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In 2011, approximately 980 million people traveled internationally.1 
More than 522 million people from developed countries traveled overseas; an 
estimated 50 million to 100 million people traveled to developing countries.1-4 

In 2007, the U.S. Department of Commerce estimated that at least 30 million Amer-
icans traveled to developing regions.4 Approximately 8% of travelers to the develop-
ing world require medical care during or after travel, and more than a quarter of 
those who seek medical assistance present with gastrointestinal symptoms.5-7 Al-
though diarrhea occurs in up to 50% of people who travel to a developing country, 
it is only one of a number of infectious gastrointestinal illnesses that travelers may 
acquire.8-10 The broad spectrum of infectious gastrointestinal pathogens causing 
chronic illness in travelers, apart from travelers’ diarrhea,7,11,12 has not been well 
characterized.

A recent study analyzed data from the GeoSentinel Surveillance Network (which 
consists of 42 specialized travel or tropical-medicine sites located around the 
world) on 25,867 returned travelers over a 9-year period (from 1996 to 2005).9 The 
analysis was performed on data from travelers who sought medical attention and 
not on the overall rates of gastrointestinal illness acquired during travel. The data 
showed that microbiologically confirmed gastrointestinal disease was diagnosed 
in approximately 30% (7442) of the travelers. Of the 2902 clinically significant 
pathogens that were isolated, approximately 65% were parasitic, 31% bacterial, 
and 3% viral. Six organisms (giardia, campylobacter, Entamoeba histolytica, shigella, 
strongyloides, and salmonella species) accounted for 70% of the gastrointestinal 
burden (Fig. 1). There were no diagnostic codes specifically for enterotoxigenic 
Escherichia coli, the most frequent cause of travelers’ diarrhea, or other commonly de-
scribed pathogens, such as enteroaggregative E. coli, aeromonas, or plesiomonas.9 
Coccidian parasites such as cyclospora, cryptosporidium, microsporidia, and isos-
pora are increasingly recognized as causes of travelers’ diarrhea, but their percent-
ages may have been underestimated in the GeoSentinel survey, since the diagnosis 
of these organisms requires specific staining techniques that are not routine in 
many laboratories.9 Similarly, viral pathogens, such as rotavirus and norovirus, are 
not routinely tested for at health centers, and their percentages could have been 
underestimated; however, these agents usually cause a short-term illness that typi-
cally resolves before travelers seek medical attention.9 The purpose of this review 
is to examine these enteropathogens that cause chronic and severe illness, as well 
as schistosoma (also known as the blood fluke, or bilharzia), which causes schis-
tosomiasis, a common intravascular infection that is an increasingly recognized 
risk to travelers.13-15
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EN TEROPATHO GENS

Parasitic and bacterial enteropathogens cause se-
vere and chronic gastrointestinal illness in the 
returning traveler. Table 1 lists the major entero-
pathogens.

Parasitic Pathogens

Most reviews of gastrointestinal illness among 
travelers focus on pathogens associated with 
acute illness (with clinical symptoms appearing 
within 14 days after exposure), which are pre-
dominantly bacterial or viral in origin. Conse-
quently, parasites such as giardia, entamoeba, 
strongyloides, and schistosoma are often neglect-
ed or insufficiently covered.

Giardia
Giardia lamblia (also called G. intestinalis or G. duo­
denalis) is highly contagious (ingestion of as few 
as 10 to 25 cysts may cause disease), with persons 
becoming infected through the ingestion of cysts 
in contaminated food or water. However, person-
to-person transmission is possible.16,17 The clini-
cal manifestations range from mild intestinal 

problems that resolve spontaneously to complex 
symptoms that last up to several weeks, such as 
protein-losing enteropathy, postinfectious fatigue, 
chronic diarrhea, abdominal pain, nausea, and 
weight loss.18 There is now evidence that rotavi-
rus may work synergistically with giardia to en-
hance pathogenesis through more successful at-
tachment of the ventral disk of trophozoites to the 
infected epithelium.19 In children, the disease can 
cause growth and cognitive impairment as a re-
sult of iron and micronutrient deficiencies.16,18,20

