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Abstract Rabies has the highest case fatality of any infec-
tious disease. Pathobiological and clinical insights have ques-
tioned the assertion that death is inevitable after onset of acute
encephalomyelitis. Relying upon national laboratory-based
surveillance, we reviewed records of human rabies acquired
in the United States during 1960—2009. Changes in the epide-
miology of human rabies were notable, due to improved ani-
mal management, safer and more efficacious biologics, and
revisions in prevention guidelines. Historically, domestic ani-
mals were the most important source of infection. Since the
1990s, more human cases were associated with rabid bats.
Prior to 1980, postexposure prophylaxis failures were reported.
After development of modern rabies immune globulin and
vaccines, none occurred. Of 75 human cases identified, only
four patients survived. Rabies remains an extremely high con-
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sequence zoonosis, but the disease is not uniformly fatal, per
se. Rabies is essentially preventable when primary exposures
are averted, or appropriate prophylaxis occurs before illness.
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Introduction

Rabies is one of the most feared infectious diseases. Annu-
ally, tens of thousands of people die from rabies worldwide.
Most deaths occur within Asia and Africa, typically follow-
ing a rabid dog bite. In the United States, aggressive cam-
paigns to vaccinate dogs against rabies began after World
War II. As a result, sustained rabies virus transmission in
dogs was eliminated, and the last suspected dog bite-
associated human rabies case in the U.S. occurred near the
Mexican border in the early 1990s. Clearly, the epidemiol-
ogy of rabies in the United States changed dramatically over
the 20th century, as well as basic knowledge towards its
prevention and potential treatment. The objective of this
paper is to summarize reported human cases of rabies ac-
quired in the United States from 1960 to 2009 [1-59].
Moreover, considering the extreme case fatality associated
with this zoonosis, our primary purpose is to review the
epidemiology, rabies postexposure prophylaxis (PEP) fail-
ures, clinical presentations, laboratory findings, and out-
comes of human rabies cases acquired in the United
States over the past 50 years, to provide an insight to
the question if rabies should be considered a uniformly
lethal disease.
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Methods

We identified human cases of rabies acquired in the United
States in the Morbidity and Mortality Weekly Report from
1960 to 2009 and records at CDC. Additionally, we con-
ducted literature searches for other cases over this period.
Case reports were tabulated.

Exposure histories were characterized as domestic animal
bites, non-domestic (wild) animal bites, domestic or wild
animal contact without an identified bite, bat related expo-
sures (including bat bites, bat contact without an identified
bite, a bat in the house, or other close proximity to a bat),
laboratory exposures, transplant exposures, or no identified
exposure. Imported human rabies cases from exposures
abroad or rabies virus variants found outside the United
States were excluded.

The clinical course was separated into three categories: 1)
encephalitic form characterized by loss of cognitive func-
tions, usually with agitation; 2) paralytic form, characterized
by focal or quadriparesis with initial normal cognitive func-
tion; and 3) atypical presentation, characterized by focal
pain, cranial nerve palsies, and seizures [60].

All cases were confirmed through laboratory diagnostic
testing (performed by CDC and/or a state laboratory) by one
of the following: 1) detection of rabies virus antibodies in
the serum of an individual with no history of rabies immu-
nization or in CSF, regardless of immunization status; 2)
detection of rabies virus antigens by immunofluorescence
(FA) or histology/electron microscopy in a skin biopsy of
the neck, corneal impressions, or brain tissue; 3) detection of
rabies virus RNA by RT-PCR in saliva, skin biopsy, or brain
tissues; and 4) rabies virus isolation from saliva, tears, skin
biopsy, or brain tissues [60—65].

Results

Human Rabies Cases Acquired in the United States
(1960-2009)

From 1960 to 2009, records were reviewed from 75 cases of
human rabies (Table 1). These included cases with an identi-
fied bite from a rabid or potentially rabid animal (29 cases),
cases secondary to laboratory exposures (2 cases), cases due
to tissue transplantation (5 cases from 2 separate donors),
cases of contact with a sick or wild animal without an identi-
fied exposure (6 cases), cases with bat contact but without an
identified exposure (14 cases), cases with a history of a bat in
the house without identified exposure (2 cases), cases with
bats observed out of the home without identified exposure
(4 cases), and cases with no known exposures (13 cases).
Cases from known domestic or wild carnivore bites oc-
curred only in the first and second decades (1960-1979).

