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Su m m ary   

T hese recom m endations of the Advisory Com m ittee on Im m unization P ractices (ACIP ) update the 
previous recom m endations on human rabies prevention (CDC. Hum an rabies prevention---U nited 
S tates, 1999: recom m endations of the A dvisory Com m ittee on Im m unization P ractices. M M W R  
1999;48 [N o. R R -1]) and reflect the status of rabies and antirabies biologics in the U nited S tates. T his 
statem ent 1) provides updated inform ation on human and animal rabies epidem iology; 2) 
summarizes the evidence regarding the effectiveness/efficacy, im m unogenicity, and safety of rabies 
biologics; 3) presents new  information on the cost-effectiveness of rabies postexposure prophylaxis; 4) 
presents recom m endations for rabies postexposure and pre-exposure prophylaxis; and 5) presents 
inform ation regarding treatm ent considerations for hum an rabies patients.  

T hese recom m endations involve no substantial changes to the recom m ended approach for rabies 
postexposure or pre-exposure prophylaxis. ACIP  recommends that prophylaxis for the prevention of 
rabies in humans exposed to rabies virus should include prom pt and thorough w ound cleansing 
follow ed by passive rabies im m unization w ith human rabies im m une globulin (HR IG) and vaccination 
w ith a cell culture rabies vaccine. For persons w ho have never been vaccinated against rabies, 



postexposure antirabies vaccination should alw ays include adm inistration of both passive antibody 
(HR IG) and vaccine (human diploid cell vaccine [HDCV] or purified chick em bryo cell vaccine [P CECV]). 
P ersons w ho have ever previously received com plete vaccination regim ens (pre-exposure or 
postexposure) w ith a cell culture vaccine or persons w ho have been vaccinated w ith other types of 
vaccines and have previously had a documented rabies virus neutralizing antibody titer should receive 
only 2 doses of vaccine: one on day 0 (as soon as the exposure is recognized and adm inistration of 
vaccine can be arranged) and the second on day 3. HR IG is adm inistered only once (i.e., at the 
beginning of antirabies prophylaxis) to previously unvaccinated persons to provide im m ediate, 
passive, rabies virus neutralizing antibody coverage until the patient responds to HDCV or P CECV by 
actively producing antibodies. A regim en of 5 1-m L  doses of HDCV or P CECV should be administered 
intram uscularly to previously unvaccinated persons. T he first dose of the 5-dose course should be 
adm inistered as soon as possible after exposure (day 0). Additional doses should then be adm inistered 
on days 3, 7, 14, and 28 after the first vaccination. R abies pre-exposure vaccination should include 
three 1.0-m L  injections of HDCV or P CECV administered intram uscularly (one injection per day on days 
0, 7, and 21 or 28).  

M odifications w ere m ade to the language of the guidelines to clarify the recom m endations and better 
specify the situations in w hich rabies post- and pre-exposure prophylaxis should be adm inistered. N o 
new  rabies biologics are presented, and no changes w ere m ade to the vaccination schedules. 
How ever, rabies vaccine adsorbed (R VA, Bioport Corporation) is no longer available for rabies 
postexposure or pre-exposure prophylaxis, and intraderm al pre-exposure prophylaxis is no longer 
recom m ended because it is not available in the U nited S tates.  

Introduction  

R abies is a zoonotic disease caused by R N A  viruses in the Fam ily R habdoviridae, Genus L yssavirus (1--
4). Virus is typically present in the saliva of clinically ill m am m als and is transm itted through a bite. 
A fter entering the central nervous system  of the next host, the virus causes an acute, progressive 
encephalom yelitis that is alm ost alw ays fatal. T he incubation period in hum ans is usually several 
w eeks to m onths, but ranges from  days to years.  

A s a result of im proved canine vaccination program s and stray anim al control, a m arked decrease in 
dom estic anim al rabies cases in the U nited S tates occurred after W orld W ar II. T his decline led to a 
substantial decrease in indigenously acquired rabies am ong hum ans (5). In 1946, a total of 8,384 
indigenous rabies cases w ere reported am ong dogs and 33 cases in hum ans. In 2006, a total of 79 
cases of rabies w ere reported in dom estic dogs, none of w hich w as attributed to enzootic dog-to-dog 
transm ission, and three cases w ere reported in hum ans (6). T he infectious sources of the 79 cases in 
dogs w ere w ildlife reservoirs or dogs that w ere translocated from  localities w here canine rabies virus 
variants still circulate. N one of the 2006 hum an rabies cases w as acquired from  indigenous dom estic 
anim als (6). T hus, the likelihood of hum an exposure to a rabid dom estic anim al in the U nited S tates 
has decreased substantially. How ever, one of the three hum an rabies cases diagnosed in 2006 w as 
associated w ith a dog bite that occurred in the P hilippines, w here canine rabies is enzootic. T he risk 
for reintroduction from  abroad rem ains (7). International travelers to areas w here canine rabies 



rem ains enzootic are at risk for exposure to rabies from  dom estic and feral dogs.  

U nlike the situation in developing countries, w ild anim als are the m ost im portant potential source of 
infection for both hum ans and dom estic anim als in the U nited S tates. M ost reported cases of rabies 
occur am ong carnivores, prim arily raccoons, skunks, and foxes and various species of bats. R abies 
am ong insectivorous bats occurs throughout the continental U nited S tates. Haw aii rem ains 
consistently rabies-free. For the past several decades, the m ajority of naturally acquired, indigenous 
hum an rabies cases in the U nited S tates have resulted from  variants of rabies viruses associated w ith 
insectivorous bats (5). T he lone hum an case reported in the U nited S tates during 2005 and tw o of the 
three hum an rabies cases in 2006 w ere attributed to bat exposures (6,8). During 2004, tw o of the 
eight hum an rabies cases resulted from  bat exposures. O ne of these rabies patients recovered and 
rem ains the only rabies patient to have survived w ithout the adm inistration of rabies vaccination (9). 
R abies w as not im m ediately recognized as the cause of death in the other 2004 patient, and organs 
and a vascular graft from  this patient w ere transplanted into four persons, resulting in clinical rabies 
and death in all of the recipients (10).  

A pproxim ately 16,000--39,000 persons com e in contact w ith potentially rabid anim als and receive 
rabies postexposure prophylaxis each year (11). T o appropriately m anage potential hum an exposures 
to rabies, the risk for infection m ust be accurately assessed. A dm inistration of rabies postexposure 
prophylaxis is a m edical urgency, not a m edical em ergency, but decisions m ust not be delayed. 
P rophylaxis is occasionally com plicated by adverse reactions, but these reactions are rarely severe 
(12--16).  

For these recom m endations, data on the safety and efficacy of active and passive rabies vaccination 
w ere derived from  both hum an and anim al studies. Because controlled hum an trials cannot be 
perform ed, studies describing extensive field experience and im m unogenicity studies from  certain 
areas of the w orld w ere review ed. T hese studies indicated that postexposure prophylaxis com bining 
w ound treatm ent, local infiltration of rabies im m une globulin (R IG), and vaccination is uniform ly 
effective w hen appropriately adm inistered (17--22). How ever, rabies has occasionally developed 
am ong hum ans w hen key elem ents of the rabies postexposure prophylaxis regim ens w ere om itted or 
incorrectly adm inistered. T im ely and appropriate hum an pre-exposure and postexposure prophylaxis 
w ill prevent hum an rabies; how ever, the num ber of persons receiving prophylaxis can be reduced if 
other basic public health and veterinary program s are w orking to prevent and control rabies. 
P ractical and accurate health education about rabies, dom estic anim al vaccination and responsible 
pet care, m odern stray anim al control, and prom pt diagnosis can m inim ize unnecessary anim al 
exposures, alleviate inherent natural risks after exposure, and prevent m any circum stances that 
result in the need for rabies prophylaxis.  

M ethods  

T he A dvisory Com m ittee on Im m unization P ractices (ACIP ) R abies W orkgroup first m et in July 2005 to 
review  previous ACIP  recom m endations on the prevention of hum an rabies (published in 1999) and 
to outline a plan for updating and revising the recom m endations to provide clearer, m ore specific 



guidance for the adm inistration of rabies pre-exposure and postexposure prophylaxis. T he 
w orkgroup held m onthly teleconferences to discuss their review  of published and unpublished data 
on rabies and related biologic products. Data on the effectiveness, efficacy, im m unogenicity, and 
safety of rabies biologics in both hum an and anim al studies w ere review ed using a system atic, 
evidence-based approach.  

R andom ized trials or w ell-conducted cohort studies w ith untreated com parison groups w ould 
provide the best evidence of the direct effectiveness of rabies pre-exposure and postexposure 
prophylaxis to prevent rabies-associated death. How ever, because of the alm ost universal fatality 
am ong untreated persons infected w ith rabies virus, no such controlled studies exist. How ever, 
studies describing final health outcom es am ong persons exposed to the rabies virus do exist, 
including studies using form ulations of rabies biologics, tim ing of vaccine doses, and routes of 
adm inistration that are not recom m ended for use in the U nited S tates. T hese and other studies w ere 
identified by review ing the P ubM ed database and relevant bibliographies and by consulting subject-
m atter experts. T he literature review  did not identify any studies of the direct effectiveness of rabies 
pre-exposure vaccination in preventing hum an rabies cases. S uch studies w ould be difficult to 
conduct because rabies pre-exposure vaccination is intended to sim plify the postexposure 
prophylaxis that is required after a recognized rabies exposure. R abies pre-exposure vaccination also 
m ight afford im m unity against an unrecognized rabies exposure, an outcom e that w ould be difficult 
to m easure in controlled studies. How ever, rabies cases have occurred am ong those w ho received 
rabies pre-exposure prophylaxis and did not receive rabies postexposure prophylaxis (23), indicating 
that pre-exposure prophylaxis in hum ans is not universally effective w ithout postexposure 
prophylaxis. Because of the paucity of form al studies on the effectiveness of rabies pre-exposure 
vaccination in hum ans, the literature w as searched for studies that reported clinical outcom es am ong 
anim als that received pre-exposure rabies prophylaxis w ith cell culture rabies vaccine and w ere 
subsequently challenged w ith rabies virus. Evaluation of the effectiveness of antirabies biologics in 
experim ental anim al m odels has been essential to developing successful rabies prevention 
approaches for exposed hum ans. A nim al studies investigating the effectiveness of both pre-exposure 
and posteexposure rabies prophylaxis w ere review ed and w ere used to m ake inferences about the 
direct effectiveness of licensed rabies biologics in preventing hum an rabies.  

Data regarding the im m unogenicity of rabies biologics also w ere review ed. A ssessing protective 
im m unity against rabies is com plex. Virus neutralizing antibodies are believed to have a prim ary role 
in preventing rabies virus infection. How ever, antibody titers alone do not alw ays directly correlate 
w ith absolute protection because of other im portant im m unologic factors. N onetheless, the ability of 
a vaccine to elicit rabies virus neutralizing antibodies in anim als and hum ans and the dem onstration 
of protection in anim als is generally view ed as a reasonable surrogate of protection for inferential 
extension to hum ans (24). A lthough a definitive "protective" titer cannot be described for all hosts 
under all exposure scenarios, tw o w orking definitions of adequate rabies virus neutralizing antibody 
reference values have been developed to define an appropriate, intact adaptive host response to 
vaccination. T he literature review  included studies in hum ans that m easured rabies virus neutralizing 
antibody in response to rabies postexposure prophylaxis consisting of hum an rabies im m une globulin 



(HR IG) and 5 intram uscular (IM ) doses of cell culture rabies vaccine and the recom m ended pre-
exposure prophylaxis regim en of 3 IM  doses of cell culture vaccine. T he outcom es of interest for 
these studies w ere antibody titers of 0.5 IU /m L  (used by the W orld Health O rganization [W HO ] as an 
indicator of an adequate adaptive im m une response) (25) or com plete virus neutralization at a 1:5 
serum  dilution by the rapid fluorescent focus inhibition test (R FFIT ) (used by ACIP  as an indicator of 
an adequate adaptive im m une response) (26). T he literature also w as searched for evidence 
regarding the safety of the licensed rabies biologics available for use in the U nited S tates in both pre-
exposure and postexposure situations.  

