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CONCLUSION: A single 1000 mg dose of azithromycin is as effective as a 
3-day regimen of 500 mg daily for the treatment of traveler's diarrhea 
in U.S. military personnel in Thailand, a population among whom 
fluoroquinolone (FQ) resistant Campylobacter is common. Both regimens 
are much more effective than a regimen of levofloxacin 500 mg daily for 
3 days. Despite concerns over possible adverse effects and the risk of 
inducing resistance among other locally important pathogens, single 
dose azithromycin is an attractive option for travelers in areas where 
invasive pathogens are common and FQ resistance is increasing--and for 
pregnant travelers and children. Elsewhere, a FQ antibiotic, preferably 
levofloxacin in a single dose of 500 mg, remains appropriate.  
 
ABSTRACT: Studies among deployed U.S. military personnel in Thailand 
have shown that Campylobacter species account for 20-60% of cases of 
diarrhea, that >85% of isolates are now resistant to fluoroquinolone 
antibiotics (FQ), and that treatment with FQs may be less effective 
than in the past.  
U.S. military personnel who presented with acute diarrhea at field 
clinics in Nakhon Sri Thammarat or Phitsanulok, Thailand during May 
2000 and May 2001, respectively, were enrolled into a trial of 
treatment after the provision of informed consent. Diarrhea was defined 
as the occurrence of either > 3 loose stools or > 2 loose stools with 
>1 associated complication during a 24-hour period (other inclusion and 
exclusion criteria are given in the article). Participating patients 
were assigned randomly to receive either azithromycin 500 mg daily for 
3 days or a single 1000 mg dose, or levofloxacin 500 mg daily for 3 
days. Pfizer Pharmaceuticals supplied the study medication and placebo 
tablets of identical appearance at no cost. Thus patients and staff 
were masked as to the medication taken, but the trial was not placebo-
controlled. The first dose was administered under direct observation. A 
diary card was provided to record stools passed, symptoms, functional 
ability, and medication compliance. Clinical follow up at 24 and 72 
hours monitored outcomes and adverse effects.  
 
Primary stool microbiological analysis was undertaken for 
identification of pathogens including rotavirus, Norwalk virus, 
Plesiomonas shigelloides, enterotoxigenic and enteropathogenic 
Escherichia coli, non-typhoidal Salmonella species, and Campylobacter 
species, and determination of susceptibility to antibiotics. Criteria 
for resistance are defined. A follow-up stool specimen was collected 5-
7 days after the start of treatment to evaluate eradication of 
pathogens and sensitivity of persisting isolates. Primary outcome 
measures were abatement of diarrhea and duration of illness (to the 
time of the last unformed stool, TLUS). Clinical cure was defined as 
resolution of diarrhea and associated symptoms within 72 hours. 



Microbiological cure was defined as absence of previous pathogen in the 
follow-up stool specimen.  
 
Of the 156 patients enrolled (median age 26 years, 89% male), 132 (85%) 
were taking anti-malarial chemoprophylaxis with doxycycline and 4 (2%) 
with mefloquine. Four patients were removed from the study because of 
worsening symptoms (3 of them later proved to have been receiving 
levofloxacin for resistant Campylobacter), and 4 for breaches of 
protocol. An enteric pathogen was isolated from 81% patients. 
Campylobacter species was most common (64% patients, with C. jejuni in 
95% of isolates), Salmonella species (17%), enteropathogenic E. coli 
(8%), enterotoxigenic E. coli (3%), and viruses (9%). No Campylobacter 
isolate tested resistant to azithromycin, while 50% were resistant to 
levofloxacin and 93% to ciprofloxacin. By contrast, the rate of 
Salmonella resistance was 14% to azithromycin and zero to levofloxacin.  
Clinical response over the first 24 hours was marginally higher in the 
levofloxacin group, perhaps because of the rapid response by Salmonella 
and unidentified pathogens, but by 48 hours the azithromycin groups 
showed higher cure rates. Clinical cure rates at 72 hours were 96% with 
single dose azithromycin, 85% with 3-dose azithromycin, and 70% with 
levofloxacin, the differences being statistically significant. The mean 
TLUS were 39 hours and 43 hours in the 2 azithromycin groups and 56 
hours in the levofloxacin group. The differences in clinical outcome 
between the azithromycin and levofloxacin groups were entirely 
attributable to patients with resistant Campylobacter isolates who were 
treated with levofloxacin, in which sub-group the mean TLUS was 76 
hours. 
  
Microbiological cure rates were much higher in the azithromycin groups 
at 96% and 100%, regardless of the isolated pathogen, than in the 
levofloxacin group at 38% overall and 21% for Campylobacter-associated 
diarrhea. In patients treated with levofloxacin, 63% of Campylobacter 
isolates initially susceptible to levofloxacin developed in vitro 
resistance. By contrast, only 2 Campylobacter isolates from patients 
treated with azithromycin developed resistance.  
 