The two developmental stages of giardia species 
are the mobile flagellate trophozoites, which are 
responsible for the clinical symptoms of the dis-
ease, and the cyst forms, the infective stage, in 
which trophozoites are surrounded by a rigid, 
protective cyst wall that allows the parasite to 
survive outside the host intestine.16,17 After expo-
sure to the acid environment of the host’s stom-
ach, the cysts rupture, releasing fully developed 
trophozoites into the proximal small intestine, 
where replication and tissue damage occur.16

This close association between the trophozoites 
and the proximal small intestine results in 
pathophysiological processes that interfere with 
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nutrient absorption and ultimately lead to villous 
atrophy, crypt hyperplasia, intestinal hyperper-
meability, and damage to the brush border of the 
enterocyte.16,21,22 Host CD8+ T cells, excretory–
secretory glycoproteins of the parasite, and pro-
teases are involved in orchestrating this patho-
logical response.16,22-24

Entamoeba
Three entamoeba species (E. histolytica, E. dispar, 
and E. moshkovskii) have been identified, but only 
E. histolytica and E. moshkovskii are pathogenic in 
humans, causing amebiasis. The parasite is ac-
quired through the ingestion of food or water 
contaminated with fecal cysts. After it has been 
ingested, the cyst emerges in the terminal ileum 
as an active trophozoite, which migrates to the 
colon where it colonizes the mucus layer by bind-
ing to host mucin oligosaccharides with the ame-
ba cell-surface adhesion molecule galactose and 
N-acetyl-d-galactosamine (Gal/GalNAc)–specific 
lectin.25 Invasion may take days to years after the 
initial infection and is characterized by fever, ab-
dominal pain, and bloody dark-brown diarrhea.26 
However, 90% of cases are asymptomatic and 
self-limiting.26 Symptomatic disease occurs when 
trophozoites invade the mucosa and submucosa 
by means of secretory enzymes, and some tro-
phozoites enter the portal circulation and dis-
perse to the liver and other soft organs.6,25 Dis-
ease of the right colon is common and is 
associated with the following serious complica-
tions: strictures, rectovaginal fistulas, bowel ob-
struction, toxic megacolon, perforation, peritoni-
tis, and death.26 Only 1% of clinical cases of 
amebiasis involve the liver.26 The right lobe of the 
liver is four times as likely to be involved as is the 
left lobe.26 Hepatic invasion results in tissue de-
struction and the formation of microabscesses 
that gradually coalesce.6,26 Amebic ulcers of the 
penis are rare but can resemble squamous-cell 
carcinoma, chancroid, primary syphilis, or granu-
loma inguinale.27 Amebic cervicitis mimicking a 
posterior-wall fibroid has been recently reported.28

Strongyloides
There are more than 50 species of strongyloides, 
the parasitic helminth roundworm, with Strongy­
loides stercoralis (threadworm) being the most 
dominant in humans.29 Third-stage filariform 
larvae penetrate the skin (usually the foot) of the 
human host, reach the lungs by way of the blood 

circulation, and enter respiratory pathways. From 
there, they migrate upward through the trachea, 
are swallowed, and finally reach the small intes-
tine, where they mature into adult egg-laying fe-
male worms.29,30 Female worms embed in the 
submucosa of the duodenum, where they pro-
duce dozens of eggs per day. These hatch in the 
gut lumen, and the first-stage rhabditiform lar-
vae either are passed out in the feces and develop 
into infective third-stage larvae or remain in the 
gastrointestinal tract of the human host and 
start a new infection cycle (autoinfection).29

Autoinfection can result in persistent infec-
tion for decades.30 More than 50% of patients 
with a chronic infection are asymptomatic.27 
This is due to partial immunity, which has been 
shown to be correlated with eosinophilia, hu-
moral IgM and IgG levels, and HLA-DRB1*0901 
haplotype.31 For some patients with disease, the 
symptoms include erythematous pruritus, skin 
eruptions, larva currens, abdominal pain, diar-
rhea, and weight loss.29,32 In travelers presenting 
with eosinophilia or elevated IgE levels, strongy-
loides should be considered in the differential 
diagnosis. Susceptibility in male patients has been 
shown to be related to IgG4 antibodies and re-
sistance to albendazole treatment.31 In immuno-
compromised persons, strongyloidiasis can cause 
a hyperinfection syndrome owing to the repro-
ductive capacity of the parasite inside the host.30 
In cases of dissemination disease, the hyperin-
fection syndrome can be associated with a mor-
tality rate close to 90%.

