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The diagnosis of rabies depends on recognizing the 
clinical picture, because a history of an animal bite 
may be present or absent. Laboratory tests, particu-
larly when based on detection of rabies virus antigen 
or RNA in tissues or fl uids, often confi rm the diag-
nosis. Negative laboratory tests do not exclude the 
diagnosis unless they are performed on brain tissues. 
Preventive therapy, including wound cleansing and 
active and passive immunization after a recognized 
exposure, is well established and highly effi cacious. 
No established therapy exists that is effective for 
patients with rabies encephalomyelitis. The Milwau-
kee protocol involves induction of therapeutic coma; 
however, there is no clear rationale for a neuropro-
tective role of this therapy, many reports exist of 
its failures, and its use should be abandoned. Basic 
research is needed on the mechanisms of rabies 
pathogenesis. This may allow the development of 
new therapeutic approaches for this ancient disease.

Introduction
Globally about 55,000 human cases of rabies occur each 
year, largely related to transmission of endemic dog rabies 
in developing countries [1]. In North America, rabies is 
found in wildlife, including bats, raccoons, skunks, and 
foxes, and relatively few human cases occur. Rabies virus 
transmission almost always occurs following animal 
bites. Transmission from aerosols in the laboratory or in 
caves containing millions of bats is very rare; transmis-
sion has also rarely occurred in association with corneal 
and organ transplantations [2••]. In the United States 
and Canada, most human cases are caused by bat rabies 
variants, and many of these are from unrecognized bat 
exposures. Patients who develop rabies face a very dismal 

outcome. Although it is unclear why an American girl 
survived rabies in 2004, this outcome offers hope that 
aggressive approaches to therapy may become more suc-
cessful in the future. Unfortunately, no effective therapy 
for rabies is available now. An improved understanding 
of the pathogenesis of rabies may be helpful in the future 
design of novel therapies for this ancient disease.

Diagnosis of Rabies
Clinical overview
In North America and Europe, a diagnosis of rabies is 
often not made until relatively late in the clinical course 
or after death, in part because physicians are not familiar 
with the disease and may not recognize even typical clini-
cal features. In the United States and Canada, the absence 
of a history of an animal bite is common in fatal cases, 
particularly because bat bites may not be recognized [3]. 
Sometimes there is a history of exposure to bats, but no 
history of direct contact. Insectivorous bats are small and 
their bites are not easily recognized or may be attributed 
to insects. Rabies usually develops 1 to 3 months after an 
exposure; rarely, the incubation period can be as short as 
a few days or more than a year after the exposure. Prodro-
mal symptoms are nonspecifi c and may last a few days; 
these include fever, chills, malaise, fatigue, insomnia, 
anorexia, headache, anxiety, and irritability. About half 
of patients develop pain, paresthesias, or pruritus at or 
close to the bite site, which likely refl ects infection in local 
dorsal root ganglia [4]. The two clinical forms of rabies 
are encephalitic (furious) in 80% and paralytic (dumb) in 
20% of patients; however, the underlying pathogenetic 
mechanisms are poorly defi ned [5]. In the encephalitic 
form, patients have episodes of generalized arousal or 
hyperexcitability separated by lucid periods [6]. They may 
have aggressive behavior, confusion, and hallucinations. 
Fever is common and signs of autonomic dysfunction, 
including hypersalivation, sweating, piloerection, and 
priapism (in males) may be present. About 50% to 80% 
of patients develop hydrophobia, which is a characteristic 
manifestation of rabies. Patients may initially experience 
pain in the throat or diffi culty swallowing. On attempting 
to swallow, they experience contractions of the diaphragm 
and other inspiratory muscles, which last about 5 to 15 
seconds. Subsequently, the sight, sound, or even mention 
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of water (or any liquids) may trigger the spasms. A draft of 
air on the skin may have the same effect (ie, aerophobia). 
The disease may progress through paralysis, coma, multi-
ple organ failure, and eventually death. Viral encephalitis 
caused by other viruses is generally associated with earlier 
impairment of consciousness compared with rabies, with 
less prominent early evidence of brainstem involvement. 

In paralytic rabies, fl accid muscle weakness develops 
early in the disease course, often beginning in the bit-
ten extremity and spreading to the other extremities and 
facial muscles. Sphincter involvement, pain, and sen-
sory disturbances also occur. Hydrophobia is unusual, 
although bulbar and respiratory muscles eventually 
become involved. Patients with paralytic rabies typically 
survive longer than those with the encephalitic form, 
and the condition may be misdiagnosed as an infl amma-
tory polyneuropathy (eg, Guillain-Barré syndrome) or a 
spinal cord disorder.

