Animal-Associated Exposure
to Rabies Virus among Travelers,
1997-2012

Philippe Gautret, Kira Harvey, Prativa Pandey, Poh Lian Lim, Karin Leder, Watcharapong Piyaphanee,
Marc Shaw, Susan C. McDonald, Eli Schwartz, Douglas H. Esposito, Philippe Parola,
for the GeoSentinel Surveillance Network®

Medscape ACTIVITY

Medscape, LLC is pleased to provide online continuing medical education (CME) for this journal article, allowing

clinicians the opportunity to earn CME credit.

This activity has been planned and implemented in accordance with the Essential Areas and policies of the
Accreditation Council for Continuing Medical Education through the joint providership of Medscape, LLC and
Emerging Infectious Diseases. Medscape, LLC is accredited by the ACCME to provide continuing medical education

for physicians.

Medscape, LLC designates this Journal-based CME activity for a maximum of 1.0 AMA PRA Category 1
Credit(s)TM. Physicians should claim only the credit commensurate with the extent of their participation in the activity.

All other clinicians completing this activity will be issued a certificate of participation. To participate in this journal
CME activity: (1) review the learning objectives and author disclosures; (2) study the education content; (3) take the
post-test with a 75% minimum passing score and complete the evaluation at http://www.medscape.org/journal/eid; (4)

view/print certificate.

Release date: March 11, 2015; Expiration date: March 11, 2016

Learning Objectives

Upon completion of this activity, participants will be able to:

» Describe the demographic characteristics of travelers exposed to potentially rabid animals that might
differentiate them from other ill travelers seeking medical care

» Describe the travel-related characteristics associated with potential exposure to rabid animals

+ Discuss the clinical implications of the findings regarding travel-related characteristics associated with

potential exposure to rabid animals
CME Editor

P. Lynne Stockton, VMD, MS, ELS(D), Technical Writer/Editor, Emerging Infectious Diseases. Disclosure: P. Lynne
Stockton, VMD, MS, ELS(D), has disclosed no relevant financial relationships.

CME Author

Laurie Barclay, MD, freelance writer and reviewer, Medscape, LLC. Disclosure: Laurie Barclay, MD, has disclosed

no relevant financial relationships.
Authors

Disclosures: Philippe Gautret, MD, PhD; Kira Harvey, MPH; Prativa Pandey, MBBS, MD; Poh Lian Lim, MD,
MPH; Watcharapong Piyaphanee, MD; Marc Shaw, DrPH, MD; Susan C. MacDonald, MDCM, FCFP, MSc; Eli
Schwartz, MD; Douglas H. Esposito, MD, MPH; and Philippe Parola, MD, PhD, have disclosed no relevant
financial relationships. Karin Leder, MBBS, FRACP, PhD, MPH, DTMH, has disclosed the following relevant
financial relationships: served as an advisor or consultant for Inmuron Limited; served as a speaker or a member of a
speakers bureau for GlaxoSmithKline; received grants for clinical research from Sanofi Pasteur.

Author affiliations: Aix Marseille Université, Marseille, France

(P. Gautret, P. Parola); Institut Hospitalo-Universitaire Méditerranée
Infection, Marseille (P. Gautret, P. Parola); Centers for Disease
Control and Prevention, Atlanta, Georgia, USA (K. Harvey,

D.H. Esposito); CIWEC Clinic Travel Medicine Center, Kathmandu,
Nepal (P. Pandey); Tan Tock Seng Hospital, Singapore (P.L. Lim);
Lee Kong Chian School of Medicine, Singapore (P.L. Lim);
Monash University, Melbourne, Victoria, Australia (K. Leder); The
Royal Melbourne Hospital, Parkville, Victoria, Australia (K. Leder);

Mahidol University, Bangkok, Thailand (W. Piyaphanee); Travellers
Health and Vaccination Centre, Auckland, New Zealand

(M. Shaw); University Hospital of Northern British Columbia, Prince
George, British Columbia, Canada (S.C. McDonald); Tel Hashomer
and Sackler School of Medicine, Tel Aviv, Israel (E. Schwartz)

DOI: http://dx.doi.org/10.3201/eid2104.141479

'Additional members of the GeoSentinel Surveillance Network who
contributed data are listed at the end of this article.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 21, No. 4, April 2015 569



SYNOPSIS

Among travelers, rabies cases are rare, but animal bites are
relatively common. To determine which travelers are at high-
est risk for rabies, we studied 2,697 travelers receiving care
for animal-related exposures and requiring rabies postexpo-
sure prophylaxis at GeoSentinel clinics during 1997-2012.
No specific demographic characteristics differentiated these
travelers from other travelers seeking medical care, making
it challenging to identify travelers who might benefit from
reinforced pretravel rabies prevention counseling. Median
travel duration was short for these travelers: 15 days for
those seeking care after completion of travel and 20 days
for those seeking care during travel. This finding contradicts
the view that preexposure rabies vaccine recommendations
should be partly based on longer travel durations. Over half
of exposures occurred in Thailand, Indonesia, Nepal, China,
and India. International travelers to rabies-endemic regions,
particularly Asia, should be informed about potential rabies
exposure and benefits of pretravel vaccination, regardless
of demographics or length of stay.

Rabies causes ~60,000 human deaths annually and is a
public health concern in most countries in Asia and
Africa (/). By contrast, it is rare among travelers; an aver-
age of 3.7 cases were documented each year during 2004—
2012 (2). Nevertheless, bites to travelers by potentially
rabid animals are relatively frequent; estimated incidence
is 0.4% per month of stay, according to a meta-analysis of
~1,270,000 travelers (3). By inference, expensive postex-
posure prophylaxis (PEP), which includes administration
of rabies vaccine and rabies immunoglobulin, is probably
provided to large numbers of travelers annually. Given the
severity of rabies virus infection and the high costs associ-
ated with caring for large numbers of potentially exposed
travelers, rabies pretravel preventive measures need to be
reinforced. These measures include systematic pretravel
counseling about animal bite avoidance, postexposure
wound care and prophylaxis, and preexposure rabies vac-
cination for some travelers.

