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ETWEEN 20 and 70 percent of the 50 million

people who travel from the industrialized world

to the developing world each year report some
illness associated with their travel..2 Although most
illnesses reported by travelers are mild, 1 to 5 percent
of travelers become ill enough to seek medical atten-
tion either during or immediately after travel, 0.01
to 0.1 percent require medical evacuation, and 1 in
100,000 dies.! People who visit family and friends
while abroad and adventure travelers are at increased
risk of becoming ill during travel.3-8 People who visit
family and friends often stay in local homes off usual
tourist routes and may have more intense exposure
to pathogens than tourists. They may also not perceive
risks in the environment that they are visiting and may
forgo recommended vaccines and chemoprophylactic
regimens. In this selective review, we will emphasize
the clinical manifestations and diagnosis of the most
common and important infectious diseases affecting
people who have recently traveled to the developing
world. Although the incidence of many of these ill-
nesses among travelers is unknown, new surveillance
systems (such as GeoSentinel, a system of the Interna-
tional Society of Travel Medicine and the Centers for
Disease Control and Prevention [http://www.istm.
org/geosentinel /main.html], and TropNetEurop, the
European Network on Imported Infectious Disease
Surveillance [http://www.tropnet.net]) are beginning
to yield data regarding travel-associated illness.
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FEVER

Approximately 3 percent of people traveling inter-
nationally for short periods report fever, the presence
of which requires prompt attention.:* The initial eval-
uation should focus on infections that are life-threat-
ening, treatable, or transmissible.!? Careful assessment
of the travel history, likely incubation period, exposure
history, associated signs and symptoms, duration of fe-
ver, immunization status, use or nonuse of antimalarial
chemoprophylaxis, and degree of compliance with a
chemoprophylactic regimen, if used, helps to estab-
lish the diagnosis. Determining an approximate incu-
bation period can be particularly helpful in ruling out
possible causes of fever (Table 1). For example, if fever
begins more than 21 days after a traveler’s return, then
dengue, rickettsial infections, and viral hemorrhagic
fevers such as yellow fever and Lassa fever are unlikely,
regardless of the traveler’s exposure history. As indi-
cated by the exposure history, time course of illness,
and associated signs and symptoms, initial investiga-
tions for febrile travelers may include prompt evalu-
ation of peripheral blood for malaria; complete and
differential blood counts; liver-function tests; urinaly-
sis; culture of blood, stool, and urine; chest radiogra-
phy; and specific serologic assays, such as those for
arboviruses (e.g., dengue virus), rickettsiae, schisto-
somes, leptospira, and human immunodeficiency virus.

Undifferentiated Fever

Malaria

Malaria is the most important cause of fever among
persons who have recently traveled. Malaria caused by
Plasmodinm falciparum can be rapidly fatal and must
be immediately ruled out in all febrile persons who
have recently visited an area where malaria is endem-
ic.1213 Approximately 90 percent of P. falciparum in-
fections are acquired in sub-Saharan Africa, and 90
percent of travelers who are infected begin to have
symptoms within one month after their return.3 In
contrast, more than 70 percent of cases of malaria due
to P. vivax infection are acquired in Asia or Latin
America, and only 50 percent of travelers infected
with P. pivax begin to have symptoms within one
month after their return; in approximately 2 percent,
fever develops more than one year afterward.? Persons
who visit family and friends while traveling abroad are
at particular risk and account for approximately 40 per-
cent of reported cases of malaria in the United States.?

Resistance to antimalarial drugs is widespread and
increasing. Although currently recommended antima-
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larial drugs are efficacious, they do not guarantee pro-
tection against malaria, and malaria remains an im-
portant diagnostic consideration in febrile travelers,
regardless of any previous use of antimalarial agents.
Although a history of fever is typically present, 10 to
40 percent of persons with malaria may be afebrile
when first examined.!5!6 Patterns of fever are rarely
diagnostic, but fevers occurring at regular intervals
of 48 to 72 hours are virtually pathognomonic of
P. vivax, P. ovale, and P. malariane infections. Other
symptoms at presentation, including headache, cough,
and gastrointestinal problems, may mimic the constel-
lation of symptoms in other conditions, so malaria
should be considered in all febrile travelers regardless
of their clinical presentation.

Examination of blood films should be repeated at
least once within 12 to 24 hours after the first evalu-
ation, if initial blood films are negative for malaria and
if malaria is still suspected. Thrombocytopenia with-
out leukocytosis is a characteristic feature. Splenomeg-
aly may be present. The clinical course of malaria due
to P. falciparum is unpredictable, and nonimmune
travelers with this type of malaria should generally
be admitted to the hospital to facilitate prompt therapy
and to allow monitoring for complications (including
hypoglycemia).l”18 Antimalarial drugs should be ad-
ministered parenterally if there is evidence of severe
malaria (including renal failure, respiratory distress,
altered consciousness, scizures, shock, or severe ane-
mia) or if the level of P. falciparum in the blood ex-
ceeds 4 percent of visible erythrocytes in a nonimmune
patient.'8
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Dengue

Dengue, which is caused by a mosquito-borne fla-
vivirus, has become a major infectious-disease threat in
tropical and subtropical areas worldwide, accounting
for an estimated 50 million cases and at least 12,000
deaths annually.’® Dengue has also become a com-
mon cause of fever in persons who have recently trav-
eled.20:21 Seasonal epidemics of dengue are now com-
mon in many tropical and subtropical areas, with
recent outbreaks in Rio de Janeiro, Singapore, Puerto
Rico, and Hawaii. Dengue may be caused by any of
four different serotypes of the virus and is transmitted
by aedes mosquitoes that inhabit primarily urban areas.