Patients developed rabies after bat bites in all five decades
(1960-2009). Rabies following bat contact, but without a
reported bite, occurred in recent decades (1990-2010).
Cases without an identified exposure were found over the
last four decades. Overall, 24/75 (32 %) were in the pediat-
ric age group (< 18 years of age) and 12 of these 24 (50 %)
were <10 years of age. The mean age was 29 years (range 2
to 82 years of age). A male gender-bias was apparent in all
five decades, while children predominated in the first
(1960-1969) decade.

Initial symptoms were listed for 65 of 75 patients (clinical
descriptions were not obtained for 10 patients). Many of
these 65 patients presented first to emergency care or pri-
mary care with non-specific complaints, including focal
pain and/or paresthesias (34/65, 52 %), vomiting and head-
ache (13/65, 20 %), sore throat or dysphagia (10/65, 15 %),
malaise (5/65, 8 %), and confusion and/or agitation (3/65,
5 %). Most of these 65 patients were discharged home,
including 15 who were diagnosed with upper respiratory
infections, given antibiotics, and discharged. All 65 patients
were hospitalized ultimately, usually within 7 days of their
presentation.

Documented Bites Preceding Rabies and Failures
of Prophylaxis

Documented bites from carnivores and development of ra-
bies (13 cases) occurred from 1960 to 1979. Animals in-
cluded dogs (5 cases), a cat (1 case), skunks (4 cases), foxes
(2 cases), and a bobcat (1 case). Documented bat bites
resulting in rabies (16 cases) occurred over all five decades.
Of these 29 subjects who developed rabies following bites,
14 (48 %) did not receive rabies PEP, 12 (41 %) received
partial rabies PEP, and 3 (10 %) received the recommended
PEP. The partial rabies PEP included duck embryo vaccine
(DEV) without rabies immune globulin (RIG). The last
patient to develop rabies after PEP was in 1979. Since
1979, DEV was replaced by more effective tissue culture
vaccines, and no documented rabies PEP failures have been
reported in the United States.

Initial Suspicion and Laboratory Findings

For 63 patients, some description was obtained of clinical
course after hospitalization. On admission, temperature was
reported in 42 patients and 37 (88 %) were febrile. The
initial serum white blood cell count (WBC) was reported
for 23 patients and mean WBC was 13,880/mm? (range
7,700-20,000/mm?) with 78 % polys (range 65-91 %).
The initial CSF findings were reported for 45 patients, and
for 39 (87 %) the CSF was abnormal. The WBC was
elevated (> 5/mm?) for 34/45 patients with a mean of 98
(range 6-1,000/mm?) and 19 % polys (range 0—67 %). The
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CSF protein was elevated (> for 40 mg/dL) for 27/32 sub-
jects, with a mean of 99 (range 50—178 mg/dL). One patient
had a low CSF glucose (24 mg/dL) but simultaneous serum
glucose was not reported.

Initial diagnosis at the time of hospitalization included
encephalitis of unknown etiology, meningitis, stroke, weak-
ness, transverse myelitis, Guillain-Barré syndrome, sub-
arachnoid hemorrhage, myocardial infarction, vomiting/
dehydration, abdominal obstruction, glossitis/pharyngitis,
and tetanus. Over the course of hospitalization, patients
evolved clinically (63 patients) into what fit best as enceph-
alitic rabies (46 patients), paralytic rabies (9 cases), or
atypical rabies (8 cases). Rabies was not suspected during
the hospitalization for 17 of these patients. Hence, enceph-
alitic/paralytic/atypical rabies was not considered until
postmortem.

Seven of 46 patients with encephalitic rabies were com-
bative and required sedation or restraints. In addition, a 2-
year-old boy (patient #10) “in a sudden outburst of rage” bit
his mother. His mother received rabies PEP and remained
well. This was the only official report of any of the 75
subjects with rabies biting another human. Most of the 46
subjects with encephalitic rabies were described as disori-
ented, agitated, and/or lethargic.

Clinical manifestations of nine patients fit best into the
category of paralytic rabies. They were initially thought to
have strokes, transverse myelitis, myelitis, or Guillain-Barré
syndrome.

Eight patients had so-called atypical clinical manifesta-
tions of rabies. These included focal neuropathies, cranial
nerve palsies, and an initially clear sensorium that evolved
into seizures.