Generalizability of data regarding the epidemiology
of travel-associated animal-related rabies virus exposures
are limited because they come from studies that are small
or single center or that focus on travelers returning from
specific destinations. As such, travelers at highest risk for
rabies cannot be reliably identified on the basis of avail-
able data (3,4). The decision as to which travelers should
receive predeparture rabies vaccination is complex because
of the combination of limited data defining rabies risk
among travelers, the high cost of rabies vaccine and rabies
immunoglobulin in some countries, and the occasionally
limited rabies vaccine and rabies immunoglobulin avail-
ability because of production problems.

One way to assess the epidemiology of travel-asso-
ciated illness in travelers and immigrants involves use
of GeoSentinel, a global sentinel surveillance network
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established in 1995 through a collaborative effort from
the International Society for Travel Medicine and the US
Centers for Disease Control and Prevention (CDC) (5).
We used the GeoSentinel database to assess geographic
and demographic factors for a large number of patients
who sought care at GeoSentinel sites for animal-related
exposure (e.g., bite, scratch, lick on broken skin or mucous
membrane) and required rabies PEP.

Methods

Data Source

GeoSentinel Surveillance participating sites are specialized
travel or tropical medicine clinics in 24 countries on 6 con-
tinents; they systematically contribute point-of-care, clini-
cian-based, sentinel surveillance data. Sites are staffed by
clinicians recruited on the basis of their knowledge and ex-
perience in travel and tropical medicine (6). To be included
in the database, patients must have crossed an international
border within 10 years of the clinic visit and sought medi-
cal care for a presumed travel-related illness. Diagnoses are
selected by the evaluating clinician from a standard list of
~500 causative or syndromic diagnoses. Data about demo-
graphics, travel history, and presumed country of exposure
are also collected. Region of travel is calculated from coun-
try of exposure by using the following modified regional
groupings established by the United Nations Children’s
Fund: Australia/New Zealand, Caribbean, Central America,
Eastern Europe, Middle East, North Africa, North America,
North East Asia, Oceania, South America, South Central
Asia, South East Asia, sub-Saharan Africa, and Western
Europe (6). Institutional review board approval was not re-
quired because the GeoSentinel data collection protocol was
reviewed at CDC and classified as public health surveillance
and not human subject research.

Inclusion Criteria

We reviewed all records of patients who sought care at a
GeoSentinel site from January 1, 1997, through December
31, 2012, and for whom data were entered into the Ge-
oSentinel database. Analysis was limited to travelers with
confirmed or probable final diagnoses of an animal expo-
sure and receipt of rabies PEP. We excluded patients who
reported animal exposure but did not receive rabies PEP
(which probably includes those exposed to animals other
than mammals as well as mammals in areas where rabies
is absent) and patients who received rabies PEP but did not
report animal exposure.

Statistical Analyses

First, we conducted a descriptive epidemiologic analysis.
Eligible records were stratified by exposure animal (dog,
bat, cat, nonhuman primate [NHP], and other mammal).
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For patients seeking care after travel, duration of travel was
calculated as the last day of the most recent trip minus the
first day of the most recent trip. For patients seeking care
during travel, travel duration was calculated as the date
of the clinic visit subtracted from the trip departure date.
Trips could have involved multiple countries; therefore,
travel duration does not always represent time in the expo-
sure country. Patients were excluded from this calculation
if they did not list recent travel that included their country
of exposure, if duration of travel could not be calculated or
was invalid, or if they listed multiple trips to the country of
exposure within the past 6 months.

Second, we conducted a subanalysis for temporal re-
porting trends in rabies risk exposure relative to total Ge-
oSentinel reports among patients who received treatment
during the final 10-year reporting period (2003-2012). For
this analysis, we included only a subset of GeoSentinel
sites contributing patient data for the entire 10-year period.
A simple linear regression was used for this calculation. A
2-tailed p value of <0.05 was considered statistically signif-
icant. All analyses were performed by using SAS 9.3 (SAS
Institute, Inc., Cary, NC, USA).

Results

Patient Characteristics and Animals Associated

with Exposure

The analysis included 2,697 patients who had received ra-
bies PEP at 1 of 45 GeoSentinel sites after an animal-relat-
ed exposure during 1997-2012. These patients represented
1.5% of the 183,749 ill travelers entered into the database
during the same 16-year period. Nearly all (99%) patients
who reported animal exposure were evaluated in the out-
patient setting; most (74%) travelers sought care in their
country of residence after return from travel, and the others
(25%) sought care during travel at GeoSentinel clinics in or
near a destination country. The most frequent region of res-
idence was Western Europe (32%), followed by northeast-
ern Asia (17%), Australia/New Zealand (17%), Southeast
Asia (14%), and North America (10%); 8% had emigrated
from their country of birth to another country. A pretravel
encounter with a health care provider was recorded for 32%
of patients, no pretravel consultation was reported by 42%,
and this information was unknown or missing for 26%.
Information about pretravel rabies vaccination status was
available for 756 (28%) patients, 83 (11%) of whom were
vaccinated before traveling.

The animal species associated with exposure was re-
corded for 2,637 (98%) patients (Table 1). The most com-
mon species were dog (60%) and NHP (24%), followed by
cat (10%) and bat (2%). Among patients in this analysis,
about half were male; however, male patients accounted
for slightly more than half of the exposures to dogs and less
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than half to NHPs, cats, and other mammals. The median
age of patients was 30 years (range birth-90 years). Over-
all, the proportion of children <15 years of age was 11%,
but children were overrepresented among cat exposures
(19%) and underrepresented among bat exposures (4%).
The most common reason for travel was tourism (71%),
followed by visiting friends and relatives (12%) and busi-
ness (10%). Tourists made up a disproportionately large
proportion (92%) of those exposed to NHPs.

The region in which the animal exposure occurred
was recorded for 2,645 (98%) patients; most exposures oc-
curred in Southeast Asia (42%), followed by other regions
in Asia (32% for south-central and northeastern combined),
Africa (9% for North Africa and Sub-Saharan Africa com-
bined) and Latin America (7% for Central and South Amer-
ica combined, including Mexico) (Table 1). Although 42%
of all exposures occurred in Southeast Asia, two thirds of
all exposures to NHPs occurred there. A very small propor-
tion of patients were exposed to animals in North Africa
(5%) and the Middle East, (3%), but 17% and 14% of pa-
tients in those regions, respectively, were exposed to cats.
Almost half of all bat exposures occurred in Latin America,
whereas only 6% of patients overall were exposed there.

