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We performed prospective screening of stool for multidrug-
resistant organisms from 608 US international travelers and 
identified an acquisition rate of 38% following travel. Carriage 
rates remained significantly elevated for at least 6 months post-
travel. Travel-related diarrhea was a risk factor for acquisition, 
as well as for long-term carriage upon return.

Keywords.    antibiotic resistance; CRE; ESBL; mcr; trav-
elers’ health.

Infections caused by multidrug-resistant organisms (MDROs) 
are a major cause of morbidity and mortality, and the burden 
continues to increase. The global dissemination of novel re-
sistance mechanisms can be rapid and is facilitated in part by 
international travel. Many regions are known to be “hotspots” 
of high MDRO prevalence [1], a phenomenon that may relate 
to widespread antibiotic use in health care and agriculture [2]. 
Acquisition of extended-spectrum beta-lactamase-producing 
Enterobacterales (ESBL-PE) is particularly common among 
travelers visiting South and Southeast Asia [3–5]. Recent work 
has also highlighted the risk of acquiring other MDROs of major 
public health concern during travel, including mcr-mediated 

colistin-resistant Enterobacterales (mcr-E) and carbapenemase-
producing carbapenem-resistant Enterobacterales (CP-CRE) 
[6, 7].

In addition to the individual-level risk of acquisition, intro-
duction and spread of travel-acquired MDROs may play a role 
in domestic transmission and outbreaks of these organisms. 
Household transmission of travel-acquired MDROs is known 
to occur [3], and prolonged carriage will increase the risk of 
such community spread. The few studies that have evaluated 
the duration of MDRO carriage by international travelers in-
dicate that some can remain colonized for up to a year [3, 4]. 
Understanding the frequency of MDRO acquisition among 
travelers and the risk factors associated with persistent MDRO 
colonization can inform strategies for combatting their im-
portation and spread. Here, we present data from a large, on-
going, prospective study of US international travelers, in which 
subjects were followed for up to a year post-travel to explore 
factors linked to acquisition and long-term carriage of MDROs. 
In addition to screening for ESBL-PE, this is the first large study 
to investigate acquisition and carriage of mcr-E and CP-CRE 
among travelers.

Participants were recruited from 5 US travel clinics (Table 1) 
at a pretravel health encounter. A total of 608 travelers (including 
19 children; age range, 1–85 years) were enrolled and provided 
stool samples before travel (median [interquartile range {IQR}], 5 
[2–7] days) and upon return (median [IQR], 11 [7–16] days post-
travel). Samples were screened for ESBL-PE, mcr-E, and CP-CRE 
using culture-based protocols followed by phenotypic (ESBL-PE, 
CP-CRE) or molecular (mcr-E) confirmatory testing as defined by 
the Clinical Laboratory Standards Institute (CLSI) and Centers for 
Disease Control and Prevention [8–10]; a traveler was considered 
colonized with an MDRO if 1 or more of these Enterobacterales 
organisms were detected. Travelers carrying MDROs upon re-
turn provided additional stool samples at 3, 6, and 12  months 
post-travel. Risk factors for pretravel carriage were assessed using 
a 2-sided Fisher exact test (binary variables) or a Wilcoxon rank-
sum test (continuous variables). Risk factors for acquisition and 
carriage at subsequent sampling points were assessed similarly, 
excluding travelers who were colonized pretravel. Logistic regres-
sion models were fitted to explore multivariable relationships, and 
Cox proportional hazards models were used to estimate hazard 
ratios (HRs) for loss of carriage post-travel.

A total of 40 (6.6%) travelers carried MDROs before travel; 
all of these samples were positive for ESBL-PE, while 1 was ad-
ditionally positive for mcr-E. Pretravel carriage was not associ-
ated with any reported underlying medical condition, nor with 
recent international travel (Table 1). Bronx Care enrollees had a 
significantly higher pretravel carriage rate (15%).
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Of the 568 travelers testing negative for MDROs pretravel, 
217 (38%) had at least 1 MDRO detected upon return (97% of 
which were Escherichia coli), suggesting travel-associated ac-
quisition. The highest rates of MDRO acquisition were among 
travelers to South Asia (39/66; 59%) and Southeast Asia 
(34/72; 47%) (Figure  1A). Trip duration was not associated 
with risk of acquisition (Table  1). Acquisition of ESBL-PE 
(212 travelers; 37%) was more common than acquisition of 
mcr-E (28 travelers; 4.9%) or CP-CRE (2 travelers; 0.4%). 
Among 28 travelers acquiring mcr-E, 24 (86%) also acquired 
ESBL-PE. Despite having the highest overall acquisition rates, 

South Asia was not associated with any mcr-E acquisition; this 
was most common during travel to South America (11%) and 
Southeast Asia (12%) (Figure 1A). Only 2 travelers acquired 
CP-CRE; these travelers visited South and Southeast Asia.

Of the evaluated dietary and behavioral factors, only con-
sumption of undercooked or raw meat was associated with de-
creased risk (Figure 1C, Table 1). However, this was correlated 
with travel to low-risk regions (East Asia and Southern Africa) 
and was no longer a significant risk factor after adjusting for 
travel destination. Acquisition rates also differed by enroll-
ment site (Table 1); this could be explained by differential travel 
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locations between sites, with travel to Western Africa being 
much more frequent among Bronx Care enrollees (48%) than 
others (6%). Diarrhea (3 or more episodes of loose stool in a 
24-hour period) and antibiotic use were independently asso-
ciated with acquisition of MDROs (Figure  1C). Many trav-
elers experiencing diarrhea took antibiotics to treat symptoms 
(46/193; 24%), most commonly azithromycin (24/193; 12%) 
and ciprofloxacin (17/193; 9%). Among travelers with diar-
rhea, those who took antibiotics to treat symptoms were more 
likely to acquire MDROs than those who did not (65% vs 40%; 
P = .004); travelers taking ciprofloxacin had a particularly high 
MDRO acquisition rate (13/17; 76%). Diarrhea remained sig-
nificantly associated with MDRO acquisition (odds ratio [OR], 
1.11; 95% CI, 1.02–1.21; P = .01) after adjusting for travel desti-
nation, trip duration, and antibiotic use during travel.