After an incubation period of four to seven days,
dengue manifests as an influenza-like illness with fe-
ver, headache, and myalgia. In approximately 50 per-
cent of infected persons, lymphadenopathy and diftuse
erythema or a nonspecific maculopapular or petechial
rash develops (Fig. 1A). Leukopenia and thrombocy-
topenia are characteristic findings. The most serious
forms of infection, dengue shock syndrome and den-
gue hemorrhagic fever, are rare among travelers, oc-
curring primarily in persons with dengue fever previ-

***Amebic liver abscesses occur nine times as often in men as in women but with equal frequency in boys and girls. Patients with amebic liver abscesses usually have fever, chills, abdominal discomfort,
ly suggest a pulmonary process.

and right-upper-quadrant tenderness; leukocytosis is common. Cough, pleuritic or shoulder pain, and right basilar abnormalities on chest radiography due to involvement of the diaphragmatic surface of the

liver may initiall
H || HVVcst African trypanosomiasis (1. brucei gambiense) is usually not diagnosed as an acute illness; rather, infected persons most commonly come to clinical attention in late-stage disease with fever,

§§Additional considerations include Streprococcus pnenmoniae infection and mycoplasma infection, as well as melioidosis, plague, anthrax, tularemia, scrub typhus, and hantavirus pulmonary syndrome.
lymphadenopathy, and meningoencephalitis.

t1fVisceral leishmaniasis is usually characterized by fever (which may be irregular), hepatosplenomegaly, hypergammaglobulinemia, pancytopenia, and the absence of cosinophilia.

{YAdditional considerations include tuberculosis, brucellosis, melioidosis, acute toxoplasmosis, acute cytomegalovirus infection, bartonellosis, babesiosis, and ehrlichiosis.

|I| Katayama fever is characterized by fever, arthralgias, lymphadenopathy, hepatosplenomegaly, cough, headache, urticaria, and cosinophil
{9 Chronic mycoses include chronic histoplasmosis, coccidioidomycosis, cryptococcosis, paracoccidioidomycosis, and others; fever is often low-grade or absent.

§§SAcute lymphatic filariasis is characterized by recurrent fever, lymphadenitis, retrograde lymphangitis, and eosinophilia.

t1tAdditional considerations include brucellosis, melioidosis, bartonellosis, and fascioliasis.

Footnotes continued:
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Figure 1. Common Dermatologic Lesions in Travelers Returning from Developing Countries.

Panel A shows a petechial rash around the ankles of a patient with dengue. Panel B shows linear and grouped papular lesions due
to bedbug bites. Panel C shows seabather’s eruption in the area around the breast in a woman who vacationed in the Caribbean;
the distribution of the eruption corresponds with the area that was covered by a bathing suit. Panel D shows lesions of swimmer’s
itch, a type of cercarial dermatitis due to penetration of exposed skin by cercariae in fresh water; similar lesions may be seen in
clam digger’s itch, a cercarial dermatitis associated with coastal water. In Panel E, furuncular myiasis caused by Dermatobia hominis
is manifested as a lesion on the arm of a traveler recently returned from the rain forest of Central America; the fly larva is protruding
through a breathing pore. In Panel F, tungiasis, caused by Tunga penetrans, appears as a tender nodule on the sole of the foot of
a traveler who has returned from West Africa. Panel G shows a transient Calabar swelling due to Loa loa infection around the wrist
of a traveler who has returned from Central Africa. Panel H shows the typical shallow, painful, purulent ulcers of ecthyma (pyoder-
ma) caused by group A streptococcus and Staphylococcus aureus. Panel | shows a cutaneous lesion in a traveler with leishmaniasis
after returning from Peru. Panel J shows an eschar on the leg of a man with African tick typhus (due to Rickettsia africae) after a
safari in southern Africa. In Panel K, cutaneous larva migrans is evident on the foot of a person who had recently visited the Car-
ibbean. Panel L shows lesions of phytophotodermatitis on the leg of a traveler after contact with lime juice.
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ously infected with a different dengue viral serotype.
Dengue fever is usually diagnosed clinically and con-
firmed by comparing serum antibody titers in samples
obtained during the acute and convalescent phases and
detecting a fourfold or greater increase. Appropriate
administration of intravenous fluids is associated with
marked reductions in the rates of death due to den-
gue shock syndrome and dengue hemorrhagic fever.

Rickettsia

The triad of fever, headache, and myalgia in a per-
son who has recently traveled should also prompt
consideration of rickettsial infections, including Af-
rican tick typhus (Rickettsin africae), Mediterranean
tick typhus (R. conorii), and scrub typhus (Orientin
tsutsugamushi).22 These infections are transmitted by
arthropods, and the detection of a painless eschar at
the inoculation site is an important diagnostic clue.
Persons who have been camping, hiking, or traveling
on safari in grassy or scrubby areas are at highest risk
for infection. Regional lymphadenopathy, rash, leu-
kopenia, and thrombocytopenia may be present, al-
though rash is frequently absent in African tick typhus.
The diagnosis of a rickettsial infection is generally
made clinically, prompting treatment (usually with a
tetracycline antibiotic) while serologic confirmation
of the diagnosis is pending.

Leptospirosis

Acute leptospirosis may also manifest as fever, my-
algia, headache, and rash. Conjunctival suffusion is a
characteristic diagnostic sign but may occur in only
28 to 44 percent of cases.523 Growth in adventure
sports and ecotourism is placing an increasing num-
ber of travelers at risk for leptospirosis, and a history
of exposure to fresh water (rafting or kayaking or wad-
ing through flooded streets) in a person with symp-
toms suggests this diagnosis.> The illness may be bi-
phasic and associated with aseptic meningitis, uveitis,
elevated results on liver-function tests, proteinuria, and
microscopic hematuria.?4 Penicillin and tetracycline
antibiotics are effective, and the diagnosis is usually
confirmed serologically by a fourfold or greater in-
crease in antibody titer between serum samples ob-
tained during the acute phase and samples obtained
during the convalescent phase of illness.

Typhoid Fever

Typhoid fever may present with fever and headache
in a person with otherwise unremarkable findings on
physical examination.2s More than 70 percent of cases
of typhoid fever in the United States are associated
with international travel, with most cases occurring in
travelers who have visited family or friends on the
Indian subcontinent, in the Philippines, or in Latin
America.* Most affected persons report abdominal dis-

comfort, constipation, or more rarely, diarrhea. Leu-
kopenia, thrombocytopenia, dry cough, and lymphad-
enopathy may be present. In contrast to dengue and
rickettsial infections, typhoid fever may have an insid-
ious onset. The diagnosis is usually made by isolating
the causal agent, Salmonella enterica serotype typhi,
from blood. Serologic assays are unreliable for diag-
nosis. If typhoid fever is suspected, empirical therapy
with a fluoroquinolone or a third-generation cephalo-
sporin antibiotic may be considered. Vaccines against
typhoid fever are only partially protective, and break-
through infections may occur.

