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KEY POINTS

� An increasing number of children are traveling to developing countries placing them at risk
for malaria and traveler’s diarrhea.

� Children visiting friends and relatives are at a greater risk of acquiring a travel-related
infection, such as malaria and typhoid fever.

� Travel-related infections are preventable through adherence to preventive measures such
as insect bite protection, antimalarial prophylaxis, vaccination, and consumption of safe
food and water.

� Clinicians must be familiar with the epidemiology and clinical manifestations of travel-
related infections to assure prompt recognition and treatment.
INTRODUCTION

In 2011, international tourism arrivals increased by more than 4% to 982 million. An
additional increase of 3%–4% was expected in 2012. Although much of the growth
represents increased travel to Europe, travel to Southeast and South Asia, South
America, and Africa has also increased.1 Fifty-one percent of travel was by air for
leisure and recreation. Another 27%was for visiting friends and relatives (VFR), health,
or religion. Some increases were to regions considered remote or exotic, which could
pose different risks to travelers. Clinicians are expected to encounter pediatric trav-
elers with malaria, travel-associated diarrhea, enteric fevers, and dermatoses such
as cutaneous larva migrans. Although preventive measures are effective, certain at-
risk populations, such as VFR travelers, are frequently unprepared and become ill.
In the assessment of the ill pediatric traveler, physicians must consider geographic,

seasonal, and environmental factors and assess compliance to pretravel advice. A
traveler taking an appropriate antimalarial agent as instructed is less likely to have
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malaria. Travelers to certain regions, such as Southeast Asia, are more likely to have
dengue as the cause of their febrile illness. Travel to certain regions of southern Africa
poses no risk for malaria or yellow fever.
VFR children pose a significant challenge. They tend to be younger and stay longer

in high-risk and at times remote areas of developing countries. Children frequently
become ill during or after travel.2 Children with malaria and typhoid fever are often
hospitalized. A perception of low risk, a lack of access to a travel clinic or someone
knowledgeable in travel medicine, refusal of medical insurance to cover pretravel
care, and a lack of financial resources to purchase vaccines and prophylactic medica-
tions are among the reasons why most lack appropriate pretravel advice, antimalarial
prophylaxis, or vaccinations. Many stay in family homes, which may increase their risk
for acquiring certain diseases such as enteric infections. Many regions are endemic
with dengue fever, yellow fever, typhoid fever, and malaria. A younger age places
the child at greater risk of severe disease. In one study, 46% of VFR children were
less than 5 years of age.3

In a group of children whose family had visited a travel clinic for pretravel advice,
diarrhea, abdominal pain, and fever were the most frequent posttravel complaints.4

Most episodes of illness occurred in the first 10 days of travel. In a large study of ill
pediatric travelers, most had been tourists to Asia and sub-Saharan Africa or Latin
America.5 Diarrhea (28%), dermatologic conditions, systemic febrile illnesses (23%),
and respiratory conditions were most commonly reported. Travelers to sub-Saharan
Africa were more likely to have malaria. Dermatologic conditions such as cutaneous
larva migrans were more likely in children returning from Latin America.
This review addresses the most common infectious conditions observed among

pediatric travelers. Discussion will be categorized according to presenting clinical
features such as fever, diarrhea, and cutaneous conditions.
FEVER

Fever is a frequent manifestation of infection in children. Fortunately, most are mild
and self-limiting and require no medical intervention. However, in a child returning
from an endemic region, fever may be the initial presentation of a serious infection
such as malaria, dengue, or enteric fever. Among hospitalized children returning
from the tropics with febrile illnesses, diarrhea and malaria were the most common.
A treatable cause was identified in only 46% of children.6 Eight percent of ill children
returning from international travel were found to have malaria; 69% of these children
required hospitalization.5 Most cases were caused by Plasmodium falciparum after
travel to sub-Saharan Africa.
Because morbidity and mortality associated with travel to the tropics is significant,

recognition and early treatment is imperative. Clinicians must differentiate between
minor, self-limiting illnesses and diseases such asmalaria, enteric fever, and infectious
gastroenteritis. In most instances, fever will not be the only manifestation of disease.
Chills, sweats, headaches, fatigue, neck pain, malaise, vomiting, diarrhea, and
abdominal pain may be present and help with the clinical diagnosis. At times, clinical
presentations in children will differ from those observed in adults. The well-described
classical fever patterns associated with malaria in adults are rarely observed in chil-
dren, in whom patterns are more erratic.
The etiologic diagnosis of a febrile illness is easier when the person traveled to an

endemic area and returns to a nonendemic area. Specific incubation periods are help-
ful in determining a possible etiology. A too-short or too-long incubation period could
eliminate some conditions. Box 1 lists diseases according to incubation period.



Box 1

Incubation periods for common infections that cause fever

Incubation Period Less Than 14 Days

Malaria, dengue fever, rickettsial infections, leptospirosis, enteric fevers, diarrheal illnesses,
viral respiratory infections, yellow fever, meningococcal and pneumococcal sepsis and
meningitis

Incubation Period 2–6 Weeks

Malaria, enteric fevers, hepatitis A and E, acute schistosomiasis, leptospirosis, amoebic liver
abscess, infectious mononucleosis, toxoplasmosis

Incubation Period Greater Than 6 Weeks

Malaria, tuberculosis, hepatitis B, visceral leishmaniasis, schistosomiasis, amoebic liver abscess,
brucellosis, visceral larva migrans
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Incubation periods of less than 14 days would support the diagnosis of malaria,
dengue, and typhoid fever. Incubation periods greater than 14 days would rule out
dengue. Known exposures to individuals with an infectious condition, such asmeasles
or chickenpox, may help the clinician by providing a precise incubation period.
Plasmodium falciparum is the most common species of malaria acquired in West