The country with the highest proportion of animal
exposures was Thailand, followed by Indonesia, Nepal,
China, and India (Table 2). Indonesia ranked first for NHP-
and bat-related exposures. Among the top 5 countries for
cat-related exposures were Turkey and Algeria, and among
the top 5 countries for bat-related exposure, 4 were in Latin
America (French Guiana, Peru, Mexico, and Suriname).

Seasonality

Overall, 801 (30%) patients receiving rabies PEP after an
animal-related exposure received care at a GeoSentinel site
during July—September (Figure 1). This seasonal pattern was
most pronounced for those exposed to cats or bats. This find-
ing is in contrast to all patients entered into the GeoSentinel
database during the period of study with any diagnosis, 25%
of whom received care during July—September.

Duration of Travel

Travel duration could be determined for 2,452 patients.
Among these, median duration was 15 days (range 1-6,205
days) among 1,961 patients who sought care for an ani-
mal-related exposure after travel and 20 days (range 1-794
days) among 491 who sought care during travel.

Trends among Patients Receiving PEP

Of the 2,697 reported animal exposures, 83% occurred
during 2007-2012. Among the 138,433 patients who
sought care during 2003-2012 at sites that were ac-
tive GeoSentinel members for that entire period, 1,490
(1.1%) received rabies PEP after an animal exposure at 23
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Table 1. Characteristics of 2,697 patients who sought care for an animal exposure and received rabies postexposure prophylaxis at
GeoSentinel Surveillance Network sites, January 1997—-December 2012, by animal species*

Animal
Patient characteristic Dog NHP Cat Bat Othert Totalf
No. patients 1,618 638 271 46 126 2,697
Male sex, no. (%) 891 (55) 269 (42) 125 (46) 21 (46) 54 (43) 1,360 (51)
Age, y, no. (%)
<14 160 (10) 65 (10) 50 (19) 2(4) 14 (11) 291 (1)
15-44 1,027 (64) 460 (72) 151 (56) 28 (61) 75 (60) 1,739 (65)
45-64 340 (21) 103 (16) 56 (21) 16 (35) 33 (26) 548 (20)
>65 87 (5) 9(1) 13 (5) 0 4 (3) 113 (4)
Reason for travel
Tourism 1,016 (63) 590 (92) 183 (68) 31 (67) 89 (71) 1,908 (71)
Visiting friends/relatives 264 (16) 6 (1) 41 (15) 1(2) 11 (9) 323 (12)
Business 206 (13) 18 (3) 25 (9) 2(4) 13 (10) 264 (10)
Missionary/volunteer/researcher/ 82 (5) 15 (2) 14 (5) 7(15) 10 (8) 127 (5)
aid worker
Student 36 (2) 7(1) 7 (3) 4(9) 3(2) 57 (2)
Other§ 13(1) 2 (<1) 1(<1) 1(2) 0 16 (1)
Region of exposure, no. (%)
Southeast Asia 570 (36) 414 (66) 99 (37) 10 (22) 37 (30) 1,129 (43)
South-Central Asia 406 (26) 146 (23) 21 (8) 3(7) 22 (18) 598 (23)
Northeastern Asia 217 (14) 13 (2) 25 (9) 0 6 (5) 261 (10)
North Africa 76 (5) 6 (1) 45 (17) 1(2) 9(7) 137 (5)
Latin America 121 (8) 15 (2) 7 (3) 21 (46) 10 (8) 174 (7)
Sub-Saharan Africa 55 (3) 18 (3) 16 (6) 1(2) 16 (13) 106 (4)
Middle East 47 (3) 3(<1) 38 (14) 0 2(2) 90 (3)
Eastern Europe 40 (3) 2 (<1) 4(2) 1(2) 4 (3) 51(2)
Western Europe 28 (2) 3(<1) 6 (2) 4(9) 5(4) 46 (2)
Oceania 14 (1) 0 1(<1) 2(4) 1(1) 18 (1)
North America 3(<1) 1(<1) 2(1) 3(7) 8 (6) 17 (1)
Caribbean 8 (1) 2 (<1) 2(1) 0 3(2) 15 (1)
Australia 1(<1) 0 0 0 2(2) 3(<1)

*NHP, nonhuman primate. Data include 4 patients of unknown sex, 6 patients of unknown age, 4 patients of unknown country of residence, 52 patients
whose region of exposure was unknown or unable to be ascertained, and 1 patient whose purpose of travel was unknown.

1Bear (n = 1), camel (n = 1), Nasua spp. coatis (n = 4), cow (n = 1), donkey (n = 2), fox (n = 1), hamster (n = 2), horse (n = 5), human (n = 1), lion (n = 2),
mongoose (n = 1), meercat (n = 2), mouse (n = 5), opossum (n = 1), rabbit (n = 2), raccoon (n = 2), rat (n = 12), rodent (n = 4), squirrel (n = 11), tiger (n =

6), and other, unspecified (n = 60).

FTwo patients were exposed to >1 animal; 1 patient was exposed to cat and dog, and 1 patient was exposed to dog and other (tiger).
§This category includes immigration (n = 8), medical tourism (n = 8), and military (n = 1).
J[For explanation of GeoSentinel Surveillance Network regions, see Figure 2 (http://www.cdc.gov/mmwr/preview/mmwrhtml/ss6203a1.htm).

continuously reporting sites. In this group, the proportion
of animal-associated exposures relative to total reports to
GeoSentinel increased ~0.1% per year over the 10-year
period (B = 0.00149, 95% CI 0.00088 0.00210, p<0.001);
the number of animal-associated exposures reported to Ge-
oSentinel in 2012 was 4-fold greater than the number re-
ported in 2003 (Figure 2).