Fever Associated with Hemorrhage

Several treatable infections, including meningococ-
cemia, malaria, leptospirosis, and rickettsial infections,
can cause fever associated with hemorrhage in travel-
ers. Many viral infections (in addition to dengue and
yellow fever) can also cause fever associated with hem-
orrhage, but such infections are rarely acquired by
travelers.626 However, because of their public health
implications, viral hemorrhagic fevers such as Lassa
fever and Ebola fever need to be considered in trav-
elers who present with fever and hemorrhage. Help-
ful epidemiologic clues include a history of visits to
rural areas or recent contact with ill persons in areas
where viral hemorrhagic fevers are endemic. Most per-
sons with a viral hemorrhagic fever note the onset of
fever within three weeks after exposure.26.27

Fever Associated with Involvement of the Central
Nervous System

In addition to the cosmopolitan processes that may
cause fever associated with neurologic changes, special
considerations in travelers include malaria, tubercu-
losis, typhoid fever, rickettsial infections, poliomyelitis,
rabies, and viral encephalitides (including Japanese
encephalitis, West Nile encephalitis, and tick-borne
encephalitis).2® Meningococcal meningitis has been
associated with the annual hajj pilgrimage to Mecca,
in Saudi Arabia,? and aseptic meningitis may occur
in association with leptospirosis. Eosinophilic menin-
gitis should prompt consideration of coccidioidomy-
cosis and angiostrongyliasis; the latter is caused by
invasion of the meningeal space by the rat lungworm
(Angiostrongylus cantonensis) and was the cause of a
recently reported outbreak among travelers who had
visited the Caribbean.?0 A number of tourists to game
parks in northern Tanzania recently acquired East Af-
rican trypanosomiasis, which is transmitted through
the bite of the tsetse fly.”® This illness manifests as an
erythematous swelling or chancre at the site of the fly
bite, fever, headache, and myalgia, before it progresses
to meningoencephalitis. During the acute phase of the
disease, trypanosomes are often detectable on smears
of peripheral blood.
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Fever Associated with Respiratory Findings

Respiratory symptoms in a febrile traveler should
suggest the presence of common respiratory patho-
gens such as Streptococcus pnemwmonine, influenzavi-
ruses and other respiratory viruses, mycoplasma, and
Legionelln pnewmophiln. L. pneumophiln infection has
been acquired by travelers in spas on cruise ships and
in hotels.?! International travelers are also at increased
risk for tuberculosis, which may become evident
months or years after travel,32 and recent outbreaks
of histoplasmosis and coccidioidomycosis among trav-
elers to Mexico have been reported.333* The presence
of fever, pneumonia, and hepatitis should prompt con-
sideration of Q fever (which is caused by Coxielia bur-
neti and is associated with animal exposure), whereas
cough, nonspecific pulmonary infiltrates, and periph-
eral eosinophilia should prompt consideration of Lot
fler’s syndrome, which results from transient migration
of larval helminths (ascaris, hookworm, or strongy-
loides) through the alveolar spaces. Cough may also
occur in malaria, typhoid fever, scrub typhus, and
dengue.

Fever Associated with Sexual or Blood Exposures

At least 5 percent of people who travel abroad for
short periods and approximately 50 percent of those
who travel abroad for long periods engage in casual
sexual encounters during their trips,3 and many of
them do not use condoms.35-37 Many sexually trans-
mitted diseases can cause febrile illnesses without gen-
ital findings; among them are diseases caused by the
human immunodeficiency virus, Treponema pallidum,
cytomegalovirus, Epstein—Barr virus, and hepatitis B
virus. Exposure to blood-borne agents of infection
may also occur in persons who undergo tattooing or
body-piercing procedures, receive injections or trans-
fusions, undergo surgery, or shave with communal ra-
zors while traveling.

Fever Associated with Eosinophilia

Although fever in association with peripheral eosin-
ophilia (eosinophil count, =400 per cubic millimeter)
may be due to hematologic conditions or acute aller-
gic reactions, the presence of both fever and eosino-
philia in a traveler should prompt consideration of an
infectious cause. Peripheral eosinophilia is character-
istically associated with helminthic infections in which
the worms dwell in or migrate through tissues (Table
2).38 Diagnoses to be considered in febrile travelers
with eosinophilia include acute hookworm, ascaris, or
strongyloides infection; acute schistosomiasis (Kataya-
ma fever); visceral larva migrans (toxocariasis); lym-
phatic filariasis; and acute trichinosis.?#0 Peripheral
eosinophilia may also be present in persons with coc-
cidioidomycosis.?*# The initial workup of travelers
with fever and eosinophilia should include examina-
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tion of a stool specimen for ova and parasites, serologic
tests for strongyloidiasis, schistosomiasis, or other hel-
minthic infections, and examination of blood smears
or skin snips to detect microfilariae, depending on the
geographic areas of travel and the clinical findings.384!