Africa. It has the highest morbidity and mortality. If suspected, prompt effective treat-
ment is required.
In travelers to Southeast Asia and South and Central America, leptospirosis and

dengue fever have become more common causes of undifferentiated fevers than
malaria. Dengue fever was responsible for 6% of systemic febrile illnesses among
ill-returning children.5 In the Amazon basin of Ecuador, leptospirosis was the most
common cause of acute undifferentiated fever (13.2%), followed by malaria (mostly
Plasmodium vivax) at 12.5%.7 Rickettsial infections were also seen. Many of these
conditions are indistinguishable, requiring molecular or serologic diagnostic testing.
Enteric fevers caused by Salmonella typhi or Salmonella paratyphi are rarely

acquired in developed countries. Although foodborne outbreaks of typhoid fever
have been reported in the United States in recent years, most cases are acquired
from travel to developing countries, especially India and Pakistan. Overall, typhoid
fever was responsible for only 1% of febrile illnesses among returning pediatric trav-
elers seeking medical care.5 VFR children represent a large number of reported
infections.
In diarrheal infections caused by nontyphoidal Salmonella spp. and Shigella spp.,

fever can be an associated feature. Most travel-related diarrheal infections occur in
children less than 2 years, most while the person is still traveling. Prolonged disease
was common, and many required hospitalization. Among ill-returned pediatric trav-
elers, diarrheal infections represented 28% of all pediatric illnesses.5

More than 30% of febrile illnesses are caused by more cosmopolitan-type infec-
tions, such as acute otitis media, pharyngitis, infectious mononucleosis, and soft
tissue and urinary tract infections.
Clinical syndromes or examination findings may lead to a diagnosis. A child with

a sepsis-like presentation may have a life-threatening infection like typhoid fever,
meningitis, leptospirosis, or malaria. Coughing and tachypnea may represent a pneu-
monic process. Fever and jaundice may represent leptospirosis or hepatitis A or E.
Meningismus, headache, vomiting, and photophobia, all suggest a central nervous
system infection. Purpura may suggest meningococcal disease, whereas eschars
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and chagomas may support the diagnosis of rickettsioses or Chagas disease, respec-
tively. The presence of lymphadenopathy, tonsillitis, and hepatosplenomegaly would
suggest infectious mononucleosis. A person with fever and polyarthropathy arriving
from northern Australia may have Ross River fever, but a traveler returning from an
island in the Indian Ocean with the same symptoms may have Chikungunya. Box 2
provides differential diagnoses according to syndromic features.
Box 2

Febrile syndromes

Fever and Hepatitis

Hepatitis A, B, and E; leptospirosis, infectious mononucleosis, amebiasis (eg, liver abscess)

Fever and Eosinophilia

Schistosomiasis (eg, Katayama fever), ascariasis, strongyloidiasis

Fever and Lymphadenopathies

Toxoplasmosis, Epstein-Barr virus (mononucleosis-like), cytomegalovirus, tularemia, human
immunodeficiency virus (eg, acute retroviral syndrome), brucellosis

Fever and Arthropathies

Ross River virus, Chikungunya virus, dengue fever, pyogenic septic arthritis, acute rheumatic
fever, human parvovirus B19

Fever and Diarrhea

Shigellosis, salmonellosis, amebiasis, Campylobacteriosis, Clostridium difficile enteritis,
diarrheagenic Escherichia coli, rotavirus

Fever—Chronic, Relapsing, Recurrent

Malaria, relapsing fever, enteric fever, brucellosis, Q fever, leptospirosis, Familial
Mediterranean fever

Fever and Hemorrhagic Manifestations

Dengue fever, yellow fever, Lassa fever, Rift Valley fever, viral hemorrhagic fevers (eg,
Machupo, Marburg, Ebola), meningococcal

Fever and Exanthem (Type)

Dengue fever (maculopapular), Chikungunya (maculopapular), measles (maculopapular),
rubella (maculopapular), rickettsial (maculopapular, eschar, petechial, vesiculopustular),
Neisseria meningitidis (petechial, purpura), enterovirus (maculopapular), drug reactions
(erythema multiforme), varicella-zoster virus (vesicular), tuberculosis (erythema nodosum,
papulonecrotic tuberculids), yellow fever (maculopapular)

Fever and Central Nervous System Disease

N meningitidis meningitis, Streptococcus pneumoniae meningitis, enterovirus, malaria,
arboviral meningoencephalitis, rabies, Japanese encephalitis virus, West Nile virus,
tuberculosis, Angiostrongylus (eg, eosinophilic meningitis)

Fever and Abdominal Pain

Enteric fevers (eg, typhoid, paratyphoid), yersiniosis, adenovirus, liver abscess

Fever, Respiratory Symptoms, and Pneumonia

Pneumococcal, influenza, respiratory syncytial virus, tuberculosis, histoplasmosis,
coccidioidomycosis, adenovirus, legionellosis, Q fever, plague, tularemia, diphtheria, anthrax,
hantavirus



Travel-Related Infections in Children 5
An initial workup for fever in a returning pediatric traveler may consist of a complete
blood count and differential, liver function tests, blood cultures, stool culture, urinal-
ysis, and thick and thin smears for malaria. Serologic testing is needed to confirm
dengue. Patients with a cough may require a chest film, and evidence of pneumonic
infiltrates may require respiratory viral testing or sputum for gram stain and culture.
Tuberculin skin testing or interferon-g release assays may be required to confirm
the diagnosis of tuberculosis in a young child with an atypical or complex disease.
A stool culture may be useful in patients with diarrhea, as determined by the duration
and type of symptoms; some may require testing for Clostridium difficile toxin. Exam-
ination for ova and parasites may be useful in persons with chronic diarrhea. Antigen
assays for Cryptosporidium and Giardia are particularly sensitive. Individuals with
complaints of pharyngitis and evidence of exudative disease would benefit from rapid
streptococcal antigen assay with a backup throat culture (or polymerase chain reac-
tion [PCR]) if necessary. Patients with symptoms suggestive of meningitis require
a lumbar puncture. Some individuals may require diagnostic imaging with a computed
tomography scan or magnetic resonance imaging. Joint aspiration is required for
patients with suspected pyogenic septic arthritis.
MALARIA
Epidemiology

Malaria is a mosquito-borne protozoa infection caused by erythrocyte-infecting Plas-
modium species. The most important species infecting humans are P falciparum,
P vivax, Plasmodium ovale, Plasmodium malariae, and Plasmodium knowlesi. The
major vector is the Anopheles mosquito, which is endemic in many regions of the
world, including the United States. Regions of the world with the most malarial trans-
mission are sub-Saharan Africa, Southeast Asia-Pacific, Amazonian South America,
and parts of Central America. P knowlesi is widely distributed in Malaysian Borneo,
Peninsular Malaysia, and the Philippines.
Resistance to antimalarial agents in P falciparum contributed to its uncontrolled

prevalence in Africa. Outside Central America, most P falciparum strains are resistant
to chloroquine. P falciparum is resistant to mefloquine in some Asian countries
(ie, regions bordering Thailand, Myanmar, Laos, and Cambodia). P vivax is the most
prominent species outside Africa, especially in Asia where better diagnosis and anti-
malarial treatments are available, resulting in less P falciparum. However, resistance
does not escape P vivax. Chloroquine resistance is reported in areas of Indonesia
and Malaysia. Plasmodium ovale is rarely observed outside Africa. Recently, resis-
tance to artemisinin compounds has been reported in Southeast Asia.