ACIP 's charter requires the com m ittee to consider the costs and benefits of potential 
recom m endations w hen they are deliberating recom m endations for vaccine use in the U nited S tates. 
Few  studies exist on the cost-effectiveness of rabies prophylaxis in various potential exposure 
scenarios. A  challenge in conducting such studies is the lack of data on the probability of rabies 
transm ission under different exposure scenarios, except w hen the involved anim al tests positive for 
rabies. T o provide inform ation on the cost-effectiveness of rabies postexposure prophylaxis, a new  
analysis w as conducted to estim ate the cost-effectiveness of rabies postexposure prophylaxis in 
various potential exposure scenarios. A  Delphi m ethodology w as used to estim ate the risk for 
transm ission of rabies to a hum an in each of the scenarios, and this inform ation w as used in the cost-
effectiveness calculations.  

T he rabies w orkgroup review ed the previous ACIP  recom m endations on the prevention of hum an 
rabies and deliberated on the available evidence. W hen definitive research evidence w as lacking, the 
recom m endations incorporated expert opinion of the w orkgroup m em bers. T he w orkgroup sought 
input from  m em bers of the N ational A ssociation of S tate P ublic Health Veterinarians, the Council of 
S tate and T erritorial Epidem iologists (CS T E), and state and local public health officials. T he proposed 
revised recom m endations and a draft statem ent w ere presented to ACIP  in O ctober 2006. A fter 
deliberations, the recom m enda tions w ere unanim ously approved w ith m inor m odifications. Further 
m odifications to the draft statem ent w ere m ade follow ing the CDC and external review  process to 
update and clarify w ording in the docum ent.  

R abies Biologics  

T hree cell culture rabies vaccines are licensed in the U nited S tates: hum an diploid cell vaccine (HDCV, 
Im ovax® R abies, sanofi pasteur), purified chick em bryo cell vaccine (P CECV, R abAvert®, N ovartis 
Vaccines and Diagnostics), and rabies vaccine adsorbed (R VA , Bioport Corporation). O nly HDCV and 
P CECV are available for use in the U nited S tates (T able 1). For each of the available vaccines, the 
potency of 1 dose is greater than or equal to the W HO -recom m ended standard of 2.5 international 
units (IU ) per 1.0 m L  of vaccine (27). A  full 1.0-m L  IM  dose is used for both pre-exposure and 
postexposure prophylaxis regim ens. R abies vaccines induce an active im m une response that includes 
the production of virus neutralizing antibodies. T he active antibody response requires approxim ately 
7--10 days to develop, and detectable rabies virus neutralizing antibodies generally persist for several 
years. A  vaccination series is initiated and com pleted usually w ith one vaccine product. N o clinical 
trials w ere identified that docum ent a change in efficacy or the frequency of adverse reactions w hen 



the series is initiated w ith one vaccine product and com pleted w ith another.  

T he passive adm inistration of R IG is intended to provide an im m ediate supply of virus neutralizing 
antibodies to bridge the gap until the production of active im m unity in response to vaccine 
adm inistration. U se of R IG provides a rapid, passive im m unity that persists for a short tim e (half-life 
of approxim ately 21 days) (28). T w o antirabies im m une globulin (IgG) form ulations prepared from  
hyperim m unized hum an donors are licensed and available for use in the U nited S tates: HyperR ab™  
S /D (T alecris Biotherapeutics) and Im ogam ® R abies-HT  (sanofi pasteur). In all postexposure 
prophylaxis regim ens, except for persons previously vaccinated, HR IG should be adm inistered 
concurrently w ith the first dose of vaccine.  

Vaccines L icensed for U se in the U nited S tates  

Hum an Diploid Cell Vaccine  

HDCV is prepared from  the P itm an-M oore strain of rabies virus grow n on M R C-5 hum an diploid cell 
culture, concentrated by ultrafiltration, and inactivated w ith beta-propiolactone (22). HDCV is 
form ulated for IM  adm inistration in a single-dose vial containing lyophilized vaccine that is 
reconstituted in the vial w ith the accom panying sterile diluent to a final volum e of 1.0 m L  just before 
adm inistration. O ne dose of reconstituted vaccine contains <150 µg neom ycin sulfate, <100 m g 
album in, and 20 µg of phenol red indicator. It contains no preservative or stabilizer.  

P urified Chick Em bryo Cell Vaccine  

P CECV becam e available in the U nited S tates in 1997. T he vaccine is prepared from  the fixed rabies 
virus strain Flury L EP  grow n in prim ary cultures of chicken fibroblasts (29). T he virus is inactivated 
w ith betapropiolactone and further processed by zonal centrifugation in a sucrose density gradient. It 
is form ulated for IM  adm inistration in a single-dose vial containing lyophilized vaccine that is 
reconstituted in the vial w ith the accom panying sterile diluent to a final volum e of 1.0 m L  just before 
adm inistration. O ne dose of reconstituted vaccine contains <12 m g polygeline, <0.3 m g hum an serum  
album in, 1 m g potassium  glutam ate, and 0.3 m g sodium  EDT A . N o preservatives are added.  

R abies Im m une Globulins L icensed for U se in the U nited S tates  

T he tw o HR IG products, HyperR ab™  S /D and Im ogam ® R abies-HT , are IgG preparations concentrated 
by cold ethanol fractionation from  plasm a of hyperim m unized hum an donors. T he HyperR ab™  S /D is 
form ulated through the treatm ent of the im m une globulin fraction w ith 0.3%  tri-n-butyl phosphate 
(a solvent to inactivate potential adventitious viruses) and 0.2%  sodium  cholate (a detergent to 
inactivate potential adventitious viruses) and the application of heat (30°C [86°F] for 6 hours). A fter 
ultrafiltration, the final product is a 15% --18%  protein solution in glycine. T he Im ogam ® R abies-HT  is 
prepared from  the cold ethanol fraction of pooled venous plasm a of donors, stabilized w ith glycine, 
and subjected to a heat-treatm ent process (58°C--60°C [136°F--140°F] for 10 hours) to inactivate 
potential adventitious viruses, w ith the final form ulation consisting of 10% --18%  protein. Both HR IGs 
are standardized at an average potency value of 150 IU  per m L , and supplied in 2-m L  (300 IU ) vials for 



pediatric use and 10-m L  (1,500 IU ) vials for adult use. T he recom m ended dose is 20 IU /kg (0.133 
m L /kg) body w eight. Both HR IG preparations are considered equally efficacious w hen used as 
described in these recom m endations.  

T hese products are m ade from  the plasm a of hyperim m unized hum an donors that, in theory, m ight 
contain infectious agents. N evertheless, the risk that such products w ill transm it an infectious agent 
has been reduced substantially by screening plasm a donors for previous exposure to certain viruses, 
by testing for the presence of certain current virus infections, and by inactivating and/or rem oving 
certain viruses. N o transm ission of adventitious agents has been docum ented after adm inistration of 
HR IGs licensed in the U nited S tates.  

Effectiveness and Im m unogenicity of R abies Biologics  

Effectiveness of R abies P ostexposure P rophylaxis: Hum an S tudies  

A  literature search identified 11 studies regarding the direct effectiveness of varying regim ens of 
rabies postexposure prophylaxis in preventing rabies-associated deaths (18,30--39). A n additional 
eight studies w ere identified from  review s of bibliographies or consultations w ith subject m atter 
experts (19,40--46).  

T hree large retrospective cohort studies w ere identified that describe differences in rabies m ortality 
betw een rabies-exposed persons (persons w ho w ere exposed to proven or suspected rabid anim als) 
w ho w ere vaccinated w ith older form ulations of rabies vaccine com pared w ith sim ilarly exposed 
persons w ho w ere not adm inistered prophylaxis (41,44,46). In one 1923 study of 2,174 persons 
bitten by "presum ably rabid" dogs in India, 2.9% of persons vaccinated w ith 1%  S em ple nerve tissue 
rabies vaccine (N T V) subcutaneously for 14 days died from  rabies com pared w ith 6.2%  of 
unvaccinated persons (41). A nother study of persons bitten by assum ed infective rabid anim als (i.e., 
one or m ore other persons bitten by the sam e anim al died from  rabies) during 1946--1951 indicated 
that 8.3%  of persons "com pletely treated" w ith 5%  S em ple rabies vaccine, 23.1%  of "incom pletely 
treated", and 43.2%  of unvaccinated persons died from  rabies (46). A  third study in T hailand in 1987 
docum ented no deaths am ong 723 persons bitten by dogs (661 of these persons w ere bitten by 
confirm ed rabid dogs) w ho received one of three rabies vaccines: S em ple vaccine (n = 427), HDCV (n 
= 257), or duck em bryo vaccine (n = 39) (44). How ever, 45%  (nine of 20) of unvaccinated persons w ho 
w ere bitten by confirm ed rabid dogs died from  rabies. A ll of the persons w ho died w ere severely 
bitten on the face, neck, or arm s. A ll unvaccinated persons w ho survived after having been bitten by 
confirm ed rabid dogs w ere bitten either on the legs or feet. A lthough these studies describe 
outcom es of persons receiving older form ulations of rabies vaccines that are not used in the U nited 
S tates, they dem onstrate that a m ajority of persons bitten by know n rabid dogs did not acquire 
rabies and provide historical evidence of a substantial protective effect of rabies vaccination after 
rabies exposure.  

T he effectiveness of cell culture rabies vaccine plus rabies IgG in preventing hum an deaths after 
rabies exposure has been dem onstrated in certain studies (18,19,30--32,39,45). O ne prospective 
study described 10 children (aged <12 years) and 32 adults w ho had been adm inistered HR IG 



(Hyperrab®, Cutter L aboratories, Berkeley, CA, U S A ) and 5 IM  doses of HDCV (L 'Institut M erieux, 
L yons, France) after exposure to suspected or confirm ed rabid anim als (brain-tissue positive by 
fluorescent antibody testing) (30). A ll exposed persons rem ained rabies-free during 5 years of 
observation. A nother study investigated outcom es for 90 persons w ith high-risk exposures (bites or 
direct exposure to saliva from  anim als show n to be rabid by fluorescent antibody tests or bites from  
w ild carnivores or bats that w ere not available for testing) w ho w ere treated w ith HR IG and 5 IM  
doses of HDCV (W yeth L aboratories, R adnor, P A ) (18). A ll patients, including 21 w ho w ere bitten by 
proven rabid anim als (brain tissue fluorescent antibody positive), w ere rabies-free after 10--18 
m onths of follow -up. A  third study docum ented 45 persons severely bitten by confirm ed rabid 
anim als (brain tissue fluorescent antibody positive) w ho w ere adm inistered R IG of m ule origin and 5 
IM  doses of HDCV (L 'Institut M erieux) (19). N o rabies-related deaths w ere docum ented 6--12 m onths 
after exposure. A  fourth study indicated no hum an rabies cases in 12 m onths of follow -up am ong 45 
patients receiving HR IG (Berirab®) and 6 IM  doses of P CECV (Behringw erke R esearch L aboratories, 
M arburg, W est Germ any) after contact w ith proven rabid anim als (brain tissue fluorescent antibody 
positive) (32). O ther studies exam ining outcom es for persons w ith varying degrees of exposure to 
confirm ed rabid anim als w ho w ere adm inistered 6 doses of P CECV IM  w ith or w ithout HR IG also 
reported no rabies deaths in 12--15 m onths of follow -up (39,45). S everal studies also have 
dem onstrated the effectiveness of intraderm al (ID) adm inistration of cell culture rabies vaccine w ith 
or w ithout R IG (of hum an or equine origin) in preventing rabies am ong exposed hum ans (33--35,37).  

