact with the rac-
coon sometime that morning. Actions should focus
on diagnostic testing of the raccoon and pet man-
agement, depending on the results and depending
on the immune status of the puppy.

In the last vignette, the action to be taken de-
pends on the specific circumstances. If the suspi-
cion of rabies is low (i.e., the dog appeared healthy;
the attack was provoked; the woman was bitten on
an ankle through her clothing; there were only mi-
nor abrasions, which were washed well; and the ep-
isode occurred in a major city free of canine rabies
in recent years, such as Rio de Janeiro or Monte-
video, Uruguay) or if the dog is found alive, prophy-
laxis is not indicated. If the bite occurred in an area
where canine rabies is endemic, immediate postex-
posure prophylaxis is warranted, either with locally
produced biologic agents or those obtained from
the closest major urban area or country.

 

The views expressed in this article are those of the authors and do
not necessarily represent the official policies of the Centers for Dis-

summary and recommendations

 

Figure 3 (facing page). General Guidelines for Prophylax-
is against Rabies in the United States.

 

Bites from bats and high-risk wild carnivores such as rac-
coons, skunks, foxes, bobcats, coyotes, and mongoose 
are of great concern and warrant consideration of imme-
diate postexposure prophylaxis (PEP). In the case of di-
rect contact between a human and a bat, the possibility 
of a bite should be considered unless the exposed per-
son can be reasonably certain that a bite did not occur. 
PEP should be considered for persons who were in the 
same room as a bat and who might be unaware, or un-
able to communicate, that a bite had occurred. Rabies 
has been reported in large rodents (e.g., woodchucks 
and beavers) in areas where terrestrial rabies is enzootic. 
Rabies has rarely been diagnosed in small mammals 
such as rabbits and small rodents (e.g., squirrels, chip-
munks, rats, hamsters, gerbils, guinea pigs, and mice). 
There has never been a documented case of transmis-
sion from these small mammals to a human. PEP may 
be considered for the latter in unusual circumstances 
(e.g., a bite from a small mammal with a history and clin-
ical signs compatible with rabies), unless the animal is 
available for testing and is negative. An apparently 
healthy dog, cat, or ferret that bites a person should be 
confined and observed daily for 10 days. (The determina-
tion of whether a bite was provoked is necessarily subjec-
tive. For domestic animals, territorial-defense–related 
aggression and bites that occur when the animal is sur-
prised, startled, or manipulated are generally viewed as 
provoked.) The animal should not receive a rabies vac-
cine during the observation period. A veterinarian should 
evaluate the animal at the first sign of illness. Manage-
ment of animals other than dogs, cats, and ferrets de-
pends on the species, the circumstances of the bite, the 
local rabies epidemiology, and the biting animal’s histo-
ry, current health status, and potential for exposure to ra-
bies. Because prior vaccination of an animal may not be 
100 percent effective, current vaccination does not pre-
clude the necessity of a 10-day observation period or, as 
warranted, euthanasia and testing. State and local au-
thorities should be informed of biting incidents involving 
cats, dogs, and ferrets. If the animal exhibits signs of ra-
bies during the 10-day observation period, the patient 
should immediately begin to receive prophylaxis, and the 
animal should be euthanized and its brain tissue tested 
for rabies. If the animal is confirmed to have been rabid, 
PEP should be completed; if test results are negative, 
PEP can cease. Diagnostic testing of brain tissue should 
be completed within 24 to 48 hours so that a decision 
about starting PEP can be made. If the diagnosis cannot 
be completed within this period, prophylaxis should be 
started, pending the results of testing. Incubation peri-
ods of less than one week have been reported after se-
vere bites on the face, head, and neck. The initiation of 
PEP should be considered in persons with such expo-
sures before the results of laboratory testing become 
available.
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ease Control and Prevention, the Department of the Army, or the De-
partment of Defense. Use of trade names does not constitute gov-
ernment endorsement.

We are indebted to Jesse Blanton for the photograph used in Fig-

ure 2; to the staff in the Viral and Rickettsial Zoonoses Branch, Cen-
ters for Disease Control and Prevention, for their valuable insights;
and to our many national and international colleagues for their
timely devotion to the amelioration of this often ignored disease.

 

references

 

1.

 

Held JR, Tierkel ES, Steele JH. Rabies
in man and animals in the United States,
1946-65. Public Health Rep 1967;82:1009-
18.

 

2.

 

Anderson LJ, Nicholson KG, Tauxe RV,
Winkler WG. Human rabies in the United
States, 1960 to 1979: epidemiology, diagno-
sis, and prevention. Ann Intern Med 1984;
100:728-35.

 

3.

