
Chapter 4

Zoonoses and Travel

“The movement of populations shapes  
the patterns and distribution of infectious  
diseases globally.” (Wilson)1 

Photo by Milton Friend
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The escalating speed of transportation expands the global 
mobility of society, allows many products and services to 
be rapidly obtained anywhere in the world, and promotes 
the explosive growth of tourism (Fig. 4.1). Ecotourism is 
especially popular. Within a single day’s time, people can 
travel to rural and remote areas where there are unique and 
often concentrated collections of wildlife. When traveling to 
these areas, people can be exposed to pathogens not common 
in their home location.1–3 Timely and accurate diagnoses of 
the pathogens involved are often essential to prevent life-
threatening stages of disease from developing. Also, travel-
ers who contract infections can serve to initiate epidemics 
(e.g., SARS) (Fig. 4.2). This chapter focuses on travel as a 
factor in exposure to zoonoses and other factors potentially 
confounding diagnoses.

Infections that travelers can obtain while far from home 
can complicate timely diagnoses. Travelers may also unknow-
ingly bring home exotic pathogens through foods and other 
products. When local medical practitioners are taking a medi-
cal history, they may forget to ask, or the patient may forget to 
offer information about previous travel or exposures through 
other unusual means (Box 4–1). Some medical practitioners 
may have little familiarity with the pathogen involved or little 
reason to consider that pathogen without the patient offering 
adequate historical perspective. The medical practitioner may 
miss the diagnosis because of the similarity in clinical signs 
and symptoms that are associated with multiple diseases, 
especially during early stages of illness. Thus, the primary 
objectives for this chapter are: (1) to raise general awareness 
of human activities for which exposure to zoonoses may be 
underappreciated, and (2) to provide guidance for individuals 
seeking medical assistance that may help with timely and 
accurate diagnoses.

Exposure to Zoonoses
Because of the different types of exposure that people have 

with animals, there are many pathways for exposure to zoo-
noses while traveling. With well-known or understood direct 
pathways for disease transmission, such as animal bites and 
rabies, physicians and other health-care providers are likely to 
recognize specific disease concerns. Other exposure pathways 
are often less obvious, and neither physician nor patient may 
recognize or appreciate risk factors or potential exposures 
associated with human/wildlife/environmental connections 
(Fig. 4.3). Failure of the traveler to identify and disclose those 
situations can greatly complicate disease diagnoses when 
the pathogens involved may not exist in the geographic area 

where medical assistance is sought. In addition, an increasing 
number of pathologic agents of animal origin have not histori-
cally been human health concerns, yet may be emerging or 
resurging causes of disease in immunocompromised people. 
This trend is likely to continue in the world’s developed 
nations where there is a large aging human population and 
many people are treated for cancers and/or receive organ 
transplants. In developed and developing nations, infants also 
may be at risk, due to being immunocompromised or unvac-
cinated. The AIDS pandemic and tuberculosis are just two 
diseases involving immunocompromise that have emerged 
and resurged in recent history.

Chapter 4

Zoonoses and Travel

Figure 4.1  Tourism is the fastest growing industry worldwide, 
and the number of in-country arrivals is projected to double 
by the year 2020.
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Figure 4.2  Reported global distribution of SARS by July 2003 following 
the November 2002 eruption of this disease in rural China.32
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Direct Pathways
From a perspective of disease transmission, exposure to 

domestic animals and wildlife is potentially of greater signifi-
cance in remote areas of developing countries than in urban 
areas of industrialized countries. However, the worldwide 
occurrence of infectious disease emergence and resurgence 
during recent decades results in a need for increased vigi-
lance, risk assessment, and prediction of zoonotic diseases. 
Currently, even direct pathways for disease transmission are 
greatly underreported. For example, despite concerns such 
as rabies, it is thought that less than 50 percent of the more 
than 1 million animal bites in the USA annually are reported.4 
Abrasions from scratches caused by animals probably have 
an even greater rate of underreporting. 