T w o studies dem onstrated the role of R IG adm inistration in conjunction w ith vaccine in rabies 
postexposure prophylaxis (42,43). T he first described quantitative serologic outcom es in 29 persons 
severely bitten by a rabid w olf and dem onstrated the im portance of rabies antiserum  adm inistration 
in the establishm ent of an early, passive, rabies virus neutralizing antibody level in patients and 
protection against rabies (40,43). A m ong five patients treated w ith 2 doses of rabies antiserum  and 
N T V for 21 days, all had detectable levels of rabies virus neutralizing antibody during the first 5 days 
and all survived. A m ong seven patients treated w ith 1 dose of antiserum  in addition to N T V, all had 
detectable antibody during the first 5 days, but four of six had low  antibody titers by day 21. O ne of 
the seven failed to develop m ore than a very low  antibody level beyond day 7 and eventually died 
from  rabies. A m ong the five persons treated w ith N T V w ithout antiserum , none had detectable 
antibody levels before day 19, and three died from  rabies. In the second study, none of 27 persons 
severely w ounded by rabid anim als in China w ho w ere treated w ith purified ham ster kidney cell 
(P HKC) rabies vaccine plus horse-origin rabies im m une serum  died from  rabies (42). In contrast, all 
three severely w ounded persons treated w ith P HKC alone died.  

Effectiveness of R abies P ostexposure P rophylaxis: A nim al S tudies  

During the preceding four decades, results of experim ental studies using various anim al species have 
supported the use of cell culture-based vaccines for protection against rabies after infections. For 
exam ple, a postexposure prophylaxis experim ent conducted in 1971 in rhesus m onkeys using an 
experim ental purified, concentrated tissue-culture vaccine alone, or in com bination w ith hom ologous 
antirabies serum , dem onstrated that a single adm inistration of tissue-culture vaccine after exposure 
to rabies virus provided substantial (seven of eight anim als) protection against the developm ent of 



rabies. In addition to dem onstrating that hom ologous or heterologous antirabies serum  alone 
resulted in poor protection from  rabies (63% --88%  m ortality), the experim ental data suggested that 
highly concentrated, purified tissue-culture vaccine m ight be effective for postexposure prophylaxis 
in hum ans (47). A  study in 1981 docum ented lim ited protection against a lethal rabies virus challenge 
in goats w ho received ER A  vaccine w ith or w ithout antirabies goat serum  (48). In cattle, another 
livestock species, the superiority of tissue culture vaccine over brain-origin vaccine w as 
dem onstrated (49). S im ilarly, in sheep, vaccine alone provided lim ited protection, but vaccine in 
com bination w ith polyclonal IgG provided the best outcom e (50). A  1989 evaluation of postexposure 
prophylaxis adm inistered to dogs dem onstrated sim ilar findings. T he com bination of serum  and 
vaccine provided nearly com plete protection com pared w ith anim als receiving vaccine only and 
nontreated controls (51).  

P revious anim al postexposure research focused prim arily on interventions against traditional rabies 
viruses. How ever, new  causative agents of rabies continue to em erge, as dem onstrated by the recent 
description of four novel lyssaviruses from  bats in Eurasia, A ravan (A R A V), Khujand (KHU V), Irkut 
(IR KV), and W est Caucasian bat virus (W CBV) (52,53). T he com bined effect of R IG and vaccine after 
exposure to these four new  isolates w as investigated in a S yrian ham ster m odel, using com m ercially 
available hum an products or an experim ental m A b (54). Conventional rabies postexposure 
prophylaxis provided little or no protection against all four new  bat viruses. In general, protection 
w as inversely related to the genetic distance betw een the new  isolates and traditional rabies viruses, 
w hich dem onstrated the usefulness of this anim al m odel in estim ating the potential im pact of these 
new  lyssaviruses on hum an and dom estic anim al health.  

Im m unogenicity of R abies P ostexposure P rophylaxis  

T o assess the ability of rabies postexposure prophylaxis to elicit rabies virus neutralizing antibodies in 
hum ans, studies w ere review ed that docum ented antibody responses to rabies postexposure 
prophylaxis. Four studies of antibody responses to rabies postexposure prophylaxis w ith 5 IM  doses 
of HDCV w ith or w ithout HR IG w ere identified (30,55--57). Because no studies w ere identified that 
exam ined antibody responses to postexposure or sim ulated postexposure prophylaxis w ith 5 IM  
doses of the licensed P CECV vaccine (R abA vert®) plus HR IG, a study reporting antibody responses to 6 
IM  doses of another P CECV form ulation (R abipur®, N ovartis Vaccines and Diagnostics) adm inistered 
w ith or w ithout HR IG w as review ed (36). In a random ized trial, all persons receiving HR IG and 5 IM  
doses of HDCV (Im ovax® R abies) developed rabies virus antibody titers >0.5 IU /m L  lasting up to 
42 days after prophylaxis initiation (56). In a 1999 case-series, am ong 40 persons w ith diverse 
histories of exposure to anim als suspected of having rabies, all persons w ho received 5 IM  doses of 
HDCV w ith or w ithout HR IG seroconverted or had increases in baseline serum  antibody titers after 
the fifth vaccine dose (geom etric m ean titer [GM T ] = 6.22 IU /m L ) (57). Furtherm ore, a significantly 
higher m ean antibody titer w as observed in the group that received HDCV and HR IG (GM T  = 12.3 
IU /m L ; standard error [S E] = 2.9) than in the group that received HDCV alone (GM T  = 8.5 IU /m L ; S E = 
1.6; p=0.0043). In a random ized, m odified double-blind, m ulticenter, sim ulated postexposure trial, 
242 healthy adult volunteers w ere adm inistered HR IG (Im ogam ® R abies-HT ) and 5 IM  doses of either 
HDCV (Im ovax® R abies) or a chrom atographically purified Vero-cell rabies vaccine (CP R V) (55). A ll 



participants had rabies virus neutralizing antibody titers >0.5 IU /m L  by day 14 and m aintained this 
level through day 42. P articipants receiving HDCV had higher GM T s on days 14 and 42 than did 
participants receiving CP R V. In the prospective study com paring rabies neutralizing antibodies in the 
serum  of children com pared w ith adults follow ing postexposure prophylaxis, all 25 adults and eight 
children tested on day 14 had rabies virus neutralizing antibody concentrations >0.5 IU /m L  (30). In 
addition, no differences in antibody titer w ere observed betw een adults and children, and all persons 
rem ained alive during the 5 years of follow -up.  

Effectiveness of R abies P re-Exposure P rophylaxis: A nim al S tudies  

Because no studies exist on the effectiveness of rabies pre-exposure prophylaxis in preventing rabies 
deaths in hum ans, literature w as review ed on the effectiveness of pre-exposure vaccination in anim al 
m odels. T he effectiveness of rabies vaccine has been appreciated for m ost of the 20th century on the 
basis of anim al experim ents. Com m ercial rabies vaccines are licensed for certain dom estic species, all 
of w hich entail the direct dem onstration of efficacy after the adm inistration of a single pre-exposure 
dose, and observed protection from  rabies virus challenge for a m inim um  duration of 1--4 years after 
vaccination of captive anim als. In addition, rabies pre-exposure vaccine research varies typically 
either by m odification of standard regim ens of vaccination or the relative antigenic value or potency 
of vaccine adm inistration to anim als. For exam ple, at least five studies involved anim als challenged 
w ith rabies viruses (challenge standard virus [CVS ] or street rabies virus isolates) and other 
lyssaviruses (European bat lyssavirus [EBL ] 1, EBL 2, Australian bat lyssavirus [ABL], and W CBV, IR KV, 
A R AV, KHU V) after prim ary vaccination w ith P CECV (58) or HDCV (54,58--62). T w o of seven studies 
reported seroconversion in m ice and hum ans. Com plete protection of anim als from  rabies virus 
infection w as observed in all experim ents that used P CECV or HDCV IM  for prim ary vaccination 
except in one group that had been challenged by CVS  through the intracranial route and experienced 
5%  m ortality (59). Evaluation of crossprotection of HDCV against W CBV, A R AV, IR KV, KHU V, and A B L  
through IM  challenge show ed 44% , 55% , 67% , 89%  and 79% survival, respectively (54). T hese studies 
dem onstrated the usefulness of com m ercial hum an vaccines w hen adm inistered to anim als, w ith 
resulting protection dependent on the relative degree of phylogenetic relatedness betw een the 
rabies vaccine strain and the particular lyssavirus isolate.  

Im m unogenicity of R abies P re-Exposure P rophylaxis: Hum an S tudies  

T hirteen studies w ere identified that provide evidence of the effectiveness of pre-exposure rabies 
vaccination in eliciting an adaptive host im m une response in hum ans. T he outcom es of interest for 
these studies (29,63--74) include the tw o w orking definitions of adequate rabies virus neutralizing 
antibody reference values that have been developed to define an appropriate, intact adaptive host 
response to vaccination: antibody titers of 0.5 IU /m L  or com plete virus neutralization at a 1:5 serum  
dilution by R FFIT  (26).  

M ultiple studies com paring different pre-exposure prophylaxis regim ens provide evidence that 
vaccination w ith 3 IM  doses of cell culture rabies vaccine (the recom m ended pre-exposure regim en) 
result in neutralizing antibody titers >0.5 IU /m L  by days 14 (70,71), 21 (63,74), 28 (64,69,72), or 49 



(67,68,75) after prim ary vaccination. O ne study in 1987 docum ented antibody responses in 177 
healthy student volunteers aged 18--24 years follow ing prim ary vaccination w ith either P CECV 
(Behringw erke) or HDCV (Behringw erke) (71). O n day 14 after vaccination (first dose adm inistered on 
day 0), no significant difference in GM T  w as observed betw een participants w ho received 3 IM  doses 
of P CECV on days 0, 7, and 21 (GM T  = 5.9 IU /m L ) com pared w ith persons w ho received 3 IM  doses of 
HDCV (GM T  = 4.4 IU /m L ). O n day 42, the GM T  of the HDCV group w as significantly higher than that 
of the P CECV group (13.7 IU /m L  versus 8.4 IU /m L ; p<0.025). A nother study docum ented sim ilar 
antibody responses to prim ary vaccination w ith HDCV in healthy veterinary students (64). T he GM T  
of persons receiving 3 IM  doses of HDCV on days 0, 7, and 28 w as 10.2 IU /m L  (range: 0.7--51.4) on 
day 28 and 37.7 IU /m L  (range: 5.4--278.0) on day 42. A nother study docum ented even higher GM T s 
am ong 78 volunteers in a random ized trial studying differences betw een prim ary vaccination w ith 
P CECV (Behringw erke) and HDCV (L 'Institut M erieux) adm inistered IM  or ID on days 0, 7, and 28 (29). 
T he day 28 GM T  am ong persons receiving HDCV IM  (GM T  = 239 R FFIT  titer/m L ; range: 56--800) w as 
significantly higher than the GM T  am ong persons receiving P CECV IM  (GM T  = 138 R FFIT  titer/m L ; 
range: 45--280). O n days 50 and 92, no significant difference in GM T  w as observed betw een the tw o 
groups in w hich vaccine w as adm inistered IM , and the GM T s of the IM  groups w ere significantly 
higher than the ID groups. A nother study also observed higher antibody titers on days 49 and 90 and 
26 m onths after prim ary vaccination w ith HDCV (Im ovax® R abies) w hen the vaccine w as adm inistered 
IM  com pared w ith ID on days 0, 7, and 28 (68). A  random ized trial w as conducted to determ ine the 
equivalence and interchangeability of P CECV (R abA vert®) and HDCV (Im ovax® R abies) adm inistered 
IM  on days 0, 7, and 28 for rabies pre-exposure prophylaxis to 165 healthy, rabies vaccine naïve 
veterinary students (66). N o significant difference in GM T  w as observed am ong the HDCV and P CECV 
groups on days 28 and 42.  