 

Noah DL, Drenzek CL, Smith JS, et al.
Epidemiology of human rabies in the United
States, 1980 to 1996. Ann Intern Med 1998;
128:922-30.

 

4.

 

Warrell MJ, Warrell DA. Rabies and
other lyssavirus diseases. Lancet 2004;363:
959-69.

 

5.

 

World Health Organization. World
survey for rabies No. 35 for the year 1999.

Geneva: World Health Organization, 2002.
(Accessed November 19, 2004, at http://
www.who.int/emc-documents/rabies/
whocdscsreph200210.html#english%20
contents.)

 

6.

 

Coleman PG, Fevre EM, Cleaveland S.
Estimating the public health impact of ra-
bies. Emerg Infect Dis 2004;10:140-2.

 

7.

 

Rotz LD, Hensley JA, Rupprecht CE,

Did an exposure to rabies occur?
Did an animal bite the patient, or did

a potentially unrecognized exposure
occur?

Was there direct contact of the patient’s
open bleeding wound, broken skin,
or mucous membranes with potentially
infectious material such as animal
saliva or central nervous system tissue?

Was the animal a mammal?

No PEP

No
Yes

No

No

YesNo

No Yes

No

Was the animal a small rodent or rabbit?

Was the animal a dog, cat, or ferret?

No

Was the animal domestic livestock?

No

Yes

Is the animal (brain) available for testing?

Is the animal available
for observation?

Consult public health
officials for local

rabies epidemiology.
Was the animal

a bat, or is 
terrestrial rabies

present?

No PEP

No

No PEP PEPNo PEPPEP PEP

Did the animal
exhibit any

signs of rabies?

Negative for
rabies

Positive for
rabies

Observe the animal for
10 days. Does it exhibit

signs of rabies?
Yes

Yes

No

Yes

Yes

Yes

Yes

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at ST MATTHEWS UNIV SCH MED on August 12, 2005 . 



 

n engl j med 

 

351;25

 

www.nejm.org december 

 

16

 

, 

 

2004

 

The

 

 new england journal 

 

of

 

 medicine

 

2634

 

Childs JE. Large-scale human exposures to
rabid or presumed rabid animals in the
United States: 22 cases (1990-1996). J Am
Vet Med Assoc 1998;212:1198-200.

 

8.

 

Krebs JW, Long-Marin SC, Childs JE.
Causes, costs, and estimates of rabies post-
exposure prophylaxis treatments in the Unit-
ed States. J Public Health Manag Pract 1998;
4:56-62.

 

9.

 

Moran GJ, Talan DA, Mower W, et al.
Appropriateness of rabies postexposure pro-
phylaxis treatment for animal exposures.
JAMA 2000;284:1001-7.

 

10.

 

Manufacturer’s recall of human rabies
vaccine. MMWR Morb Mortal Wkly Rep
2004;53(Dispatch, April 2):1-2. (Accessed
November 19, 2004, at http://www.cdc.gov/
mmwr/preview/mmwrhtml/mm53d402a1.
htm.)

 

11.

 

King AA, Meredith CD, Thomson GR.
The biology of southern African lyssavirus
variants. Curr Top Microbiol Immunol 1994;
187:267-95.

 

12.

 

Hanna JN, Carney IK, Smith GA, et al.
Australian bat lyssavirus infection: a second
human case, with a long incubation period.
Med J Aust 2000;172:597-9.

 

13.

 

Fooks AR, Brookes SM, Johnson N,
McElhinney LM, Hutson AM. European bat
lyssaviruses: an emerging zoonosis. Epide-
miol Infect 2003;131:1029-39.

 

14.

 

Botvinkin AD, Poleschuk EM, Kuzmin
IV, et al. Novel lyssaviruses isolated from bats
in Russia. Emerg Infect Dis 2003;9:1623-5.

 

15.

 

Krebs JW, Wheeling JT, Childs JE. Ra-
bies surveillance in the United States during
2002. J Am Vet Med Assoc 2003;223:1736-
48. [Erratum, J Am Vet Med Assoc 2004;224:
705.]

 

16.

 

Jenkins SR, Auslander M, Conti L, Leslie
MJ, Sorhage FE, Sun B. Compendium of an-
imal rabies prevention and control, 2004.
J Am Vet Med Assoc 2004;224:216-22.

 

17.

 

Childs JE, Colby L, Krebs JW, et al. Sur-
veillance and spatiotemporal associations of
rabies in rodents and lagomorphs in the
United States, 1985-1994. J Wildl Dis 1997;
33:20-7.

 

18.

 

Charlton KM. The pathogenesis of ra-
bies and other lyssaviral infections: recent
studies. Curr Top Microbiol Immunol 1994;
187:95-119.

 

19.