Rabies Diagnostic Confirmation

Rabies was confirmed by documenting rabies virus antigens
or isolates in corneal impressions, saliva, neck skin biopsy,
or brain biopsy. Multiple tests were usually conducted for
each of the 75 patients. The diagnosis was attempted ante-
mortem in 43 patients, with supportive results in 37 (86 %)
(Table 2). The sensitivity of antemortem testing by decade
was: 2/3 in 1960-1969; 7/8 in 1970-1979; 2/2 in 1980—
1989; 11/14 in 1990-1999; and 15/16 in 2000-2009. De-
tection using corneal impressions occurred in 7/12 (58 %)
samples; virus isolation and/or PCR from saliva in 19/30
(63 %); nuchal skin biopsies in 14/27 (52 %); and brain
biopsies in 2/4 (50 %). Four patients survived and in each
case rabies was confirmed by antibody testing only.
Postmortem evaluation of brain tissue included detection
of antigens or amplicons in 36/38 (95 %); microscopic
neuronal intracytoplasmic inclusions or virions detected by
electron microscopy 23/28 (82 %); and isolation in 13/15
(87 %). In addition, positive postmortem findings occurred

in 2/3 saliva samples, 1/2 corneal impressions, and 2/4
nuchal skin biopsies.

Rabies Virus Variants

Monoclonal antibody typing or molecular sequencing was
used for determining the rabies virus variant for 51/75
(68 %) patients. Forty-five were associated with bats, two
with skunks, two with dogs, one with a raccoon, and one
with a coyote rabies virus variant. Two were likely labora-
tory strains (subjects #30 and #31), and 22 were not deter-
mined because testing was not available or no viral isolate
was recovered for testing. Bat viruses were the majority (45/
51, 88 %) of the identified variants. Clinically, bat contacts
were involved with 35/75 (47 %) patients. Of these 35, 29
had viral characterization and all were bat rabies virus
variants. In addition, 5 patients with transplant-related rabies
were bat-associated.

Bat bites preceding rabies (16 patients) occurred at least
once in all five decades of study. Bat contact without a
known bite preceded rabies (14 patients) in only the last
two decades.

Thirteen patients had undefined exposures. These oc-
curred in the last four decades. The rabies virus variant
was identified in 12 of these 13 patients and included bat
rabies viruses in nine, and one each with skunk, dog and a
raccoon variant.

Survivors

Case 1 (Patient #13). A 6-year-old boy was bitten by a bat
on his left thumb in October, 1970. The bat remained
attached until the father removed it. The bat was diagnosed
rabid. The child was given 14 doses of DEV, but no RIG.
Two days after completing DEV, the patient developed neck
pain, fever, vomiting and was hospitalized. Rabies was
initially not suspected until the child developed a left-sided
weakness followed by unresponsiveness. Rabies virus anti-
bodies were detected in the serum and CSF. Serum neutral-
ization titers peaked at 1:63,000 whereas most people
demonstrated titers of 1:32 (and rarely above 1:600) after
DEV immunization. This antibody response was considered
indicative of clinical rabies and not a post-vaccine effect. No
inclusions (Negri bodies) were found in a brain biopsy and
no rabies virus was isolated from viral culture of brain
tissue. The child was intubated and comatose for 10 days,
was extubated and gradually returned to normalcy over the
next 3 months.

Case 2 (Patient #31). In March, 1977, a 32-year-old labo-
ratory technician was exposed to a rabies virus aerosol. Two
weeks later, he developed malaise, headaches, fever, lethar-
gy, and was hospitalized. During the next 3 days, he became
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Table 2 Antemortem diagnostic test results for 43 patients with human rabies acquired in the United States, 1960—2009

Case Detection of Antigen Saliva Virus Saliva RNA Detection of Antibody
Isolation Detection

