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Abstract

Context: Traveler's diarrhea is a common gastrointestinal illness and the most frequently encountered travel-related health
problem.

Objectives: This study aimed to investigate the prevalence of bacterial traveler’s diarrhea, determine the frequency of
bacterial isolates, and compare their antimicrobial resistance patterns, with a particular focus on resistance to norfloxacin and
rifaximin.

Evidence Acquisition: Standard biochemical and microbiological tests were performed on diarrheal stool samples from 143
hospitalized patients, followed by antibiotic susceptibility testing using the disk diffusion method in accordance with CLSI 2021
guidelines. The minimum inhibitory concentrations (MICs) of rifaximin and norfloxacin were determined using the broth
microdilution method.

Results: Among culture-positive samples (23.78% of all samples), Salmonella spp. was the most frequently isolated pathogen
(13.29% of all samples), whereas Aeromonas spp. had the lowest isolation rate (2%). The highest levels of antibiotic resistance
were observed to tetracycline and ampicillin. The rifaximin MIC that inhibited the growth of 90% of enterotoxigenic Escherichia
coli isolates was 512 ug/mL, which was 2-fold lower than that of norfloxacin. The corresponding MIC values for Salmonella spp.,
Campylobacter spp., and Aeromonas spp. were also 2-fold lower with rifaximin.

Conclusions: Salmonella was identified as the most common bacterial cause of travelers’ diarrhea in these patients. The in
vitro findings suggest that rifaximin may offer an advantage over norfloxacin in the treatment of bacterial diarrhea.
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1. Background

Traveler's diarrhea (TD) is a digestive disorder and
one of the most common gastrointestinal illnesses
among travelers. It is defined as diarrhea occurring
within 24 hours of travel or within 10 days after return
from travel. The risk of TD is related to the standard of
living and health conditions in the destination country,
particularly in developing countries, and the mortality
rate in the absence of effective and timely treatment has
been reported as 1% - 10% (1, 2). Infection with bacterial
pathogens leads to the release of neurotransmitters (eg,
5-hydroxytryptamine) from endocrine cells and the
activation of afferent neurons, which stimulate
submucosal secretory motor neurons and result in the

leakage of electrolytes and fluids into the intestinal
lumen. Activation of adenylate cyclase and increased
intracellular cAMP in enterocytes, mediated by bacterial
toxins, cause secretory diarrhea. Among bacterial
pathogens, enterotoxigenic Escherichia coli (ETEC) is a
major enteric pathogen capable of producing heat-
labile (LT) and heat-stable (ST) enterotoxins. LT is a high-
molecular-weight (84 kDa) enterotoxin with an active
alpha subunit surrounded by 5 identical binding B
subunits. ETEC infection is associated with symptoms
including vomiting, abdominal cramps, headache, and,
rarely, low-grade fever (3). Treatment of TD has become
increasingly challenging because of antimicrobial
resistance (AMR). Approximately 20% - 70% of travelers to
developing countries are infected with multidrug-
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resistant (MDR) enteric bacteria, particularly extended-
spectrum beta-lactamase-producing
Enterobacteriaceae, and commonly used antibiotics
have become less effective because of increasing
microbial resistance. Norfloxacin, a fluoroquinolone
antibacterial agent, is more active against gram-
negative bacteria than gram-positive cocci. It interferes
with bacterial DNA replication by inhibiting the A
subunit of DNA gyrase. Rifaximin is another antibiotic
used to treat TD. It was first approved in Italy in 1987 and
has been licensed in more than 30 countries for several
gastrointestinal diseases, particularly acute infectious
diarrhea such as TD. Rifaximin exerts its antimicrobial
effects by irreversibly inhibiting bacterial protein
synthesis (4-6).

2. Objectives

This study aimed to investigate the prevalence of
bacterial traveler’s diarrhea, determine the frequency of
bacterial isolates, and compare their antimicrobial
resistance patterns, with a particular focus on
norfloxacin and rifaximin, to inform strategies and
guidelines for the prevention and treatment of
traveler’s diarrhea.

