RABIES VACCINE STRATEGIES

Concepts of Rabies Prophylaxis for the Caving Community
Danny A. Brass

Rabies is a rapidly progressive and fatal viral infection of
the central nervous system (Figures 1 andTRe causative
agent is a bulleshaped virus (Figure 3) belonging to the genyg|p
Lyssavirugfrom the Greek wortyssa meaning frenzy or mad-cpc
ness) of the familfRhabdoviridag(from the Greek worghab- | p|g
dos meaning rod). U

Although primarily a disease of animals, humans may_
also be infected. Thus, rabies is a zoonotic disease, a zooRasi
being an infectious disease that can be transmitted between
vertebrate animals and humans. The most common mode of
transmission of rabies virus is the bite of a rabid animal; hoWincluding an estimated 11,000 to 40,000 in the United States)
ever, less common ndrite routes of transmission, thoughrequire posexposure rabies prophylaxis.
rare, are also known.

With the exception of rare cases following organ or cor- A Brief Overview of Sylvatic Rabies
neal transplants originating from misdiagnosed donors who in the United States
had died of rabies, there have been no confirmed reports of
humanto-human transmission of rabies virus. Nevertheless, A|th0ugh all mammals are Susceptib|e to rabies infection,

the pOSSlblllty remains an important consideration in deali%ecieSpeciﬁC importance in the overall scheme of rabies
with friends, family, and healtbare workers who may have epidemiology/epizootiology is highly variable. In the United
been in close contact with a rabies victim and perhaps egtates, rabies is maintained only in wildlife populations. The
posed to potentially infectious bodily fluids (e.g., to salivganine variant of virus (including the canine/coyote variant)
through shared drinks or eating utensils). Such concern alg§ longer circulates in this country; although, continued sur-
extends to mortuary personnel. veillance along the U.S./Mexican border is important. Several

While rabies is global in distribution, its public healthterrestrial speciés notably raccoons, skunks, and fodieare
impact varies considerably from one country to another. Mogktural reservoirs of this disease, maintaining a pool of virus
notable in this regard is the extent to which disease has bggnnature. The relative public health significance of these
controlled in canine populations, since dogs are the majgfammalian reservoirs (aabiesvector specidsvaries con-
source of human rabies on a global basis. Worldwide, an esfiderably in different parts of the country.
mated 55,000 human deaths from radiéise actual figure As canine rabies was brought under control and the atten-
may be significantly highér are believed to occur annually, tion of public health authorities shifted to wildlife, it became
principally following bites from rabid dogs. Each year, apgpparent that rabies was compartmentalized in both geographic
proximately four million people in more than 80 countriesind speciespecific fashion. That is to say, the significance of
- . T — different species igylvatic(wildlife) rabies cycles was observed

\ ’ to vary across the country. It is now known that in a particular

region in which rabies is prevalent, cases will predominate in a
single reservoir speci@ssocalled single species involve-
mend with low numbers of cases in other species in the same
area and low numbers of cases in this reservoiring species in
different areagFigure 4) For example, skunk rabies stretches
primarily as a broad band across the Midwest and the eastern
seaboard is plagued by an expanding epizootic (animal epi-
demic) of rabies in raccoons. Sporadic cases of rabies in non
reservoir species (i.e., domestic animals or other species of wild-
life) are generally due to spillover from infection in the geo-
graphic reservoir.

Superimposed on this terrestrial rabies cycle is a geo-
‘ graphically widespread neterrestrial cycle in insectivorous
S bats. Rabies in insectivorous bats is reported throughout the

- % This phot hof a h — b" ictim being off dcontiguous United States (Figure 5). In some states, various
igure = This pholograph of & human rabies vicim being olereds o viag of pats are the only identified reservoir of virus. In
a glass of water illustrates the severe muscle spasms, choking,

gagging that characterize a terrifying episode of hydrophobia (fe 07, bats accounted fpr 27.2% (1!9?3) _Of aI_I animal rabies
of water). This is one of the common manifestations of rabie§ases reported by public health facilities in this countmp
infection in humans. In fact, human rabies is often referred 10155 yaccination programs have significantly reduced the number

simply as hydrophobia. Courtesy of Professor David A. Warrell 5t ronorted cases of animals infected with either the Arizona or
(©). Centre for Tropical Medicine and Infectious Diseases, Uni- Tayag gray fox variant of virus.

versity of Oxford.
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does not mean that rabies is no longer a threat to human
health. In fact, tens of thousands afople generally receive
post exposure prophylaxis in this country each year, at costs as
high as $2,000 to $4,500 per exposure. Moredher,ncreas-

ing occurrence of human rabies attributed to variants of virus
maintained in bat populations suggests that control of the dis-
ease in terrestrial animals will not completely eliminate the
threat to public health.