Cutaneous Cornea Brain Serum Serum CSF CSF

Nerve (IFA) (RFFIT)  (IFA) (RFFIT)
6 _a — - Negative - - - - -
9 - - - - - Positive Positive - -
10 - Negative Positive Negative - Positive Positive Positive -
11 - Negative - Negative - - - - -
13 - - Negative Negative - - Positive Positive -
15 - Positive - Positive - - - - -
17 Positive Positive - - - - Positive - -
18 - Inconclusive - - - - Positive - Negative
19 Negative - - Negative - - Positive - Positive
20 Negative - - Negative - Negative” Negative”
22 Positive - Positive Negative Positive - Positive - -
23 Positive - - - Positive - - - -
24 - - - - Positive Negative Positive Negative Negative
26 Negative - - Negative Negative Positive Positive - Positive
27 Positive - - - Positive Positive Positive Positive Positive
28 Negative - - - Negative Positive Positive Positive Positive
29 Positive - - - Positive Negative Positive Negative Negative
31 Negative Negative - - - - Positive Positive -
39 Negative Positive - Negative - Negative” Negative®
40 - - - - - - Negative - -
41 Positive - - Positive Positive Negative” Negative®
43 Negative Inconclusive - - - Positive - Negative Negative
46 - - - - - - Negative - -
47 Positive - - - Positive - Negative - Negative
48 Positive Positive - - Positive - - - -
50 - - - - - - Negative - -
51 Negative - - - Positive Positive - Positive -
52 Negative Positive - - Positive Positive Positive - -
53 - - - - - Positive Positive Positive Positive
54 Positive - - - Positive Negative - Negative -
55 Negative - - - Negative Positive Positive Positive Positive
56 Negative - - - Negative Positive Positive Positive Positive
57 Positive - - Positive Positive - - - -
58 - Positive - Negative Positive - Positive - -
61 Positive - - - Positive Positive Positive Positive Positive
62 Negative - - - Positive Positive Positive Negative Negative
65 - - - - - - Positive - Negative
67 Positive - - - Positive - Negative - Negative
68 Positive - - Positive Positive Negative” Negative”
71 - Positive - - - - - - -
72 - - - - - - Positive - -
73 Negative - - - Positive - Positive - -
74 Positive - Inconclusive - - Positive Positive Negative Negative

2 Sample not collected, testing not performed, or results not reported, ® Testing modality not reported
IFA4 Indirect Fluorescent Antibody; RFFIT Rapid Fluorescent Focus Inhibition Test
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comatose and was intubated. He had received pre-exposure
rabies vaccination during 1968, followed by yearly boosters.
His last rabies vaccine booster was November, 1976. Two
weeks after this booster his rabies virus serum neutralization
titer was 1:32. Upon illness, rabies virus antibodies were
detected in his serum (1:64,000) and CSF (1:16,225), sup-
portive of an acute rabies virus infection. No rabies virus
antigens were detected in corneal impressions or a nuchal
skin biopsy. The patient survived, but with severe neurologic
sequelae.

Case 3 (Patient #26). In September, 2004 a 15-year-old girl
was bitten on the left index finger while handling a bat. The
wound was washed, but no medical care was sought. One
month later, she developed fatigue and left hand paresthesia.
Over the next 3 days, she experienced vomiting, 6th cranial
nerve palsies, fever, lethargy, and was hospitalized. Rabies
virus antibodies were found in her CSF, increasing from 1:32
to 1:2,048. No rabies virus antigens were detected in a nuchal
skin biopsy. Specific treatment included induction of coma,
ketamine, midazolam, ribavirin, and amantadine (later termed
the ‘Milwaukee protocol’). No rabies vaccine or immunoglob-
ulin was administered. After 4 weeks of induced coma, her
medications were tapered and after intensive rehabilitative
therapy over the next year she made a complete recovery.

Case 4 (Patient #55). In February, 2009, a 17-year-old
female presented to the emergency department with a 2 week
history of headache, fever, vomiting, and paresthesias. A
lumbar puncture revealed lymphocytic meningitis (WBC of
163/mm>, 97 % lymphocytes). She was hospitalized, 3 days
later felt better, no isolates were obtained from routine
cultures, and she was discharged. A week later she returned
with headache, vomiting and left-sided weakness. A repeat
lumbar puncture showed lymphocytic meningitis (WBC of
185/mm>, 95 % lymphocytes) and her CSF pressure was
increased. She reported a history of contact with flying bats
after entering a cave in Texas 2 months before illness onset but
had never received rabies prophylaxis. Rabies virus antibodies
were found in her serum (1:8,192) and CSF (1:32), indicative
of an acute rabies virus infection. Neither viral antigens nor
amplicons were detected in submitted samples. One dose of
rabies vaccine and 1,500 IU of HRIG were administered
following detection of rabies virus antibodies but additional
doses were held due to concerns for possible adverse events
from immune stimulation. She was treated supportively with-
out intensive care and was discharged a week later. She
returned the next week with worsening headache. A third
lumbar puncture was performed, which relieved the headache.
After this last visit she was lost to follow-up.