Familiarity with the animal (pet or wild animal), its immu-
nizations, and the severity of the wound from the animal are 
factors that influence the traveler’s decision to seek medical 
assistance, and thus report the incident. In general, people 
are more likely to seek treatment for a bite or scratch from a 
wild animal than from a pet. Furthermore, an increasing body 
of evidence indicates that rabies is transmitted to humans by 
insectivorous and vampire bats, but people may be unaware 
that they have been bitten, especially during sleep.5 

Although less than 1 percent of animal bite wounds in 
the USA involve wildlife (captive and free-living), infec-
tions caused by a variety of pathogens have resulted4 (Table 
4.1). Some of these, such as cat scratch fever, are specifi-
cally associated with domestic animals. Although biological 
transmission of Bartonella henselae and several other Bar-
tonella spp. typically involve bites by the cat flea, mechani-
cal transmission to humans is associated with cat bites and 
scratches. In those instances, the cat’s teeth and claws have 
been contaminated by flea feces.6 In contrast, infections 
acquired from Pasteurella multocida may be acquired from 
a broad spectrum of animal species and by other means in 
addition to animal bites.4

Most zoonoses are acquired by pathways other than animal 
bites; bites from ticks, mosquitoes, and fleas are examples. 
Direct contact with infectious tissues, body fluids, and 
secretions or excretions is primarily an occupational hazard 
of animal disease investigators, wildlife rehabilitators, or 
processors of animals (butchers, etc.). Hunters, trappers, 
fishermen, biologists, and others that may only have contact 
with animals that appear healthy, are at lower risk. These 
individuals may forget or dismiss associations between 
their handling of wildlife and personal illness, even though 
sufficient human illness has been documented from animal 
contact.

The handling of wildlife or “pocket” pets, such as gerbils, 
hamsters, and guinea pigs, is an additional potential source 
of contact transmission and/or exposure to pathogens while 
traveling or at home. Table 4.2 provides a few examples 
from many documented cases of disease resulting from 

direct contacts with live animals and animal tissues. Indirect 
transmission can involve such common situations as contact 
with contaminated water for aquaria (e.g., Mycobacteria), 
aerosol transmission of psittacosis (ornithosis) by feather 
dander, and salmonellosis from human contact with surfaces 
contaminated by pet reptile and bird feces (see Chapter 2).

Exposure to pathogens through the consumption of game 
meat and foods is briefly addressed here; see Chapters 2, 3, 
and 5 for more in-depth discussion of this topic. Moore and 
others state, “The ease of international travel in the 21st Cen-
tury has resulted in persons from Europe and other western 
countries traveling to distant areas of the world and returning 
with an increasing array of parasitic infections rarely seen 
in more temperate zones.” They report on gnathostomiasis 
as an emerging imported disease in the UK, “the rarity of 
the condition in areas in which the condition is not endemic 
might lead to diagnoses being overlooked.” They also note 
that the increasing geographic distribution of infections by 
Gnathostoma spinigerum and other parasites, along with the 
adventurous eating habits of travelers, are likely to result in 
an increased incidence of this disease.2 

Indirect Pathways
Humans are exposed to zoonotic pathogens by a variety 

of indirect pathways, including contact with contaminated 
environments (Fig. 4.3). These pathways for infection are 
often associated with wilderness travel or “adventure travel.” 
Included within this category are types of “eco-challenge” 
and “extreme” multisport athletic and “reality television” 
events held throughout the world. A recent leptospirosis out-
break among international competitors in Malaysian Borneo 
had an attack rate of nearly 50 percent, with a hospitalization 
rate of 36 percent, despite the young age and fitness of these 
endurance athletes.3 Other outbreaks of this bacterial disease 
have occurred in association with white-water rafting in Costa 
Rica,7 swimming on Oahu, Hawaii,8 and among triathletes 
who swam in lakes in Wisconsin and Illinois, USA.9 Expo-
sure to the leptospira organisms in all of these events was 
most likely due to contact with, or inadvertent ingestion of, 
contaminated waters.