3.Methods

3.1. Study Population and Bacterial Isolation

This descriptive cross-sectional study was conducted
over 1 year, from July 2012 to August 2013. In total, 143
diarrheal stool samples were collected from patients
hospitalized at medical centers in Golestan Province.
The patients presented with diarrhea, nausea, vomiting,
bloating, fever, and weakness; had returned from
domestic or international travel at least 4 days earlier;
and were hospitalized because home-based or self-
limited treatment had been unsuccessful. Demographic
and clinical information, including age and gender,
were collected in accordance with ethical guidelines.
The mean age of the participants was 38.0 years (range,
12 - 78 years). The inclusion criteria were gastrointestinal
signs and no antibiotic use before sampling. Stool
samples were collected in sterile containers, and a direct
methylene blue slide was initially prepared to detect
white blood cells. Samples were then cultured on
MacConkey agar, Hektoen enteric agar, SS agar, Campy
BAP agar, and EMB agar (Merck, Germany) and
incubated for 24 - 48 hours. Gram staining and
biochemical tests, including carbohydrate
fermentation, IMVIC, citrate decarboxylation, ornithine,
indole, and H2S tests, were performed for phenotypic

identification. Nalidixic acid sensitivity, cephalothin
resistance, and hippurate hydrolysis tests were used to
identify and differentiate Campylobacter.

3.2. Antibacterial Susceptibility Testing

For the Kirby-Bauer disk diffusion method, a 0.5
McFarland bacterial suspension was prepared from
overnight cultures of the isolates and inoculated onto
Mueller-Hinton agar. The following 10 antibiotics were
used to assess susceptibility: ampicillin (AM 10), co-
amoxiclav (AMC 30), gentamicin (GM 10), ciprofloxacin
(CIP 5), norfloxacin (NOR 5), rifaximin (RAX40),
chloramphenicol (C 30), ceftriaxone (CRO 30),
tetracycline (TE 30), and cotrimoxazole (SXT 1.25 + 23.75
ug), produced by Padnanteb Co, Iran. After the disks
were placed on the inoculated plates, the plates were
incubated for 16 - 18 hours at 37 °C. Inhibition zones were
measured and interpreted according to the CLSI 2021
guidelines (7).

3.3. Detection of Enterotoxigenic Escherichia Coli

To identify ETEC according to the manufacturer's
protocol (Oxoid, UK), a suspension obtained from a pure
culture of E. coli in tryptic soy broth was centrifuged for
30 minutes at 900 g. The heat-labile toxin (LT) was then
detected using the inactivated latex agglutination test
(VET-RDLA kit). For this purpose, 10,000 units/mL of
polymyxin B was added to EMB medium, and E. coli
strains were incubated on this medium at 37 °C for 24
hours. Then, 4 pL of test antiserum was added to 200 yL
of glycine-saline buffer. After 50 uL of antigen was added
to 50 pL of diluted antiserum and incubated for 10
minutes at room temperature, the mixture was placed
on a glass slide with 10 pL of latex. Escherichia coli
ATCC35401 was used as a positive control.

3.4. Minimum Inhibitory Concentration Screening

For MIC determination using the broth
microdilution method, 100 yL of a bacterial suspension
obtained from a pure culture at a concentration of 1.5 x

108 colony-forming units (0.5 McFarland concentration)
was added to wells containing 100 pL of rifaximin in
methanol or norfloxacin in water with 0.1 mol/L NaOH
(Sigma-Aldrich, St Louis, MO, USA) at concentrations of
0.5 - 1024 ug/mlL, and 100 pL of Mueller-Hinton broth.
The positive-control well contained the microbial
suspension and Mueller-Hinton broth, and the negative-
control well contained Mueller-Hinton broth and
rifaximin or norfloxacin. After incubation for 24 hours
at 37 °C, the minimum concentration that inhibited
bacterial growth was considered the MIC (7).
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3.5. Statistical Analysis

Data were analyzed using SPSS version 23, and graphs
were generated using Microsoft Excel 2010. Confidence
intervals (CIs) were calculated using Stata MP 14. A
regression model was used to assess the relationship
between pathogen-related disease development and
demographic characteristics. The nonparametric
Wilcoxon-Mann-Whitney test was used, with the
significance level set at 0.05. Microbiological data were
categorized by pathogen type, and regression analysis
was used to assess trends in frequency changes.