Case 5 (Reference #100). In May 2011, an 8-year-old girl in
California presented to a local emergency department with a

1-week history of progressive sore throat, difficulty swal-
lowing, and weakness. After developing flaccid paralysis
and encephalitis, diagnostic laboratory testing detected of
rabies virus—specific antibodies in serum and CSF. Despite
extensive testing, no likely alternative diagnosis was identi-
fied. The patient recovered after receiving advanced sup-
portive care, including treatment with therapeutic coma. The
patient had no history of rabies vaccination and received no
rabies biologics during the course of her treatment.
Scratches from at least two free-roaming, unvaccinated cats
at the patient’s school were identified as a possible source of
infection.

Discussion

“Rabies” comes from a Latin term, meaning rage or fury,
and is one of the oldest recorded infectious diseases. Rabies
virus is a highly neurotropic RNA virus in the family Rhab-
doviridae and genus Lyssavirus, and the only lyssavirus
detected in the New World [60, 64]. To date, more than a
dozen putative lyssavirus species/genotypes have been
recorded. All lyssaviruses result in an acute, progressive
encephalitis, and most have been documented as human
pathogens. After a bite or mucous membrane exposure,
virions infect peripheral nerves, uncoat, and travel via ret-
rograde axoplasmic transport to the spinal cord and brain at
a rate of 50 to 100 mm/day [64]. After replication in the
central nervous system, viral spread occurs throughout the
body, including the salivary glands, cornea, the skin of the
neck, and other innervated areas. Incubation period is usu-
ally 4 to 6 weeks, but periods of longer than a year have
been reported. Incubation periods of 2 weeks or less have
been observed in patients with severe bites to the head and
face [66, 67].

Death is an expected, but not uniform, outcome, occur-
ring on average 2 weeks after onset of symptoms [68].
Manifestations of the acute neurological phase are grouped
into three forms: encephalitic (“furious rabies”), paralytic
(“dumb rabies”) or atypical rabies. A severe encephalitic
form matches the stereotypical image of the “mad” dog
and is uncommon in humans [69]. Humans with encepha-
litic rabies may show agitation, altered mental state, hydro-
phobia, dysphagia, hyper salivation, and signs of autonomic
dysfunction. In the paralytic form patients exhibit muscle
weakness that rapidly deteriorates into flaccid paralysis.
Early signs and symptoms for both presentations are non-
specific, including fever, malaise, focal or generalized weak-
ness, difficulty swallowing, headache, and pain or paresthe-
sias in the area of the wound [60, 69].

Dogs are the most important global reservoirs from a
public health perspective. Important wild carnivores include
foxes, skunks, raccoons, mongooses and jackals. Infected
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Chiroptera have been documented on all inhabited conti-
nents, including insectivorous, frugivorous, and vampire
bats (Latin America) [70].

Rabies Epidemiology

During 1950-1959, 99 cases of human rabies were acquired
in the United States. Most were the result of a bite from a
rabid domestic animal. In the 1950s and 1960s intense
public health efforts to vaccinate dogs made canine rabies
uncommon, and cases in humans plummeted [71, 72]. Over
the last five decades, rabies cases in humans evolved from
an infection acquired via exposure to rabid domestic or wild
carnivores (usually in children) to an infection acquired
from bats (children and adults, in equal proportion).

Bats were first reported rabid in the United States during
the 1950s [73]. The importance of bat rabies was better
appreciated after the development of monoclonal antibody
typing techniques that allowed identification of the likely
reservoir source of infection. Domestic or wild carnivores
rarely are found infected with bat rabies viruses [73]. The
last human rabies cases involving documented bites from a
domestic animal occurred in 19751979, identified as rabies
virus variants associated with skunks and dogs. Of 19 cases
involving bat exposures without a documented bite (1990—
2009), 17 were bat-associated variants, and 2 did not have a
rabies virus variant identified.