Based on the isolation of a characteristic -temestrial
variant of viru® or, in a limited number of cases, on uncov-
ering a revealing exposure history by epidemiologic investi-
gatiord rabies virus of insectivorodsat origin has been im-
plicated in 96.8% (30/31) of the indigenously acquired human
rabies cases in this country since 1995 (note: this includes
four cases in June 2004 that were secondary to organ trans-
- . - — — plants from a misdiagnosed donor who died ofdr&in ra-

Figure 2- A sense of impending doom, terrifying hallucinations piag hyt does not include one case in a newly arrived Mexi-
(|IIu_strated), a_nd an overwhelr_nlng fear oft_en grip human rable%an immigrant who died of batigin rabies in March 2008
patients and, in general, the disease remains one of terror, agoryh infecti likel ired tsid f the United
and hopelessness. Courtesy of Professor David A. Warrell (©). Sltacigs)m ection was likely acquired outside o e unite
from 24.4% or 1,692 reported cases in 2006aking bats the Although a history of having interacted in some manner
second most commonly reported rabid animal (behind rawith a bat or of a bat having been present in a home are not un-
coons). Obviously, such statistics are influenced by both tilemmon scenarios in batigin human rabies cases, this is not
frequency of human encounters with bats and the number adivays the caseMoreover, no distinct history of either a bite or
submissions made to testing facilities. Certainly, many moeeratcld so-calledcryptic bat rabied could be identified in the
cases of rabies in wild populations go unreported. Howevenajority of batassociated human rabies cases reported in this
the prevalence of rabies infection in suspect submissioosuntry in the past quarter century. These figures reflect signifi-
made to public health laboratories is considerably higher thaant changes in the epidemiology of human rabies in this coun-
that in wild bat populations, which remains quite low. try in recent decades. Cryptic bat rabies does not imply that a

Naturally occurring rabies infection in insectivorous batbite or scratch from a rabid bat did not take place, only that no
was first identified in the early 1950s, prompting concern thgt -
these animals might be of special significance in both urban a
sylvatic rabies cycles. The discovery of rabies in North Ameri
can bat populations led to the belief among some early inves{ "
gators that bats played a pivotal role in the initiation and maintq
nance of infection in terrestrial species (Figure 6). Favoring suq
an association, some investigators pointed to the possibility t
the seasonal migration of bats could explain the occurrence |
enzootic (endemic) rabies in geographically widely separatd
wildlife populations. Although sporadic transmission of rabies
from bats to other animals (both wild and domestic), as well
to humans, does ocduand mi nor fi o wrigib r 4
rabies virus in a small cluster of terrestrial animals have, on ve
rare occasion, been repordedhodern epidemiologic evidence
is consistent with the belief that terrestrial and -tevrestrial
rabies cycles are largely independent of one another.

Prevalence of Human Rabies in the United States

Human rabies is presently an uncommon condition in thF ™
United States. On average, less than three cases are reporfed

. . igure 3- Characteristic bullet shape of the rabies virus. Magnifi-
annually. In the years following the mid 1950s, the number Olcation approximately x70,000. Courtesy of Dr. Frederick Mur-

reported cases declined markedly. This drastic fall in humagy, -~ pepartment of Pathology, University of Texas Medical
disease was directly related to the introduction of canine imgyanch.

munization programs in the late 1940s. Ongoing educational

programs, availability of safe and effective pharmaceutical$ Such scenarios also often typify the manythanan encounters

for postexposure prophylaxis, and an efficient public healtheach year that do not result in either human exposure or human
infrastructure have also contributed to the low number of huinfection. However, they do often result in the administration of
man rabies cases. The scarcity of human deaths, howevetostexposure prophylaxis.
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postexposure prophylaxis, it is particularly important that they
be educated about the potential dangers of handling any wild
animaB especially small and seemingly innocuous creatures
like bats. Understanding the dangers of handling wildlife and
maintaining current rabies vaccinations of pets remain the most
important safeguards against the threat of this frightening dis-
ease.

Misconceptions about the epidemiology of rabies and the
nature of posexposure prophylaxis abounidany people, for
example, mistakenly believe that medical intervention following
potential exposure to rabies can be safely delayed until after the
onset of clinical signs or symptoms appear, at which time treat-
ment can be pursued. In fact, pegposure prophylaxis, if
deemed necessary, should be initiated as soon as possible. Once
clinical manifestations develop, the disease runs an almost in-