4. Results

Among the 143 samples collected from patients with
diarrhea, 34 (23.78%) were bacterial culture-positive. The
identified bacterial isolates included Salmonella spp. (19
samples, 13.29%), Campylobacter spp. (8 samples, 6%),
ETEC (4 samples, 2.8%), and Aeromonas spp. (3 samples,
2%). Among the ETEC isolates, 75% were obtained from
women older than 35 years, whereas 100% of Aeromonas
isolates were obtained from women older than 35 years.
All Campylobacter isolates and 58% of Salmonella isolates
were obtained from men older than 35 years (Figure 1).

Salmonella isolates showed the highest resistance to
ampicillin, with 18 of 19 isolates (94.5%) resistant.
Campylobacter isolates showed the highest resistance to
tetracycline, with 7 of 8 isolates (87.5%) resistant.
Aeromonas isolates showed the highest resistance to
both tetracycline and chloramphenicol, with 2 of 3
isolates (66.6%) resistant. All ETEC isolates were resistant
to ampicillin, trimethoprim, chloramphenicol, and
tetracycline. Overall, Aeromonas and Salmonella isolates
showed the greatest sensitivity to rifaximin, with
sensitivity rates of 100% and 94.5%, respectively (P =
0.371) (Figure 2). As shown in Table 1, rifaximin and
norfloxacin  inhibited @ Aeromonas at lower
concentrations. Overall, the MIC of rifaximin that
inhibited the growth of 90% of E. coli isolates was 512
ug/mL, which was 2-fold lower than that of norfloxacin.
This value was also 2-fold lower for the inhibition of
Salmonella, Campylobacter, and Aeromonas species,
indicating 2-fold greater potency of rifaximin than
norfloxacin against the bacterial isolates in this study (P
<0.05).

5. Discussion

ETEC has frequently been identified as a major cause
of diarrhea among travelers and children younger than
5 years in developing countries. In the present study, the
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prevalence of ETEC was 2.8%, which was lower than
previously reported in Iran and Nigeria (8, 9). In
addition to enterotoxigenic E. coli, Salmonella, Shigella,
Campylobacter, and Yersinia have also been reported as
causes of traveler’s diarrhea. In a 2019 systematic study
on the prevalence of traveler’s diarrhea among military
personnel, ETEC, enteroaggregative E. coli (EAEC), and
Campylobacter were the predominant strains, with
similar findings reported in Southeast Asia, Latin
America, and the Middle East (3). In the present study,
the prevalence of Campylobacter was 6%. Salmonella had
the highest prevalence at 13.29%, similar to findings
reported in Iran in 2020.

Differences between the present findings and those
of other studies may be attributable to the number of
samples examined, the use of different diagnostic
methods, geographical differences among populations,
the study period, genetic factors, and drug resistance
patterns. Over the past decade, resistance to commonly
used drugs for treating intestinal infections in travelers,
including ampicillin, tetracycline, and cotrimoxazole,
has increased among diarrhea-causing E. coli. In the
present study, the highest levels of antibiotic resistance
were observed to tetracycline and ampicillin, whereas
all isolates were highly susceptible to rifaximin.

In a study conducted in South Korea, treatment of
acute non-travel-related diarrhea with a short course of
rifaximin significantly shortened the duration of
diarrhea. In addition, the overall effectiveness of
rifaximin was greater than that of ciprofloxacin (10),
consistent with the present findings. A 2018 study in
India suggested that rifaximin was a more suitable
alternative to norfloxacin for the long-term primary and
secondary prevention of spontaneous bacterial
peritonitis (SBP) in patients with cirrhosis and ascites
(1).