Rabies Diagnoses

During the study period, 3 patients included in the GeoSen-
tinel database received a diagnosis of rabies (Table 3). All
3 patients died.

Discussion

Our analysis is a comprehensive survey addressing the epi-
demiology of animal-related exposures leading to rabies
PEP among international travelers. The number of patients
(2,697), duration of the study (16 years), and multicenter
design (45 sites) provided robust data for this analysis. We
found a small but significant rise in the proportion of travel-
ers who sought care at GeoSentinel sites during 2003-2012
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and who required rabies PEP, even after we eliminated the
bias of increased number of sites by including only contin-
uously reporting sites. It is known from World Tourism Or-
ganization data that tourist destinations are becoming more
diverse (/2); increased proportions of international tourists
are traveling to countries that have emerging and develop-
ing economies and where rabies is endemic. Because the
trend toward more exotic travel destinations is predicted to
continue well into the future (/2), demand for rabies phar-
maceuticals and postexposure wound care among interna-
tional travelers will probably continue to grow.

During the study period, 2,697 travelers sought care for
animal exposure at GeoSentinel surveillance clinical sites
and received rabies PEP. The number of travelers who seek
rabies PEP is known to be an underestimate of the actual
number of travelers exposed. In a recent survey conducted
among 7,681 international travelers leaving the Bangkok air-
port, two thirds of travelers who reported having been bitten
by a potentially rabid animal during their trip sought no med-
ical care (/3). Although exact figures do not exist, it can be
supposed that the prevalence of exposure to potentially rabid
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Table 2. Countries with 5 highest levels of exposure among 2,697 patients who sought care for animal exposure and received rabies
postexposure prophylaxis at GeoSentinel Surveillance Network sites, January 1997—-December 2012, by animal species

Animal, country of exposure, no. (%) exposures

No. Dog, n =1,618 NHP, n =638 Cat, n = 271 Bat, n = 46 Other, n = 126 Total, n = 2,697

1 Thailand, 294 (18) Indonesia, 200 (31) Thailand, 59 (22) Indonesia, 7 (15) Thailand, 16 (13) Thailand, 534 (20)
2 Nepal, 198 (12) Thailand, 166 (26)  Turkey, 31 (11)  French Guyana, 5 (11) India,10 (8) Indonesia, 314 (12)
3 China, 197 (12) Nepal, 82 (13) China, 25 (9) Peru, 4 (9) Indonesia, 10 (8) Nepal, 295 (10)
4 India, 124 (8) India, 43 (7) Indonesia, 17 (6) Mexico, 3 (7) China, 6 (5) China, 241 (9)

5 Indonesia, 80 (5) Vietnam, 21 (3) Algeria, 15 (6) Surinam, 3 (7) Nepal, 6 (5) India, 185 (7)

animals among international tourists is substantial. The fact
that 3 rabies diagnoses were entered into the GeoSentinel
database during the study period confirms this supposition.
More data defining the epidemiology of rabies exposure and
disease among travelers are needed.

Our survey findings confirm those from an earlier Ge-
oSentinel survey conducted among only 320 returned trav-
elers (/4). However, the inclusion criteria for the 2 analyses
differed; the earlier analysis was conducted only among pa-
tients who sought care after travel, and 34% were patients
who reported an animal exposure but did not receive rabies
PEP. Additionally, the structure of the GeoSentinel net-
work has evolved over time (6), so cautious interpretation
of the comparison is warranted.

Most persons who report to GeoSentinel sites and
require rabies PEP are young adult (1544 years of age)
tourists traveling from high-income regions to visit low-
and low-middle—-income regions. This profile corresponds
to the overall traveler population seen at GeoSentinel sites
(15). This apparent lack of distinction is important because
the demographic characteristics of travelers exposed to po-
tentially rabid animals did not differ from those of other ill
travelers who seek medical care, which makes it challeng-
ing to identify specific travelers who might benefit from re-
inforced rabies pretravel preventive counseling. Although
previous studies have found children to be at highest risk
for animal bites requiring PEP (7), our results suggest that
young adults may also be vulnerable and may also benefit
from preventive counseling. We observed a small but sig-
nificant seasonal pattern (especially for bat and cat expo-
sures), which might be used to guide the pretravel advice
given to summer tourist travelers.

The short median duration of travel (2 weeks) among
returned travelers consulting for rabies PEP corroborates the
World Health Organization recommendation that a travelers’
assessment for risk of an animal bite should not be influenced
by the duration of travel (/). Our results, however, are not
consistent with the current CDC recommendations that pre-
exposure rabies vaccine recommendations should be based,
at least in part, on longer durations of stay (/6), a position
that is shared by many countries (3). Additionally, among
those seeking care at GeoSentinel sites during travel, expo-
sure occurred within a median of 3 weeks of arriving in the
country of exposure, which suggests that rabies vaccination
may also be indicated for patients embarking on shorter trips.
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Of travelers consulting for rabies PEP at a GeoSentinel
site, 70% had been exposed while in Asia, most in South-
east Asia. Rabies is endemic to most countries in Asia (/7).
Of 10 patients, 6 were exposed in 5 countries (Thailand,
Indonesia, Nepal, China, and India). Large numbers of hu-
man rabies cases among the local population are reported
from these 5 countries, with the exception of Thailand
(online Technical Appendix, http://wwwnc.cdc.gov/EID/
article/21/4/14-1479-Techapp1.pdf), where only sporadic
cases of rabies in humans are now reported (/,/7-25; J.M.
Shresta, 2012, pers. comm.). Rabies cases in humans are
reported from almost all regions in India (rates are high-
est rates in Chhattisgarh, Uttar Pradesh, and Odisha states)
and from almost all regions in China (rates are highest in
Guizhou, Guangdong, Hunan, Guangxi, and Guangdong
Provinces). In Thailand, rabies cases in humans show no
specific geographic distribution. In Indonesia and Nepal,
cases are concentrated in specific areas (/,/7-25; P. Rupali,
2012, pers. comm.). Travel-associated rabies cases have
been reported from all these countries except Indonesia;
most such cases were acquired in India and China (2). Up-
dated data about the incidence of rabies in many countries
is difficult to find, which indicates a need for improved hu-
man rabies surveillance (7).