Clinical Manifestations

Nonspecific clinical features are usually observed in children. Fever, vomiting, head-
aches, chills, myalgias, and anorexia are common. Gastrointestinal symptoms, such
as diarrhea, abdominal pain, and distension are also observed. Thrombocytopenia
is frequently seen.
Severe malaria may result from cerebral involvement, acute respiratory distress

syndrome, severe malarial anemia, or multiorgan involvement. Most children with
severe malaria will die unless they are hospitalized and promptly treated with effective
support and antimalarial medications. Coma, seizures, metabolic acidosis, profound
hypoglycemia, and shock are associated with high mortality.8 Although most of the
serious complications are observed with P falciparum, severe malarial anemia in
young infants is seen frequently with P vivax.
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Diagnosis

Visualization of the parasite on blood smears has been the method of choice for
malaria diagnosis for decades. Unfortunately, there is great variability of practitioners’
ability to perform proper microscopy. The use of rapid diagnostic tests (RDTs) is
becoming more widespread. In a laboratory-based study, RDT performed better
than the Giemsa-stained blood smears (GS). Rapid antigen capture assay (BinaxNOW
Malaria test; Alere, Waltham, MA) had a sensitivity of 97% compared with 85% of GS
with a negative predictive value of 99.6% versus 98.2% with GS for all malaria. The
sensitivity was 100% for P falciparum.9 Most RDTs are less effective in the diagnosis
of P malariae, P ovale or P knowlesi than P falciparum or P vivax. In addition, they
cannot quantify parasitemia level, which is important when following a patient’s
response to therapy. For this reason, in centers in which high-quality microscopy is
available, it remains the test of choice for diagnosis of malaria. RDTs can be used
adjunctively or in centers in which high-quality microscopy is not available. PCR has
the highest sensitivity for detection of infection and can be used to detect all 5 species
that infect humans. However, its availability is still limited, and it typically cannot be run
immediately in the way that microscopy can. In a study from Thailand, loop-mediated
isothermal amplification was compared with nested PCR and microscopy.10 Loop-
mediated isothermal amplification is a molecular method that compares favorably
with PCR but is cheaper, simpler, and faster. Using PCR as a gold standard, loop-
mediated isothermal amplification detected 100% of blood specimens with P falcipa-
rum with 100% specificity. Microscopy showed 92% sensitivity and 93% specificity.
Loop-mediated isothermal amplification performed just as well with specimens con-
taining P vivax, whereas microscopy detected only 68% of positive specimens. The
new fluorescent assay, Partec Rapid Malaria Test, may be easier to perform and
provides quicker results compared with GS.11
Management

Recently, the World Health Organization updated its guidelines for malaria treat-
ment.12 Treatment recommendations for uncomplicated and severe malaria are briefly
summarized below, but the reader is referred to the Centers for Disease Control (CDC)
Web site for full guidelines for the treatment of severe and uncomplicated malaria
(http://www.cdc.gov/malaria/diagnosis_treatment/clinicians2.html).
Artemisinin-based combinations are the recommended treatment for uncomplicated

chloroquine-resistant P falciparum malaria. Artemether-lumefantrine, artesunate plus
amodiaquine, artesunate plus mefloquine, and artesunate plus sulfadoxine-
pyrimethamine are being used throughout the world. Of these, only artemether-
lumefantrine (Coartem, Novartis Pharmaceuticals Corporation, Basel, Switzerland) is
licensed in the United States. Artemether-lumefantrine therapy is given for 3 days.13

Other effective treatments available in the United States for uncomplicated malaria
include atovaquone-proguanil, or quinine plus tetracycline or doxycycline or clindamy-
cin. Uncomplicated malaria caused by chloroquine susceptible P falciparum (generally
limited to Haiti and Central America west of the Panama Canal) can be treated with
chloroquine.
Severe malaria is always a medical emergency. Parenteral antimalarial treatment

should be started immediately. Therapy should be started with whichever effective
antimalarial is first available. Parenteral antimalarials are usually administered intrave-
nously for a minimum of 24 hours and then switched to an oral regimen. In the United
States, parenteral quinine is not available, so intravenous quinidine is the current drug
of choice for severe malaria. Artesunate is superior to quinine in the treatment of

http://www.cdc.gov/malaria/diagnosis_treatment/clinicians2.html
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severe malaria but is not yet US Food and Drug Administration approved for treat-
ment of severe malaria in the United States and is not widely available. It is available
from the CDC for patients who cannot tolerate quinidine or have a contraindication to
quinine. The CDC malaria hotline can be reached at 770-488-7788 or 855-856-4713
(toll free), Monday through Friday, 9 AM–5 PM, and emergency consultation after hours
canbe obtainedby calling 770-488-7100 and requesting to speak to theMalaria Branch
clinician. Although a 3-case series of adults with severe P falciparummalaria who were
treated successfully with oral artemether-lumefantrine alone has been reported, these
patients had laboratory and not clinical criteria for severe malaria.14 Oral therapy is
not appropriate inanycaseof severepediatricmalaria,but if quinidine is not immediately
available and oral therapy is available, it should be given while awaiting the quinidine
therapy.
Chloroquine combined with primaquine is the treatment of choice for chloroquine-

susceptible P vivax infections. An artemisinin-based combination regimen is recom-
mended for infections suspected to be caused by chloroquine-resistant P vivax.
Primaquine is recommended for 14 days to eliminate the hepatic hypnozoite stage
and prevent relapses. Severe P vivax or P knowlesi infections should be treated with
artemisinin combination regimens. To avoid medication-induced hemolysis, testing
to rule out glucose-6-phosphate dehydrogenase deficiency is advised before treating
with primaquine. There is currently a shortage of primaquine in the United States. Full
details on appropriate medication for treatment of all Plasmodium species that infect
humans are available on the CDC Web site noted above.
Children with severe malaria presenting with respiratory distress and metabolic

acidosis benefit from blood transfusions. Close monitoring for hypoglycemia is imper-
ative. Seizures can be a complication of cerebral malaria or profound hypoglycemia.
ENTERIC FEVER
Epidemiology