In 2018, researchers in Thailand recommended
rifaximin over doxycycline,
trimethoprim/sulfamethoxazole, and fluoroquinolones
for the prevention of TD (12). A 2019 study in the United
States (13) examining the antibiotic susceptibility
patterns of Campylobacter isolates from patients with
diarrhea showed high resistance to quinolones, whereas
a 2025 study in Jordan (14) showed high susceptibility to
quinolones; these findings were lower and higher,
respectively, than those in the present study. In the
present study, rifaximin had a greater inhibitory effect
on microbial isolates than norfloxacin at low
concentrations. In a 2024 study in Egypt, rifaximin was
approved for the secondary prevention of bacterial
peritonitis and hepatic encephalopathy in patients with
cirrhosis (15). Other studies comparing rifaximin and
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Figure 1. An ordered logistic regression model was used to identify the association between age, gender, and bacterial populations in diarrheal specimens.
Table 1. Comparison of the Activities of Rifaximin and Norfloxacin Against Bacterial Isolates
Antimicrobial and Parameters ETEC(n=4) Salmonella (n=19) Campylobacter (N =8) Aeromonas (n=3) P-Value
Rifaximin (ug/mL) 0.03?
MIC90 512 256 256 128
MIC50 128 64 128 32
Range 32-64 8-32 8-64 4-64
Norfloxacin (ug/mL) 0.06
MIC90 1024 512 512 256
MIC50 256 64 256 64
Range 64-128 32-256 64 to>256 32t0>128

2 Pvalue < 0.05 was considered statistically significant.

norfloxacin for the control of traveler’s diarrhea also
indicated greater efficacy of rifaximin (16, 17).

5.1. Study Limitations and Conclusions

In contrast to most previous research, this study
found that ETEC was not the predominant cause of TD.
The study had several limitations, including the small
number of isolates by travel destination due to its cross-
sectional design and limited access to relevant variables.
The study included hospitalized patients from a specific
area of northern Iran, which limits the generalizability
of the findings to other regions or populations. In

addition, the study identified only ETEC among
diarrheal pathogens. A strength of the study was
monitoring drug resistance among bacterial isolates
from patients with traveler’s diarrhea in northern Iran.

The findings indicate that antibiotics such as
ampicillin and tetracycline may no longer be effective
for treating diarrheal infections in the study area
because of the high levels of resistance observed.
Rifaximin appears to be a promising option for treating
diarrheal infections, particularly in critical situations.
However, further studies and in vivo evaluations are
needed in different geographical areas, including Iran,
and over longer periods.
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Figure 2. Prevalence of antibiotic resistance among bacterial isolates obtained from diarrhea samples.

Footnotes

Al Use Disclosure: The authors declare that no
generative Al tools were used in the creation of this
article.

Authors' Contribution: Study concept and design: L.
E; Acquisition of data: R. Sh.; Analysis and interpretation
of data: L. E; Drafting of the manuscript: L. E; Critical
revision of the manuscript for important intellectual
content: L. E; Statistical analysis: L. F; Administrative,
technical, and material support: R. Sh.

Conflict of Interests Statement: The authors declare
that they have no conflict of interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication. The data are not
publicly available due to internal policy.

Ethical Approval: The study was approved by the
Ethics Committee of Islamic Azad University, CHALUS
branch (IR.JAU.CHALUS.REC.1400.092).

Ann Mil Health Sci Res. 2026; 24(1): e168067

Funding/Support: This article is taken from the thesis
of the first author. The authors declare that they have
not received any funding.

Informed Consent: Written informed consent was
obtained from the participants.

References

1. Heywood AE, Zhang M, MacIntyre CR, Seale H. Travel risk behaviours
and uptake of pre-travel health preventions by university students in
Australia. BMC Infect Dis. 2012;12(1). 43. [PubMed ID: 22339735].
[PubMed Central ID: PMC3305552]. https://doi.org/10.1186/1471-2334-12-
43.

2. Gomes TAT, Elias WP, Scaletsky ICA, Guth BEC, Rodrigues JF, Piazza
RMEF, et al. Diarrheagenic Escherichia coli. Braz. ]. Microbiol. 2016;47:3-
30. [PubMed ID: 27866935]. [PubMed Central ID: PMC5156508].
https://doi.org[10.1016/j.bjm.2016.10.015.