For travelers to these 5 countries, rabies vaccine is more
accessible than rabies immunoglobulin. Tissue-cultured

25 —— Dog
—— NHP
— Cat
Bat
20 Other animal
= = All other

GeoSentinel
patients

X 15
2}
c
0
& 10 y
- r\jx\
5 S

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 1. Monthly distribution of animal-related exposure cases
requiring rabies postexposure prophylaxis, by exposure species,
according to date of initial visit to GeoSentinel clinics, 1997-2012.
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Figure 2. Number of patients requiring rabies postexposure
prophylaxis for animal-related exposure, by exposure species
and by year and line of best fit for proportion of all GeoSentinel
records accounted for by animal-related exposure requiring
postexposure prophylaxis, 2003—-2012. Limited to patients treated
at GeoSentinel sites that were active contributors for the entire
listed period. NHP, nonhuman primate. *Linear regression was
used to calculate a line of best fit of y = 0.0015x + 0.006.

vaccine is locally produced (China and India) or imported
(all 5 countries) and may be available in most cities. Equine
rabies immunoglobulin is available from most public hos-
pitals in China and Thailand but may be difficult to find in
smaller hospitals, notably in remote rural areas. In India,
Indonesia, and Nepal, equine rabies immunoglobulin may
be available from large cities only. Human rabies immuno-
globulin is generally unavailable except in limited circum-
stances and at specialized centers (26—32; P. Rupali, 2012,
pers. comm.). All recent studies addressing rabies PEP
management in exposed travelers indicate that <I in 10
travelers received rabies immunoglobulin in the country of
exposure (33—36). In this study, among those who received
rabies immunoglobulin after returning to their home coun-
try, there was a substantial delay between exposure and
administration of rabies immunoglobulin. Some exposed
travelers returned home to clinics in their own countries,
having received the first dose of vaccine—without rabies
immunoglobulin—in the country of exposure >7 days ear-
lier; at this time, administration of rabies immunoglobulin
may have reduced benefits. Equine rabies immunoglobu-
lin carries a very low risk for anaphylaxis and is safe and
effective (37); travelers should be encouraged to accept it
when available and prescribed.

Although few patients in our analysis were exposed
while in Vietnam or Philippines, these rabies-endemic

countries are among the top 10 tourist destinations in Asia
(17), so travelers to these countries should also be informed
about potential rabies exposure and benefits of pretravel
vaccination. Given the complex mix of high travel vol-
umes, rabies endemicity, and inconsistent availability of
rabies pharmaceuticals, Asia may be a region of consider-
able rabies risk for travelers.

Although dogs remain the leading animal responsible
for exposure among travelers, NHPs account for one quar-
ter of the exposures among patients seen at GeoSentinel
sites; this proportion is even higher among tourists, female
travelers, and travelers to Southeast Asia. Although rabies
cases do occur in NHPs, they are less frequently reported
in the literature than are cases in humans. The occurrence
of documented transmission of rabies virus from NHPs to
humans suggests that rabies PEP is indicated for patients
exposed to NHPs in rabies-enzootic countries (38).

As found in previous studies (3,4), we found that a
substantial proportion of exposed travelers did not receive
pretravel advice. Our data also suggest that only a small
proportion had received preexposure rabies vaccination.
However, vaccination data were missing for many patients.
Public health professionals should work toward increasing
the proportion of travelers who receive pretravel medical
care, including a selective proportion who receive preexpo-
sure rabies vaccination.

This analysis has limitations. The GeoSentinel Sur-
veillance Network captures data only for persons who visit
specialized travel or tropical medicine clinics after travel
for a travel-related illness or concern; these data do not rep-
resent all international travelers. GeoSentinel Surveillance
data cannot be used to calculate absolute risk. The compo-
sition of travelers included in this analysis probably over-
represents persons traveling to or residing in Asia, as well
as those residing in Australia, and underrepresents those
residing in North America or traveling to Latin America.
Children may also have been underrepresented. In addition,
generalizability could be affected by site-specific differ-
ences in referral patterns, clinic volumes, patient popula-
tions, and travel destinations.

Encouraging travelers to undergo a pretravel risk as-
sessment and prevention counseling may help identify
persons who will be at higher risk for a rabies exposure
when traveling. The pretravel consultation should educate
and warn higher risk travelers to rabies-endemic regions
in Asia, Africa, and Latin America about their destination-

Table 3. Characteristics of 3 patients with travel-associated rabies, GeoSentinel Surveillance Network, January 1997—-December 2012

Year (reference) Age, y/sex Citizenship Reason for travel Country (source) of exposure
2006 (2,7,8) 65/M Japan Business (expatriate) Philippines (dog bite)
2012 (2,9,10) 41/M Canada Unknown Island of Hispaniola (unknown)*
2012 (2,11) 34/M Israel Tourism India (unknown)

*Although this patient’s place of exposure was initially described as being the Dominican Republic, the exact location or source of exposure could not be
definitively determined; Hispaniola comprises Haiti and the Dominican Republic.
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and itinerary-specific rabies risk profile and the need to
avoid contact with animals, notably dogs, NHPs, and cats.
Pretravel vaccination against rabies is expensive in many
countries (37), although the long-lasting resulting immuni-
ty may make this investment attractive for some patients in
light of cumulative risk from iterative travels (39). Sched-
ules of less expensive intradermal preventive vaccination
are recommended by the World Health Organization, for
travelers as well as others. Several preliminary studies have
shown shorter, less expensive preexposure vaccine sched-
ules to be effective (37,40). However, they are not yet
widely available to travelers, and further large-scale stud-
ies are needed before any recommendation can be made.
Travel-health specialists should work to identify those for
whom pretravel vaccination is most strongly indicated on
the basis of risk characteristics. Travelers to rabies-endem-
ic regions, particularly those in Asia, should be well edu-
cated about their potential rabies exposure, the importance
of avoiding contact with animals, and the potential benefit
of pretravel rabies vaccination, regardless of travel dura-
tion and traveler demographics.