Among travelers who acquired MDROs, 33% were colon-
ized 3  months after returning and 17% at 6  months, signifi-
cantly higher than pretravel colonization prevalence among all 
travelers (P < .001). At 12 months, 10% of those with acquired 
MDROs were still colonized, comparable to pretravel rates 
(Figure 1B). Relatively few mcr-E and CP-CRE were acquired, 
limiting our power to estimate long-term carriage of these spe-
cific organisms; however, 4/25 (16%) travelers acquiring mcr-E 
were colonized at 3 months, which was significantly higher than 
observed pretravel (0.2%; P < .001). Neither of the 2 travelers 
who acquired CP-CRE was colonized at 3 months. No clinical 
infections or hospitalizations were reported during the study 
follow-up.

Carriage rates varied slightly by travel destination, po-
tentially suggesting geographic heterogeneity of acquired 
phenotypes. At 3 months, MDRO carriage rates ranged from 
14% in travelers who visited Western Africa to 46% in trav-
elers visiting Southeast Asia. Travelers experiencing diarrhea 
during their trip were more likely to acquire MDROs and 
were more likely to remain colonized during the follow-up 
period (Figure 1D). Among travelers who acquired MDROs, 
at 6 months post-travel, 24% of those who experienced trav-
elers’ diarrhea remained colonized with an MDRO, which 
was significantly higher than the 11% of those who did not re-
port diarrhea (P = .04). Diarrhea remained a significant risk 
factor for travel-acquired MDRO carriage at 6 months (OR, 
1.14; 95% CI, 1.01–1.29; P = .03) after adjusting for travel 
destination and duration. Diarrhea during travel, whether 
treated with antibiotics or not, was associated with elevated 
risk of post-travel carriage (HR of carriage loss for treated 
diarrhea, 0.54; 95% CI, 0.33–0.89; P = .02; HR for untreated 
diarrhea, 0.68; 95% CI, 0.46–0.99; P = .04; multivariable Cox 
proportional hazards model). The additional risk associated 
with antibiotic use was not significant (P = .2).

Subsequent international travel was reported by 18 (10%), 
25 (17%), and 15 (17%) travelers with acquired MDROs at the 
3-, 6-, and 12-month follow-up time points, respectively. This 

was a significant risk factor for carriage of MDROs during 
the follow-up period, though even after excluding these trav-
elers, carriage remained significantly higher than pretravel 
levels at 3  months (33%) and 6  months (19%) post-travel. In 
a multivariable Cox proportional hazards model, subsequent 
travel (HR, 0.1; 95% CI, 0.03–0.33; P = .0001) and travelers’ di-
arrhea (HR, 0.7; 95% CI, 0.5–0.98; P = .038) were both signifi-
cantly associated with ongoing carriage (Figure 1D). Subsequent 
antibiotic use, reported by 57 travelers who acquired MDROs, 
had no significant effect on carriage duration (HR, 1.02; 95% 
CI, 0.72–1.44).

This is the first large prospective study of MDRO carriage and 
acquisition in US international travelers. Acquisition rates were 
consistent with previous European studies [3, 4] that focused 
on ESBL-PE acquisition. Acquisition and importation of bac-
teria with mcr-mediated resistance to colistin, an antibiotic of 
last resort, is concerning, particularly as many travel-acquired 
mcr-E are also ESBL-producing [6], leaving limited therapeutic 
options for infections with these organisms. Further dissemi-
nation via horizontal gene transfer is an additional concern for 
such mobilized resistance mechanisms. Notably, while travel to 
South and Southeast Asia is known to be associated with ele-
vated risks of MDRO acquisition, we found South America to 
have one of the highest rates of mcr-E acquisition among our 
traveler cohort. These travelers visited Peru (13/14 acquisi-
tions) and Ecuador (1/14), mostly traveling for leisure (12/14). 
Limited studies on colistin resistance in South America suggest 
that mcr-E circulates in agricultural settings [11] and that com-
mercial chicken meat may be a reservoir for mcr-E [12]. Peru 
banned the importation and manufacture of colistin only in late 
2019 [13].

Diarrhea is known to be associated with MDRO acquisition 
while overseas [5], but our study suggests that it is also associ-
ated with prolonged colonization. We found that antibiotic use, 
particularly ciprofloxacin, was also associated with increased 
acquisition risk, and its use as a treatment for diarrhea contrib-
uted to enhanced risk of acquisition and long-term carriage of 
MDROs. Diarrhea and antibiotic treatment are known to dis-
rupt the gut microbiome, which can facilitate the colonization 
and persistence of MDROs [14]. Further studies are needed 
to determine the role of the gut microbiota in susceptibility to 
MDRO colonization in travelers.

We cannot ensure that MDROs detected at later time points 
are the same strains acquired during travel. However, carriage 
rates among participants with no subsequent travel remain sig-
nificantly elevated after 6 months, which supports our hypoth-
esis that MDROs acquired during travel can lead to long-term 
colonization. Furthermore, our observations of long-term post-
travel carriage are consistent with a previous study of Dutch 
travelers, in which 17% of participants acquiring ESBL-PE 
during travel remained colonized after 6 months [4]. Future ge-
nomic sequencing efforts of travel-acquired MDROs will enable 
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longitudinal strain tracking and identification of genetic factors 
linked to gut persistence.
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