DIARRHEA

Many travelers to developing countries report di-
arrhea.2424¢ Most episodes of traveler’s diarrhea resolve
during or shortly after travel, often in response to an-
timicrobial and antimotility agents. Five to 10 percent
of travelers report diarrhea that lasts for two weeks or
longer, and 1 to 3 percent report diarrhea that lasts
four weeks or longer.#> Causative bacterial or viral
agents may be identified in 50 to 75 percent of trav-
elers with diarrhea that lasts less than two weeks.4243
As the duration of diarrhea increases, the likelihood of
identifying a specific infectious cause decreases, al-
though the likelihood of diagnosing a parasitic infec-
tion increases (Table 3).46 Giardia lamblia, Cryptospo-
ridium pavvum, Entamoeba bistolytica, and Cyclospora
cayetanensis are the most frequently identified para-
sites, although they are detected in fewer than one
third of travelers with chronic diarrhea and in only
1 to 5 percent of travelers with acute diarrhea.*2

Invasive or inflammatory enteropathy (e.g., dysen-
tery) should be suspected in persons with diarrhea if
the stool is bloody, if fever is present, or if leuko-
cytes are detected in the stool. Invasive enteropathy
often has a fairly abrupt onset (over a period of hours)
and may be complicated by metastatic infections, re-
active arthropathy, or Campylobacter jejuni—associated
Guillain—Barré syndrome.#” Fluoroquinolone-resist-
ant C. jejuni is being recognized with increasing fre-
quency, especially among travelers to Southeast Asia;
infection with antibiotic-resistant bacteria may result
in diarrhea that is refractory to standard therapy. Ame-
bic dysentery, which is caused by E. histolytica, often
presents insidiously (over a period of days) and may
be complicated by hepatic abscess formation. If no
causative agent is identified, persons with chronic in-
flammatory enteropathy should be further evaluated
for possible inflammatory bowel disease or cancer.

Prolonged traveler’s diarrhea with malabsorption
should prompt consideration of a protozoal infection
of the small bowel (especially infection with G. lamb-
lin) and tropical sprue. Though pathologically indis-
tinguishable from nontropical sprue (i.e., gluten-sen-
sitive enteropathy, or celiac disease), tropical sprue is
not associated with antigliadin and antiendomysial se-
rum antibodies and does not respond to the removal
of gluten from the diet; it does respond to a prolonged
course of oral tetracycline and folate. Common non-
infectious causes of chronic diarrhea in travelers in-
clude postinfectious disaccharidase deficiency and ir-
ritable bowel syndrome.*8 Diarrhea that begins more
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TABLE 2. PARASITIC INFECTIOUS DISEASES IN TRAVELERS, ACCORDING TO THE DEGREE OF EOSINOPHILIA.*

DISEASE

Malaria
Toxoplasmosis
Amebiasis
Giardiasis
Leishmaniasis

Ascaris lumbricoides infection
(adult stage)

Tapeworm infection (adult stage)
Dientamoeba fragilis infectiont
Trichuriasis (whipworm infection)
Enterobiasis (pinworm infection)
Schistosomiasis

Cysticercosis (Taenia solium infec-
tion, larval stage)
Echinococcosis (hydatid disease)

Chronic clonorchiasis and opis-
thorchiasis (liver fluke infection)

Isosporiasist
Paragonimiasis
Hookworm infection
Sparganosis
Strongyloidiasis

A. lumbricoides infection (larval
stage)

Angiostrongyliasis (Angiostrongy-
lus cantonensis infection)

Gnathostomiasis

Onchocerciasis

Fascioliasis (Fasciola hepatica
[liver fluke] infection)
Lymphatic filariasis

Loiasis

Toxocariasis

Acute trichinosis

Tropical pulmonary eosinophilia
(occult lymphatic filariasis)

EOSINOPHILIAT

Absent
Absent
Absent
Absent
Absent

Absent

Absent

Absent or mild
Absent or mild
Absent or mild

Absent or mild; may be moderate to high
in acute schistosomiasis (Katayama fe-
ver)

Absent or mild; may be moderate if en-
cysted larvae die and release antigen

Absent or mild; may increase in severity if
cysts rupture or leak

Absent or mild; may be moderate or
marked in early infection

Absent (in immunocompromised
persons) or mild

Absent or mild; moderate or marked
during larval migration

Absent or mild; moderate or marked
during larval migration

Absent or mild

Absent (in disseminated infection), mild,
or moderate

Mild or moderate

Mild or moderate

Mild, moderate, or marked

Mild, moderate, or marked

Mild, moderate, or marked (during larval
migration)

Mild, moderate, or marked

Moderate or marked

Moderate or marked
Moderate or marked
Marked

AssoclATED FINDINGS

Fever, headache, myalgia

Fever (in some cases), lymphadenopathy
Colitis or liver abscess

Diarrhea

Cutaneous, mucocutaneous, and visceral disease; fever only
in visceral disease

Intestinal infection with adult worms not associated with eosinophilia

Intestinal infection with adult worms not associated with eosinophilia
Persistent diarrhea and (in some cases) associated enterobiasis
Proctitis

Perianal itching (often nocturnal)

Intestinal, hepatic, and bladder abnormalities; fever in acute schistosomi-
asis (Katayama fever)

Subcutaneous and central nervous system cysts

Cysts (hepatic, lung, bone, or other)

Recurrent cholangitis

Chronic diarrhea in immunocompromised persons

Infection with lung fluke; pulmonary nodule, which may cavitate
Iron-deficiency anemia

Infection with spirometra tapeworm; swelling, edema, inflammation,
mass lesion, necrosis associated with migrating larva

Intestinal infection may persist for decades
In acute infection, pulmonary migration of larvae (before oviposition)
Eosinophilic meningitis; fever in some cases

Swelling, edema, inflammation, necrosis associated with migrating larva,
migratory soft-tissue mass, radiculomyelitis, or eosinophilic meningitis

Subcutaneous nodules, dermatitis, and keratitis

Acute, destructive hepatic parenchymal lesions during the acute stage of
larval migration; chronic biliary obstruction

Retrograde lymphangitis, lymphadenopathy, soft-tissue swelling or ede-
ma, and rash; fever

Soft-tissue edema (Calabar swellings) and eyeworm (associated with mi-
gration of worms)

Visceral larva migrans
Myalgia, diffuse edema; fever in some cases

Reactive airways, paroxysmal nocturnal dyspnea, and pulmonary
infiltrates

*The most characteristic levels of eosinophilia associated with each infection are listed; the degree of eosinophilia in an individual patient may differ.
Parasites other than those listed may cause cosinophilia. Nonparasitic infectious causes of eosinophilia include the human immunodeficiency virus, human
T-cell leukemia virus type I, Mycobacterium tuberculosis, Treponema pallidum, and Bartonella henselne. Eosinophilia may also occur in lepromatous leprosy,
resolving scarlet fever, coccidioidomycosis, and allergic bronchopulmonary aspergillosis.

tEosinophilia is considered absent if there are <400 eosinophils per cubic millimeter of peripheral blood, mild if there are 400 to 1000 cosinophils per
cubic millimeter, moderate if there are >1000 to 3000 eosinophils per cubic millimeter, and marked if there are >3000 eosinophils per cubic millimeter.