Rabies Diagnosis

Human rabies is a rare disease in the United States. Not
surprisingly, rabies is often not considered during early
course of illness. Furthermore, initial signs are often non-
specific, including focal pain and/or paresthesias, headache,
vomiting, sore throat and/or dysphagia. Even after hospital-
ization, rabies may not be considered. For two patients (one
who died of presumed Guillain-Barré syndrome, and the
other of presumed subarachnoid hemorrhage) rabies was
only considered when recipients of their tissues developed
rabies. Presumably, other cases of human rabies have occurred
in the United States and were not identified.

Specific laboratory diagnosis requires demonstration of
rabies virus antigens, isolates, detection of rabies virus
nucleic acids, or the presence of rabies virus antibodies in
the serum of unvaccinated individuals, or CSF, irrespective
of vaccination status. Postmortem examination of the brain
reaches 100 % sensitivity. During the last 50 years, ante-
mortem detection of rabies virus was attempted in less than
half of patients reported with rabies. Saliva samples were
useful in 13/16 (81 %), corneal impressions in 9/13 (69 %),
and nuchal skin biopsies in 14/25 (56 %) (Fig. 1). Over this
period, methods for detecting rabies virus infection have
improved. Tissue culture for the isolation of virus has
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Fig. 1 Microscopic image of a cryostat section of a human skin biopsy
showing fluorescent rabies virus inclusions in a hair follicle (photograph
courtesy of Michael Niezgoda)

replaced laboratory animals, RT-PCR with sequencing aug-
ments antigen testing, and electron microscopy can identify
virions during pathogen detection. Testing of antemortem
nuchal biopsies was >98 % sensitive, and three successive
saliva specimens were 100 % sensitive in one study using a
heminested RT-PCR assay [74].

Bat-Associated Rabies (1990-2010)

Over the last two decades (1990-2010), 45 human cases of
rabies were acquired in the United States. Of these, 42
(89 %) were rabies virus variants associated with bats. Ten
were due to bat bites, 14 had bat contact, 6 had bats in their
homes or neighborhoods, 4 followed transplants from a
donor with a bat bite, and 6 had no documented exposures.
In addition, patient #32 had contact with a sick cow and
patient #35 had contact with a sick kitten.

In 1995, a 4-year-old child in Washington and a 13-year-
old child from Connecticut died of rabies [37, 38]. The
4-year-old had a bat in her room and the 13-year-old had a
bat downstairs while she slept upstairs. Neither had identi-
fied bat contact. Before 1995, rabies PEP was recommended
for a bat exposure only when a bite or non-bite exposure had
occurred. Following these cases, CDC updated recommen-
dations to include consideration of PEP “in situations in
which a bat is physically present and the persons(s) cannot
exclude the possibility of a bite” unless prompt testing of the
bat has ruled out rabies. Thus, a bat in the house with a child
or a sleeping family member could result in PEP. Unfortu-
nately, a bat in the house is a common scenario. In 2009, De
Serres et al. reviewed the risks of house bat exposures
without identified contact and concluded that more than
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one million people would need PEP at a cost of over a
billion dollars to prevent a case of rabies [73]. Current
Advisory Committee on Immunization Practices (ACIP)
guidelines for human rabies prevention state: “situations that
might qualify as exposures include finding a bat in the same
room as a person who might be unaware that a bite or direct
contact has occurred” [61]. Thus, simply finding a bat in the
house does not require PEP, but a bat found in the same
room as a person should be investigated thoroughly.

Rabies Postexposure Prophylaxis

Rabies is preventable with proper administration of modern
rabies PEP, combining active and passive immunization [61,
62, 75—77]. Two rabies vaccines are commercially available
in the United States: the human diploid cell culture vaccine
(HDCV) and the purified chick embryo vaccine (PCEV).
These vaccines are highly effective and safe, rarely causing
serious adverse events [61, 62]. The older vaccine DEV was
used during the 1960-70s, a period when at least 27 people
developed rabies. Eleven of these received vaccinations
with DEV alone, but no RIG, while five patients received
vaccination with DEV plus RIG. Since introduction of mod-
ern cell culture rabies vaccines and RIG during the 1980s,
no failures of rabies PEP have been reported in the United
States. Rabies PEP is composed of one dose of RIG and four
or five doses of HDCV or PCEC vaccine. A 4-dose vaccine
regimen is recommended by the ACIP [76°].