A lthough the 3-dose rabies pre-exposure prophylaxis series has been the standard regim en 
recom m ended by W HO  (17) and ACIP  (26), a 2-dose pre-exposure series has been used previously in 
som e countries (76). O ne study com pared antibody responses in persons receiving 2 (days 0 and 28) 
versus 3 (days 0, 7, and 28) IM  doses of either HDCV (P asteur M erieux Connaught, L yon, France) or 
purified Vero cell rabies vaccine (P VR V) (P asteur M erieux Connaught) and indicated that the cohort 
seroconversion rate decreased m ore rapidly am ong persons receiving 2 doses com pared w ith those 
receiving 3 doses (p<0.001), indicating superior longer term  im m unogenicity w hen 3 vaccine doses 
w ere adm inistered (73).  

In addition to the rapidity of the im m une response resulting from  rabies pre-exposure vaccination, 
another im portant consideration is the length of duration or persistence of the im m une response. 
O ne study reported rapid declines in GM T  at 4 m onths after initial vaccination am ong persons 
receiving 3-dose prim ary vaccination w ith HDCV (L 'Institut M erieux) or P VR V (L 'Institut M erieux) on 
days 0, 7, and 21 follow ed by stabilization of the antibody level through 21 m onths (63). A nother 
study observed persistent GM T s am ong persons receiving 3-dose (days 0, 7, and 28) prim ary 
vaccination w ith P CECV (Behringw erke) and HDCV (L 'Institut M erieux) IM  on day 365 (P CECV GM T  = 
189 R FFIT  titer/m L ; range: 53--1400; HDCV GM T  = 101 R FFIT  titer/m L ; range: 11--1400) and day 756 
(P CECV GM T  = 168 R FFIT  titer/m L ; range: 50--3600; HDCV GM T  = 92 R FFIT  titer/m L ; range: 11--480) 



after initial vaccination (29). O n day 387 post vaccination, another study indicated that the GM T  
am ong persons receiving P CECV (R abA vert®) IM  on days 0, 7, and 28 (GM T  = 2.9 IU /m L ) w as 
significantly higher than the GM T  in the HDCV (Im ovax® R abies) group (GM T  = 1.5 IU /m L ; p<0.05) 
(66). A ll persons vaccinated w ith P CECV had antibody titers >0.5 IU /m L  on days 387, as did 95.7%  of 
persons vaccinated w ith HDCV. A nother study indicated that all persons receiving P CECV 
(Behringw erke) IM  on days 0, 7, and 21 m aintained antibody titers >0.5 IU /m L  2 years after prim ary 
vaccination (71). In sum m ary, rabies virus neutralizing antibody titers >0.5 IU /m L  w ere observed in all 
persons at 180 days and 96.8%  at 365 days after initial vaccination (72), 94%  of persons at 21 m onths 
after initial vaccination (63), and all persons tested at 26 m onths after prim ary vaccination (77).  

A n im portant use of rabies pre-exposure prophylaxis is to prim e the im m une response to enable a 
rapid anam nestic response to postexposure booster vaccination and sim plify the postexposure 
prophylaxis requirem ents for previously vaccinated persons. O ne study observed antibody responses 
to 1- or 2-dose (days 0 and 3) IM  booster vaccinations w ith P CECV (R abAvert®) in persons w ho had 
received prim ary vaccination w ith either P CECV IM  or HDCV IM  1 year earlier (66). All participants 
w ho had initially received P CECV prim ary vaccination and 66 of 69 (96% ) w ho had initially received 
HDCV prim ary vaccination had titers >0.5 IU /m L  before booster vaccination. N o significant 
differences in GM T  w ere observed betw een 1- and 2-dose booster groups on days 3 (2-dose GM T  = 
2.07 IU /m L ; 1-dose GM T  = 2.87 IU /m L ), seven (2-dose GM T  = 51.67 IU /m L ; 1-dose GM T  = 51.23 
IU /m L ) and 365 (2-dose GM T  = 30.60 IU /m L ; 1-dose GM T  = 26.10 IU /m L ) (66). How ever, a 
significantly higher GM T  w as observed on day 21 for persons receiving 2-dose boosters (GM T  = 
151.63 IU /m L ) com pared w ith 1-dose boosters (GM T  = 120.91 IU /m L ). A ll persons tested at day 365 
post-booster dose in both 1- and 2-dose booster groups had rabies virus neutralizing antibody titers 
>0.5 IU /m L  regardless of w hether P CECV or HDCV w as used for prim ary vaccination. A nother study 
docum ented rapid antibody responses to a single booster dose of HDCV (Im ovax® R abies) or CP R V 
(P asteur M erieux Connaught), w ith all persons in both groups exhibiting antibody titers >0.5 IU /m L  
on days 7 and 14 post-booster dose (72).  

S afety of R abies Biologics  

Eight studies regarding the safety of rabies biologics used in postexposure or sim ulated postexposure 
settings (36,55--57,78--81) and eight studies of safety in pre-exposure settings w ere identified (63--
65,68,71,72,82). T hree identified studies investigated reports of adverse events in both postexposure 
and pre-exposure settings (14,83,84). R eview s of relevant bibliographies identified one additional 
study exam ining the safety of P CECV w hen used w ithout HR IG for postexposure prophylaxis in 
children (85).  

HDCV  

S tudies of the use of HDCV reported local reactions (e.g., pain at the injection site, redness, sw elling, 
and induration) am ong 60.0% --89.5%  of recipients (63--65,68,72). L ocal reactions w ere m ore 
com m on than system ic reactions. M ost local reactions w ere m ild and resolved spontaneously w ithin 
a few  days. L ocal pain at the injection site w as the m ost frequently reported adverse reaction 



occurring in 21% --77%  of vaccinees (24,63,68,71,72,80). M ild system ic reactions (e.g., fever, 
headache, dizziness, and gastrointestinal sym ptom s) w ere reported in 6.8% --55.6%  of recipients 
(63,64,68,72).  

S ystem ic hypersensitivity reactions have been reported in up to 6%  of persons receiving booster 
vaccination w ith HDCV follow ing prim ary rabies prophylaxis, 3%  occurring w ithin 1 day of receiving 
boosters, and 3%  occurring 6--14 days after boosters (82). In one study, hypersensitivity reactions 
(e.g., urticaria, pruritic rash, and angioedem a) w ere reported in 5.6%  (11 of 99) of schoolchildren 
aged 5--13 years follow ing pre-exposure prophylaxis w ith IM  HDCV (72). A ngioedem a w as observed 
in 1.2%  of these school children after booster doses of HDCV 1 year after prim ary vaccination w ith 
HDCV. In 46 m onths of surveillance for adverse events follow ing HDCV adm inistration during 1980--
1984, CDC received reports of 108 system ic allergic reactions (ranging from  hives to anaphylaxis) 
follow ing HDCV (11 per 10,000 vaccinees) (14). T hese included nine cases of presum ed T ype I 
im m ediate hypersensitivity (one of 10,000), 87 cases of presum ed T ype III hypersensitivity (nine of 
10,000), and 12 cases of hypersensitivity of indeterm inate type. A ll nine of the presum ed im m ediate 
hypersensitivity reactions occurred during either prim ary pre-exposure or postexposure vaccination. 
M ost (93% ) of the T ype III hypersensitivity reactions w ere observed follow ing booster vaccination. 
S ystem ic allergic reactions have been associated w ith the presence of betapropiolactone-altered 
hum an album in in HDCV and the developm ent of im m unoglobulin E (IgE) antibodies to this allergen 
(82,86). N o deaths resulting from  these reactions w ere reported.  

In four studies investigating the safety of rabies postexposure prophylaxis w ith both HR IG and HDCV, 
no serious adverse events w ere observed (55--57,78). L ocal reactions w ere com m on, and pain at the 
injection site w as reported by 7% --92%  of participants (55--57). S tudies of the frequency of system ic 
adverse reactions follow ing rabies vaccination are lim ited by sm all sam ple sizes. S ystem ic adverse 
reactions w ere not observed in any of the participants in one study w ith a relatively sm all sam ple size 
(78). In tw o other studies in w hich adverse events w ere collected using patient self-m onitoring form s 
and investigator interview s at each visit, system ic reactions w ere reported by 76% --100%  of 
participants (55,56). How ever, none of these reported system ic adverse events w as considered to be 
serious.  

R are, individual case reports of neurologic adverse events follow ing rabies vaccination have been 
reported, but in none of the cases has causality been established. Four cases of neurologic illness 
resem bling Guillain-Barré syndrom e occurring after treatm ent w ith HDCV w ere identified (13,87--89). 
O ne case of acute neurologic syndrom e involving seizure activity w as reported follow ing the 
adm inistration of HDCV and HR IG (90). O ther central and peripheral nervous system  disorders have 
been tem porally associated w ith HDCV vaccine (91).  

P CECV  

In studies of P CECV use, local reactions (e.g., pain at the injection site, redness, sw elling, and 
induration) w ere reported am ong 11% --57%  of recipients (29,79,84). L ocal pain at the injection site, 
the m ost com m on local reaction, w as reported in 2% --23%  of vaccinees (29,71,79,81,83,85). S ystem ic 



reactions w ere less com m on and have been reported in 0--31%  of vaccine recipients (79,83,84). O ne 
study investigated adverse events am ong 271 children in India w ho received rabies postexposure 
prophylaxis w ith P CECV IM  w ithout HR IG follow ing bites from  suspected or confirm ed rabid dogs 
(85). O verall, 7%  of the children experienced m ild to m oderate clinical reactions. T he m ost frequently 
reported reaction w as local pain after the first or second dose (4% ). A nother study docum ented 
clinical reactions in 29 persons adm inistered 6 IM  doses of P CECV w ith (n = four) or w ithout HR IG 
follow ing bites by suspected rabid stray dogs. N o serious adverse events w ere observed during the 
course of or after prophylaxis (36). A nother case report docum ented one case of neurologic illness 
resem bling Guillain-Barré syndrom e after vaccination w ith P CECV in India (92).  

A  retrospective review  of adverse events follow ing adm inistration of P CECV w as conducted using 
data from  the U nited S tates Vaccine A dverse Events R eporting S ystem  (VA ER S ) (93). During 1997--
2005, approxim ately 1.1 m illion doses of P CECV w ere distributed in the U nited S tates and 336 
reports describing adverse events follow ing P CECV adm inistration w ere received by VA ER S  (30 events 
per 100,000 doses distributed and three serious events per 100,000 doses distributed). A  total of 199 
reported adverse events (4%  serious [i.e., adverse events that involve hospitalization, life-threatening 
illness, disability, or death]) occurred follow ing adm inistration of P CECV alone, and 137 (12%  serious) 
occurred follow ing P CECV adm inistered concom itantly w ith another vaccine or follow ing 
postexposure prophylaxis (P CECV co-adm inistered w ith HR IG). A m ong the 312 nonserious adverse 
events, the m ost frequently reported w ere headache, fever, m yalgia, nausea, and w eakness. A  
lim itation of VA ER S  is that causality betw een vaccine adm inistration and reported adverse events 
cannot be established (94). N o deaths or rabies cases w ere reported follow ing adm inistration of 
P CECV.  

HR IG  

In a clinical trial involving 16 volunteers in each group, participants receiving HR IG plus placebo 
(adm inistered to m im ic vaccine) com m only reported local reactions (100%  in conventionally 
produced HR IG group, 75%  in heat-treated HR IG group), including pain/tenderness (100%  
conventional HR IG, 50%  heat-treated HR IG), erythem a (63%  conventional, 25%  heat-treated), and 
induration (50%  conventional, 31%  heat-treated) (56). S ystem ic reactions w ere reported in 75%  of 
participants in the conventional HR IG group and 81%  in the heat-treated group. Headache w as the 
m ost com m only reported system ic reaction (50%  conventional, 69% heat-treated). T he m ajority of 
the reported local and system ic reactions w ere m ild, and no significant differences w ere observed in 
the frequency of adverse events betw een treatm ent groups. N o serious adverse events, including 
im m ediate hypersensitivity reactions or im m une-com plex-like disease, w ere reported.  