1D. fragilis infection and isosporiasis (due to Isospora belli) are the only protozoal infections that are associated with eosinophilia.
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TABLE 3. CAUSES AND DURATION OF DIARRHEA IN TRAVELERS.

CAUSE AND DURATION ORGANISM*

Acute (duration <2 wk)

Viral Caliciviruses (Norwalk and Norwalk-like viruses), rotaviruses,
enteroviruses

Bacterial Enterotoxigenic or enteroaggregative Escherichin coli, Campy-
lobacter jejuni, salmonella,t shigella,T vibrio, aeromonas,
plesiomonas, Clostridium difficile

Parasitict Giardia lamblia, Cryptosporidium parvum,t Entamoeba bis-

tolytica, Cyclospora cayetanensis, Isospora belli;t E. polecks,
Balantidium coli, Trichinella spivalis

Chronic or persistent
(duration =2 to 4 wk)§

Bacterial Enteroaggregative or enteropathogenic E. coli, C. jejuni,
shigella,t salmonella,t Yersinia enterocolitica, acromonas,
plesiomonas, C. difficile, Mycobacterium tuberculosis;t
M. avium complex,t Tropheryma whippelii (cause of Whip-
ple’s disease)

Fungal{ Paracoccidioides brasiliensis, Histoplasma capsulatum

Parasitict

Microsporidial Enterocytozoon bieneusi,t Encephalitozoon intestinalist
Protozoal

G. lamblin

E. histolytica

C. parvumt

C. cayetanensis

L bellit

Dientamoeba fragilis
Helminthic Trichuris trichiura, Strongyloides stercoralis, schistosoma,

Capillaria philippinensis, Fasciolopsis buski,
Metagonimus yokogawai, echinostoma

Small-bowel overgrowth
syndrome

Tropical sprue

Disaccharidase deficiency

Irritable bowel syndrome

Non-travel-related: in-
flammatory bowel
disease, cancer, laxa-
tive use, endocrinop-
athy, dysmotility,
idiopathic disease

COMMENTS

Often not specifically diagnosed; may account for =5 to 10%
of cases of acute traveler’s diarrhea

Most commonly identified cause of acute traveler’s diarrhea;
account for 50 to 75% of acute traveler’s diarrhea

Account for <1 to 5% of cases of acute traveler’s diarrhea

Rare cause of chronic traveler’s diarrhea; enteroaggregative
E. coli, enteropathogenic E. coli, and T. whippelii not iden-
tified on routine stool culture; diarrhea caused by 7. whip-
pelii may be associated with arthritis, rash, and cardiac or
neurologic involvement

Rarely associated with chronic traveler’s diarrhea; respiratory
symptoms may predominate

Cause chronic diarrhea almost exclusively in immunocompro-
mised persons

Account for <30% of cases of chronic traveler’s diarrhea

Most commonly identified parasitic cause of traveler’s diar-
rhea; relapsing infections may be associated with hypogam-
maglobulinemia

Bloody diarrhea with fever; presence of fecal leukocytes may
be variable

Watery, nonbloody diarrhea

May initially manifest as watery diarrhea, vomiting, and fever
with residual severe fatigue and anorexia; seasonal variation
in incidence

May be associated with eosinophilia in immunocompetent
hosts

Pathogenicity controversial; may be associated with enterobi-
asis (pinworm infection)

Rarely associated with chronic traveler’s diarrhea; usually in
persons with heavy parasite burdens

May follow resolved infection; usually diagnosed presumptive-
ly; responds to antimicrobial agents such as metronidazole
or a fluoroquinolone antibiotic

Small-bowel biopsy shows villous blunting and crypt hyper-
plasia; responds to tetracycline and folate

Enzyme deficiency may persist after an inciting infection
clears; usually diagnosed presumptively; responds to dietary
modification; may be permanent

May follow traveler’s diarrhea

Onset may be temporally, but not causally, related to travel

*The list of causative organisms is not exhaustive.

tDiarrhea due to these organisms is most prominent or prolonged in immunocompromised persons, especially those infected with the human immuno-

deficiency virus.

$Nonpathogenic protozoa identifiable in stool specimens include Entamoeba hartmanni, Escherichin coli, Endoli

tix mesnili, and E. dispar.

nana, lod, ba biitschlii, Chilomas-

§In children, diarrhea lasting longer than 2 weeks is called persistent; in adults, diarrhea lasting longer than 30 days is called chronic. In this article,
diarrhea lasting longer than 2 weeks is called chronic, regardless of the age of the affected person.

Y The pathogenicity of Blastocystis hominis is controversial.
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than one month after travel is probably not due to ex-
posure during travel.

Persons with acute, noninflammatory diarrhea may
be treated empirically with fluids, an antimicrobial
agent such as a fluoroquinolone or a macrolide, and an
antimotility agent. Those with an invasive enteropathy
(heralded by bloody diarrhea and fever) should also
be treated with a fluoroquinolone or a macrolide, but
antimotility agents should generally not be used. The
incidence of enterohemorrhagic Escherichia coli infec-
tion among travelers is not known, but the occurrence
of bloody stools without fever or with only low-grade
fever should prompt consideration of this infection.
Antimicrobial use by persons (especially young chil-
dren) with enterohemorrhagic E. coli—associated di-
arrhea appears to be associated with an increased risk
of the hemolytic—uremic syndrome.*°

In persons with diarrhea, a specimen of stool should
be cultured for enteric pathogens and examined micro-
scopically for ova and parasites if there is evidence of
an invasive enteropathy, if the diarrhea is persistent,
if the diarrhea is unresponsive to empirical therapy, or
if the infected person is immunocompromised. Assays
for the detection of Clostridinm difficile toxins may
also be warranted. Unfortunately, routine microbio-
logic techniques are unable to detect many of the bac-
teria associated with persistent diarrhea. The sensi-
tivity of microscopical examination of a single stool
specimen for the detection of ova and parasites varies,
depending on the parasite, but it generally exceeds
80 percent.#8:50 The likelihood of identifying a parasite
may be increased by examining additional stool sam-
ples or by performing immunofluorescence or enzyme
immunoassays for specific parasites, including G. lamb-
lin, C. parvum, and E. histolyticn*648 Analysis of serum
for antibodies against E. histolytica, Strongyloides ster-
coralis, and schistosoma may also be useful diagnostic
aids, and a test for D-xylose in a specimen of urine col-
lected over a period of several hours may assist in iden-
tifying malabsorption.