Recognition of the clinical picture with or without a 
history of an animal exposure is paramount in the diag-
nosis of rabies. Laboratory tests should be used to confi rm 
a clinical suspicion (see below). 

Investigations
CT scans of the head are usually normal in patients with 
rabies. Experience is limited with MR imaging, although 
normal studies and increased signals in gray matter areas 
have been observed [7–11]. Increased signals on T2-
weighted images in the medulla and pons were observed 
in an American case in which disease was associated with 
a bat rabies virus variant [12]. Characteristic differences in 
MR fi ndings in the brain and spinal cord of encephalitic 
and paralytic rabies cases have not been recognized [13].

Cerebrospinal fl uid (CSF) analysis results are often 
abnormal in rabies. Anderson et al. [14] found a CSF 
pleocytosis in 59% of cases during the fi rst week of ill-
ness and in 87% of cases after the fi rst week. The CSF 
white blood cell count is usually less than 100 cells/μL 
and mononuclear cells predominate. The CSF protein 
concentration may be mildly elevated and the glucose 
concentration is usually normal. Serum-neutralizing 
antibodies against rabies virus are not usually present in 
unimmunized patients until after the 10th day of illness 
[4], and death may occur before they develop. Early in the 
illness, rabies virus may occasionally be isolated from the 
saliva or CSF [14]. A skin biopsy may confi rm a diagnosis 
of rabies during life, with rabies virus antigen detected 
in skin biopsies using the fl uorescent antibody technique 
[15]. Antigen may be demonstrated in small nerves of 
skin taken from the nape of the neck, which is rich in 
hair follicles; detection of antigen in corneal impression 
smears is less sensitive than skin biopsies [15]. Diagno-
sis of rabies using a brain biopsy is usually unnecessary, 
but brain tissues can be assessed postmortem for rabies 
virus antigen and viral isolation. Small amounts of rabies 
virus RNA may be amplifi ed from saliva, skin, CSF, and 
brain using reverse transcription–polymerase chain reac-

tion (RT–PCR). This technique has proved an important 
advance in the diagnosis of rabies. Of 20 human rabies 
cases diagnosed antemortem in the United States between 
1980 and 1996, rabies virus RNA, using RT–PCR, was 
detected in saliva from all 10 patients who had the test 
performed, including three who had negative viral iso-
lation from saliva [16]. A recent study showed a higher 
specifi city (100%) and sensitivity (≥ 98%) of RT–PCR 
(heminested protocol) on skin biopsy specimens than on 
saliva specimens, although saliva is much easier to collect 
and sensitivity on saliva was 100% when three successive 
samples were analyzed [17•]. Negative tests for rabies 
virus antigen or RNA do not exclude rabies unless per-
formed on brain tissues. Repeat specimens may need to be 
collected and tested to confi rm a diagnosis of rabies.

Treatment of Human Rabies
Postexposure prophylaxis
Rabies can be prevented very effectively after a recog-
nized exposure. It is important to closely follow current 
recommendations for rabies prevention, which are avail-
able on the websites of the Centers for Disease Control 
and Prevention’s Morbidity and Mortality Weekly Report 
(http://www.cdc.gov/mmwr/) and World Health Orga-
nization (http://www.who.int/en/), because even minor 
deviations can lead to failure [1,18••]. After a human 
is bitten by a dog, cat, or ferret, the animal should be 
captured, confi ned, observed for at least 10 days, and 
examined by a veterinarian before its release. If the animal 
is a stray or unwanted, or if signs of rabies are present or 
develop during the observation period, the animal should 
be killed and the head transported under refrigeration for 
laboratory examination. The brain should be examined 
for the presence of rabies virus, usually via an antigen-
detection method using the fl uorescent antibody technique 
and viral isolation using cell culture or mouse inocula-
tion. The incubation period for animals other than dogs, 
cats, and ferrets is uncertain; hence, they should be killed 
immediately after an exposure and the head submitted for 
laboratory examination. If the result is negative, one may 
safely conclude that the animal’s saliva did not contain 
rabies virus and, if immunization was initiated, it should 
be discontinued. If an animal escapes after an exposure, it 
should be considered rabid and rabies prophylaxis should 
be initiated, unless information from public health offi -
cials indicates rabies is unlikely. The physical presence of a 
bat may warrant postexposure prophylaxis when a person 
(eg, a small child or sleeping adult) is unable to reliably 
report contact that could have resulted in a bite, although 
this recommendation is controversial [18••,19••].