Schistosoma
Schis to so mi a sis is a common chronic helminth 
disease caused by intravascular parasitic schisto-
soma trematode worms. The three most impor-
tant species in humans are Schistosoma hematobi­
um, S. mansoni, and S. japonicum.33,34 Schis to some 
transmission requires the contamination of water 
by egg-containing feces or urine, a specific fresh-
water snail as intermediate host, and human con-
tact with water inhabited by the intermediate host 
snails. Schis to some larvae (cercariae) emerge 
from the snails and penetrate human skin, there-
by instigating infection.33-35 A maculopapular 
eruption consisting of discrete erythematous, 
raised lesions that vary in size from 1 to 3 cm 
may arise at the site of percutaneous penetration 
by the cercariae. Patients with acute schis to so mi-
a sis, or the Katayama syndrome, which usually 
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begins with the deposition of schis to some eggs 
into host tissues, can present with fever, malaise, 
myalgia, fatigue, nonproductive cough, diarrhea 
(with or without blood), hematuria (S. hematobium), 
and right-upper-quadrant pain. Schis to so mi a sis 
is an increasingly recognized risk to travelers, par-
ticularly adventure tourists.13-15 A skin reaction 
may develop within a few hours after cercarial 
penetration in migrants or tourists infected for 
the first time, although a rash may appear as 
much as a week later. In cases of infection with 
S. mansoni and S. japonicum, a T-cell–mediated gran-
ulomatous reaction to schis to some eggs leads to 
fibrosis and chronic disease of the human liver, 
resulting in the development of severe hepato-
splenic schis to so mi a sis; in cases of S. hematobium, 
this reaction leads to fibrosis and calcification of 
the bladder and ureters, which can result in blad-
der cancer.33-35

Bacterial Pathogens

Campylobacter
Campylobacter species are a leading cause of acute 
infectious diarrhea in the industrialized world. 
They are increasingly being recognized as patho-
gens in resource-poor countries.12 Campylobacter 
jejuni and C. coli are the main species causing 
foodborne illness.36 Campylobacteriosis is trans-
mitted by the fecal–oral route, with foodborne 
transmission accounting for approximately 80% 
of cases.7 The consumption of raw meat and un-
dercooked poultry substantially increases the risk 
of infection. The majority of cases of C. jejuni are 
self-limiting and do not require antibiotic treat-
ment.37 Common symptoms of severe infection 
include abdominal pain, acute watery diarrhea, 
fever, and occasionally dysentery. A rapid increase 
in resistance to fluoroquinolones by C. jejuni may 
be associated with postinfectious irritable bowel 
syndrome.37 Guillain–Barré syndrome, acute trans-
verse myelitis, myocarditis, and reactive arthritis 
may also develop as a result of intestinal infec-
tion with C. jejuni.7,32 C. jejuni enters the intestinal 
mucosa basolaterally through M cells with the 
help of a microtubule-based entry system.6,38 In-
fection spreads to adjacent cells through host-
invasion receptors that are sequestered basolater-
ally.6,38 The type IV secretion system mediates 
invasion into host cells.39 Cytolethal distending 
toxin, a nuclease, results in the arrest of the cell 
cycle and in DNA damage.6,39,40 C. jejuni biofilms 
have been observed on primary human ileal tissue, 

and these may enhance survival and transmis-
sion.41 Orally residing campylobacter species can 
form biofilms on tooth pockets and epithelial-
associated plaques that may contribute to peri-
odontitis.41