In many cases of persistent diarrhea, no known caus-
ative agent is identified. In these cases, some experts
recommend an empirical course of an antimicrobial
agent such as a fluoroquinolone or a macrolide for sus-
pected bacterial diarrhea or metronidazole (or a relat-
ed agent) for presumed giardiasis, since G. lamblin is
the most commonly identified intestinal parasite in
travelers. Multiple courses of antimicrobial agents
should be avoided. Lactose-free diets may be of ben-
efit. Persons whose diarrhea does not improve may
benefit from more extensive evaluation, such as en-
doscopic examination and biopsy to rule out entities
such as tropical sprue and inflammatory bowel dis-
ease.’! Though inconvenient and sometimes debili-
tating, chronic diarrhea of unknown cause is often
self-limited; it usually resolves within one year.*852

DERMATOLOGIC CONDITIONS

Dermatologic conditions are common among per-
sons who have recently traveled.5355 The location of
lesions, their pattern (maculopapular, nodular, ulcer-
ative, or linear), and the presence or absence of asso-
ciated symptoms (such as pain, pruritus, and fever) are
useful in establishing the diagnosis.

Papules

Bites from insects (such as bedbugs and fleas) cause
pruritic, papular lesions that generally occur in clusters
or in a linear distribution (Fig. 1B). Scabies (due to
Savcoptes scabies infection) is common in the develop-
ing world, and adventurous backpackers and sexually
active travelers are those most commonly infected.
Seabather’s eruption is a pruritic, papular rash that is
generally confined to the skin that is covered by a bath-
ing suit (Fig. 1C). It is caused by larval forms of sea
anemones (e.g., Edwardsiella lineata) and jellyfish
(e.g., Linuche unguiculata) that become trapped un-
der bathing-suit fabric after exposure to salt water.5¢
In contrast, cercarial dermatitis usually involves ex-
posed skin and results from penetration of the skin
by schistosomal cercariae in fresh water (in cases of
swimmer’s itch) (Fig. 1D) or coastal water (in cases of
clam digger’s itch). In expatriates and long-term trav-
elers, particularly those returning from Africa, a pru-
ritic papular rash may be due to onchocerciasis (caused
by Onchocerca volvulus).>” The clinician should note
that drug reactions may also manifest as maculopap-
ular, urticarial, or fixed eruptions on the skin.

Subcutaneous Swellings and Nodules

Common causes of fixed, painful subcutaneous
swellings include myiasis, tungiasis, and furuncles. My-
iasis is caused by invasion of the skin by the larvae of
diptera (flies), including Cordylobia anthropophaga (the
tumbu fly) in Africa and Dermatobin hominis (the bot-
fly) in Latin America. Myiasis lesions resemble boils
but have a central opening through which serosan-
guineous material oozes and through which the lar-
vae may emerge (Fig. 1E). Patients often report inter-
mittent pain and a sensation of movement in the area
of the lesion. Tungiasis (also known as jiggers), seen
in travelers returning from Latin America, Africa, or
India, develops after the female sand flea, Tunga pen-
etrans, invades the skin, often around the toenails and
soles (Fig. 1F). Infection with Loa loa may become
evident years after exposure as eyeworm or as migra-
tory areas of angioedema (Calabar swellings), thought
to be inflammatory reactions to adult worms (Fig.
1G).58 Acute East African trypanosomiasis is charac-
terized by a relatively painless, erythematous, indurat-
ed, fixed swelling that may ulcerate; it may be mistaken
for a focal cellulitis.
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Ulcers

Ecthyma (pyoderma) is the most frequent cutane-
ous ulcer among travelers. The shallow, painful, pu-
rulent ulcer of ecthyma often results from skin trauma
or bites that have become secondarily infected with
pyogenic organisms, commonly Staphylococcus anrens
or group A streptococci (Fig. 1H). Though less com-
mon, ulcers due to cutaneous leishmaniasis are impor-
tant to recognize. These painless ulcers typically en-
large slowly, with a granulomatous or crusted base and
raised margins (Fig. 1I).5 New World leishmaniasis
due to Ledshmania (Viannia) braziliensis complex may
progress to form destructive localized recrudescences
on mucosal surfaces. Leishmaniasis is occasionally
manifested as isolated lymphadenopathy or as lym-
phocutaneous changes resembling sporotrichosis or
Mycobacterium marvinum infection. Eschars may be
seen in Mediterranean spotted fever, scrub typhus,
and African tick typhus.?2 An eschar at the site where
a rickettsia-transmitting arthropod has fed is usually
small (less than 1 cm in diameter) and asymptomatic
and is often overlooked (Fig. 1]).

Linear and Migratory Lesions

Cutaneous larva migrans is the most frequent ser-
piginous lesion among travelers (Fig. 1K). It results
from the migration of animal hookworms (e.g., An-
cylostoma braziliense and A. caninum) in superficial
tissues. It is usually acquired after direct contact of
the skin with soil or sand contaminated with dog or
cat feces. The lesions, which may initially be papular
or vesicular, are pruritic and are commonly found on
the foot or buttock. §. stercoralislarvae may be rapidly
mobile (moving at approximately 5 cm per hour) and
produce a cutaneous track (larva currens) that is often
perianal. Phytophotodermatitis results from exposure
of the skin to psoralen-containing compounds, such
as those present in limes. Phytophotodermatitis results
when the psoralens are exposed to ultraviolet light,
resulting in painless, nonpruritic, hyperpigmented
streaks that generally do not expand or migrate after
presentation (Fig. 1L).