Cost-Effectiveness of R abies P ostexposure P rophylaxis  

ACIP 's charter requires the com m ittee, w hen deliberating recom m endations for vaccine use in the 
U nited S tates, to consider the cost and benefits of potential recom m endations. Cost-effectiveness 
studies com bine different types of data (e.g., epidem iologic, clinical, cost, and vaccine effectiveness), 
and the results from  such studies allow  public health officials, m edical practitioners, and the public to 



m ake m ore inform ed decisions w hen evaluating the risk for disease against the cost of the vaccine, 
including vaccine-related side effects.  

CDC analyzed the cost-effectiveness of rabies postexposure prophylaxis for each of eight contact (risk 
of transm ission) scenarios, w ith the outcom e being the net cost (in dollars) per life saved (in 2004 
dollars). T he perspective w as societal, w hich m eans that all costs and all benefits w ere included, 
regardless of w ho pays and w ho benefits. For each risk-of-transm ission scenario, three cost-
effectiveness ratios w ere calculated: average, m ost, and least cost-effective. A verage cost-effective 
ratios w ere calculated using m edian transm ission risk values (T able 2) and average cost of 
postexposure prophylaxis. M ost cost-effective ratios w ere calculated using greatest (largest) 
transm ission risk values and least cost of postexposure prophylaxis. L east cost-effective ratios w ere 
calculated using low est transm ission risk and greatest cost of postexposure prophylaxis. T he analysis 
assum ed that the direct m edical costs associated w ith postexposure prophylaxis included 1 dose of 
HR IG ($326--$1,434), 5 doses of HDCV ($113--$679 each), hospital charges ($289--$624), and 
physician charges ($295--$641) (95). Indirect costs included travel, lost w ages, alternative m edicine, 
and other costs ($161--$2,161) (96). A  societal perspective requires the valuation of the loss of 
productivity to society caused by prem ature death. T herefore, hum an life lost w as valued using the 
average present value, in 2004 dollars, of expected future lifetim e earnings and housekeeping 
services ($1,109,920) (97). A ll costs w ere adjusted to 2004 dollars using the m edical care price index. 
T he study also assum ed that rabies postexposure prophylaxis, w hen adm inistered according to these 
recom m endations, w as essentially 100%  effective in preventing a clinical case of hum an rabies. T he 
probabilities of rabies transm ission to a hum an follow ing possible contact w ith different species of 
potentially rabid anim als w as assessed by a panel of experts using the Delphi m ethodology, except 
for "anim al tests positive for rabies" w hen probabilities w ere obtained from  a previous study (98) 
(T able 2).  

U nder all three cost-effectiveness scenarios, the analysis determ ined that it is alw ays cost saving to 
adm inister postexposure prophylaxis if a patient is bitten by a rabid anim al that has tested positive 
for rabies or if a patient is bitten by a reservoir or vector species (e.g. skunk, raccoon, bat, or fox bite 
in the U nited S tates or dog bite in countries w ith dog variant rabies), even if the anim al is not 
available for testing. For all other transm ission risk situations, the average net cost effectiveness ratio 
w as alw ays a net cost per life saved (range: $2.9 million per life saved follow ing a bite from  an 
untested cat to $4 billion per life saved follow ing a lick from  an untested dog). T he w ide range of 
probabilities of risk for transm ission for the bat bite scenario resulted in the w idest range of cost-
effectiveness ratios (T able 2). U ntil m ore precise estim ates of risk for transm ission are obtained, 
these estim ates illustrate the difficulty clinicians and public health officials w ill continue to encounter 
in unequivocally determ ining the cost-effectiveness of providing P EP .  

R abies P ostexposure P rophylaxis  

R ationale for P rophylaxis  

ACIP  (26) and W HO  (25) recom m end that prophylaxis for the prevention of rabies in hum ans exposed 



to rabies virus should include prom pt and thorough w ound cleansing follow ed by passive vaccination 
w ith HR IG and vaccination w ith cell culture rabies vaccines. A dm inistration of rabies postexposure 
prophylaxis is a m edical urgency, not a m edical em ergency. Because rabies biologics are valuable 
resources that are periodically in short supply, a risk assessm ent w eighing potential adverse 
consequences associated w ith adm inistering postexposure prophylaxis along w ith their severity and 
likelihood versus the actual risk for the person acquiring rabies should be conducted in each situation 
involving a possible rabies exposure. Because the balance of benefit and harm  w ill differ am ong 
exposed persons on the basis of the risk for infection, recom m endations regarding rabies 
postexposure prophylaxis are dependent upon associated risks including 1) type of exposure, 2) 
epidem iology of anim al rabies in the area w here the contact occurred and species of anim al involved, 
and 3) circum stances of the exposure incident. T he reliability of this inform ation should be assessed 
for each incident. T he decision of w hether to initiate rabies postexposure prophylaxis also depends 
on the availability of the exposing anim al for observation or rabies testing (T able 3). Because the 
epidem iology and pathogenesis of rabies are com plex, these recom m endations cannot be specific for 
every possible circum stance. Clinicians should seek assistance from  local or state public health 
officials for evaluating exposures or determ ining the need for postexposure m anagem ent in 
situations that are not routine. S tate and local officials have access to CDC rabies experts for 
particularly rare situations or difficult decisions.  

T ypes of Exposure  

W hen an exposure has occurred, the likelihood of rabies infection varies w ith the nature and extent 
of that exposure. U nder m ost circum stances, tw o categories of exposure (bite and nonbite) should 
be considered. T he m ost dangerous and com m on route of rabies exposure is from  the bite of a rabid 
m am m al. A n exposure to rabies also m ight occur w hen the virus, from  saliva or other potentially 
infectious m aterial (e.g., neural tissue), is introduced into fresh, open cuts in skin or onto m ucous 
m em branes (nonbite exposure). Indirect contact and activities (e.g., petting or handling an anim al, 
contact w ith blood, urine or feces, and contact of saliva w ith intact skin) do not constitute exposures; 
therefore, postexposure prophylaxis should not be adm inistered in these situations. Exposures to 
bats deserve special assessm ent because bats can pose a greater risk for infecting hum ans under 
certain circum stances that m ight be considered inconsequential from  a hum an perspective (i.e., a 
m inor bite or lesion). Hum an-to-hum an transm ission occurs alm ost exclusively as a result of organ or 
tissue transplantation. Clinicians should contact local or state public health officials for assistance in 
determ ining the likelihood of a rabies exposure in a specific situation.  

Bite exposures. A ny penetration of the skin by teeth constitutes a bite exposure. A ll bites, regardless 
of body site or evidence of gross traum a, represent a potential risk. T he risk for transm ission varies in 
part w ith the species of biting anim al, the anatom ic site of the bite, and the severity of the w ound 
(98). A lthough risk for transm ission m ight increase w ith w ound severity, rabies transm ission also 
occurs from  bites by som e anim als (e.g., bats) that inflict rather m inor injury com pared w ith larger-
bodied carnivores, resulting in lesions that are difficult to detect under certain circum stances (8,99--
103).  



N onbite exposures. N onbite exposures from  anim als very rarely cause rabies. How ever, occasional 
reports of nonbite transm ission suggest that such exposures require assessm ent to determ ine if 
sufficient reasons exist to consider postexposure prophylaxis (104). T he nonbite exposures of highest 
risk appear to be am ong surgical recipients of corneas, solid organs, and vascular tissue transplanted 
from  patients w ho died of rabies and persons exposed to large am ounts of aerosolized rabies virus. 
T w o cases of rabies have been attributed to probable aerosol exposures in laboratories, and tw o 
cases of rabies have been attributed to possible airborne exposures in caves containing m illions of 
free-tailed bats (T adarida brasiliensis) in the S outhw est. How ever, alternative infection routes can 
not be discounted (105--109). S im ilar airborne incidents have not occurred in approxim ately 25 
years, probably because of elevated aw areness of such risks resulting in increased use of appropriate 
preventive m easures.  

T he contam ination of open w ounds or abrasions (including scratches) or m ucous m em branes w ith 
saliva or other potentially infectious m aterial (e.g., neural tissue) from  a rabid anim al also constitutes 
a nonbite exposure. R abies virus is inactivated by desiccation, ultraviolet irradiation, and other 
factors and does not persist in the environm ent. In general, if the suspect m aterial is dry, the virus 
can be considered noninfectious. N onbite exposures other than organ or tissue transplants have 
alm ost never been proven to cause rabies, and postexposure prophylaxis is not indicated unless the 
nonbite exposure m et the definition of saliva or other potentially infectious m aterial being 
introduced into fresh, open cuts in skin or onto m ucous m em branes.  

Bat Exposures. T he m ost com m on rabies virus variants responsible for hum an rabies in the U nited 
S tates are bat-related; therefore, any potential exposure to a bat requires a thorough evaluation. If 
possible, bats involved in potential hum an exposures should be safely collected and subm itted for 
rabies diagnosis. M ost subm itted bats (approxim ately 94% ) (110) w ill not be rabid and such tim ely 
diagnostic assessm ents rule out the need for large investm ents in risk assessm ents and unnecessary 
prophylaxis.  

T he risk for rabies resulting from  an encounter w ith a bat m ight be difficult to determ ine because of 
the lim ited injury inflicted by a bat bite (com pared w ith m ore obvious w ounds caused by the bite of 
terrestrial carnivores), an inaccurate recall of a bat encounter that m ight have occurred several 
w eeks or m onths earlier, and evidence that som e bat-related rabies viruses m ight be m ore likely to 
result in infection after inoculation into superficial epiderm al layers (111). For these reasons, any 
direct contact betw een a hum an and a bat should be evaluated for an exposure. If the person can be 
reasonably certain a bite, scratch, or m ucous m em brane exposure did not occur, or if the bat is 
available for testing and is negative for presence of rabies virus, postexposure prophylaxis is not 
necessary. O ther situations that m ight qualify as exposures include finding a bat in the sam e room  as 
a person w ho m ight be unaw are that a bite or direct contact had occurred (e.g., a deeply sleeping 
person aw akens to find a bat in the room  or an adult w itnesses a bat in the room  w ith a previously 
unattended child, m entally disabled person, or intoxicated person). T hese situations should not be 
considered exposures if rabies is ruled out by diagnostic testing of the bat, or circum stances suggest 
it is unlikely that an exposure took place. O ther household m em bers w ho did not have direct contact 
w ith the bat or w ere aw ake and aw are w hen in the sam e room  as the bat should not be considered 



as having been exposed to rabies. Circum stances that m ake it less likely that an undetected exposure 
occurred include the observation of bats roosting or flying in a room  open to the outdoors, the 
observation of bats outdoors or in a setting w here bats m ight norm ally be present, or situations in 
w hich the use of protective covers (e.g., m osquito netting) w ould reasonably be expected to 
preclude unnoticed contact. Because of the com plexity of som e of these situations, consultation w ith 
state and local health departm ents should alw ays be sought. If necessary, further guidance can be 
sought from  C DC and experts in bat ecology.  

During 1990--2007, a total of 34 naturally acquired bat-associated hum an cases of rabies w as 
reported in the U nited S tates. In six cases, a bite w as reported; in tw o cases, contact w ith a bat and a 
probable bite w ere reported; in 15 cases, physical contact w as reported (e.g., the rem oval of a bat 
from  the hom e or w orkplace or the presence of a bat in the room  w here the person had been 
sleeping), but no bite w as docum ented; and in 11 cases, no bat encounter w as reported. In these 
cases, an unreported or undetected bat bite rem ains the m ost plausible hypothesis because the 
genetic sequences of the hum an rabies viruses closely m atched those of specific species of bats. 
Clustering of hum an cases associated w ith bat exposures has never been reported in the U nited 
S tates (e.g., w ithin the sam e household or am ong a group of cam pers w here bats w ere observed 
during their activities) (8,101,110).  