Additional members of the GeoSentinel Surveillance Network
who contributed data are (listed in descending order of amount
contributed): Holly Murphy, CIWEC Clinic Travel Medicine
Center, Kathmandu, Nepal; Annelies Wilder-Smith, Tan Tock
Seng Hospital, Singapore; Jean Delmont, Hopital Nord, Mar-
seille, France; Joseph Torresi and Graham Brown, Royal Mel-
bourne Hospital, Melbourne, Australia; Yukihiro Yoshimura,
Natsuo Tachikawa, Hanako Kurai, and Hiroko Sagara, Y oko-
hama Municipal Citizen’s Hospital, Yokohama, Japan; Frank
von Sonnenburg; University of Munich, Munich, Germany;
Shuzo Kanagawa, Yasuyuki Kato, and Yasutaka Mizunno,
International Medical Center of Japan, Tokyo, Japan; Annema-
rie Hern, Worldwise Travellers Health and Vaccination Centre,
Auckland, New Zealand; Francgois Chappuis and Louis Loutan,
University of Geneva, Geneva, Switzerland; Jay S. Keystone and
Kevin Kain, University of Toronto, Toronto, Ontario, Canada;
Martin Grobusch, Peter de Vries, and Kartini Gadroen, Univer-
sity of Amsterdam, Amsterdam, the Netherlands; Johan Using,
Gabrielle Froberg, Helena Hervius Askling and Ulf Bronner,
Karolinska University Hospital, Stockholm, Sweden; Michael D.
Libman, Brian Ward, and J. Dick Maclean, McGill University,
Montreal, Quebec, Canada; Christophe Rapp and Olivier Aoun,
Hopital d’Instruction des Armées Bégin, Saint Mand¢, France;
Luis M. Valdez and Hugo Siu, Clinica Anglo Americana, Lima,
Peru; JaKob Cramer and Gerd-Dieter Burchard, Bernhard-
Nocht-Institute for Tropical Medicine, Hamburg, Germany;

Phi Truong Hoang Phu, Nicole Anderson, Trish Batchelor, and
Dominique Meisch, International SOS Clinic, Ho Chi Minh City,
Vietnam; Mogens Jensenius, Oslo University Hospital, Oslo,
Norway; David G. Lalloo and Nicholas J. Beeching, Liverpool
School of Tropical Medicine, Liverpool, UK; William Stauffer
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and Patricia Walker, University of Minnesota, St. Paul, Min-
nesota, USA; Kass, Robert, Travellers Medical and Vaccination
Centres of Australia, Adelaide, Australia (Dec 1997-Mar 2001
only); N. Jean Haulman, David Roesel, and Elaine C. Jong,
University of Washington and Harborview Medical Center,
Seattle, Washington, USA; Andy Wang and Jane Eason, Beijing
United Family Hospital and Clinics, Beijing, Peoples Repub-

lic of China; Brian Kendall, DeVon C. Hale, Rahul Anand,

and Stephanie S. Gelman, University of Utah, Salt Lake City,
Utah, USA; Lin H. Chen and Mary E. Wilson, Mount Auburn
Hospital, Harvard University, Cambridge, Massachusetts, USA;
Udomsak Silachamroon, Mahidol University, Bangkok, Thai-
land; Sarah Borwein, TravelSafe Medical Centre, Hong Kong
Special Administrative Region, China; Perry J. van Genderen,
Havenziekenhuis en Instituut voor Tropische Ziekten, Rotter-
dam, the Netherlands; Jean Vincelette, Centre Hospitalier de
I’Université de Montréal, Montreal,; Alejandra Gurtman, Mount
Sinai Medical Center, New York City, New York, USA (Oct
2002—-Aug 2005 only); Phyllis E. Kozarsky, Henry Wu, Jessica
Fairley, and Carlos Franco-Paredes, Emory University, Atlanta,
Georgia, USA; Patricia Schlagenhauf, Rainer Weber, and Robert
Steffen, University of Ziirich, Zurich, Switzerland; Johnnie
Yates, Vernon Ansdell, Kaiser Permanente, Honolulu, Hawaii,
USA (Oct 1997-Jan 2003 only); Marc Mendelson and Peter
Vincent, University of Cape Town and Tokai Medicross Travel
Clinic, Cape Town, South Africa; Frank Mockenhaupt and
Gunder Harms, Berlin, Germany; Cecilia Perret and Francisca
Valdivieso, Pontificia Universidad Catolica de Chile, Santiago,
Chile; Patrick Doyle and Wayne Ghesquiere, Vancouver General
Hospital and Vancouver Island Health Authority, Vancouver and
Victoria, British Columbia, Canada; John D. Cahill and George
McKinley, St. Luke’s-Roosevelt Hospital Center, New York;
Anne McCarthy, University of Ottawa, Ottawa, Ontario, Canada;
Eric Caumes and Alice Pérignon, Hopital Pitié-Salpétricre, Paris,
France; Susan Anderson, Palo Alto Medical Foundation, Palo
Alto, California, USA; Noreen A. Hynes, R. Bradley Sack, and
Robin McKenzie, Johns Hopkins University, Baltimore, Mary-
land, USA; Vanessa Field, InterHealth, London, UK; Bradley A.
Connor, Cornell University, New York, New York, USA; Robert
Muller, Travel Clinic Services, Johannesburg, South Africa
(May 2004—Jun 2005 only); David O. Freedman, University of
Alabama at Birmingham, Birmingham, Alabama, USA; Stefan
Hagmann and Andy O. Miller, Bronx-Lebanon Hospital Center,
Bronx, New York, USA; Effrossyni Gkrania-Klotsas, Adden-
brooke’s Hospital, Cambridge, UK; Shiri Tenenboim, Klinik
Kominote IsraAid Community Health Clinic, Léogane, Haiti
(only); Nancy Piper Jenks and Christine Kerr, Hudson River
Health Care, Peekskill, New York, USA; Carmelo Licitra and
Antonio Crespo, Orlando Regional Health Center, Orlando,
Florida, USA; Francesco Castelli and Giampiero Carosi, Uni-
versity of Brescia, Brescia, Italy; Paul Holtom, Jeff Goad, and
Anne Anglim, University of Southern California, Los Angeles,
California, USA (Apr 2007-Dec 2009 only).