l, a \ o variably fatal coursg.
Figure 4- Distribution of major rabies virus variants among wild Of particular Co_n_cer_n with respect to human _rab'es of
terrestrial reservoirs in the United States and Puerto Rico, 2007#NS€ctivorous bat origin is the nahcommon perception that
Reproduced with permission from Blantenal (2008). small animals are of only limited significance as disease vec-
torsd the secalledsmall vector hypothesi&Vhile encounters
definitive history of such an exposure could be uncovered.  with larger animals usually prompt bite victims to seek medi-
Reasons for cryptic bat rabies may include several possibial attention without undue delay, many people consider the
ties: 1) fleeting contact with a bat that leaves little or no obviouslatively minor wounds inflicted by such tiny creatures as
evidence of a bite or scratch (Figures 7 and 8); 2) an unrechgts to be of little public health concein.spite of widespread
nized encounter with a bat while asleep, unconscious, or othattempts at educating the public about the inherent risks of con-
wise impaired; 3) a minor encounter that happened long enought with bats, a surprising number of people still do not appreci-
ago as to have been forgotheperhaps related to a failure inate the fact that even a minor wound caused by the bite, and
appreciating the significance of a bat bite or scratch in the figgbssibly scratch, of a rabid bat can serve as a portal for transmis-
place; 4) inability to obtain an adequate history from a patiesion of virus; hence, the importance of consulting with medical
due to language barriers, age, or memory lapse/speech impeddfessionals following direct physical contact with a bat. As
ments secondary to a rabies encephalitis; and 5) indirect aath, it is important to recognize the fact that human deaths
unrecognized secondary transmission of ateorestrial variant from batorigin rabies virus are not associated with a failure of
of virus via a species other than a bat (e.g., a cat infected with a
bat variant of rabies virus bites a person). The Milwaukee protocol is a treatment regimen that saved the life of
Exposure of young children or very elderly individuals to a 15yearold Wisconsin girl who developed rabies after being bitten
potentially rabid animal can be particularly troublesome sinceoa the finger by a bat in 2004. She was only the sixth person known
significant exposure history (especially following a fleeting into have survived rabies. At the center of this complex therapeutic
teraction with a bat) may never come to the attention of an adig®imen is a protocol for placing the patient in a medically induced
or caretaker. The consequences, of course, can be disastroug2ig on ventilator support, the aim of which is to hopefully slow
view of the fact that children represent the majority of humg own progression of the disease
em can effectively mount an immune response sufficient to combat
the virus. In November 2008, a-¥Barold Brazilian boy, who de-
veloped rabies following thbite of a vampire bat, had been awak-
ened from his coma and is reported to be a second Milwaukee
protocol survivor; although, his lortgrm medical status remains in
question.* The case of an eigygarold Colombian girl, who subse-
quently died of pneumonia remains to be confirmed. Although the
overall utility of this medically intensive treatment modality has been
criticized by some, the Milwaukee protocol clearly remains of con-
siderable interest; however, issues related to potentially severe neu-
rologic sequelae also remain of significant concern. To date, this
protocol, or some variation of it, has been used to treat almost two
dozen human rabies patients worldwide. Although it was hoped that
the Milwaukee protocol for rabies treatment might have proven to be
the magic bullet that has eluded medical research for millennia, this

%Testrial rabies virus variants in the United Stateéﬁﬁlﬂ Puerto Rico /’»é rabies cases, as well as belng the most common reC|p|ents of
Dy

Mongoose._

¥ Number of

FosiivmiEnts Tot;;gl;v::& of has, so far, turned out not to be the case. Of the various human rabies
] .10 1 [l 5-69 victims who have been treated with this protocol, none of the others
I @100 12-4 M 70-1,363 have survived. In considering the reasons behind these failures,

2007. R medical science is left with the undeniable fact that a multitude of
- R€actors are involved, most of them poorly understood at the present
time.

Figure 5- Reported cases of rabies in bats, by county,
produced with permission from Blantehal (2008).
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Figure 6- With the discovery of enzootic rabies infection in insectivorous bat populations, early investigators consideraadirtrads
to play a central role in terrestrial rabies cycles. In addition to sporadically infecting domestic animals (and ocdasiasradly some
researchers believed that bats maintained a wellspring of virus that continually refueled infectious disease cyclaginréseroir
species. Today, this latter aspect of bat rabies is known not to be the case. Reproduced from Brass, D. A. (1994).

postexposure prophylaxis, but with a failure to seek medicalaps eastern pipistrelleBifistrellus subflavysas weld might
attention in the first place (either because an exposure was mate properties that enhance its transmission following only
recognized or because it was not considered to be of significlimtited and superficial contact. The majority of human rabies
concern). cases in the United States in which bats have been implicated

With respect to validity of the small vector hypothesishave been attributed to a variant of virus associated almost ex-
nothing could actually be further from the truth. In fact, there idusively with one of these two species (note: following a recent
evidence to suggest that the variant of rabies virus associatedsion in nomenclature, the eastern pipistrelle has been placed
with silverhaired bats L@@sionycteris noctivagaid and per- in its own genus and is currently referred to as theotared
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