 

Bahmanyar M, Fayaz A, Nour-Salehi S,
Mohammadi M, Koprowski H. Successful
protection of humans exposed to rabies in-
fection: postexposure treatment with the
new human diploid cell rabies vaccine and
antirabies serum. JAMA 1976;236:2751-4.

 

20.

 

Human rabies prevention — United
States, 1999: recommendations of the Im-
munization Practices Advisory Committee
(ACIP). MMWR Recomm Rep 1999;48(RR-
1):1-21.

 

21.

 

Dean DJ. Pathogenesis and prophylaxis
of rabies in man. N Y State J Med 1963;63:
3507-13.

 

22.

 

Griego RD, Rosen T, Orengo IF, Wolf JE.

Dog, cat, and human bites: a review. J Am
Acad Dermatol 1995;33:1019-29.

 

23.

 

Systemic allergic reactions following
immunization with human diploid cell ra-
bies vaccine. MMWR Morb Mortal Wkly
Rep 1984;33:185-7.

 

24.

 

Dreesen DW, Bernard KW, Parker RA,
Deutsch AJ, Brown J. Immune complex-like
disease in 23 persons following a booster
dose of rabies human diploid cell vaccine.
Vaccine 1986;4:45-9.

 

25.

 

Swanson MC, Rosanoff E, Gurwith M,
Deitch M, Schnurrenberger P, Reed CE. IgE
and IgG antibodies to beta-propiolactone
and human serum albumin associated with
urticarial reactions to rabies vaccine. J Infect
Dis 1987;155:909-13.

 

26.

 

Fishbein DB, Yenne KM, Dreesen DW,
Teplis CF, Mehta N, Briggs DJ. Risk factors
for systemic hypersensitivity reactions after
booster vaccinations with human diploid
cell rabies vaccine: a nationwide prospective
study. Vaccine 1993;11:1390-4.

 

27.

 

Anderson LJ, Winkler WG, Hafkin B,
Keenlyside RA, D’Angelo LJ, Deitch MW.
Clinical experience with a human diploid
cell rabies vaccine. JAMA 1980;244:781-4.

 

28.

 

Plotkin SA. Rabies vaccine prepared in
human cell cultures: progress and perspec-
tives. Rev Infect Dis 1980;2:433-48.

 

29.

 

Dreesen DW, Fishbein DB, Kemp DT,
Brown J. Two-year comparative trial on the
immunogenicity and adverse effects of puri-
fied chick embryo cell rabies vaccine for pre-
exposure immunization. Vaccine 1989;7:
397-400.

 

30.

 

Noah DL, Smith MG, Gotthardt JC,
Krebs JW, Green D, Childs JE. Mass human
exposure to rabies in New Hampshire: ex-
posures, treatment, and cost. Am J Public
Health 1996;86:1149-51.

 

31.

 

Jones RL, Froeschle JE, Atmar RL, et al.
Immunogenicity, safety and lot consistency
in adults of a chromatographically purified
Vero-cell rabies vaccine: a randomized, dou-
ble-blind trial with human diploid cell ra-
bies vaccine. Vaccine 2001;19:4635-43.

 

32.

 

Surveillance for safety after immuniza-
tion: Vaccine Adverse Event Reporting Sys-
tem (VAERS) — United States, 1991–2001.
MMWR Surveill Summ 2003;52(SS1):1-24.

 

33.

 

Parviz S, Luby S, Wilde H. Postexposure
treatment of rabies in Pakistan. Clin Infect
Dis 1998;27:751-6.

 

34. Boe E, Nyland H. Guillain-Barre syn-
drome after vaccination with human diploid
cell rabies vaccine. Scand J Infect Dis 1980;
12:231-2.
35. Bernard KW, Smith PW, Kader FJ, Mo-
ran MJ. Neuroparalytic illness and human
diploid cell rabies vaccine. JAMA 1982;248:
3136-8.
36. Knittel T, Ramadori G, Mayet WJ, Lohr
H, Meyer zum Buschenfelde KH. Guillain-
Barre syndrome and human diploid cell ra-
bies vaccine. Lancet 1989;1:1334-5.
37. Tornatore CS, Richert JR. CNS demye-