Enteric fever, an infection caused by Salmonella enterica serotype Typhi (typhoid
fever) or S enterica serotype Paratyphi A, B, C (paratyphoid fever), is a frequent cause
of morbidity and mortality in many parts of the world. Most infections occur in
Southern and Southeast Asia. Parts of Africa and Latin America are affected but at
a lower frequency. It is estimated that 22 million cases occur worldwide each year,
with more than 200,000 deaths.15 Infections from S paratyphi A are becoming more
frequent than those from S typhi among travelers.16

The major factor responsible for the magnitude of this problem is poor sanitary infra-
structure resulting in substandard drinking water and contaminated food. Person-to-
person transmission from chronic asymptomatic infections among inhabitants also
contributes to the infection of susceptible individuals.

Clinical Manifestations

Although fever, gastrointestinal symptoms (eg, vomiting, severe diarrhea, abdominal
distension, pain), cough, relative bradycardia, rose spots, and splenomegaly are
frequently regarded as features of typhoid and paratyphoid fever, many patients
lack these, making diagnosis difficult if solely based on clinical features. Jaundice is
frequently observed among children. In a study of travelers with enteric fever, clinical
and laboratory features were indistinguishable between S typhi and S paratyphi,which
suggests that milder disease is not always observed with S paratyphi as originally
thought.17 Unfortunately, early features of enteric fever mimic other conditions such
as pneumonia, malaria, sepsis, dengue, acute hepatitis, and rickettsial infections.
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Children younger than 5 years had more severe disease. More than 95% of these
children had fever, 20%–41% hepatomegaly, 5%–20% splenomegaly, 19%–28%
abdominal pain, and 8%–35% diarrhea.18,19 Intestinal perforation was a rare compli-
cation. Cough was observed in approximately 15% of patients.18 Thrombocytopenia
and disseminated intravascular coagulation are markers of severe disease.15

Relative bradycardia and rose spots are seldom observed in children. Febrile
convulsions have been reported in children with enteric fever and may be the present-
ing symptom. Because typhoid fever vaccines are only approximately 50% effective,
the diagnosis needs to be considered even in vaccinated children.

Diagnosis

Blood cultures are frequently positive, stool, less so, but both should be obtained, as
this increases the likelihood of detection of infection. Repeated blood cultures yield
a sensitivity of approximately 80% for detection of enteric fever. Although liver
enzymes are frequently elevated, leukocytosis is not always observed. However,
leukocytosis is more frequently observed in children than adults.18 Leukopenia and
anemia are frequently associated with enteric fevers. Many suggest that bone marrow
cultures have a higher sensitivity. However, obtaining this type of specimen is invasive
and impractical under most circumstances.
The Widal test, a classical test that measures antibodies against O and H antigens

of S typhi, was used in the past to diagnose typhoid fever and is still used frequently in
low- and middle-income countries for this purpose, but it lacks sensitivity and speci-
ficity and should not be used as a diagnostic test for typhoid fever.15,20 Newer
pathogen-specific serologic are an improvement on the Widal test but still lack
acceptable sensitivity and specificity. Multiplex PCR assays show promise, but are
not yet widely tested to fully assess sensitivity and specificity and are not commer-
cially available.

Management

Amoxicillin and trimethoprim-sulfamethoxazole are no longer recommended as first-
line agents because of a high frequency of treatment failures, resistance, and relapse.
Relapse rates in children are 2%–4% after therapy, whereas carrier rates occur in
fewer than 2% of infected children.15 Antimicrobial resistance observed in many coun-
tries has influenced the choice of agent for treating typhoid and paratyphoid fevers.
Ceftriaxone is the recommended agent in severe cases when parenteral therapy is
indicated. Azithromycin is an oral alternative for nonsevere cases. Although fluoroqui-
nolones are generally associated with high cure rates, defervescence within a week,
and lowered relapse and fecal carriage rates, isolates from many Asian countries
show resistance, rendering them ineffective.
Proper hydration, perfusion, and fever control are integral components of treating

enteric fever. Mixed infections with multiple pathogens can occur. Treatment against
enteric fever should be considered for children with unremitting fevers after com-
pleting adequate antimalarial therapy.21
LEPTOSPIROSIS
Epidemiology

Leptospirosis is becoming an important cause of febrile disease in urban commu-
nities within developing countries. Urine from wild and domestic animals is the
source of human infection. Contact with infected animals, poor sanitation and water
quality, flash flooding, and overcrowding are contributing factors. Approximately
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268 pathogenic serovars of Leptospira have been identified. Leptospira interrogans is
the primary pathogenic species.22 In a low-income region of Dhaka, Bangladesh,
leptospirosis accounted for 2%–8% of acute outpatient febrile episodes.23 Eighteen
percent of dengue-negative individuals were found to have leptospirosis during
a dengue outbreak in the same region in 2001.

Clinical Manifestations

Jaundice and renal failure, known as hepatorenal syndrome or Weil disease, is the
stereotypical presentation associated with leptospirosis; however, this condition
represents just a smaller number of cases. Leptospira causes a nonspecific febrile
illness in most cases. It mimics other diseases such as malaria and dengue.24,25

Hemorrhagic pneumonia and meningitis are also described with infection and are
associated with high mortality.

Diagnosis

Visualization of leptospires by dark field microscopy, detection of specific antibody in
serum, or DNA by PCR are the most frequently used methods for diagnosis.

Management

Penicillin for 5 days is the agent of choice for treatment. Erythromycin (5 days) and
doxycycline (10 days) are alternative agents.
DENGUE
Epidemiology

Dengue is an acute febrile illness caused by a flavivirus transmitted by the mosquitoes
Aedes aegypti and Aedes albopictus. Dengue remains a common cause of hospitali-
zations in Southeast Asia. In Vietnam, dengue was responsible for one-third of febrile
illnesses presenting to a public primary care clinic. Areas of the Caribbean, Central
America, and Africa have experienced epidemics.