575



SYNOPSIS

This work was supported by CDC (cooperative agreement U50
CKO000189).

Dr. Gautret is a physician, parasitologist, and director of the

Rabies Treatment Centre and of the Travel Clinic at Marseille

University Hospital. He coordinates the Epidemic Intelligence

and Response program for EuroTravNet. His professional inter-

ests include zoonoses, tropical and travel medicine, Hajj medi-

cine, and medical parasitology.

References

1.

2.

10.

11.

12.

13.

14.

15.

576

World Health Organization. WHO Expert Consultation on Rabies.
Second report. World Health Organ Tech Rep Ser. 2013;982:1-139.
Carrara P, Parola P, Brouqui P, Gautret P. Imported human rabies
cases worldwide, 1990-2012. PLoS Negl Trop Dis. 2013;7:¢2209.
http://dx.doi.org/10.1371/journal.pntd.0002209

Gautret P, Parola P. Rabies vaccination for international travelers.
Vaccine. 2012;30:126-33. http://dx.doi.org/10.1016/j.vaccine.2011. 11.007
Gautret P, Parola P. Rabies pretravel vaccination.

Curr Opin Infect Dis. 2012;25:500-6. http://dx.doi.org/10.1097/
QCO0.0b013e3283567b35

Freedman DO, Kozarsky PE, Weld LH, Cetron MS. GeoSentinel:
the global emerging infections sentinel network of the International
Society of Travel Medicine. J Travel Med. 1999;6:94-8.
http://dx.doi.org/10.1111/j.1708-8305.1999.tb00839.x

Harvey K, Esposito DH, Han P, Kozarsky P, Freedman DO,

Plier DA, et al. Surveillance for travel-related disease—
GeoSentinel Surveillance System, United States, 1997-2011.
MMWR Surveill Summ. 2013;62:1-23.

Tamashiro H, Matibag GC, Ditangco RA, Kanda K, Ohbayashi Y.
Revisiting rabies in Japan: is there cause for alarm? Travel Med
Infect Dis. 2007;5:263-75. http://dx.doi.org/10.1016/
j.tmaid.2007.06.003

Tobiume M, Sato Y, Katano H, Nakajima N, Tanaka K, Noguchi A,
et al. Rabies virus dissemination in neural tissues of autopsy cases
due to rabies imported into Japan from the Philippines:
immunohistochemistry. Pathol Int. 2009;59:555-6. http://dx.doi.
org/10.1111/j.1440-1827.2009.02406.x

Rabies—Canada (ON): human, ex Dominican Republic. ProMed.
2012 Apr 17 [cited 2014 May 29]. http://www.promedmail.org,
archive no. 20120417.1104531

Wilcox ME, Poutanen SM, Krajden S, Agrid R, Kiehl TR,
Tang-Wai DF. A case of rabies encephalitis: new dog, old

tricks. Neurology. 2014;82:1101. http://dx.doi.org/10.1212/
WNL.0000000000000249

Rabies—China: (ex India) human, exposure unknown. 2012 Sep
21 [cited 2014 May 29]. http://www.promedmail.org, archive no.
20120921.1304335

World Tourism Organization. UNWTO tourism highlights: 2013
edition [cited 2014 Mar 14]. http://mkt.unwto.org/publication/
unwto-tourism-highlights-2013-edition

Piyaphanee W, Kittitrakul C, Lawpoolsri S, Gautret P, Kashino W,
Tangkanakul W, et al. Risk of potentially rabid animal exposure
among foreign travelers in Southeast Asia. PLoS Negl Trop Dis
2012;6:¢1852. http://dx.doi.org/10.1371/journal.pntd.0001852
Gautret P, Schwartz E, Shaw M, Soula G, Gazin P, Delmont J,

et al. Animal-associated injuries and related diseases among
returned travellers: a review of the GeoSentinel Surveillance
Network. Vaccine. 2007;25:2656-63. http://dx.doi.org/10.1016/
j-vaccine.2006.12.034

Leder K, Torresi J, Libman MD, Cramer JP, Castelli F,
Schlagenhauf P, et al. GeoSentinel surveillance of illness in
returned travelers, 2007-2011. Ann Intern Med. 2013;158:456-68.
http://dx.doi.org/10.7326/0003-4819-158-6-201303190-00005

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Rupprecht CE, Shlim SD. Infectious diseases related to travel—
rabies. In: CDC health information for international travel 2014
[cited 2014 May 29]. http://wwwnc.cdc.gov/travel/yellowbook/
2014/chapter-3-infectious-diseases-related-to-travel/rabies

Tenzin, Ward MP. Review of rabies epidemiology and control in
South, South East and East Asia: past, present and prospects for
elimination. Zoonoses Public Health. 2012;59:451-67.
http://dx.doi.org/10.1111/7.1863-2378.2012.01489.x

Guo Z, Tao X, Yin C, Han N, Yu J, Li H, et al. National borders ef-
fectively halt the spread of rabies: the current rabies epidemic in China
is dislocated from cases in neighboring countries. PLoS Negl Trop Dis.
2013;7:€2039. http://dx.doi.org/10.1371/ journal.pntd.0002039

Song M, Tang Q, Wang DM, Mo ZJ, Guo SH, Li H, et al.
Epidemiological investigations of human rabies in China. BMC
Infect Dis. 2009;9:210. http://dx.doi.org/10.1186/1471-2334-9-210
Putra AA, Hampson K, Girardi J, Hiby E, Knobel D, Mardiana IW,
et al. Response to a rabies epidemic, Bali, Indonesia, 2008-2011.
Emerg Infect Dis. 2013;19:648-51. http://dx.doi.org/10.3201/
¢id1904.120380

Susilawathi NM, Darwinata AE, Dwija IB, Budayanti NS,
Wirasandhi GA, Subrata K, et al. Epidemiological and clinical
features of human rabies cases in Bali 2008-2010. BMC Infect Dis.
2012;12:81. http://dx.doi.org/10.1186/1471-2334-12-81

National Health and Family Planning Commission. Chinese
notifiable disease surveillance monthly report [cited 2014