Effective postexposure therapy includes wound cleans-
ing, and active and passive immunization in a previously 
unimmunized individual [18••]. Active immunization is 
achieved with fi ve doses of a modern cell culture vaccine, 
including purifi ed chick embryo cell culture vaccine or 
human diploid cell vaccine (administered intramuscularly 
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in the deltoid muscle on days 0, 3, 7, 14, and 28). Passive 
immunization is performed with human rabies immune 
globulin at a dosage of 20 IU/kg with local infi ltration 
into and around the wound(s); any remaining dose should 
be given intramuscularly into the gluteal area.

Treatment of rabies encephalomyelitis
The ideal therapy for a patient with rabies is unknown. 
Until recently, only patients who received rabies vaccine 
before the onset of disease have survived [2]. Several 
approaches have not proved successful. Therapy with 
human leukocyte interferon, given as high-dose intraven-
tricular and systemic (intramuscular) administration, in 
three patients was not associated with a benefi cial clinical 
effect, but this therapy was not initiated until between 8 
and 14 days after the onset of symptoms [20]. Similarly, 
antiviral therapy with intravenous ribavirin, 16 to 400 
mg, in 16 patients was unsuccessful in China [21]. An 
open trial of therapy with combined intravenous and 
intrathecal administration of either ribavirin (one patient) 
or interferon-α (three patients) was also unsuccessful [22]. 
Anti–rabies virus hyperimmune serum of either human or 
equine origin has been administered intravenously and 
intrathecally, but there was no benefi cial effect [23–26]. 

A group consisting of physicians with expertise in 
rabies and other rabies researchers published an article in 
2003 giving recommendations on therapies to consider 
for an aggressive approach [27]. Young and previously 
healthy patients with an early clinical diagnosis of rabies 
(before laboratory confi rmation) and prompt initiation of 
therapy should offer the best opportunity for a favorable 
outcome [27]. Therapies for potential consideration include 
rabies vaccine, human rabies immune globulin, monoclo-
nal antibodies (in the future), ribavirin, interferon-α, and 
ketamine. The recommendation for therapy with ketamine 
was based on animal studies performed at the Pasteur Insti-
tute in Paris [28]. As with current therapies for cancer, HIV 
infection, and chronic hepatitis C infection, it was believed 
that a combination of therapies might prove effective in 
situations where specifi c therapies had failed. 

In 2004, a patient survived rabies who had not received 
rabies vaccine before the onset of clinical disease [29]. This 
15-year-old female was bitten by a bat on her left index fi n-
ger; the wound was washed with peroxide, but she did not 
seek medical attention or receive any other treatment at that 
time. About 1 month after the bite, she developed numb-
ness and tingling of her left hand, and over the next 3 days 
developed diplopia, bilateral partial sixth-nerve palsies, and 
unsteadiness. An MR imaging study of the brain was nor-
mal. On her fourth day of illness, CSF examination showed 
a pleocytosis (23 white blood cells/μL, predominantly lym-
phocytes) and mildly elevated protein. She subsequently 
developed fever (38.8°C), nystagmus, left arm tremor, and 
hypersalivation; the history of the bat bite was obtained at 
this time. The patient was transferred to a tertiary care hos-
pital in Milwaukee, WI, 5 days after the onset of neurologic 
symptoms. Neutralizing anti–rabies virus antibodies were 

detected in sera and CSF (initially at a titer of 1:32). Nuchal 
skin biopsies were negative for rabies virus antigen, rabies 
virus RNA was not detected in the skin biopsies or in saliva 
by RT–PCR, and viral isolation on saliva was negative. The 
patient was intubated and put into a drug-induced coma, 
which included the noncompetitive N-methyl-D-aspartate 
antagonist ketamine, 48 mg/kg/d administered as a con-
tinuous infusion, and intravenous midazolam for 7 days. 
A burst-suppression pattern on her electroencephalogram 
was maintained and supplemental phenobarbital was given. 
She also received antiviral therapy, including intravenous 
ribavirin and amantadine, 200 mg/d administered enterally. 
She improved and was discharged from the hospital with 
neurologic defi cits, but subsequently showed progressive 
neurologic improvement [30]. 