Supported in part by grants from the National Institute of Allergy and
Infectious Diseases, National Institutes of Health (AI-40725 and HD-
39165, to Dr. Ryan), and the Canadian Institutes of Health Research (MT-
13721, to Dr. Kain). Dr. Kain is the recipient of a Career Scientist Award
from the Ontario Ministry of Health and holds a Canada Research Chair.

We are indebted to Valerie D’Acremont, Ron H. Behrens, David
Freedman, Blaise Genton, Jay Keystone, J. Dick MacLean, and Rob-
ert Steffen for their thoughtful review of the manuscript; to Jay Key-
stone for figures; to Thaddeus Graczyk, Kathryn Ruoff;, and Judith
Holden for helpful information; and to Samuel Riley for assistance
with the figures.

REFERENCES

1. Steffen R, Rickenbach M, Wilhelm U, Helminger A, Schar M. Health
problems after travel to developing countries. J Infect Dis 1987;156:84-91.

N Engl J Med, Vol. 347, No. 7 - August 15,2002 -

2. Ryan ET, Kain KC. Health advice and immunizations for travelers.

N Engl J Med 2000;342:1716-25.

3. Newman RD, Barber AM, Roberts J, Holtz T, Steketee RW, Parise ME.
Malaria surveillance — United States, 1999. MMWR CDC Surveill Summ
2002;51(SS-1):15-28.

4. Mermin JH, Townes JM, Gerber M, Dolan N, Mintz ED, Tauxe RV.
Typhoid fever in the United States, 1985-1994: changing risks of interna-
tional travel and increasing antimicrobial resistance. Arch Intern Med 1998;
158:633-8.

5. Update: outbreak of acute febrile illness among athletes participating in
Eco-Challenge-Sabah 2000 — Borneo, Malaysia, 2000. MMWR Morb
Mortal Wkly Rep 2001;50:21-4.

6. Fatal yellow fever in a traveler returning from Amazonas, Brazil, 2002.
MMWR Morb Mortal Wkly Rep 2002;51:324-5.

7. Case Records of the Massachusetts General Hospital (Case 20-2002).
N Engl ] Med 2002;346:2069-76.

8. Jelinek T, Bisoffi Z, Bonazzi L, et al. Cluster of African trypanosomiasis
in travelers to Tanzanian national parks. Emerg Infect Dis 2002;8:634-5.
9. Hill DR. Health problems in a large cohort of Americans traveling to
developing countries. J Travel Med 2000;7:259-66.

10. Doherty JE, Grant AD, Bryceson AD. Fever as the presenting com-
plaint of travellers returning from the tropics. QJM 1995;88:277-81.

11. Update: management of patients with suspected viral hemorrhagic fe-
ver — United States. MMWR Morb Mortal Wkly Rep 1995;44:475-9.
12. Kain KC, Harrington MA, Tennyson S, Keystone JS. Imported malar-
ia: prospective analysis of problems in diagnosis and management. Clin In-
fect Dis 1998;27:142-9.

13. Svenson JE, MacLean JD, Gyorkos TW, Keystone J. Imported malaria:
clinical presentation and examination of symptomatic travelers. Arch Intern
Med 1995;155:861-8.

14. Holtz TH, Kachur SP, MacArthur JR, et al. Malaria surveillance —
United States, 1998. MMWR CDC Surveill Summ 2001;50(SS-5):1-18.
15. Dorsey G, Gandhi M, Oyugi JH, Rosenthal PJ. Difficulties in the pre-
vention, diagnosis, and treatment of imported malaria. Arch Intern Med
2000;160:2505-10.

16. MacLean J, Lalonde R, Ward B. Fever from the tropics. In: Mabley P,
Jong EC, Keystone JS, eds. Travel medicine advisor. Vol. 5. Atlanta: Amer-
ican Health Consultants, 1994:27.2-27.14.

17. Drugs for parasitic infections. In: Handbook of antimicrobial therapy.
16th ed. New Rochelle, N.Y.: Medical Letter, 2002:120-43. (Also available
at http://www.medletter.com/freedocs /parasitic.pdf.)

18. World Health Organization. Severe falciparum malaria. Trans R Soc
Trop Med Hyg 2000;94:Suppl 1:51-S90.

19. Dengue prevention and control. Wkly Epidemiol Rec 2002;77:41-4.
20. Imported dengue — United States, 1999 and 2000. MMWR Morb
Mortal Wkly Rep 2002;51:281-3.

21. Jelinek T. Dengue fever in international travelers. Clin Infect Dis 2000,
31:144-7.

22. Raoult D, Fournier PE, Fenollar F, et al. Rickettsia africae, a tick-borne
pathogen in travelers to sub-Saharan Africa. N Engl ] Med 2001;344:
1504-10.

23. van Crevel R, Speelman P, Gravekamp C, Terpstra WJ. Leptospirosis
in travelers. Clin Infect Dis 1994;19:132-4.

24. Katz AR, Ansdell VE, Effler PV, Middleton CR, Sasaki DM. Assess-
ment of the clinical presentation and treatment of 353 cases of laboratory-
confirmed leptospirosis in Hawaii, 1974-1998. Clin Infect Dis 2001;33:
1834-41.

25. Caumes E, Ehya N, Nguyen J, Bricaire E Typhoid and paratyphoid fe-
ver: a 10-year retrospective study of 41 cases in a Parisian hospital. J Travel
Med 2001;8:293-7.

26. Fatal yellow fever in a traveler returning from Venezuela, 1999.
MMWR Morb Mortal Wkly Rep 2000;49:303-5.

27. Isaacson M. Viral hemorrhagic fever hazards for travelers in Africa.
Clin Infect Dis 2001;33:1707-12.

28. Case Records of the Massachusetts General Hospital (Case 21-1998).
N Engl ] Med 1998;339:105-12.

29. Memish ZA. Meningococcal disease and travel. Clin Infect Dis 2002;
34:84-90.

30. Slom TJ, Cortese MM, Gerber SI, et al. An outbreak of eosinophilic
meningitis caused by Angiostrongylus cantonensis in travelers returning
from the Caribbean. N Engl ] Med 2002;346:668-75.