Hum an-to-Hum an Exposures. Hum an-to-hum an transm ission can occur in the sam e w ay as anim al-
to-hum an transm ission (i.e., the virus is introduced into fresh open cuts in skin or onto m ucous 
m em branes from  saliva or other potentially infectious m aterial such as neural tissue). O rgan and 
tissue transplantation resulting in rabies transm ission has occurred am ong 16 transplant recipients 
from  corneas (n = eight), solid organs (n = seven), and vascular tissue (n = one). Each of the donors 
died of an illness com patible w ith or proven to be rabies (10,112--123). T he 16 cases occurred in five 
countries: the U nited S tates (five cases: one corneal transplant transm ission, three solid organ 
transm issions, and one vascular graft transm ission), Germ any (four cases), T hailand (tw o cases), India 
(tw o cases), Iran (tw o cases), and France (one case).  

N o docum ented laboratory-diagnosed cases of hum an-to-hum an rabies transm ission have been 
docum ented from  a bite or nonbite exposure other than the transplant cases (124). A t least tw o 
cases of hum an-to-hum an rabies transm ission in Ethiopia have been suggested, but rabies as the 
cause of death w as not confirm ed by laboratory testing (125). T he reported route of exposure in 
both cases w as direct salivary contact from  another human (i.e., a bite and a kiss). R outine delivery of 
health care to a patient w ith rabies is not an indication for postexposure prophylaxis unless the 
health-care w orker is reasonably certain that he or she w as bitten by the patient or that his or her 
m ucous m em branes or nonintact skin w as exposed directly to potentially infectious saliva or neural 
tissue. A dherence to standard precautions for all hospitalized patients as outlined by the Hospital 
Infection Control P ractices A dvisory Com m ittee w ill m inim ize the need for postexposure prophylaxis 
in such situations (126). S taff should w ear gow ns, goggles, m asks, and gloves, particularly during 
intubation and suctioning (25).  



A nim al R abies Epidem iology  

Bats. R abid bats have been docum ented in the 49 continental states, and bats are increasingly 
im plicated as im portant w ildlife reservoirs for variants of rabies virus transm itted to hum ans 
(5,101,102,110). T ransm ission of rabies virus can occur from  m inor, seem ingly underappreciated or 
unrecognized bites from  bats (8,99--103). L aboratory data support a hypothesis that bat rabies virus 
variants associated w ith silver-haired bats (L asionycteris noctivagans) and eastern pipistrelles 
(P ipistrellus subflavus) have biologic characteristics that m ight allow  a higher likelihood of infection 
after superficial inoculation, such as into cells of epiderm al origin (127). Hum an and dom estic anim al 
contact w ith bats should be m inim ized, and bats should never be handled by untrained and 
unvaccinated persons or be kept as pets (128).  

W ild T errestrial Carnivores. R accoons, skunks, and foxes are the terrestrial carnivores m ost often 
infected w ith rabies in the U nited S tates (5). S uggestive clinical signs of rabies am ong w ildlife cannot 
be interpreted reliably. All bites by such w ildlife should be considered possible exposures to rabies 
virus. P ostexposure prophylaxis should be initiated as soon as possible follow ing exposure to such 
w ildlife, unless the anim al is available for diagnosis and public health authorities are facilitating 
expeditious laboratory testing, or if the brain tissue from  the anim al has already tested negative. 
W ild terrestrial carnivores that are available for diagnostic testing should be euthanized as soon as 
possible (w ithout unnecessary dam age to the head), and the brain should be subm itted for rabies 
diagnosis (129,130). If the results of testing are negative by im m unofluorescence, hum an rabies 
postexposure prophylaxis is not necessary. O ther factors that m ight influence the urgency of 
decision-m aking regarding the initiation of postexposure prophylaxis before diagnostic results are 
know n include the species of the anim al, the general appearance and behavior of the anim al, 
w hether the encounter w as provoked by the presence of a hum an, and the severity and location of 
bites.  

O ther W ild A nim als. R odents are not reservoirs of rabies virus. S m all rodents (e.g., squirrels, 
chipm unks, rats, m ice, ham sters, guinea pigs, and gerbils) and lagom orphs (including rabbits and 
hares) are rarely infected w ith rabies and have not been know n to transm it rabies to hum ans 
(131,132). During 1990--1996, in areas of the country w here raccoon rabies w as enzootic, 
w oodchucks accounted for 93%  of the 371 cases of rabies am ong rodents reported to CDC 
(5,133,134). In all cases involving rodents, the state or local health departm ent should be consulted 
before a decision is m ade to initiate postexposure prophylaxis (135).  

T he offspring of w ild anim als crossbred to dom estic dogs and cats (w ild anim al hybrids) are 
considered w ild anim als by the N ational A ssociation of S tate and P ublic Health Veterinarians and 
CS T E. Because the period of rabies virus shedding in w ild anim al hybrids is unknow n, w hen such 
anim als bite hum ans euthanasia and rabies testing of the hybrid anim al is the safest course of action. 
Vaccination should be discontinued if diagnostic tests of the involved anim al are negative for rabies 
infection. How ever, because w olves and dogs have very sim ilar genetic m akeup and m any anim als 
that are advertised as "w olf-dogs" m ight actually be dogs, each w olf hybrid bite situation should be 
evaluated individually, taking into account the likelihood that it is a hybrid, the severity of the w ound, 



and the assessm ent by the bite victim  and his or her health-care provider. S tate or local health 
departm ents should be consulted before a decision is m ade to euthanize and test an anim al. W ild 
anim als and w ild anim al hybrids should not be kept as pets (128) or be publicly accessible. Hum ans 
w ho w ork w ith w ild anim als m aintained in U nited S tates Departm ent of A griculture-licensed research 
facilities or accredited zoological parks should be educated on preventing bites and should receive 
rabies pre-exposure vaccinations. R abies exposures of these anim al handlers m ight require booster 
postexposure vaccinations in lieu of euthanasia and testing of the anim al depending on em ploym ent 
requirem ents.  

Dom estic Dogs, Cats, and Ferrets. T he likelihood of rabies in a dom estic anim al varies regionally, and 
the need for postexposure prophylaxis also varies on the basis of regional epidem iology. T he num ber 
of reported cases of rabies in dom estic dogs has decreased substantially in the U nited S tates, 
prim arily because of im proved canine vaccination and stray anim al control program s (5). In the 
continental U nited S tates, rabies am ong dogs has been reported sporadically along the U nited 
S tates-M exico border and in areas of the U nited S tates w ith enzootic w ildlife rabies (5). During 2000-
-2006, m ore cats than dogs w ere reported rabid in the U nited S tates (6). T he m ajority of these cases 
w ere associated w ith the epizootic of rabies am ong raccoons in the eastern U nited S tates. T he large 
num ber of rabid cats com pared w ith other dom estic anim als m ight be attributed to a low er 
vaccination rate am ong cats because of less stringent cat vaccination law s; few er confinem ent or 
leash law s; and the nocturnal activity patterns of cats placing them  at greater risk for exposure to 
infected raccoons, skunks, foxes, and bats. In certain developing countries, dogs rem ain the m ajor 
reservoir and vector of rabies and represent an increased risk for rabies exposure in such countries 
(136).  

A  healthy dom estic dog, cat, or ferret that bites a person should be confined and observed for 10 
days (128,137,138). T hose that rem ain alive and healthy 10 days after a bite w ould not have been 
shedding rabies virus in their saliva and w ould not have been infectious at the tim e of the bite (25). 
A ll dom estic dogs, cats, and ferrets kept as pets should be vaccinated against rabies. Even if they are 
not, such anim als m ight still be confined and observed for 10 days after a bite to reliably determ ine 
the risk for rabies exposure for the person w ho w as bitten. A ny illness in the anim al during the 
confinem ent period before release should be evaluated by a veterinarian and reported im m ediately 
to the local public health departm ent. If signs suggestive of rabies develop, postexposure prophylaxis 
of the bite victim  should be initiated. T he anim al should be euthanized and its head rem oved and 
shipped, under refrigeration, for exam ination by a qualified laboratory. If the biting anim al is stray or 
unw anted, it should either be confined and observed for 10 days or euthanized im m ediately and 
subm itted for rabies diagnosis (128).  

O ther Dom estic A nim als. In all instances of exposure to other dom estic anim al species, local or state 
health departm ent should be consulted before a decision is m ade to euthanize and test the anim al or 
initiate postexposure prophylaxis (128).  

Circumstances of Biting Incident and Vaccination S tatus of Exposing A nim al  



A n unprovoked attack by an anim al m ight be m ore likely than a provoked attack to indicate that the 
anim al is rabid. Bites inflicted on a person attem pting to feed or handle an apparently healthy anim al 
should generally be regarded as provoked. O ther factors to consider w hen evaluating a potential 
rabies exposure include the epidem iology of rabies in the area, the biting anim al's history and health 
status (e.g., abnorm al behavior and signs of illness), and the potential for the anim al to be exposed to 
rabies (e.g., presence of an unexplained w ound or history of exposure to a rabid anim al). A  dog, cat, 
or ferret w ith a history of continuously current vaccination (i.e., no substantial gaps in vaccination 
coverage) is unlikely to becom e infected w ith rabies (128,137,139--141). Even after an initial rabies 
vaccination, young or naïve anim als rem ain at risk for rabies because of the potential exposures 
preceding vaccination or before adequate induction of im m unity during the 28 days after prim ary 
vaccination (128).  

T reatm ent of W ounds and Vaccination  

T he essential com ponents of rabies postexposure prophylaxis are w ound treatm ent and, for 
previously unvaccinated persons, the adm inistration of both HR IG and vaccine (T able 4) (142). 
A dm inistration of rabies postexposure prophylaxis is a m edical urgency, not a m edical em ergency, 
but decisions m ust not be delayed. Incubation periods of m ore than 1 year have been reported in 
hum ans (143). T herefore, w hen a docum ented or likely exposure has occurred, postexposure 
prophylaxis should be adm inistered regardless of the length of the delay, provided that com patible 
clinical signs of rabies are not present in the exposed person. T he adm inistration of postexposure 
prophylaxis to a clinically rabid hum an patient has dem onstrated consistent ineffectiveness (25).  

In 1977, W HO  recom m ended a regim en of R IG and 6 doses of HDCV over a 90-day period. T his 
recom m endation w as based on studies in Germ any and Iran (19,21). W hen used in this m anner, the 
vaccine w as safe and effective in persons bitten by anim als proven to be rabid and induced an 
adequate antibody response in all recipients (19). S tudies conducted in the U nited S tates by CDC 
have docum ented that a regim en of 1 dose of HR IG and 5 doses of HDCV over a 28-day period w as 
safe and induced an adequate antibody response in all recipients (18). Clinical trials w ith P CECV have 
dem onstrated im m unogenicity equivalent to that of HDCV (144).  

Cell culture vaccines have been used effectively w ith HR IG or R IG of equine origin (ER IG) w orldw ide 
to prevent rabies in persons bitten by various rabid anim als (18,19). W orldw ide, W HO  estim ates that 
postexposure prophylaxis is initiated on 10--12 m illion persons annually (144). A n estim ated 16,000--
39,000 persons in the U nited S tates receive a full postexposure course each year (11). A lthough 
postexposure prophylaxis has not alw ays been properly adm inistered in the U nited S tates, no failures 
have been docum ented since current biologics have been licensed.  