3. Olson S, Hall A, Riddle MS, Porter CK. Travelers' diarrhea: update on
the incidence, etiology and risk in military and similar populations -
1990 - 2005 versus 2005 - 2015, does a decade make a difference? Trop
Dis Travel Med Vaccines. 2019;15(1). 1. [PubMed ID: 30675367]. [PubMed
Central ID: PMC6332902]. https://doi.org/10.1186/s40794-018-0077-1.

4. Assem M, Elsabaawy M, Abdelrashed M, Elemam S, Khodeer S, Hamed
W, et al. Efficacy and safety of alternat in norfloxacin and rifaximin as
primary prophylaxis for spontaneous bacterial peritonitis in
cirrhotic ascites: a prospective randomized open-label comparative


https://brieflands.com/journals/amhsr/articles/168067
http://www.ncbi.nlm.nih.gov/pubmed/22339735
https://www.ncbi.nlm.nih.gov/pmc/PMC3305552
https://doi.org/10.1186/1471-2334-12-43
https://doi.org/10.1186/1471-2334-12-43
http://www.ncbi.nlm.nih.gov/pubmed/27866935
https://www.ncbi.nlm.nih.gov/pmc/PMC5156508
https://doi.org/10.1016/j.bjm.2016.10.015
http://www.ncbi.nlm.nih.gov/pubmed/30675367
https://www.ncbi.nlm.nih.gov/pmc/PMC6332902
https://doi.org/10.1186/s40794-018-0077-1

Shomali R and Fozouni L

Brieflands

10.

multicenter study. Hepatol Int. 2016;10(2):377-85. [PubMed ID:
26660707]. https:|/doi.org/10.1007/s12072-015-9688-z.

Bajaj JS. Review article: potential mechanisms of action of rifaximin
in the management of hepatic encephalopathy and other
complications of cirrhosis. Aliment Pharmacol Ther. 2016;43(Suppl
1):11-26. [PubMed ID: 26618922]. https://doi.org/10.1111/apt.13435.

Miicke MM, Miicke VT, Graf C, Schwarzkopf KM, Ferstl PG, Fernandez
], et al. Efficacy of Norfloxacin Prophylaxis to Prevent Spontaneous
Bacterial Peritonitis: A Systematic Review and Meta-Analysis. Clin
Transl Gastroenterol. 2020;11(8). e00223. [PubMed ID: 32955202].
[PubMed Central ID: PMC7431273].
https://doi.org/10.14309/ctg.0000000000000223.

Clsi. M100: Performance standards for antimicrobial susceptibility
testing: 31st informational supplement, 31 ed. Clinical and Laboratory
Standards Institute. 2021;Wayne,.

Zamanian MH, Naghipour A, Mohseni Afshar Z, Pourtaieb N,
Naghibifar Z. JKUMS. Journal of Kermanshah University of Medical
Sciences. 2024;28(2). https:|/doi.org/10.5812/jkums-139147.

Ifeanyichukwu Cajetan Ifeanyi C, Ikeneche NF, Bassey BE, Al-Gallas N,
Alexander Casmir A, Nnennaya IR. Characterization of Toxins and
Colonization Factors of Enterotoxigenic Escherichia coli Isolates
from Children with Acute Diarrhea in Abuja, Nigeria. [JM. 2017;11(1).
€64269. https://doi.org/10.5812/jjm.64269.

Hong KS, Kim JS. Rifaximin for the treatment of acute infectious
diarrhea. Therap Adv Gastroenterol. 2011;4(4):227-35. [PubMed ID:
21765867]. [PubMed Central ID: PMC3131166].
https://doi.org/10.1177/1756283X11398734.

Narang S, Pandav N, Vyas K, Bherwani S, Buch M. Comparison of
Efficacy of Rifaximin and Norfloxacin in Prevention of Spontaneous

12.

13.

14.

15.

16.

17.

Bacteria Peritonitis. Ann. Int. Med. Den. Res. 2018;4(2):ME35-ME9.
https://doi.org[10.21276/aimdr.2018.4.2.ME9.

Diptyanusa A, Ngamprasertchai T, Piyaphanee W. Trop Dis Travel Med
Vaccines. Tropical Diseases, Travel Medicine and Vaccines. 2018;4(1). 14.
[PubMed ID: 30455974]. [PubMed Central ID: PMC6223076].
https://doi.org[10.1186/s40794-018-0074-4.