31. Habib NA, Behrens RH. Respiratory infections in the traveler. Curr
Opin Pulm Med 2000;6:246-9.

32. Cobelens FG, van Deutekom H, Draayer-Jansen IW, et al. Risk of in-
fection with Mycobacterium tuberculosis in travellers to areas of high tuber-
culosis endemicity. Lancet 2000;356:461-5.

33. Outbreak of acute respiratory febrile illness among college students —

www.nejm.org - 515

Downloaded from www.nejm.org at ST MATTHEWS UNIV SCH MED on May 29, 2004.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

Acapulco, Mexico, March 2001. MMWR Morb Mortal Wkly Rep 2001;50:
261-2.

34. Coccidioidomycosis in travelers returning from Mexico — Pennsylva-
nia, 2000. MMWR Morb Mortal Wkly Rep 2000;49:1004-6.

35. Matteelli A, Carosi G. Sexually transmitted diseases in travelers. Clin
Infect Dis 2001;32:1063-7.

36. Bloor M, Thomas M, Hood K, et al. Differences in sexual risk behav-
ior between young men and women travelling abroad from the UK. Lancet
1998;352:1664-8.

37. Stricker M, Steffen R, Hornung R, Gutzwiller E Eichmann A,
Witassek E Fliichtige sexuelle Kontakte von Schweizer Touristen in den
Tropen. MMW Munch Med Wochenschr 1990;132:175-7.

38. Schulte C, Krebs B, Nothdurft HD, von Sonnenburg F, Loscher T.
Diagnostic significance of blood eosinophilia in returning travelers. Clin
Infect Dis 2002;34:407-11.

39. Doherty JE Moody AH, Wright SG. Katayama fever: an acute mani-
festation of schistosomiasis. BMJ 1996;313:1071-2.

40. Harries AD, Myers B, Bhattacharrya D. Eosinophilia in Caucasians re-
turning from the tropics. Trans R Soc Trop Med Hyg 1986;80:327-8.
41. Libman MD, MacLean JD, Gyorkos TW. Screening for schistosomia-
sis, filariasis, and strongyloidiasis among expatriates returning from the
tropics. Clin Infect Dis 1993;17:353-9.

42. Castelli E, Pezzoli C, Tomasoni L. Epidemiology of travelers’ diarrhea.
J Travel Med 2001;8:Suppl 2:526-S30.

43. Ericsson CD. Travelers’ diarrhea: epidemiology, prevention, and self-
treatment. Infect Dis Clin North Am 1998;12:285-303.

44. von Sonnenburg F, Tornieporth N, Waiyaki P, et al. Risk and actiology
of diarrhoea at various tourist destinations. Lancet 2000;356:133-4.

45. DuPont HL, Capsuto EG. Persistent diarrhea in travelers. Clin Infect
Dis 1996;22:124-8.

46. Okhuysen PC. Traveler’s diarrhea due to intestinal protozoa. Clin In-
fect Dis 2001;33:110-4.

47. Rees JH, Soudain SE, Gregson NA, Hughes RAC. Campylobacter jeju-
ni infection and Guillain—Barré syndrome. N Engl ] Med 1995;333:1374-9.

48. Thiclman NM, Guerrant RL. Persistent diarrhea in the returned trav-
eler. Infect Dis Clin North Am 1998;12:489-501.

49. Wong CS, Jelacic S, Habeeb RL, Watkins SL, Tarr PI. The risk of the
hemolytic—uremic syndrome after antibiotic treatment of Escherichia coli
0O157:H7 infections. N Engl ] Med 2000;342:1930-6.

50. Senay H, MacPherson D. Parasitology: diagnostic yield of stool exam-
ination. CMAJ 1989;140:1329-31.

51. Donowitz M, Kokke FT, Saidi R. Evaluation of patients with chronic
diarrhea. N Engl J Med 1995;332:725-9.

52. Afzalpurkar RG, Schiller LR, Little KH, Santangelo WC, Fordtran JS.
The self-limited nature of chronic idiopathic diarrhea. N Engl ] Med 1992;
327:1849-52.

53. Caumes E, Carriere J, Guermonprez G, et al. Dermatoses associated
with travel to tropical countries: a prospective study of the diagnosis and
management of 269 patients presenting to a tropical disease unit. Clin In-
fect Dis 1995;20:542-8.

54. Kain KC. Skin lesions in returned travelers. Med Clin North Am 1999;
83:1077-102.

55. Wilson ME. Skin problems in the traveler. Infect Dis Clin North Am
1998;12:471-88.

56. Freudenthal AR, Joseph PR. Seabather’s eruption. N Engl ] Med
1993;329:542-4.

57. McCarthy JS, Ottesen EA, Nutman TB. Onchocerciasis in endemic
and nonendemic populations: differences in clinical presentation and im-
munologic findings. J Infect Dis 1994;170:736-41.

58. Klion AD, Massougbodji A, Sadeler BC, Ottesen EA, Nutman TB.
Loiasis in endemic and nonendemic populations: immunologically mediat-
ed differences in clinical presentation. J Infect Dis 1991;163:1318-25.

59. Herwaldt BL, Stokes SL, Juranek DD. American cutaneous leishma-
niasis in U.S. travelers. Ann Intern Med 1993;118:779-84. [Erratum, Ann
Intern Med 1993;119:173.]

Copyright © 2002 Massachusetts Medical Society.

IMAGES IN CLINICAL MEDICINE

The Journal welcomes consideration of new submissions for Images in
Clinical Medicine. Instructions for authors and procedures for submissions
can be found on the Journal’s Web site at http://www.nejm.org. At the
discretion of the editor, images that are accepted for publication may ap-
pear in the print version of the Journal, the electronic version, or both.

516 - N Engl ] Med, Vol. 347, No. 7 - August 15,2002 - www.nejm.org

Downloaded from www.nejm.org at ST MATTHEWS UNIV SCH MED on May 29, 2004.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