This is the fi rst documented survivor who had not 
received rabies vaccine before the onset of clinical rabies. 
As discussed in an accompanying editorial, it is unknown 
if therapy with one or more specifi c agents played an 
important role in this patient’s favorable outcome [31]. 
However, since then, at least 13 known cases were docu-
mented in which the main components of this approach 
(the “Milwaukee” protocol) were used, and fatal outcomes 
resulted (Table 1). There is also evidence that this proto-
col was used in additional cases and perhaps many others, 
but the details are not known and may never be reported 
[32]. The induction of coma has not proved useful in the 
management of infectious diseases of the nervous system, 
and there is no evidence supporting this approach in rabies 
or other viral encephalitides. Hence, therapeutic coma 
should not become a routine therapy for the management 
of rabies. Unlike other viral infections of the nervous sys-
tem, including Sindbis virus encephalomyelitis and HIV 
infection, no established experimental evidence supports 
excitotoxicity in rabies and recent evidence in an animal 
model demonstrated the lack of effi cacy of ketamine ther-
apy, arguing against this hypothesis [33–37]. Even with 
strong experimental evidence of excitotoxicity in animal 
models, multiple clinical trials in humans showed a lack of 
effi cacy of neuroprotective agents in stroke [38,39]. Hence, 
a strong neuroprotective effect of a therapy given to a single 
patient without a clear scientifi c rationale is probably not 
responsible for a favorable outcome. It is much more likely 
that this patient would have recovered with only supportive 
therapy and did well to tolerate the additional “insult” of 
therapeutic coma without signifi cant adverse effects.

The presence of neutralizing anti–rabies virus antibod-
ies early in a patient’s clinical course is likely an important 
factor contributing to a favorable outcome. This probably 
occurs in less than 20% of all patients with rabies. The 
presence of neutralizing anti–rabies virus antibodies is a 
marker of an active adaptive immune response essential 
for viral clearance [40]. Six survivors of rabies received 
rabies vaccine before the onset of their disease (in contrast, 
only one survivor did not receive vaccine). This supports 
the notion that an early immune response is associated 
with a positive outcome. Bat rabies viruses may be less 
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neurovirulent than canine or other variants responsible 
for most human cases of rabies, and rabies due to canine 
rabies virus variants may have a less favorable outcome 
than cases caused by bat rabies variants [41]. A previous 
survivor of rabies, who received rabies vaccine before the 
onset of disease, had a good neurologic recovery and was 
also infected with a bat rabies virus [42]. It is unknown if 
the causative bat rabies virus variant in the Milwaukee case 
was in some way attenuated and different from previously 
isolated strains because viral isolation was not successful. 
In another case with transmission of rabies from a vampire 
bat in Brazil, the patient received rabies vaccine before the 
onset of disease and was also treated with the Milwaukee 
protocol; this was reported only in preliminary form [43•]. 
Finally, most survivors of rabies have shown neutralizing 
anti–rabies virus antibodies in sera and CSF, but other 
diagnostic laboratory tests are usually negative for rabies 
virus antigen and RNA in fl uids and tissues (brain tis-
sues were not tested). This may be because viral clearance 
was so effective that centrifugal spread of the infection to 
peripheral organ sites was reduced or very rapid clearance 
occurred through immune-mediated mechanisms.

Conclusions
The diagnosis of rabies should be based on a high index of 
clinical suspicion and confi rmed with laboratory tests, includ-
ing techniques for detecting rabies virus antigen or RNA and 
serologic testing for neutralizing anti–rabies virus antibodies. 
In particular, RT–PCR for the detection of rabies virus RNA 
in saliva and skin biopsies was an important advance for the 
antemortem laboratory diagnosis of human rabies and often 
allows confi rmation of the diagnosis before death. 

Rabies can be prevented after recognized exposures, but 
no effective therapy for human rabies is available. It remains 
highly doubtful that the Milwaukee protocol will prove 
useful in the management of human rabies. Unfortunately, 
promotion and repetition of this therapy may impede prog-
ress in developing new effective therapies for rabies. More 
basic research is needed to improve our understanding of the 
mechanisms underlying rabies pathogenesis in humans and 
animals. This may allow the development of new therapeutic 
approaches for the management of this ancient disease. 
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