Schiaffino F, Colston M, Paredes-Olortegui M, Frangois R, Pisanic N,
Burga R, et al. Antibiotic Resistance of Campylobacter Species in a
Pediatric Cohort Study. AAC. 2019;63(2). €01911 - 18. [PubMed ID:
30420482]. [PubMed Central ID: PMC6355604].
https://doi.org/10.1128/AAC.01911-18.

Mayyas A, Al-Qadiri HM, Al-Holy MA, Olaimat AN, Alsmairat TN, Al-
Slaihat AH, et al. Poult. Sci. 2025;104(11). 105657. [PubMed ID:
40865381]. [PubMed Central ID: PMC12683151].
https:[/doi.org[10.1016/j.psj.2025.105657.

Gupta T, Gaur V, Saini A, Jarpula NS, Goyal SK. Rifaximin alone vs
combination with norfloxacin for secondary prophylaxis of
spontaneous bacterial peritonitis with hepatic encephalopathy:
randomized controlled trial. EGLJ. 2024;14(1). 66.
https://doi.org[10.1186/s43066-024-00374-z.

Alajbegovic S, Sanders JW, Atherly DE, Riddle MS. Effectiveness of
rifaximin and fluoroquinolones in preventing travelers' diarrhea
(TD): a systematic review and meta-analysis. Syst. Rev. 2012;1(1). 39.
[PubMed ID: 22929178]. [PubMed Central ID: PMC3441921].
https://doi.org[10.1186/2046-4053-1-39.

Flores |, Dupont HL, Jiang ZD, Okhuysen PC, Melendez-Romero JH,
Gonzalez-Estrada A, et al. A randomized, double-blind, pilot study of
rifaximin 550 mg versus placebo in the prevention of travelers'
diarrhea in Mexico during the dry season. ] Travel Med. 2011;18(5):333-
36. [PubMed ID:  21896097].  https://doi.org/10.1111/j.1708-
8305.2011.00549.

Ann Mil Health Sci Res. 2026; 24(1): e168067


https://brieflands.com/journals/amhsr/articles/168067
http://www.ncbi.nlm.nih.gov/pubmed/26660707
https://doi.org/10.1007/s12072-015-9688-z
http://www.ncbi.nlm.nih.gov/pubmed/26618922
https://doi.org/10.1111/apt.13435
http://www.ncbi.nlm.nih.gov/pubmed/32955202
https://www.ncbi.nlm.nih.gov/pmc/PMC7431273
https://doi.org/10.14309/ctg.0000000000000223
https://doi.org/10.5812/jkums-139147
https://doi.org/10.5812/jjm.64269
http://www.ncbi.nlm.nih.gov/pubmed/21765867
https://www.ncbi.nlm.nih.gov/pmc/PMC3131166
https://doi.org/10.1177/1756283X11398734
https://doi.org/10.21276/aimdr.2018.4.2.ME9
https://doi.org/10.21276/aimdr.2018.4.2.ME9
http://www.ncbi.nlm.nih.gov/pubmed/30455974
https://www.ncbi.nlm.nih.gov/pmc/PMC6223076
https://doi.org/10.1186/s40794-018-0074-4
http://www.ncbi.nlm.nih.gov/pubmed/30420482
https://www.ncbi.nlm.nih.gov/pmc/PMC6355604
https://doi.org/10.1128/AAC.01911-18
http://www.ncbi.nlm.nih.gov/pubmed/40865381
https://www.ncbi.nlm.nih.gov/pmc/PMC12683151
https://doi.org/10.1016/j.psj.2025.105657
https://doi.org/10.1186/s43066-024-00374-z
http://www.ncbi.nlm.nih.gov/pubmed/22929178
https://www.ncbi.nlm.nih.gov/pmc/PMC3441921
https://doi.org/10.1186/2046-4053-1-39
http://www.ncbi.nlm.nih.gov/pubmed/21896097
https://doi.org/10.1111/j.1708-8305.2011.00549
https://doi.org/10.1111/j.1708-8305.2011.00549