lination associated with diploid cell rabies
vaccine. Lancet 1990;335:1346-7.
38. Moulignier A, Richer A, Fritzell C, Fou-
lon D, Khoubesserian P, de Recondo J. Men-
ingoradiculitis after injection of an antira-
bies vaccine: a vaccine from human diploid
cell culture. Presse Med 1991;20:1121-3. (In
French.)
39. Chakravarty A. Neurologic illness fol-
lowing post-exposure prophylaxis with pu-
rified chick embryo cell antirabies vaccine.
J Assoc Physicians India 2001;49:927-8.
40. Briggs DJ, Dreesen DW, Nicolay U, et al.
Purified Chick Embryo Cell Culture Rabies
Vaccine: interchangeability with Human Dip-
loid Cell Culture Rabies Vaccine and compar-
ison of one versus two-dose post-exposure
booster regimen for previously immunized
persons. Vaccine 2000;19:1055-60.
41. General recommendations on immuni-
zation: recommendations of the Advisory
Committee on Immunization Practices
(ACIP) and the American Academy of Fami-
ly Physicians (AAFP). MMWR Recomm Rep
2002;51(RR-2):1-35.
42. Siber GR, Werner BG, Halsey NA, et al.
Interference of immune globulin with mea-
sles and rubella immunization. J Pediatr
1993;122:204-11.
43. Messenger SL, Smith JS, Rupprecht CE.
Emerging epidemiology of bat-associated
cryptic cases of rabies in humans in the Unit-
ed States. Clin Infect Dis 2002;35:738-47.
44. Gibbons RV, Holman RC, Mosberg SR,
Rupprecht CE. Knowledge of bat rabies and
human exposure among United States
cavers. Emerg Infect Dis 2002;8:532-4.
45. Human death associated with bat rabies
— California, 2003. MMWR Morb Mortal
Wkly Rep 2004;53:33-5.
46. Gibbons RV. Cryptogenic rabies, bats,
and the question of aerosol transmission.
Ann Emerg Med 2002;39:528-36.
47. Update: investigation of rabies infec-
tions in organ donor and transplant recipi-
ents — Alabama, Arkansas, Oklahoma, and
Texas, 2004. Atlanta: Centers for Disease
Control and Prevention, 2004. (Accessed
November 19, 2004, at http://www.cdc.gov/
mmwr/preview/mmwrhtml/
mm53d709.htm.)
48. Thraenhart O, Marcus I, Kreuzfelder E.
Current and future immunoprophylaxis
against human rabies: reduction of treat-
ment failures and errors. Curr Top Microbi-
ol Immunol 1994;187:173-94.
49. Smith JS, Fishbein DB, Rupprecht CE,
Clark K. Unexplained rabies in three immi-
grants in the United States: a virologic inves-
tigation. N Engl J Med 1991;324:205-11.
50. Chhabra M, Ichhpujani RL, Tewari KN,
Lal S. Human rabies in Delhi. Indian J Pedi-
atr 2004;71:217-20.
51. Helmick CG. The epidemiology of hu-
man rabies postexposure prophylaxis, 1980-
1981. JAMA 1983;250:1990-6.
52. LeGuerrier P, Pilon PA, Deshaies D, Al-

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at ST MATTHEWS UNIV SCH MED on August 12, 2005 . 



n engl j med 351;25 www.nejm.org december 16, 2004

clinical practice

2635

lard R. Pre-exposure rabies prophylaxis for
the international traveller: a decision analy-
sis. Vaccine 1996;14:167-76.
53. Chutivongse S, Wilde H, Benjavongkul-
chai M, Chomchey P, Punthawong S. Post-
exposure rabies vaccination during pregnan-
cy: effect on 202 women and their infants.
Clin Infect Dis 1995;20:818-20.

54. Jackson AC, Warrell MJ, Rupprecht CE,
et al. Management of rabies in humans. Clin
Infect Dis 2003;36:60-3.
55. Rabies. In: Pickering LK, ed. Red Book:
2003 report of the Committee on Infec-
tious Diseases. 26th ed. Elk Grove Village,
Ill.: American Academy of Pediatrics, 2003:
514-21.

56. WHO recommendations on rabies post-
exposure treatment and the correct tech-
nique of intradermal immunization against
rabies. Geneva: World Health Organization,
1997. (Accessed November 19, 2004, at
http://www.who.int/emc-documents/ra-
bies/whoemczoo966c.htm.)
Copyright © 2004 Massachusetts Medical Society.

full text of all journal articles on the world wide web

Access to the complete text of the Journal on the Internet is free to all subscribers. To use this Web site, subscribers should go to 
the Journal’s home page (www.nejm.org) and register by entering their names and subscriber numbers as they appear on their 
mailing labels. After this one-time registration, subscribers can use their passwords to log on for electronic access to the entire 
Journal from any computer that is connected to the Internet. Features include a library of all issues since January 1993 and 
abstracts since January 1975, a full-text search capacity, and a personal archive for saving articles and search results of interest. 
All articles can be printed in a format that is virtually identical to that of the typeset pages. Beginning six months after publication, 
the full text of all Original Articles and Special Articles is available free to nonsubscribers who have completed a brief registration.

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at ST MATTHEWS UNIV SCH MED on August 12, 2005 . 