Salmonella
Salmonella are enteric bacteria causing typhoid 
fever, paratyphoid fever, non-typhi salmonella 
infections, and foodborne illness. Salmonella se-
rovar Typhi, which has no animal reservoir, is 
spread from person to person, and paratyphi are 
major pathogens that cause enteric fever in the 
developing world.42 Nontyphoidal salmonella, in-
cluding Salmonella enterica, are the major cause of 
food poisoning globally.42 Patients infected with 
S. enterica typically present with acute watery diar-
rhea, fever, and abdominal pain. However, in 
Africa, patients may present with a sepsislike 
syndrome including fever, hepatosplenomegaly, 
and respiratory symptoms, without enterocoli-
tis.43 Ninety-five percent of cases of S. enterica in-
fection are caused by food (e.g., contaminated 
chicken, eggs, or peanut butter).7 Salmonella has 
been implicated in the early pathogenesis of in-
flammatory bowel disease, but the large studies 
undertaken have yet to find a definitive associa-
tion.44,45 S. enterica invades the intestinal epithe-
lium and survives within macrophages with the 
help of two type III secretion systems (T3SS) en-
coded by salmonella pathogenicity island 1 (T3SS 
SPI-1) and 2 (T3SS SPI-2), respectively.6,46 SPI-1 
and SPI-2 encode needlelike complexes that can 
inject bacterial effector proteins directly into 
host cells and ultimately take over cell function 
— such as that associated with cytoskeletal archi-
tecture, membrane trafficking, signal transduc-
tion, and cytokine gene expression — resulting 
in bacterial intracellular survival and coloniza-
tion.47,48 After invasion of host cells, salmonella 
localize within salmonella-containing vacuoles 
and establish a niche where they survive and  
replicate.48

Shigella
Four species of shigella (Shigella dysenteriae, S. f lexne­
ri, S. sonnei, and S. boydii) are known to be patho-
genic in humans. Shigella has no natural reser-
voir but is highly contagious and spreads from 
person to person or through the ingestion of con-
taminated food.49 As few as 200 colony-forming 
units per milliliter are required for infectious in-
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oculation.7,49 Common symptoms of shigellosis 
are bright-red bloody diarrhea, fever, abdominal 
pain, and dysentery. The organism invades the 
intestinal epithelial cells of the colon through  
M cells from the basolateral side and spreads 
laterally.6 Shigella is similar to salmonella in that 
it possesses a large plasmid that encodes the 
principal T3SS and other virulence factors for in-
vasion.6,50 The pathogenic mechanism of shig el lo-
sis is complex, involving Shiga toxins (enterotoxin, 
cytotoxin, and neurotoxin), cytokine-mediated in-
flammation of the colon, and necrosis of the co-
lonic epithelium.50 The resulting colitis and ul-
ceration of the mucosa results in bloody (bright 
red) mucoid stools, febrile diarrhea, or both.50

DI AGNOSIS

History and physical examination

In the assessment of the returning traveler, a de-
tailed travel history and physical examination are 
essential.7,11,32 Disease patterns vary greatly 
among countries, and there can also be differ-
ences within countries, depending on environ-
ment, ecology, altitude, climate, vectors, and 
other factors.11 Other useful information to ob-
tain from the patient includes exposure to insect 
bites, exposure to ill people, type of food and 
liquids consumed, vaccination history, and medi-
cations taken. A physician should also know the 
incubation periods of potential infections. Acute 
clinical symptoms (appearing <14 days after ex-
posure) could be indicative of enteric viral or bac-
terial infections, whereas chronic symptoms (ap-
pearing ≥14 days after exposure) may suggest an 
enteric protozoan or helminthic infection. Con-
sideration of these factors, in combination with 
careful assessment of the timing of clinical signs 
and symptoms, should help the physician deter-
mine the appropriate laboratory test to order and 
whether empirical treatment should be initiated.32

Laboratory testing

Laboratory diagnosis of a specific pathogenic 
strain, virulence factor, or toxin is required so 
that antimicrobial treatment can be targeted 
against the causative organism. Routine blood 
tests should consist of a full blood count (e.g., 
leukocytes, eosinophils, neutrophils, and lym-
phocytes), liver-function tests, and a basic meta-
bolic panel. A stool sample should be obtained, 
cultured, and examined for bacteria, cysts, eggs, 

and parasite larvae.4 When parasites (giardia, 
strongyloides, or schistosoma) are included in 
the differential diagnosis, microscopical exami-
nation of the stool or specialized laboratory tests 
will be required. Light microscopy has tradition-
ally been used to view eggs and other parasite 
stages in the diagnosis of intestinal parasites. Al-
though microscopy can be performed cheaply, its 
sensitivity depends on the intensity of infection, 
the freshness of the specimen, and the experi-
ence of the microscopist.4 Certain agars allow 
for culture of specific pathogens, such as salmo-
nella, shigella, and campylobacter.4