Indications for PEP have changed little over the last five
decades in the United States. Rabies PEP is recommended
for bite exposures from suspect rabid animals or non-bite
exposures involving contamination of an open wound,
scratch, or mucous membrane with saliva or nervous tissue
from a potentially rabid animal [61]. Evaluation is indicated
for direct bat contact, since a person may not recognize the
risk and lesions could be minimal [78]. Changes in recom-
mendations for rabies PEP in the last two decades include:
1) rabies PEP may not be needed for a provoked bite by a
well-appearing stray dog in some areas of the United States
which are free of rabies in carnivores, 2) rabies PEP should
be considered if a bat is found in the room of a sleeping
person or a person who cannot report contact [76°].

Historically, rabies vaccines derived from nerve tissue
(NTV) caused severe swelling and was administered subcu-
taneously in the abdomen. These NTV were associated with
rare but serious neuroparalytic reactions and were less po-
tent than modern cell culture vaccines. While NTV have
been discontinued gradually over the past 50 years they are
still used in some developing countries [61, 63, 65]. Patient
# 10, who failed PEP with DEV plus RIG, bit his mother.
His mother was given PEP with DEV and NTV plus RIG
and survived. Likely, the NTV was selected because her son
failed PEP with DEV.

Unfortunately, after even the remotest of rabies virus
exposures (e.g. washing saliva from any pet) some medical
providers may advocate rabies PEP. A clear understanding
of rabies virus pathogenesis, current PEP guidelines, and
basic rabies epidemiology can be used to reassure patients
and avoid unnecessary PEP.

Survivors of Rabies

Historically, rabies was recognized as a fatal infection in
humans. Without medical intervention, exposed persons
develop severe encephalopathy, paresis, and death, usually
within 7-14 days. With intensive care, the longest fatal case
(patient #10) survived 133 days prior to succumbing to
infection. Besides patients in the United States, several other
patients have survived rabies [79]. Of these survivors, most
received some form of rabies vaccination before developing
symptoms. Two patients survived rabies and did not receive
any PEP prior to onset of symptoms (patients #25 and #53).
The first reported survivor without rabies vaccination was
treated with induction of coma and anti-viral drugs, while
her immune response developed [80]. Initially, she had
motor abnormalities which resolved over a year through
physical rehabilitation [81]. Unfortunately, attempts to apply
this protocol to scores of other rabid patients have failed
(http://www.chw.org/display/PPF/DoclID/33223/router.asp).
Patient #53 survived without intensive care or antiviral
agents and is the first reported case of presumptive abortive
human rabies.

Conclusions

Rabies remains a high consequence zoonosis, requiring a
thorough medical evaluation after animal bite, predicated in
part by the species, circumstances, severity, and epizootiol-
ogy in question. Human cases of rabies are rare in developed
countries, such as the United States, despite the presence of
enzootic rabies perpetuation among wildlife [82¢]. Applica-
tion of modern prevention and control strategies can limit
the extreme mortality associated with this encephalitis [83¢].
For example, from 1960 to 1984, human rabies cases ac-
quired in the United States secondary to exposures to carni-
vores, such as dogs, decreased, while cases associated with
wildlife, such as bats, increased, from 1985 to the present
time. Moreover, bites by stray dogs prior to the 1970s
required the consideration of rabies PEP, while today the
United States is free of canine rabies virus transmission, and
bites from dogs unavailable for risk assessment (in areas that
free of rabies in carnivores) may not require PEP. In con-
trast, bat exposures need thorough investigation to deter-
mine the need for rabies PEP, especially if the bat is not
available for diagnostic testing. Rabies PEP in the naive
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patient should always entail immediate wound care, RIG
infiltration, and administration of rabies vaccine. Following
such established guidelines in the United States since 1980,
no PEP failures have occurred, despite thousands of human
exposures to rabid animals annually. The lapse of medical
education about rabies and the ease of global travel present a
challenge for developed and developing countries alike
[84e, 85, 86]. Despite case reports of a few survivors, rabies
is still considered incurable, with no proven treatment [87¢,
88¢]. However, although controversial, this disease should
be viewed as a continuum and basic research and applied
clinical insights into viral pathogenesis, animal model de-
velopment, and experimental therapy may provide the pri-
mary evidence necessary for new anti-viral drugs and
improved intensive care and management of the rabid pa-
tient [89—99, 100¢]. Prevention of exposures and proper PEP
are key elements to avoid or prevent rabies infection.
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