Clinical Manifestations

Initial clinical features are highly nonspecific; most episodes are not suspected clini-
cally. Approximately 32% of the cases without a clinical diagnosis are positive by
serologies; this is mostly among young children less than 15 years. In patients with
acute dengue, other diseases are suspected clinically, such as pharyngitis, typhoid
fever, tonsillitis, leptospirosis, and hepatitis.26 Dengue is frequently characterized
by acute onset of fever and 2 of the following: retro-orbital pain, rash, headaches,
myalgias, arthralgias, leukopenia, or hemorrhagic manifestations, such as positive
tourniquet test, bleeding gums, thrombocytopenia, petechiae, or purpura or ecchy-
moses.27 Febrile seizures have been observed. Asymptomatic infections are
common.28

Disease is frequently associated with high fever and intense joint and muscle pain.
Dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) are frequent
severe complications. Promptly recognizing signs of DHF and DSS and initiating
appropriate treatment is critical for reducing fatalities. Massive capillary leak is usually
observed after the child becomes afebrile (days 3–6). Close monitoring is appropriate
at this stage of the illness. A drop in platelet count accompanied by increasing hemat-
ocrit usually precedes shock. Persistent vomiting along with abdominal pain are signs
of impending shock.
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Diagnosis

Acute and convalescent serologic tests are necessary for the diagnosis. PCR assay is
also available through the Dengue Branch of the CDC.

Management

Treatment is supportive. No effective antiviral therapy is available at this time. The use
of crystalloid oral and intravenous fluids and colloids are critical components of the
management of DHF and DSS.29 Aspirin and nonsteroidal anti-inflammatory agents
should be avoided.

OTHER CONDITIONS WITH FEVER

Clinicians should not forget that common infections, such as acute otitis media and
bacterial pneumonia, can cause fever in young children returning from the
tropics.30 Hospitalized febrile children with a history of travel to the tropics are
frequently found to have nonspecific fever. Although rare among travelers,
pyogenic arthritis, pyomyositis, osteomyelitis, rheumatic fever, and meningitis
have been reported.
Respiratory infections are common among travelers. Influenza and parainfluenza

viruses are among the most common pathogens. In a GeoSentinel study of travelers,
influenza was reported frequently during the months of December through February in
the Northern Hemisphere.31 Travel duration of greater than 30 days increased the risk
of influenza infection and lower respiratory tract involvement. VFR persons are 6 times
more likely to acquire influenza.
Tuberculosis is a rarely reported travel-related infection. Acquiring this infection is

not easy. It is greatly influenced by duration of contact with the contagious individual
and the degree of contagiousness of that individual because those with cavitary lung
disease are more likely to infect others. In the United States, a large number of pedi-
atric infections are observed among refugees, immigrants, and contacts of foreign-
born individuals. In one report, more than 80% of pediatric tuberculosis infections
were related to travel.32 Staying with parents and relatives in high-prevalence regions
was the major risk factor for these pediatric travelers.

DIARRHEAL ILLNESS
Epidemiology

Traveler’s diarrhea (TD) is common during or immediately after return from interna-
tional destinations and is the most frequent travel-related disease in children and
adults, with rates approaching 60% for travel to certain areas.33 TD is responsible
for considerable morbidity for the child and accompanying family.34,35 Compared
with older children and adults, TD in infants and young children is more severe and
prolonged.35 Food and water are common sources of infection, and person-to-
person transmission is not typical.
Bacterial pathogens cause most diarrheal illnesses in travelers to developing coun-

tries, whereas viruses predominate in industrialized nations.36 Data on TD in adults
and gastrointestinal infection in native children are extrapolated to the child traveler,
but, in reality, little is known about the etiologies specific to pediatric TD.36 Diarrhea-
genic strains of Escherichia coli cause most TD, with Enterotoxigenic E coli (ETEC)
playing the predominant role.37

The bacterial species responsible for invasive diarrhea in developed countries are
also important causes of TD. These pathogens frequently cause dysentery (fever
and bloody stools) and are especially prevalent in Southeast Asia. The most common
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etiologies include species of Shigella, nontyphoidal Salmonella, and Campylobacter.
Less frequent bacterial agents include Aeromonas, Plesiomonas, and Vibrio species
(including Vibrio cholerae and noncholera species).37 Viruses cause a significant
proportion of TD, whereas parasitic disease is uncommon.
Enteroaggregative E coli (EAEC) is a newly recognized pathogen and a common

cause of TD.38 Infection with EAEC is indistinguishable from that of ETEC, but unlike
ETEC, a significant proportion of patients infected with EAEC will have bloody diar-
rhea.39 EAEC is an important cause of persistent diarrhea and causes disease in
both developing and industrialized nations.39

In the United States and other developed countries, antibiotics are often withheld in
pediatric patients with bloody diarrhea because of the potentially increased risk of
hemolytic uremic syndrome (HUS) in patients receiving antibiotics for enterohemor-
rhagic E coli (usually E coli O157:H7) infection.40 Infection with E coli O157:H7 is
uncommon in developing countries, and HUS has been reported on only rare occa-
sions in travelers.37 However, a recent outbreak of HUS in Germany related to the
foodborne transmission of a hypervirulent strain of Shiga toxin-producing EAEC
(O104:H4) highlights the potential for emerging pathogens in TD, especially during
an epidemic.41

Norovirus and rotavirus are the most important viral causes of diarrheal disease in
travelers. Norovirus may be responsible for a larger proportion of TD cases than previ-
ously recognized and is often present in the gastrointestinal tract as a copathogen with
ETEC.42,43 Rotavirus remains the most important viral cause of diarrhea worldwide.44

Countries instituting rotavirus vaccine have seen a substantial decline in the incidence
of disease.
Parasites play an important role in chronic diarrhea after travel.45 Giardia lamblia

infection is among the most frequent pathogens isolated from adults with traveler’s
diarrhea and may lead to protracted diarrhea with malabsorption necessitating
therapy. Parasitic infections in individuals with human immunodeficiency virus (HIV)
can result in prolonged illness with malnutrition and wasting. In the absence of HIV,
infection with certain pathogens—Cryptosporidium, Cyclospora, and Isospora—may
results in a self-limited illness that resolves without antimicrobial therapy, but patients
with persistent symptoms should be treated. Entamoeba histolytica requires treatment
because of the risk of extraintestinal dissemination.45

Arcobacter species and Enterotoxigenic Bacteroides fragilis are newly emerging
pathogens in traveler’s diarrhea. These pathogens can be difficult to detect and are
often resistant to standard treatment.46