Other diagnostic methods

Several stool antigen assays specific for E. his­
tolytica are commercially available (e.g., from 
Techlab in the United States and Cellabs in Aus-
tralia) to make an accurate diagnosis of intesti-
nal or hepatic amebiasis on the basis of the Gal/
GalNAc-specific lectin.26,32,51 Microscopical ex-
amination of the stool is no longer performed for 
amebiasis or strongyloides because of its low sen-
sitivity (25 to 60%) and specificity (10 to 50%)27; 
with microscopy, it is easy to confuse E. histolytica 
with the identically appearing and much more 
common nonpathogenic parasite E. dispar.26 Anti-
gen-detection assays with immunofluorescence 
are now commonly used in the diagnosis of giar-
dia and strongyloides, given the difficulties in 
morphologic identification of the parasites.16 The 
use of strongyloides-specific antigen (NIE) has im-
proved the specificity of enzyme-linked immuno-
sorbent assays (ELISAs), which are routinely used 
in laboratories in North America. Polymerase-
chain-reaction analysis can detect most parasitic 
infections and is more sensitive than antibody 
detection, but it is not performed routinely in pa-
thology clinics.34,52,53 Oligonucleotide microar-
ray analysis performed on DNA is now being ex-
plored for potential use in the detection and 
genotyping of campylobacter species.54 In pa-
tients with bloody diarrhea, stool cultures and fe-
cal toxin assays by means of a commercial ELISA 
are recommended.7 Upper gastrointestinal endos-
copy is useful in the investigation of patients with 
persistent diarrhea. Changes in villous morpho-
logic features can be confirmed by duodenal bi-
opsy, which may also reveal the presence of pro-
tozoal cysts or trophozoites, but biopsy is rarely 
performed because of advances in antigen-detec-
tion techniques. Duodenal fluid can be aspirated 
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during a biopsy for the detection of giardia cysts 
and trophozoites and for the larvae of strongyloi-
des.32 Ultrasonography and MRI studies may also 
be helpful in determining the degree of hepatic 
involvement in patients infected with entamoeba 
or schistosoma species.

TR E ATMEN T

Antidiarrheal agents

An oral rehydration solution (e.g., Pedialyte) 
should be administered in patients with recent 
weight loss, prolonged skinfold (decreased skin 
turgor), dry oral mucosa, sunken eyes, altered 
mental status, vomiting and diarrhea, and 
marked dehydration and electrolyte loss. For pa-
tients with more severe diarrhea, isotonic intra-
venous fluids (e.g., lactated Ringer’s solution) 
should be administered. In infants, breast-feed-
ing should be maintained, along with an oral 
rehydration solution plus a zinc supplement. A diet 
of easily digestible food (soups, toast, crackers, 
mashed potatoes, rice, and bananas) is often rec-
ommended for those with acute watery diarrhea.7 
Antimotility drugs such as loperamide and di-
phenoxylate are useful in reducing the symptoms 
of watery diarrhea but should not be adminis-
tered without antibacterial therapy in patients 
presenting with fever, dysentery, or both.7 These 
pharmaceutical agents are not recommended for 
children and young infants owing to the poten-
tial for central nervous system effects and the 
possibility of respiratory depression.32 Chemo-
prophylactic use of the nonabsorbable agent bis-
muth subsalicylate (Pepto-Bismol) reduces diar-
rhea rates by 40 to 65%.4

Antimicrobial agents

For campylobacter and shigella, antimicrobial 
therapy is indicated (Table 1). For nontyphoid 
salmonella diarrhea, the objective of therapy is to 
treat or prevent the occurrence of bacteremic dis-
ease.44 Antibiotics are given to patients in whom 
bacteremic disease is suspected.44 For schis to so-
mi a sis, the highly effective drug praziquantel — 
60 mg per kilogram of body weight in three 
doses in 1 day for S. japonicum, and 40 mg per 
kilogram in two doses in 1 day for S. mansoni and 
S. hematobium — remains the treatment of 
choice.33,34 Many travelers self-medicate for acute 
diarrhea. If the diarrhea persists, the organism 
could have become resistant to the antibiotics or 

it could have been misdiagnosed and could in 
fact be a parasite.