T reatm ent of W ounds  

R egardless of the risk for rabies, the optim al m edical treatm ent of anim al bite w ounds includes the 
recognition and treatm ent of serious injury (e.g., nerve or tendon laceration), avoidance or 
m anagem ent of infection (both local and system ic), and approaches that w ill yield the best possible 
cosm etic results (145). For m any types of bite w ounds, im m ediate gentle irrigation w ith w ater or a 



dilute w ater povidone-iodine solution m arkedly decrease the risk for bacterial infection (146). Care 
should be taken not to dam age skin or tissues. W ound cleansing is especially im portant in rabies 
prevention because thorough w ound cleansing alone w ithout other postexposure prophylaxis 
m arkedly reduce the likelihood of rabies in anim al studies (147,148). Consideration should be given 
to the need for a booster dose of tetanus vaccine (149,150). Decisions regarding the use of antibiotic 
prophylaxis (151) and prim ary w ound closure (152) should be individualized on the basis of the 
exposing anim al species, size and location of the w ound(s), and tim e interval since the bite. S uturing 
should be avoided, w hen possible.  

Vaccination  

P ostexposure antirabies vaccination should alw ays include adm inistration of both passive antibody 
and vaccine, w ith the exception of persons w ho have ever previously received com plete vaccination 
regim ens (pre-exposure or postexposure) w ith a cell culture vaccine or persons w ho have been 
vaccinated w ith other types of vaccines and have previously had a docum ented rabies virus 
neutralizing antibody titer. T hese persons should receive only vaccine (i.e., postexposure for a person 
previously vaccinated). T he com bination of HR IG and vaccine is recom m ended for both bite and 
nonbite exposures reported by persons w ho have never been previously vaccinated for rabies, 
regardless of the interval betw een exposure and initiation of prophylaxis. If postexposure prophylaxis 
has been initiated and appropriate laboratory diagnostic testing (i.e., the direct fluorescent antibody 
test) indicates that the exposing anim al w as not rabid, postexposure prophylaxis can be 
discontinued.  

R abies IgG U se. HR IG is adm inistered only once (i.e., at the beginning of antirabies prophylaxis) to 
previously unvaccinated persons to provide im m ediate, passive, rabies virus-neutralizing antibody 
coverage until the patient responds to HDCV or P CECV by actively producing antibodies. If HR IG w as 
not adm inistered w hen vaccination w as begun (i.e., day 0), it can be adm inistered up to and including 
day 7 of the postexposure prophylaxis series (153). Beyond the seventh day, HR IG is not indicated 
because an antibody response to cell culture vaccine is presum ed to have occurred. Because HR IG 
can partially suppress active production of antibody, the dose adm inistered should not exceed the 
recom m ended dose (154). T he recom m ended dose of HR IG is 20 IU /kg (0.133 m L /kg) body w eight. 
T his form ula is applicable to all age groups, including children. If anatom ically feasible, the full dose 
of HR IG should be thoroughly infiltrated in the area around and into the w ounds. A ny rem aining 
volum e should be injected IM  at a site distant from  vaccine adm inistration. T his recom m endation for 
HR IG adm inistration is based on reports of rare failures of postexposure prophylaxis w hen less than 
the full am ount of HR IG w as infiltrated at the exposure sites (155). HR IG should never be 
adm inistered in the sam e syringe or in the sam e anatom ical site as the first vaccine dose. How ever, 
subsequent doses of vaccine in the 5-dose series can be adm inistered in the sam e anatom ic location 
w here the HR IG dose w as adm inistered, if this is the preferable site for vaccine adm inistration (i.e., 
deltoid for adults or anterolateral thigh for infants and sm all children).  

Vaccine U se. T w o rabies vaccines are available for use in the U nited S tates (T able 1); either can be 
adm inistered in conjunction w ith HR IG at the beginning of postexposure prophylaxis. A  regim en of 5 



one-m L  doses of HDCV or P CECV should be adm inistered IM  to previously unvaccinated persons. T he 
first dose of the 5-dose course should be adm inistered as soon as possible after exposure. T his date 
is then considered day 0 of the postexposure prophylaxis series. A dditional doses should then be 
adm inistered on days 3, 7, 14, and 28 after the first vaccination. For adults, the vaccination should 
alw ays be adm inistered IM  in the deltoid area. For children, the anterolateral aspect of the thigh is 
also acceptable. T he gluteal area should never be used for HDCV or P CECV injections because 
adm inistration of HDCV in this area results in low er neutralizing antibody titers (156).  

Deviations from  R ecom m ended P ostexposure Vaccination S chedules  

Every attem pt should be m ade to adhere to the recom m ended vaccination schedules. O nce 
vaccination is initiated, delays of a few  days for individual doses are unim portant, but the effect of 
longer lapses of w eeks or m ore is unknow n (157). M ost interruptions in the vaccine schedule do not 
require reinitiation of the entire series (158). For m ost m inor deviations from  the schedule, 
vaccination can be resum ed as though the patient w ere on schedule. For exam ple, if a patient m isses 
the dose scheduled for day 7 and presents for vaccination on day 10, the day 7 dose should be 
adm inistered that day and the schedule resum ed, m aintaining the sam e interval betw een doses. In 
this scenario, the rem aining doses w ould be adm inistered on days 17 and 31. W hen substantial 
deviations from  the schedule occur, im m une status should be assessed by perform ing serologic 
testing 7--14 days after adm inistration of the final dose in the series.  

P ostexposure P rophylaxis O utside the U nited S tates  

P ersons exposed to rabies outside the U nited S tates in countries w here rabies is enzootic m ight 
receive postexposure prophylaxis w ith regim ens or biologics that are not used in the U nited S tates, 
including purified vero cell rabies vaccine (Verorab™ , Im ovax -- R abies vero™ , T R C Verorab™ ), purified 
duck em bryo vaccine (L yssavac N ™ ), and different form ulations of P CECV (R abipur®) or HDCV 
(R abivac™ ). T his inform ation is provided to fam iliarize physicians w ith som e of the regim ens used 
m ore w idely abroad. T hese regim ens have not been subm itted for approval by the U .S . Food and 
Drug A dm inistration (FDA ) for use in the U nited S tates (37,74,159--168). If postexposure prophylaxis 
is initiated outside the U nited S tates using one of these regim ens or vaccines of nerve tissue origin, 
additional prophylaxis m ight be necessary w hen the patient presents for care in the U nited S tates. 
S tate or local health departm ents should be contacted for specific advice in such cases. R abies virus 
neutralizing antibody titers from  specim ens collected 1--2 w eeks after pre-exposure or postexposure 
prophylaxis w ould be considered adequate if com plete neutralization of challenge virus at a 1:5 
serum  dilution by R FFIT  occurs.  

P urified ER IG or fractions of ER IG have been used in developing countries w here HR IG m ight not have 
been available. T he incidence of adverse reactions after ER IG adm inistration has been low  (0.8% --
6.0% ), and m ost of those that occurred w ere m inor (169--171). In addition, unpurified antirabies 
serum  of equine origin m ight still be used in som e countries w here neither HR IG nor ER IG are 
available. T he use of this antirabies serum  is associated w ith higher rates of serious adverse 
reactions, including anaphylaxis (172).  



A lthough no postexposure prophylaxis failures have occurred in the U nited S tates since cell culture 
vaccines and HR IG have been routinely used, failures have occurred abroad w hen less than potent 
biologics w ere used, if som e deviation w as m ade from  the recom m ended postexposure prophylaxis 
protocol, or w hen less than the recom m ended am ount of R IG w as adm inistered (155,173--175). 
S pecifically, patients w ho contracted rabies after postexposure prophylaxis m ight not have had 
adequate local w ound cleansing, m ight not have received rabies vaccine injections in the deltoid area 
(i.e., vaccine w as adm inistered in the gluteal area), or m ight not have received appropriate 
infiltration of R IG around the w ound site. S ubstantial delays betw een exposure and initiation of 
prophylaxis are of concern, especially w ith severe w ounds to the face and head, w hich m ight provide 
access to the central nervous system  through rapid viral neurotropism .  

R abies P re-Exposure P rophylaxis  

P re-exposure rabies prophylaxis is adm inistered for several reasons. First, although pre-exposure 
vaccination does not elim inate the need for additional m edical evaluation after a rabies exposure, it 
sim plifies m anagem ent by elim inating the need for R IG and decreasing the num ber of doses of 
vaccine needed. T his is particularly im portant for persons at high risk for being exposed to rabies in 
areas w here m odern im m unizing products m ight not be available or w here cruder, less safe biologics 
m ight be used, placing the exposed person at increased risk for adverse events. S econd, pre-
exposure prophylaxis m ight offer partial im m unity to persons w hose postexposure prophylaxis is 
delayed. Finally, pre-exposure prophylaxis m ight provide som e protection to persons at risk for 
unrecognized exposures to rabies.  

P re-exposure vaccination should be offered to persons in high-risk groups, such as veterinarians and 
their staff, anim al handlers, rabies researchers, and certain laboratory w orkers. P re-exposure 
vaccination also should be considered for persons w hose activities bring them  into frequent contact 
w ith rabies virus or potentially rabid bats, raccoons, skunks, cats, dogs, or other species at risk for 
having rabies. In addition, som e international travelers m ight be candidates for pre-exposure 
vaccination if they are likely to com e in contact w ith anim als in areas w here dog or other anim al 
rabies is enzootic and im m ediate access to appropriate m edical care, including rabies vaccine and 
im m une globulin, m ight be lim ited. R outine pre-exposure prophylaxis for the general U .S . population 
or routine travelers to areas w here rabies is not enzootic is not recom m ended (176,177).  

P rim ary Vaccination  

T hree 1.0-m L  injections of HDCV or P CECV should be adm inistered IM  (deltoid area), one injection 
per day on days 0, 7, and 21 or 28 (T able 5). T he im m unogenicity of IM  prim ary vaccination w ith 
P CECV and HDCV has been review ed. Vaccine preparations for ID adm inistration are no longer 
available in the U nited S tates.  

P re-Exposure Booster Doses of Vaccine  

P ersons w ho w ork w ith rabies virus in research laboratories or vaccine production facilities 
(continuous risk category [T able 6]) (178) are at the highest risk for inapparent exposures. S uch 



persons should have a serum  sam ple tested for rabies virus neutralizing antibody every 6 m onths. A n 
IM  booster dose (T able 5) of vaccine should be adm inistered if the serum  titer falls to m aintain a 
serum  titer corresponding to a value of at least com plete neutralization at a 1:5 serum  dilution by the 
R FFIT . T he frequent-risk category includes other laboratory w orkers (e.g., those perform ing rabies 
diagnostic testing), cavers, veterinarians and staff, and anim al-control and w ildlife officers in areas 
w here anim al rabies is enzootic. T he frequent-risk category also includes persons w ho frequently 
handle bats, regardless of location in the U nited S tates or throughout the w orld, because of the 
existence of lyssaviruses on all continents except A ntarctica. P ersons in the frequent-risk group 
should have a serum  sam ple tested for rabies virus neutralizing antibody every 2 years. If the titer is 
less than com plete neutralization at a 1:5 serum  dilution by the R FFIT , the person also should receive 
a single booster dose of vaccine. Veterinarians, veterinary students, and terrestrial anim al-control 
and w ildlife officers w orking in areas w here rabies is uncom m on to rare (infrequent exposure group) 
and certain at-risk international travelers w ho have com pleted a full pre-exposure vaccination series 
w ith licensed vaccines and according to schedule do not require routine serologic verification of 
detectable antibody titers or routine pre-exposure booster doses of vaccine. If they are exposed to 
rabies in the future, they are considered im m unologically prim ed against rabies and sim ply require 
postexposure prophylaxis for a person previously vaccinated (i.e., days 0 and 3 vaccination).  