Some consider leptospirosis as the zoonosis with the wid-
est geographical distribution. A wide variety of domestic and 
wild animals, such as dogs, sea lions, and rats, are reservoirs 
for infection and can shed these spirochete organisms in 
their urine (Fig. 4.4); however, leptospira are very sensitive 
to dry conditions. They require moist soil, standing water, 
or surface waters to maintain their virulence and persistence 
outside their animal hosts.10 Contact with these contaminated 
substrates has resulted in many human cases of leptospirosis 
in divers, swimmers, canal workers, and adventure tourists 
traversing swamps and jungles, in addition to eco-challenge 
athletes and more traditional means of exposure.11
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Working Together to Combat Zoonoses

Travel to exotic places may result in exposure to uncommon pathogens not widely recognized within the medical 
community. The following information is for health-care providers and patients alike, in order to accurately and 
rapidly determine diagnosis and treatment.

Box 4–1

For health-care professionals: Questions to ask For travelers/wildlife or animal-care 
professionals/wildlife hobbyists: Information to 
provide

When taking a patient’s history, include at least the first 
two questions below in order to address occupational 
and/or travel-related illness.

•	 Do you have any medical problems which may 
cause you to be immunocompromised (cancer, 
chemotherapy, liver disease, transplants, HIV, 
AIDS, or any medications for rheumatoid arthritis 
or asthma)?

•	 In the last year, have you traveled to any exotic or 
unusual locations outside of your home region? If 
so, what kind of activities did you do there (e.g., 
kayaking, swimming, fishing, hunting, hiking, 
visits to farms, zoos, or wilderness areas)?

•	 Have you in the last year suffered from any fever 
of unknown origin?

•	 Do you work with or come in contact with any 
terrestrial or aquatic wildlife, invertebrates, or 
other animals?

•	 Do you spend considerable time outdoors in your 
regular daily activities?

•	 Do you wear protective clothing when working 
with animals and/or when working outdoors?

•	 Have you been bitten by any insect or animal, 
possibly when you were unaware (e.g., have you 
awakened to find a welt or bite anywhere on your 
body)?

•	 Have you noticed any type of allergic reaction 
to anything you have come into contact with in 
recent history (e.g., plants, pelts, food products, 
gifts made from animal parts)?

•	 Can you remember if you had any open cuts or 
wounds while on your travels or while working 
with animals during the last year?

•	 Do you remember coming in contact with any 
aerosol from any wildlife, animals (e.g., being 
sneezed on, collecting samples from a blowhole, 
inhaling the expiring breath of hunted wildlife)?

Before relaying your symptoms, tell your physician your 
profession/hobby and that you travel worldwide. Each 
time you are ill and visit your physician’s office, remind 
them. Inform your physician about:

•	 Any medical problems that may make you 
immunosuppressed (e.g., cancer, chemotherapy, 
liver diseases, transplants, HIV, AIDS).

•	 Any foreign travel you have taken in the last year.

•	 Whether you have visited any unusual locations 
where you may have been near wildlife, alive or 
dead, or had close contact with any aquatic or 
terrestrial animals (e.g., farms, zoos, wildlife or 
conservations areas, or watersports).

•	 The circumstances by which you may have come 
in contact with any animals, fish, invertebrates, 
or plants (e.g., did you go hunting, or clamming, 
etc., did you investigate any invertebrates/plant 
interactions, did you explore any tidepools).

•	 Any other wild or domestic animal products/
samples you may have come in contact with (e.g., 
cleaning a carcass, collecting blood samples, 
tracking wildlife, viewing, examining scat).

•	 Any indirect terrestrial and/or aquatic wildlife 
contact you may have had during your travels 
(e.g., aerosol inhalation, insect infestations, 
tents with inadequate mosquito netting, eating of 
bushmeat, handling of pelts/hides).

•	 Whether you remember having any open wounds, 
welts, or cuts during your travels or occupational 
activities.
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Table 4.1  Examples of human infections resulting from bites and scratches from wildlife (adapted from Krauss et al.11 and 
Weber and Hansen4).