Drug resistance in enteropathogens has be-
come a major global problem. Multidrug-resistant 
Salmonella enterica Typhi and S. enterica Paratyphi 
are common in Asia and sub-Saharan Africa, and 
there are increasing reports of reduced suscepti-
bility to fluoroquinolones. C. jejuni resistance to 
fluoroquinolones has become a concern in South-
east Asia, with rates of resistance of 80% reported 
from Thailand.41 This resistance may be due in 
part to a Thr86Ile mutation in GyrA, which modu-
lates DNA supercoiling homeostasis.55 Multidrug 
resistance in a distinct genotype of S. enterica 
serovar Typhimurium (ST313) has emerged in 
Africa, and to date we know of no intervention 
studies about the best antimicrobial regimen to 
treat acute infection and prevent relapse.43

Knowledge of global resistance patterns can 
help inform the choice of empirical antibiotics 
in returning travelers. Glucocorticoids are con-
traindicated in immunosuppressed persons who 
are infected with strongyloides. A short course 
(6 to 17 days) of treatment with glucocorticoids 
in immunocompromised persons has been as-
sociated with the hyperinfection syndrome and 
death.56

FU T UR E DIR EC TIONS

The world’s population is growing exponentially. 
Most of this growth is occurring in the develop-
ing world, where it appears unlikely that food 
hygiene and personal hygiene will improve in the 
foreseeable future. As international travel to de-
veloping countries increases, physicians special-
izing in travel and infectious diseases, as well as 
general practitioners, will have to become more 
knowledgeable about travel-related illnesses, in-
cluding sexually transmitted infections, in order 
to better inform travelers of the health risks in 
the country of their destination. Physicians need 
to equip travelers with appropriate vaccinations, 
malaria chemoprophylaxis, and effective anti-
bacterial drugs for self-treatment should the trav-
eler become ill with a bacterial enteropathogen.

Further assessment of the use of prophylactic 
drugs and the development of vaccines to protect 
against travel-related diseases may occur. Rifaxi-
min could be used prophylactically against most 
bacterial pathogens.12 However, the drug does 
not have efficacy against campylobacter or para-

The New England Journal of Medicine 
Downloaded from nejm.org by RICHARD PEARSON on June 5, 2015. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 368;19 nejm.org may 9, 20131824

sitic infections.57 Recent evidence suggests that 
nitazoxanide may have potential as an empirical 
treatment for pediatric infectious diarrhea.58 A 
high-throughput drug screening for E. histolytica 
identified auranofin (a drug approved by the 
Food and Drug Administration for rheumatoid 
arthritis) as an active agent against E. histolytica 
in culture that is 10 times more potent than 
metronidazole.59

The following three vaccines against typhoid 
fever are licensed in the United States: a live, at-
tenuated strain Ty21a vaccine, a parenteral Vi 
capsular polysaccharide vaccine, and a parenteral 
killed whole-cell vaccine.60 New vaccines for 
other major enteropathogens are under develop-
ment. Promising candidates include Vi-conjugate 
Salm. enterica Typhi vaccine; G. lamblia α1-giardin–
based live heterologous vaccine61; E. histolytica 

Eh29-CT×B fusion protein oral vaccine62; Shig. 
f lexneria 2a conjugate vaccine63; Shig. sonnei virG 
(iscA) live attenuated vaccine64; C. jejuni capsular 
polysaccharide conjugate vaccine34; Schis. mansoni 
tetraspanin recombinant vaccine, SmTSP-265; and 
a Schis. japonicum plasmid-based DNA transmis-
sion-blocking vaccine, SjCTPI-Hsp70.66 A new 
database for diarrheal pathogens, dbDiarrhea, 
has been developed that may greatly enhance 
future vaccine development.67 The database can 
be freely accessed at www.juit.ac.in/attachments/
dbdiarrhea/diarrhea_home.html.
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