Clinical Manifestations

Most cases of TD are mild and self-limited. Typical symptoms include watery diarrhea,
urgency, nausea, and crampy abdominal pain.47 Young children may have a more
severe and prolonged course. Pitzinger and colleagues35 in 1991 provided the best
study on the clinical epidemiology of childhood TD in a series of 363 pediatric patients.
The average time to diarrhea onset was 8 days after departure. Interestingly, the dura-
tion of symptoms was longer in children less than age 3 and adolescents. Young chil-
dren were more likely to present with fever and bloody stools and have prolonged
symptoms.35

Diarrheal illness is rarely life threatening, but children are more susceptible to the
effects of gastrointestinal fluid losses. TD may result in clinically significant hypovole-
mia requiring intravenous fluids or hospitalization. Infection with invasive pathogens
(eg, Salmonella, Shigella, and Campylobacter) can lead to sepsis and intestinal
perforation.36
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Diagnosis

Stool culture can detect various enteric bacteria causing TD. However, standard labo-
ratory methods cannot distinguish most diarrheagenic E coli, including ETEC and
EAEC, from nonpathogenic species of E coli that normally colonize the human bowel.
Identification of ETEC requires molecular techniques like PCR or DNA probe,48 and
EAEC is isolated using cell culture basedmethods.38 These methods may not be avail-
able in all clinical laboratories. Stool culture should be obtained in patients with severe
symptoms or signs of infection with invasive pathogens, such as bloody stool, fever, or
severe abdominal pain, as these organisms (ie, Salmonella, Campylobacter and
Shigella) are readily detected by standard stool culture, and antibiotic susceptibility
data can help guide therapy.
Diagnostic testing for rotavirus (by detection of viral antigen by enzyme immuno-

assay) is available in many laboratories.
In cases of chronic diarrhea, stool examination for ova and parasites as well as stool

antigen testing for select pathogens (eg, Giardia, Cryptosporidium) is important. A
serum enzyme immunoassay for Entamoeba histolytica is positive in approximately
95% of patients with extraintestinal amebiasis, 70% of patients with active intestinal
infection, and 10% of asymptomatic individuals who are passing E histolytica cysts.
It is a useful adjunctive test but does not replace the testing of multiple stool samples
for E histolytica trophozoites and cysts.

Management

Fluid resuscitation
Correcting dehydration and electrolyte imbalances and repleting ongoing volume los-
ses are paramount in the management of gastrointestinal infections in children. Chil-
dren are more susceptible to dehydration. Oral rehydration solutions containing
appropriate amounts of glucose and electrolytes are an important component in the
management of the child with TD and dehydration.49,50 Small and frequent administra-
tion is critical in the vomiting child.50 Failure to correct dehydration with oral therapy
may necessitate intravenous fluids. If possible, breastfeeding should continue during
the illness, and the child’s regular diet can be resumed with resolution of significant
vomiting.36

Antimicrobial therapy
Antibiotics are effective in the treatment of adults with TD.51 However, controversy
exists in the treatment of children, and no studies on the treatment of pediatric TD are
available. The World Health Organization does not recommend the routine treatment
of infectious diarrhea in children but instead suggests targeted therapy in patients
with suspected shigellosis (ie, dysentery), cholera, or giardiasis.50 Treatment of TD de-
creases the duration and severity of illness, which could reduce the need for supportive
measures, such as inpatient hospitalization and intravenous fluids. Antibiotic therapy
should not be withheld from children for fear of HUS. Pediatric travelers with severe
gastrointestinal disease, specifically those with bloody diarrhea, are unlikely to be
infected with Shiga toxin–producing E coli and should receive antimicrobial therapy.52

The preferred agents for TD are azithromycin, ciprofloxacin, and rifaximin, with
azithromycin the drug of first choice in children. Historically used agents (eg, ampi-
cillin, trimethoprim-sulfamethoxazole, and doxycycline) have become obsolete in
the treatment of TD because of high rates of antibiotic resistance; however, resistance
to newer agents is emerging.33 The selection of an antimicrobial agent should be
based in part on geography. For example, ciprofloxacin is not recommended for
therapy for TD in visitors to South and Southeast Asia because of widespread
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quinolone-resistant Campylobacter.33 Rifaximin is a nonabsorbable oral antibiotic that
has emerged as a safe and effective therapy for adults with TD caused by noninvasive
enteropathogens.51 It has been used safely for conditions other than TD in children,
but there are little data on its utility in TD in children. Azithromycin is the drug of choice
for childhood TD because it is well tolerated in children, is conveniently dosed once
per day, and is effective against bacterial pathogens of TD, including ciprofloxacin-
resistant Campylobacter.52 Patient-directed therapy should be considered in families
traveling with children. It is reasonable to dispense short courses of antibiotic therapy
for children before travel for parent-directed administration on the onset of diarrheal
illness.36

Antidiarrheal agents
These agents work by decreasing gut motility, decreasing intraluminal fluid secretion,
or both. The most widely used agent, loperamide, is well tolerated in adults and is
effective in reducing the quantity of passed stools.51 Loperamide has not been studied
specifically in childhood TD.53 Its use could be considered in children�12 years of age
and should be limited to 2 days. Serious potential side effects include central nervous
system depression and toxic megacolon, especially with overdoses.36 It should not be
administered to patients with fever or bloody stools.
Bismuth subsalicylate is an antisecretory agent with antimicrobial properties that

can have a modest effect on the reduction of diarrheal stools in adults with TD.54

Limited data exist suggesting potential benefits in childhood diarrhea.55 Its use in chil-
dren is usually not recommended, however, because of the risk of salicylate intoxica-
tion at high doses.56

DERMATOLOGIC CONDITIONS
Epidemiology

Dermatologic conditions are a frequent complication of foreign travel and the third
most common reason for physician consultation in returning visitors.57,58 While usually
representing self-limited illnesses, skin symptoms can be the superficial manifesta-
tions of a life-threatening systemic infection.59 Tropical skin infections are common
in travelers to exotic locales, but the so-called cosmopolitan skin disorders are in
reality more common.57,60 Travelers to tropical island destinations are more likely to
acquire skin infections than those who voyage to cooler inland areas.60 Exposure to
disease vectors, usually insects, increases the odds of many travel-acquired skin
infections.