Pathogen 
type

Wildlife species

Alligator Lizards Snakes Fish Birds Rats/ 
Mice Hamsters Squirrels Opossum Seals Other

Bacteria (genus)a

Acinetobacter ● ●

Aeromonas ● ● ●

Bacteroides ● ● ●

Citrobacter ● ● ● ●

Clostridium ● ● ● ●

Corynebacterium ● ● ● ●

Enterobacter ● ●

Erysipelothrix ● ●

Escherichia ● Lion, tiger

Francisella ● Coyote

Fusobacterium ● ●

Leptospira ● ●

Micrococcus ● ●

Pasteurella ● ● ● ● ● ● Carnivores

Proteus ● ●

Pseudomonas ● ● ●

Serratia ● ●

Spirillum ●

Staphyloccoccus ● ● ● ● ●

Streptococcus ● ● ● ● ●

Vibrio ● ●

Fungi (genus)

Aspergillus ● ●

Viral Diseaseb

Rabies Bats, 
canids, 
skunks, 
others

Lymphocytic 
choriomeningitis 
(LCM)

● ●

Herpes Type B Monkeys

Monkeypox Monkeys, 
prairie 
dogs

a For species and a more complete tally see Krauss et al.11

b Examples only, other viruses have been transmitted by animal bites.

●  Human infections documented

  Human infections not reported
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Table 4.2  Examples of human infections acquired from handling wildlife (non-bite or scratch exposures)a.

Disease Agent type Wildlife involved Comments

Streptothricosis 
Dermatophilus congolensis

Fungus White-tailed deer Biologist examining hunter-killed deer developed 
infection on his hands. First documentation of 
transmission from wildlife.19

Ornithosis 
Chlamydia psittaci

Bacteria Waterbirds Wildlife disease investigators conducting field 
investigations involving other diseases contracted 
life-threatening illness. Snow geese and/or 
sandhill cranes were thought to be the probable 
sources for infection.20

Erysipelothrix 
Erysipelothrix rhusiopathiae

Bacteria Marine animals Handlers of marine mammals have become 
infected during standing and other rescue and 
rehabilitation activities.21 Following the field 
necropsy of a marine bird found dead along an 
east coast beach (USA), an author (M. Friend) 
became infected.

Salmonellosis  
Salmonella spp.

Bacteria Iguanas, turtles Pet turtles have been a major source of 
salmonellosis in North America and elsewhere. 
The increased popularity of the green iguana and 
other lizards as pets has contributed numerous 
human cases of salmonellosis in North America, 
including the appearance of novel strains of this 
bacteria.22–24

Melioidosis 
Burkholderia (Pseudomonas) 
pseudomallei

Bacteria Marine mammals A veterinarian working at an aquarium in China 
contracted melioidosis while unknowingly 
inhaling a whale’s expiration during blowhole 
sampling. The causative agent has also been 
documented to be present in air during Hong 
Kong monsoons.25

Monkeypox 
Orthopoxvirus

Virus Prairie dogs Handling of prairie dogs purchased in the pet 
trade that became infected from imported 
rodents initially housed with them resulted in the 
first presence of this disease in North America. 
Numerous human cases have occurred in several 
states within the USA.26

AIDS 
Human immunodeficiency 
viruses (HIV-1, HIV-2)

Virus Primates The harvest of primates and processing of meat 
from those animals is believed to be the origin 
of the viruses that crossed over and adapted to 
humans who then served to spread these human 
immunodeficiency viruses (HIV-1 and HIV-2) 
globally.27–30

“Seal finger” 
Mycoplasma spp.