Nausea after the first dose of drug was experienced in 14% of patients 
taking single dose (1000 mg) azithromycin, 6% taking 3-dose 
azithromycin, and 2% taking levofloxacin. Two patients who received 3-
dose azithromycin suffered a second episode of diarrhea starting 48-72 
hours after clinical cure and lasting 24 hours. Microbiological cure 
and the development of drug resistance during treatment did not 
correlate with clinical cure at the 72-hour endpoint.   
 
COMMENTARY: This carefully conducted trial makes 2 things clear: that a 
single 1000 mg dose of azithromycin is as good as or better than three 
500 mg doses given over 3 days for the treatment of traveler's 
diarrhea, and that this is the optimum antibiotic treatment for 
diarrhea in U.S. military personnel in Thailand. It cured patients 
quickly, eradicated the pathogenic isolate, and did not seem to induce 
resistance as frequently as did levofloxacin. But is it justifiable to 
generalize this conclusion to diarrhea in all travelers worldwide, as 
the authors suggest? The U.S. military represent a special case. They 
are predominantly healthy young adult males, with relatively little 
previous exposure to intestinal pathogens, leading a relatively 
protected life as "travelers" and taking doxycycline for antimalarial 
prophylaxis. Nor does the high rate of isolation of Campylobacter from 
U.S. military in Thailand reflect the situation elsewhere.  



 
In his thoughtful Editorial Commentary, Herbert DuPont discusses these 
and other issues. He points out the lack of epidemiological studies of 
traveler's diarrhea in Thailand in civilian populations and of the 
effects of doxycycline taken for malarial prophylaxis on bowel flora 
and on the microbiology of travelers' diarrhea. Self-treatment remains 
the key to the management of traveler's diarrhea. Ideally the choice of 
drug should depend on the likelihood and severity of the various 
pathogens. In Latin America and Africa, enterotoxigenic and 
enteroaggregative E. coli are most common, while in Asia the invasive 
pathogens Shigella, Salmonella, and Campylobacter are more frequent. 
Rates of ciprofloxacin resistance, especially among Campylobacter, are 
high in south Asia and increasing elsewhere. In areas where invasive 
organisms are common, an absorbable antibiotic--either a FQ or 
azithromycin--would seem an appropriate choice.  
 
In favor of a fluoroquinolone is its rapidity of action against 
susceptible non-invasive pathogens, but with the emergence of 
resistance, which FQ should one recommend? In favor of azithromycin is 
its breadth of activity against intestinal pathogens and its 
pharmacokinetic profile, which includes a half-life of 11-14 hours, 
high drug levels in the feces, and activity in the presence of 
leucocytes. So far intestinal pathogens have not developed resistance 
to it. Azithromycin may be taken by children or in pregnancy. Against 
azithromycin is its usefulness in many countries for diseases such as 
childhood pneumonia and chlamydial infections. Is one justified to use 
it for traveler's diarrhea and risk promoting resistance among other 
more important pathogens? Azithromycin has a long list of side effects, 
which include nausea, vomiting, and diarrhea, though they are seldom 
met with the single dose regimens. In the Tribble trial, minor adverse 
effects were experienced in both azithromycin groups. These would not 
be reckoned serious enough to stop the drug being used when clinically 
indicated but do call for a study comparing single 500 mg and 1000 mg 
doses.  
 
Du Pont makes the case for rifaximin in the treatment of travelers' 
diarrhea. It is not absorbed from the intestinal tract and so should 
not compromise other uses of the absorbable antibiotics. It is as 
effective as the absorbed drugs against watery diarrheas due to non-
invasive organisms but is less effective against the less common but 
more serious invasive organisms. One drawback is that it must be taken 
3 times daily for 3 days, risking poor compliance. Cost is important to 
many travelers and varies considerably with the outlet. Single day FQ 
is the cheapest regimen, and almost as effective as the 3-day regimen. 
The cost of generic ciprofloxacin 500 mg is about one-tenth that of 
single dose azithromycin 1000 mg and the 3-day regimen of rifaximin. 
Is there an antibiotic regimen that can be universally recommended for 
the treatment of travelers' diarrhea? Single dose azithromycin is 
certainly an attractive option, especially in Asia and other countries 
where there is significant FQ resistance to invasive pathogens, but 
elsewhere single dose FQ, preferably levofloxacin 500 mg, is likely to 
be as effective and less costly. Rifaximin will be a useful reserve for 
special situations and patients. When to start antibiotic treatment for 
traveler's diarrhea remains an unanswered question. Should it be at the 
first loose stool to maximize efficacy and reduce the risk of post-
infectious inflammatory bowel syndrome, or should it be reserved for 
cases of established diarrhea, by which time inflammation may have set 
in? The current consensus is restriction for the established case.  