Clinical Manifestations

Dermatologic manifestations are common in several life-threatening infections
acquired during travel. Therefore, the first objective of themedical provider is to decide
whether the child’s skin complaint could represent a serious infection. The presence of
fever significantly increases the chances of severe disease. Patients presenting with
rash and fever after return from foreign travel require expedited evaluation and possibly
hospital admission for diagnostic workup and empiric antimicrobial therapy. A detailed
exposure history should be taken and include specific destinations of travel and all
exposures to animals and insects. It is important to characterize the rash in terms of
its appearance and distribution and whether it is itchy, tender, or painless.61

Fever and Rash

Children with benign viral infections often present with rash, but the presence of fever
with rash can signal a more severe underlying infection. Dengue fever may cause fever
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and rash in returning foreign visitors. A variety of rashes can be present, but most
commonly diffuse erythema with “islands of pallor” is seen during fever deferves-
cence.62 Petechiae and purpura can be seen in the hemorrhagic form of this viral
infection and in patients with meningococcemia. A variety of other arboviruses can
cause fever and rash, including West Nile and Chikungunya.57 The clinician should
have a heightened suspicion for measles in the unvaccinated child who has traveled
abroad. Infection with S typhi (typhoid fever) can result in a red macular rash known
as rose spots.

Cosmopolitan Infections

Bacterial infection
Pyoderma is a broad term for any suppurative infection of the skin and is one of the
most common skin infections in travelers.63 As in the United States, Staphylococcus
aureus is the most common causative agent. Impetiginous infections are more likely
the result of Streptococcus pyogenes. The prevalence of community-associated
methicillin-resistant S aureus and Panton-Valentin leukocidin-positive methicillin-
susceptible S aureus is increasing worldwide, and travel has been associated with
the acquisition of virulent bacterial strains.64

Scabies
The humanmite Sarcoptes scabiei is a common cause of diffuse pruritis in the traveler.
Infestation is characterized by intense itching that is worse at night and usually spares
the head and face. Microscopic examination of skin scrapings can be diagnostic, and
most patients respond to treatment with 5% permethrin.57

Parasitic Infections

Cutaneous larva migrans
Hookworm infection of the skin causes cutaneous larva migrans, the most common
skin disease of tropical origin.65 The adult hookworms reside in the intestinal tracts
of dogs and cats, where eggs are shed in the feces. Exposure is common in
resource-poor communities with large feral animal populations.65 The traveler
encounters larvae through contact with sand and dirt, often during trips to beaches.
Young children can acquire infection in various parts of the body, but the feet are
the most common anatomic site affected. The period from infestation to clinical symp-
toms is short, and patients present with a characteristic red serpiginous tract that
ascends the affected body part and causes intense pruritis.57 Vesicles and bullae
are occasionally seen, and secondary bacterial infection can result.65 Cutaneous larva
migrans is a clinical diagnosis, and although the infection is eventually self-resolving,
ivermectin or albendazole is recommended to decrease the intensity and duration of
symptoms.

Leishmaniasis
Various species of the vector-borne parasite Leishmania cause skin infections in trav-
elers to tropical and subtropical destinations. Travel-related infections may be on the
increase, and infection is more common in men and in those spending more than
8 weeks abroad.66 The protozoan is spread to humans through the bite of the sand
fly, where a papular lesion develops. This bite progresses to a nodule and finally an
ulcerative but painless lesion results. Symptoms of infection develop a median of
15 days following return from travel, but the diagnosis is often made much later
because it is not initially recognized as a possibility.67 Any patient presenting with
a nonhealing ulcerative lesion who has traveled to an endemic country deserves
a diagnostic evaluation for leishmaniasis. Biopsy of the lesion is required for
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visualization of amastigotes, which can be seen within macrophages. Tissue PCR is
also available for diagnosis. The treatment of Old World (eastern hemisphere) disease
is controversial, because most cases resolve spontaneously. NewWorld infection has
a higher likelihood of leading to tissue destruction or visceral involvement and
warrants therapy. Antimony-containing compounds have been the mainstay of
therapy, although they may be less effective in pediatrics because of their unique
pharmacokinetic properties in children.68 Miltefosine is a new antiparasitic agent
with promising efficacy.69

Myiasis and tungiasis
Less common than hookworm infection, myiasis and tungiasis are notable parasitic
diseases that plague the tropical traveler. Myiasis is defined as infestation with the
larvae of various fly species. In travelers to Central and South America, most infesta-
tions are caused by the human botfly (Dermatobia hominis), whereas the Tumbu fly
(Cordylobia anthropophaga) causes most disease in Africa. Botfly adults deposit their
eggs on mosquitoes, where they hatch into larvae and are delivered to their human
host when the mosquito lands to take a blood meal. The larva burrows into the skin
of its unknowing host, where a fully developed larva develops in 5–10 weeks.57 The
Tumbu fly lays its eggs on moist linens and clothing, where they hatch and invade their
host on contact.
Myiasis is recognized by the characteristic furuncular lesion with a central pore that

the parasite uses to breathe. Definitive treatment of myiasis is larva removal.70 An
occlusive substance like petroleum jelly is applied to the lesion to obstruct the
breathing pore, which leads to emergence of the larva within 24 hours. Tweezers
are used to extract the parasite, taking care not to rupture its body. The wound is thor-
oughly cleansed to prevent secondary infection.
Tungiasis (known as jiggers) results from skin penetration of the gravid female sand

flea (Tunga penetrans). This parasite is endemic in many countries, but infection is
most common in visitors to poor communities where intimate animal contact is
commonplace.70 The characteristic white papules with central black dots develop
almost exclusively on the feet and are often found in the periungual areas. Young chil-
dren can get lesions on the hands. Intense itching and pain with typical lesions clues
the clinician in to the diagnosis, and extruded eggs, visible to the naked eye, can aid in
diagnosis. Surgical excision of larvae is recommended.70