Bacteria Whales, seals, 
polar bear

Long-standing occupational disease of those 
involved with the commercial harvesting of seals 
and whales; also prevalent among Canadian Inuit 
and among seal trainers (see Box 2–9).

a These few examples are from a long list of diseases and circumstances that could be cited. Animal handlers must use protection 
when handling wildlife and have a general understanding of the disease risks involved. 
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Figure 4.3  Common routes for potential transmission of infectious diseases between animals and humans and vice versa. 
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Figure. 4.4  Leptospirosis: a worldwide disease of many species and bacterial variants.
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Leptospirosis is but one example of the changing pat-
tern for some established zoonotic diseases due to changes 
in human activities and mobility. Other zoonoses also are 
becoming reestablished and novel zoonoses are appearing. 
Clearly, the task of protecting humans from these diseases is 
becoming more complex than it was historically. The human 
patient and the medical community each have important 
roles to play and contributions to make in this arena. Only 
by addressing and diagnosing zoonotic diseases in patients 
who are exposed while in unique situations or surroundings 
will we be able to prevent, control, or suppress the expansion 
and establishment of such diseases. 

Travel, Zoonotic, and Other Infectious 
Diseases

About 60 million Americans travel abroad each year.3 
Around the world, more than 1.4 million persons cross inter-
national borders on air carriers everyday.1 In 2000, the total 
numbers of international arrivals worldwide reached nearly 
700 million, and the World Tourism Organization estimates 
that number to increase to more than 1.5 billion by 2020 (Fig. 
4.1).12 In addition to airline travel, cruise ships can carry 47 

million passengers per year1 (Fig. 4.5). This global mobility 
of humans leads to the potential contracting and spreading of 
infectious diseases, the rapid change in disease distribution 
patterns,13 and requires us to consider infectious diseases of 
humans from a global perspective.14

The situation of the human traveler and emerging or 
resurging zoonotic disease is somewhat analogous to the 
“canary in the coal mine.” The canary is a sensitive indica-
tor and an in situ monitor for air quality required to sustain 
human life. The health status of human travelers has become 
an index for emerging infections. However, unlike the caged 
canary in the mine, the traveler serves as sentinel, courier, 
and transmitter for emerging diseases.1 This salient human 
effect extends beyond the health of any individual and far 
beyond the geographic location where clinical disease may 
be observed in that individual. “The traveler can be seen 
as an interactive biological unit who picks up, processes, 
carries and drops off microbial genetic material. A traveler 
can introduce potential pathogens in the absence of signs or 
symptoms.”1 These concepts apply to all infectious agents 
(e.g., diseases caused by parasites, microbial agents, and 
possibly, even prions), not just those that are also zoonoses. 
Thus, global commerce, human travel, emigration, and 

Figure 4.5  Tourism and commerce: cornerstones for “A World of Movement.”
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Table 4.3  Some information sources addressing travel medicine.

Source Type Program Comments

National Center for 
Infectious Diseases 
(CDC)

Web site Travelers’ 
Health

Provides health information on specific destinations, notices of 
disease outbreaks, and a variety of other relevant information. Links 
expand coverage and information for specific topics. Visit http://www.
cdc.gov/travel/

National Center for 
Infectious Diseases

Web site Travelers’ 
Health

Information on travel-related diseases with links to specific topics. 
Visit http://www.cdc.gov/travel/diseases.htm

World Health 
Organization

Web site International 
Travel and 
Health

A compendium of information that can be accessed by country and 
disease. The focus is on health risks likely to be encountered at spe-
cific destinations relative to different types of travel from business to 
backpacking and adventure tours. Visit http://www.who.int/ith/

Travel Health Care Web site Travel Health 
Information

General information about staying healthy when travel-
ing, diseases of that region, and general travel advice. Visit 
http://www.travelhealth.com.au/Travel_Health/Travel_Information.html

Wilderness Medical 
Society

Web site Wilderness 
medical 
issues

Educational programs and publications addressing medical prob-
lems encountered in wilderness situations. Membership organiza-
tion focused on health professionals. Visit http://www.wms.org/

International 
Society of Travel 
Medicine

Disease sur-
veillance

Geo Sentinel Global surveillance network of 26 travel and tropical medicine clinics 
in the USA, UK, Australia, Canada, Germany, Israel, Italy, Nepal, 
New Zealand, and Switzerland. Geo Sentinel network members are 
International Society of Travel Medicine provider clinics that serve 
as a rapid notification system for significant diagnoses of unusual 
disease events. Visit http://www.istm.org/

Other Web site Traveler’s 
health care

A variety of subscriber programs can be found on the Internet for 
obtaining pre-travel information, arranging for immunizations, obtain-
ing medical services in various countries, and ordering publications.