May 29]. http://www.microsofttranslator.com/bv.aspx?from=
zh-CHS &to=en&a=http%3A%2F%2Fwww.chinacdc.cn%2Ftjsj%2
Ffdcrbbg%2F

Ministry of Public Health T. Annual epidemiological surveillance re-
port 2012 [in Thai] [cited 2014 May 29]. http://www.boe.moph.go.th/
Annual/AESR2012/main/AESRS5_Part1/file4/2055 Rabies.pdf
Suraweera W, Morris SK, Kumar R, Warrell DA, Warrell MJ,

Jha P et al. Deaths from symptomatically identifiable furious rabies
in India: a nationally representative mortality survey. PLoS Negl
Trop Dis. 2012;6(10):e1847. http://dx.doi.org/10.1371/
journal.pntd.0001847

Guo D, Zhou H, Zou 'Y, Yin W, Yu H, Si 'V, et al. Geographical
analysis of the distribution and spread of human rabies in China
from 2005 to 2011. PLoS ONE. 2013;8:¢72352. http://dx.doi.
org/10.1371/journal.pone.0072352

Pandey P, Shlim DR, Cave W, Springer MF. Risk of possible
exposure to rabies among tourists and foreign residents

in Nepal. J Travel Med. 2002;9:127-31. http://dx.doi.
0rg/10.2310/7060.2002.23219

Wang C, Zhang X, Song Q, Tang K. Promising rabies vaccine for
postexposure prophylaxis in developing countries, a purified

Vero cell vaccine produced in China. Clin Vaccine Immunol.
2010;17:688-90. http://dx.doi.org/10.1128/CV1.00433-09

Si H, Guo ZM, Hao YT, Liu YG, Zhang DM, Rao SQ, et al.
Rabies trend in China (1990-2007) and post-exposure prophylaxis
in the Guangdong province. BMC Infect Dis. 2008;8:113.
http://dx.doi.org/10.1186/1471-2334-8-113

Kositprapa C, Wimalratna O, Chomchey P, Chareonwai S,
Benjavongkulchai M, Khawplod P, et al. Problems with rabies
postexposure management: a survey of 499 public hospitals

in Thailand. J Travel Med. 1998;5:30-2. http://dx.doi.
org/10.1111/7.1708-8305.1998.tb00453.x

Gautret P, Lim PL, Shaw M, Leder K. Rabies post-exposure
prophylaxis in travellers returning from Bali, Indonesia, November
2008 to March 2010. Clin Microbiol Infect. 2011;17:445-7.
http://dx.doi.org/10.1111/1.1469-0691.2010.03271.x

Boggild AK, Costiniuk C, Kain KC, Pandey P. Environmental
hazards in Nepal: altitude illness, environmental exposures,
injuries, and bites in travelers and expatriates.

J Travel Med. 2007;14:361-8. http://dx.doi.org/10.1111/
j.1708-8305.2007.00145.x

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 21, No. 4, April 2015



32.

33.

34.

35.

36.

37.

Borwein ST. China. In: CDC health information for international
travel 2014 [cited 2014 May 29]. http://wwwnc.cdc.gov/travel/
yellowbook/2014/chapter-4-select-destinations/china

Mills DJ, Lau CL, Weinstein P. Animal bites and rabies exposure
in Australian travellers. Med J Aust. 2011;195:673-5. http://dx.doi.
org/10.5694/mjal0.11413

Carroll HJ, McCall BJ, Christiansen JC. Surveillance of potential
rabies exposure in Australian travellers returning to South East
Queensland. Commun Dis Intell Q Rep. 2012;36:E186-7.

Shaw MT, O’Brien B, Leggat PA. Rabies postexposure manage-
ment of travelers presenting to travel health clinics in Auckland
and Hamilton, New Zealand. J Travel Med. 2009;16:13-7.
http://dx.doi.org/10.1111/j.1708-8305.2008.00256.x

Wijaya L, Ford L, Lalloo D. Rabies postexposure prophylaxis in a
UK travel clinic: ten years’ experience. J Travel Med. 2011;18:257—
61. http://dx.doi.org/10.1111/5.1708-8305.2011.00522.x

Warrell MJ. Current rabies vaccines and prophylaxis schedules:
preventing rabies before and after exposure. Travel Med Infect Dis.
2012;10:1-15. http://dx.doi.org/10.1016/j.tmaid.2011.12.005

Exposure to Rabies Virus among Travelers

38. Gautret P, Blanton J, Dacheux L, Ribadeau-Dumas F, Brouqui

P, Parola P, et al. Rabies in nonhuman primates and potential for

transmission to humans: a literature review and examination of

selected French national data. PLoS Negl Trop Dis. 2014;8:¢2863.

http://dx.doi.org/10.1371/journal.pntd.0002863

Leder K, Chen LH, Wilson ME. Aggregate travel vs. single
trip assessment: arguments for cumulative risk analysis.
Vaccine. 2012;30:2600—4. http://dx.doi.org/10.1016/
j-vaccine.2011.12.133

Wieten RW, Leenstra T, van Thiel PP, van Vugt M, Stijnis C,

39.

40.

Goorhuis A, et al. Rabies vaccinations: are abbreviated intradermal
schedules the future? Clin Infect Dis. 2013;56:414-9. http://dx.doi.

org/10.1093/cid/cis853

Address for correspondence: Philippe Gautret, Services des Malades
Infectieuses, Hopital Nord, Aix Marseille Université, Chemin des
Bourrelys, 15915, Marseille CEDEX 20, France; email:
philippe.gautret@club-internet.fr

The Public Health Image Library (PHIL)

The Public Health Image
Library (PHIL), Centers

for Disease Control and
Prevention, contains
thousands of public health-
related images, including
high-resolution (print quality)
photographs, illustrations,
and videos.

PHIL collections illustrate
current events and articles,
supply visual content for health
promotion brochures, document
the effects of disease, and
enhance instructional media.

PHIL Images, accessible to PC
and Macintosh users, are in the
public domain and available
without charge.

Visit PHIL at:
http://phil.cdc.gov/phil

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 21, No. 4, April 2015

577