Rickettsioses
Species of Rickettsiae are significant causes of zoonotic infection and are increasingly
recognized as pathogens in travelers71 Rickettsia rickettsiae is a tick-borne bacteria
that causes Rocky Mountain spotted fever and is endemic in North America and
parts of South America. Patients with Rocky Mountain spotted fever typically present
with fever, petechial rash, and headache with evidence of systemic inflammation.
However, they rarely have any evidence of a prior tick bite. In contrast, many rickett-
sioses acquired abroad present with a systemic illness and inoculation eschars at
sites of previous tick bites.71 A patient presenting with a systemic illness, eschars
with regional lymphadenopathy, and rash is likely infected with a species of
Rickettsiae.
African tick bite fever caused by Rickettsia africae seems to be the most common

rickettsial disease in travelers. The bacterium is transmitted from the bite of the cattle
tick, and the typical presentation consisting of fever, headache, and eschars with
lymphadenopathy. Vesicular rash with blisters in the mouth may also be seen. Trav-
elers engaging in wild game safaris are at elevated risk of infection.71
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Mediterranean spotted fever is acquired in Europe, Africa, and Asia and presents
similarly to African tick bite fever. Murine typhus (Rickettsia typhi) is transmitted
from its rodent host to humans via fleas, and coastal regions are the most frequently
infested areas. No eschar develops after flea bite, and the clinical course is often
a benign nonspecific febrile illness.
Contact with the larvae of certain species of mites (chiggers) in Southeast Asia can

lead to infection with Orientia tsutsugamushi and the clinical disease scrub typhus. An
inoculation eschar is common along with fever and regional lymphadenitis. Treatment
is required for this potentially fatal disease.
The diagnosis of rickettsial infection can be difficult, and the best option is acute and

convalescent antibody serology. It should be recognized, however, that cross-
reaction between rickettsial species is common. Doxycycline therapy should be given
in suspected cases.

Miscellaneous causes of dermatitis
Arthropod-related dermatitis is common in foreign and domestic locales and is
a common reason for seeking medical care after travel.59 The bite of any arthropod
can lead to a local inflammatory response. Mosquitos, chiggers, sand flies, and
scabies mites are common offenders. Local wound care is suggested to prevent
secondary infection. Cercarial dermatitis, or “swimmer’s itch,” is caused by fresh
water exposure to any of several varieties of nonhuman schistosomes. Cercariae
burrow into the skin and cause intense itchy red papular lesions. Disease is self-
limited, and no specific therapy is required.72 In contrast, patients infected with
human schistosomes (schistosomiasis) require treatment. The patient presenting
with diffuse urticarial rash and peripheral eosinophilia should be evaluated for schis-
tosomiasis along with other systemic helminthic infections like ascariasis and
strongyloidiasis.63

PEDIATRIC TRAVELER WITH EOSINOPHILIA
Epidemiology

Eosinophilia is an uncommon problem among returning pediatric travelers. The eval-
uation of the returned traveler with eosinophilia must include the geographic region
traveled and the presence of symptoms and physical findings. Although the immi-
grant, refugee, or internationally adopted child deserves evaluation, the extent of
the problem in the pediatric traveler is unclear. Eosinophilia (absolute eosinophil count
�500 cells/mm3), although still uncommon in the traveler, is increasing, as is the
frequency of travel.
Eosinophilia develops in approximately 10% of asymptomatic children returning

from travel to the tropics, among whom a helminth (parasitic worm) infection is ulti-
mately diagnosed. In a study of Israeli travelers, 8.6% had eosinophilia. Schistosomi-
asis was found in 4.4% of travelers.73 Only 23.7% of the remaining 4.2% had
a parasitic infection identified. Of interest, an empiric course of albendazole was found
to be effective in resolving the eosinophilia.
Eosinophilia is more common in the traveler with a history of prolonged stay in the

tropics. In the presence of cutaneous lesions, eosinophilia may indicate infections
such as cutaneous larva migrans or Ascaris infestation. High fevers, urticarial, and
eosinophilia several weeks after returning from the tropics may represent a form of
schistosomiasis called Katayama fever. Noninfectious conditions can cause eosino-
philia: asthma, eczema, allergic rhinitis, and drug reactions.
The likelihood of acquiring parasitic disease and eosinophilia is directly associated

with the duration of time spent in endemic areas.74–76 Even though some helminthic
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infections are self-limited, as many as 75% of returning travelers with eosinophilia
have infections that result in sequelae for other family members.77,78

Infection with unicellular protozoa and amoebic parasites does not routinely result in
eosinophilia.79 However, helminthic infections are often associated with eosinophilia,
particularly when the pathogen invades or migrates through tissues.80,81

Diagnosis

Symptoms such as rash, swelling, and fever, in addition to geography and other risk
factors during travel, can differentiate certain helminthic infections from others.
Direct visualization of parasites in the stool (usually ova or larvae) is often attempted

in the diagnosis of helminth infection in the traveler with eosinophilia.82 However, ova
are produced only by mature adult worms; therefore, and in the absence of detectable
ova or larval forms, the cause of the observed eosinophilia may not be readily
discernable.
Serology is a pivotal diagnostic modality in circumstances in which visualization is

not possible, but is plagued by cross-reactivity. Additionally, antibody responses
may only be detectable during the convalescent phase.

Management

Although most diagnostic algorithms are based on the patient’s geographic exposure,
some experts suggest empiric use of anthelmintics such as albendazole.73,83 Others,
when assessing pediatric refugees with eosinophilia, suggest specific serologic tests
for Strongyloides and Schistosoma species. Practically, a short course of albendazole
is routinely effective against roundworms (Ascariasis), and hookworms (Ancylostoma
spp). However, albendazole has limited activity against many important and
eosinophilia-inducing pathogens such as filaria, tapeworms, flukes, Schistosoma,
Strongyloides, and Trichinella among others. Therefore, in cases of persistent eosin-
ophilia that do not resolve with empiric therapy, it is critical to continue to pursue
a diagnosis.

TRAVELER WITH JAUNDICE AND HEPATITIS

In years past, hepatitis A (HAV) was a frequent cause of hepatitis and jaundice among
travelers. The widespread use of vaccination has greatly diminished its incidence. In
the United States, HAV vaccination is routinely initiated at 1 year of age. However,
many countries do not have a routine vaccination program against HAV. Jaundice
as a sign of HAV infection has always been an infrequent finding in young children
less than 5 years of age in whom the infection frequently is subclinical. Although
VFR parents may be immune to HAV, the non-VFR unvaccinated adult may not be
protected. However, their unvaccinated parents would become jaundiced and clini-
cally ill.
With the declining incidence of traveler-associated HAV, hepatitis and jaundice may

be more likely to be related to infections such as leptospirosis, especially in those trav-
eling to Southeast Asia. Hepatitis E infections may be acquired from travel to this
region, especially if the traveler has contact with swine and rice paddies in farming
communities.84 When initially presenting with fever, hepatitis E infection may not be
distinguishable from malaria, dengue, or leptospirosis.
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