“Atlas of Travel 
Medicine and 
Health31

Book BC Decker, 
Hamilton, 
Ontario, 
Canada

Basic information for pre-travel planning. Addresses general risks 
and precautions; descriptions and maps of specific diseases; county 
specific information for important disease and popular destinations.

“Traveller’s Health: 
How to Stay 
Healthy Abroad,” 4th 
edition18

Book Oxford 
University 
Press, United 
Kingdon

Comprehensive book (75 chapters) written by subject matter 
experts. Intended for all audiences from general public to health 
professionals.

Centers for Disease 
Control and 
Prevention

Book The Yellow 
Book “Health 
Information 
for Interna-
tional Travel.” 
2003–2004

Published every 2 years by CDC as a reference for those who 
advise international travelers on health risks; available for purchase: 
http://bookstore.phf.org/cat24.htm. On-line edition is periodically 
updated: http://www.cdc.gov/travel/yb/index.htm

Other Books, 
journals

Traveler’s 
health, 
emerging 
diseases, 
updates 
of disease 
status

A variety of books and scientific journals developed to provide 
information for professionals in the health field are available for pur-
chase and subscription. Other publications are intended for general 
audiences. When considering purchase or subscription, take into 
account the dynamic nature of disease occurrence and scientific 
knowledge. Information should be as current as possible and devel-
oped by authoritative sources.

Personal health 
care provider

Contact visit Health care Many physicians have access to online programs where they can 
obtain specific information for you relative to your travel.
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immigration are major factors in the global dispersal of 
infectious diseases.15

Increases in travel-associated fungal infections have 
resulted in histoplasmosis and coccidioidomycosis recently 
being included as travel-related illnesses in the CDC’s Yel-
low Book “Health Information for International Travel, 
2003–2004” (http://www.cdc.gov/travel/yb/index.htm). Fun-
gal infections are a cause of disease for visitors to the USA, 
as well as for travelers from the USA (Fig. 4.6). Mycotic 
infections of travelers who reside in places far from endemic 
areas for mycoses are presenting increasing diagnostic chal-
lenges for health-care providers, especially for diseases such 
as paracoccidioidomycosis (Paracoccidioides brasiliensis), 
for which symptomatic disease may not develop for years 
after a person resided in an endemic area.16

Travel and wilderness medicine are now specialties in their 
own right, with pre-travel counseling that minimizes risks 
and improves protection from disease, post-travel recognition 
of diseases that travelers may encounter,13 and accurate and 
timely diagnoses and notifications of disease events.17,18 Vari-

ous publications, Web sites, and other information sources 
provide detailed information on disease risks, prevention, 
control, and treatment useful for travelers and health-care 
providers alike (Table 4.3). Each year, efforts in these medical 
specialty areas expand, the public demands updated infor-
mation, and medical professionals must provide adequate 
explanations to patients on how to avoid risks relative to 
infectious disease. Only through such efforts will we be able 
to minimize the impacts of zoonotic diseases on individuals 
and the potential spread of zoonoses to new locales. Such 
efforts will, in the long term, improve human health, decrease 
impacts on domestic and wild animal populations, and reduce 
economic hardships to local and regional economies where 
outbreaks could occur. Disease prevention, control, and early 
intervention are important factors for sustaining the health 
and well-being of all living creatures (Box 4–1). 

James W. Hurley and Milton Friend

Illustration by John M. Evans

Figure 4.6  International cases of coccidioidomycosis acquired during a World Championship Model Airplane 
Flying competition.36
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