P ostexposure P rophylaxis for P reviously Vaccinated P ersons  

If a person is exposed to rabies, local w ound care rem ains an im portant part of postexposure 
prophylaxis, even for previously vaccinated persons. P reviously vaccinated persons are those w ho 
have received one of the recom m ended pre-exposure or postexposure regim ens of HDCV, P CECV, or 
R VA  or those w ho received another vaccine and had a docum ented rabies virus neutralizing antibody 
titer. T hese persons should receive 2 IM  doses (1.0 m L  each in the deltoid) of vaccine, one 
im m ediately and one 3 days later. A dm inistration of R IG is unnecessary and should not be 
adm inistered to previously vaccinated persons because the adm inistration of passive antibody m ight 
inhibit the relative strength or rapidity of an expected anam nestic response (77). For previously 
vaccinated persons w ho are exposed to rabies, determ ining the rabies virus neutralizing antibody 
titer for decision-m aking about prophylaxis is inappropriate for at least three reasons. First, several 
days w ill be required to collect the serum  and determ ine the test result. S econd, no "protective" titer 
is know n. Finally, although rabies virus neutralizing antibodies are im portant com ponents, other 
im m une effectors also are operative in disease prevention.  

Vaccination and S erologic T esting  

P ost-Vaccination S erologic T esting  

In CDC studies, all healthy persons tested 2--4 w eeks after com pletion of pre-exposure and 
postexposure rabies prophylaxis in accordance w ith ACIP  guidelines dem onstrated an adequate 
antibody response to rabies (18,73,179,180). T herefore, no testing of patients com pleting pre-
exposure or postexposure prophylaxis is necessary to docum ent seroconversion unless the person is 
im m unosuppressed. P atients w ho are im m unosuppressed by disease or m edications should 



postpone pre-exposure vaccinations and consider avoiding activities for w hich rabies pre-exposure 
prophylaxis is indicated. W hen that is not possible, im m unosuppressed persons w ho are at risk for 
exposure to rabies should be vaccinated and their virus neutralizing antibody titers checked. In these 
cases, failures to seroconvert after the third dose should be m anaged in consultation w ith 
appropriate public health officials. W hen titers are obtained, specim ens collected 1--2 w eeks after 
pre-exposure or postexposure prophylaxis should com pletely neutralize challenge virus at a 1:5 
serum  dilution by the R FFIT . A ntibody titers m ight decline over tim e since the last vaccination. S m all 
differences (i.e., w ithin one dilution of sera) in the reported values of rabies virus neutralizing 
antibody titer (m ost properly reported according to a standard as IU /m L ) m ight occur am ong 
laboratories that provide antibody determ ination using the recom m ended R FFIT . R abies antibody 
titer determ ination tests that are not approved by FDA  are not appropriate for use as a substitute for 
R FFIT  in suspect hum an rabies antem ortem  testing because discrepant results betw een such tests 
and m easures of actual virus neutralizing activity by R FFIT  have been observed (181).  

S erologic R esponse and P re-Exposure Booster Doses of Vaccine  

A lthough virus neutralizing antibody levels m ight not definitively determ ine a person's susceptibility 
or protection from  a rabies virus exposure, titers in persons at risk for exposure are used to m onitor 
the relative rabies im m une status over tim e (182). T o ensure the presence of a prim ed im m une 
response over tim e am ong persons at higher than norm al risk for exposure, titers should be checked 
periodically, w ith booster doses adm inistered only as needed. T w o years after prim ary pre-exposure 
vaccination, a com plete neutralization of challenge virus at a dilution of 1:5 (by the R FFIT ) w as 
observed am ong 93% --98%  of persons w ho received the 3-dose pre-exposure series intram uscularly 
and 83% --95%  of persons w ho received the 3-dose series intraderm ally (68). If the titer falls below  
the m inim um  acceptable antibody level of com plete neutralization at a serum  dilution of 1:5, a single 
pre-exposure booster dose of vaccine is recom m ended for persons at continuous or frequent risk for 
exposure to rabies (T able 6). T he follow ing guidelines are recom m ended for determ ining w hen 
serum  testing should be perform ed after prim ary pre-exposure vaccination:  

?  A  person in the continuous-risk category should have a serum  sam ple tested for rabies virus 
neutralizing antibody every 6 m onths (178).  

?  A  person in the frequent-risk category should have a serum  sam ple tested for rabies virus 
neutralizing antibody every 2 years (183).  

S tate or local health departm ents or CDC can provide the nam es and addresses of laboratories 
perform ing appropriate rabies virus neutralizing serologic testing.  

M anagem ent and R eporting of A dverse R eactions to R abies Biologics  

O nce initiated, rabies prophylaxis should not be interrupted or discontinued because of local or m ild 
system ic adverse reactions to rabies vaccine. U sually, such reactions can be successfully m anaged 
w ith anti-inflam m atory, antihistam inic, and antipyretic agents.  



W hen a person w ith a history of hypersensitivity to rabies vaccine m ust be revaccinated, em piric 
intervention such as pretreatm ent w ith antihistam ines m ight be considered. Epinephrine should be 
readily available to counteract anaphylactic reactions, and the person should be observed carefully 
im m ediately after vaccination (184).  

A lthough serious system ic, anaphylactic, or neuroparalytic reactions are rare during and after the 
adm inistration of rabies vaccines, such reactions pose a serious dilem m a for the patient and the 
attending physician (14). A  patient's risk for acquiring rabies m ust be carefully considered before 
deciding to discontinue vaccination. A dvice and assistance on the m anagem ent of serious adverse 
reactions for persons receiving rabies vaccines can be sought from  the state or local health 
departm ent or CDC.  

A ll clinically significant adverse events occurring follow ing adm inistration of rabies vaccine should be 
reported to VA ER S , even if causal relation to vaccination is not certain. A lthough VA ER S  is subject to 
lim itations com m on to passive surveillance system s, including underreporting and reporting bias, it is 
a valuable tool for characterizing the safety profile of vaccines and identifying risk factors for rare 
serious adverse reactions to vaccines (94). VA ER S  reporting form s and inform ation are available at 
http://w w w .vaers.hhs.gov or by telephone (800-822-7967). W eb-based reporting is available and 
health-care providers are encouraged to report electronically at 
https://secure.vaers.org/VaersDataEntryintro.htm . Clinically significant adverse events follow ing 
HR IG adm inistration should be reported to the Food and Drug A dm inistration's M edW atch. R eports 
can be subm itted electronically to http://w w w .fda.gov/M edW atch.  

P recautions and Contraindications  

Im m unosuppression  

Corticosteroids, other im m unosuppressive agents, antim alarials, and im m unosuppressive illnesses 
can interfere w ith the developm ent of active im m unity after vaccination (185,186). For persons w ith 
im m unosuppression, pre-exposure prophylaxis should be adm inistered w ith the aw areness that the 
im m une response m ight be inadequate. P atients w ho are im m unosuppressed by disease or 
m edications should postpone pre-exposure vaccinations and consider avoiding activities for w hich 
rabies pre-exposure prophylaxis is indicated. W hen this course is not possible, im m unosuppressed 
persons w ho are at risk for rabies should have their virus neutralizing antibody titers checked after 
com pleting the pre-exposure series. A  patient w ho fails to seroconvert after the third dose should be 
m anaged in consultation w ith their physician and appropriate public health officials. N o cases of 
rabies postexposure prophylaxis failure have been docum ented am ong persons im m unosuppressed 
because of hum an im m unodeficiency virus infection.  

Im m unosuppressive agents should not be adm inistered during postexposure prophylaxis unless 
essential for the treatm ent of other conditions. W hen postexposure prophylaxis is adm inistered to an 
im m unosuppressed person, one or m ore serum  sam ples should be tested for rabies virus neutralizing 
antibody to ensure that an acceptable antibody response has developed. If no acceptable antibody 
response is detected, the patient should be m anaged in consultation w ith their physician and 



appropriate public health officials.  

P regnancy  

Because of the potential consequences of inadequately m anaged rabies exposure, pregnancy is not 
considered a contraindication to postexposure prophylaxis. Certain studies have indicated no 
increased incidence of abortion, prem ature births, or fetal abnorm alities associated w ith rabies 
vaccination (187--189). If the risk for exposure to rabies is substantial, pre-exposure prophylaxis also 
m ight be indicated during pregnancy. R abies exposure or the diagnosis of rabies in the m other should 
not be regarded as reasons to term inate the pregnancy (157).  

A llergies  

P ersons w ho have a history of serious hypersensitivity to com ponents of rabies vaccine or to other 
vaccines w ith com ponents that are also present in rabies vaccine should be revaccinated w ith 
caution (184).  

Indigent P atient P rogram s  

Both rabies vaccine m anufacturers have patient assistant program s that provide m edications to 
uninsured or underinsured patients. S anofi pasteur's Indigent P atient P rogram  (providing Im ogam ® 
R abies-HT  and Im ovax® R abies) is adm inistered through the N ational O rganization for R are Disorders. 
Inform ation is available by telephone (877-798-8716) or e-m ail (nnadiq@ rarediseases.org). 
Inform ation on N ovartis P harm aceuticals P atient A ssistance P rogram  for R abA vert® is available at 
http://w w w .corporatecitizenship.novartis.com /patients/drug-pricing/assistance-program s.shtm l.  

T reatm ent of Hum an R abies  

R abies is associated w ith the highest case fatality rate of any infectious disease. N o proven effective 
m edical treatm ent is recognized after the developm ent of clinical signs. Com bined w ith intensive 
care, experim ental m easures have included adm inistration of vidarabine, m ultisite ID vaccination 
w ith cell-culture vaccines, hum an leukocyte interferon, R IG by the intravenous and intrathecal 
routes, antithym ocyte globulin, inosine pranobex, ribavirin, ketam ine, and high doses of steroids 
(190--197). Initiation of rabies vaccination after onset of clinical sym ptom s in patients w ith confirm ed 
rabies diagnoses is not recom m ended and m ight be detrim ental.  

S urvival has been w ell docum ented for only six patients. In five of these cases, the persons had 
received rabies vaccination before the onset of disease (198--202). O nly one patient has recovered 
from  rabies w ithout the institution of rabies vaccination (9,203). Despite these successes, rabies is 
not considered curable. T reatm ent of clinical rabies rem ains an extrem e challenge. R apid 
antem ortem  diagnosis is a priority. W hen a definitive diagnosis is obtained, prim ary health 
considerations should focus, at a m inim um , on com fort care and adequate sedation of the patient in 
an appropriate m edical facility. S edation is often necessary because patients m ight becom e 
extrem ely agitated, especially in the presence of stim uli such as loud noises, air currents, and the 
sight or sound of running w ater, particularly during the acute neurologic phase of the disease (25). 



Beyond the overt clinical situation associated w ith progressive encephalitis, during fluctuating 
periods of lucidity, patient stress m ight be com pounded by the psychological traum a resulting from  a 
sense of personal isolation and hopelessness from  the prognosis. A s new  potential treatm ents 
becom e available, m edical staff at specialized tertiary care hospitals m ight consider institution of an 
aggressive approach to experim ental therapies, especially in confirm ed cases in young healthy 
persons at an early stage of clinical disease, after in depth discussions and inform ed consent by the 
patient, fam ily or legal representatives (http://w w w .m cw .edu/display/router.asp?DocID=11655). 
P arties authorized to give perm ission for such treatm ent also should be aw are of the high probability 
for treatm ent failure, the anticipated expenses, and that in the rare instances of patient survival, the 
recovery m ight be associated w ith a variety of neurologic deficits requiring a lengthy period of 
rehabilitation (204). Continued efforts focusing on the elim ination of exposure to sources of virus and 
the institution of appropriate and tim ely prophylaxis after exposure occurs rem ain the m ost effective 
public health m easures to prevent hum an rabies.  

P recautions for S afe Clinical M anagem ent of Hum an R abies P atients  

Hum an rabies patients do not pose any greater infection risk to health-care personnel than do 
patients w ith m ore com m on bacterial and viral infections (25). M edical staff should adhere to 
standard precautions as outlined by the Hospital Infection Control P ractices A dvisory Com m ittee 
(126). S taff should w ear gow ns, goggles, m asks, and gloves, particularly during intubation and 
suctioning (25). P ostexposure prophylaxis is indicated only w hen the patient has bitten another 
person or w hen the patient's saliva or other potentially infectious m aterial such as neural tissue has 
contam inated an open w ound or m ucous m em brane.  
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