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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.
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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
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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%).

BRIEF REPORT « OFID « 1


mailto:cworby@broadinstitute.org?subject=
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://orcid.org/0000-0002-9132-7249
http://orcid.org/0000-0002-3603-8110
http://orcid.org/0000-0001-8401-0801
http://orcid.org/0000-0002-4921-1285

'SosA|eUR WO PAPN[OXe 8le sasuodsal BUISSI|A "1S8) 10exa Jaysi4 papis-z e Buisn HOIAl Ylim pesedwlod a1om Sals JusW||o1ud [en

Ule

"SOA[1B|S1 PUB SPUBLI HSIA 0} AJJUNOD BUIOOUI-B|PPILI~MO] 10 -MO| B 0} AJILUE} 1O §8S JO UIBLIO JO UoIBaI 0} BuluINial ‘YA ‘0.l SPPO ‘YO ‘[eHNdSOH [elaust) SRESNUIESSEIA ‘HOIA SUOIeIASIqAY

'S18quINU MO 0} 8Np sajel

obel1ed Bulleseq 10y pawliogad Jou Sem Sy} 11$8} 81enbs-Iyo e BUISN POSSOSSE SeM S8}IS JUSL|I0IUS SSOIOR SOUBIIEA IS8} LUNS-YUBI UOXOD|IAA 8} Buisn paieduiod 8Jom sa|gelien sSnonuiuod ‘paijdde sem 158} 10ex8 Jays|{ PapIS-Z B 'SOW0oIN0 Aleuiq Jo4

700 0ee Lcl 00'¢ (%8%) 6¢ (%29) 1924 Z8 sonoiqiue Auy
89’ gcel zco 9l (%089) € (%089) € 9 aul|oAdAX0Q
L vl 120 Lol (%29) 691 (%8¢€) g0l vLC ENOILEEN
L00™> v.'c 6C1 L8l (%29) 96 (%87) 68 a8l eaylieiq
el 6l 260 eel (%L9) 9Ll (%er) 98 z0¢ awioy Ajiwey Ui peuiq
8 05l 0 90'L (%19) 8Ll (%6€) €Ll L6¢C sa|ge1aban paxoooun
4 el g30 6L°0 (%59) 8L (%S€) LoL g8¢ N1} paysemun
L 9G1 990 zo'l (%19)  SL (%6E)  Lv 44" 1o1emdel paisyjipun
40} 60 6L°0 124 (%82) Ge (%22) oL 14 1B8W P8X002J48puUNn
¥4 06l /80 6C1 (%L9) 68 (%EY) 99 el pooj 198115
L9y e 290 cl’l (%69) qe (% LY) ve 69 sseuisng
€0’ 460 vr'0 99'0 (%99) €9¢ (%G€) Ll L0V aIns|o
L0’ aL'g 144 8v'c (% L) 9l (%69) joré 6¢ SENY
LE — el 7l p ‘uelpaw ‘uoleInp |eAel|
:[aAely Buling
19 vy’ 650 (xA" (%89) €C (%EY) Ll o 00l /8¢ 800 0L0 (%S6) ov (%89) z 1474 proelue Jsyio
174 006Gl 9€0 8lL'C (%EY) € (%L9) 14 L 00l oLoL 000 000 (%00L) L (%0) 0 L yinwsig
6L LG 250 160 (%19) 144 (%9€) ac 69 9 ece cro 8¢l (%6) 69 (%8) 9 74 Ja300|g gH/Iouqiyur dwnd uolold
:Bupier Ajeinbay
0 2ol gLo [4740] (%6L) 9¢ (%L2) L €¢ 00'L 8¢ 600 080 (%16) €e (%9) 4 qe uonezijendsoH
qe el 250 180 (%99) g6 (%1€ 0g 145 00l alec cro 660 (%€6) Grl (%2L) Ll 961 8sn dnoiqiRuy
LE 9l 930 80 (%¥9) 08l (%9€) €0l €8¢ 8¢ 4891 geo €L0 (%16) €8¢ (%9) 6l c0€ |9Ael} |euciieuidiu]|
‘JuBW|0JUS 810487 JedA By} U|
4 o€l &0 890 (%2L) 144 (%82) 9l 89 9L z8¢ 620 44" (%76) 89 (%9) 14 9 2Vd 481ua) [B2IpB|A As|leA YBiyeT
14 vl zco 690 (%S2) 1z (%S2) 8 4% (VA 681 zlo oLl (%16) 49 (%9) 4 e AN OAMBN ‘Ul|eeH [|[8MULION
elN
S0’ VLA 460 8Ll (%09) 8¢ (%09) 8¢ 99 78 aLec 400 €90 (%L6) 99 (%€) 4 89 ‘AuD @3eT Jjes ‘leudsoH yein jo Alsieaiun
700’ 18°€¢ 9l 8lLc (%SP) L€ (%99) 8¢ 69 L0 £6°9 o€l 90°€ (%58) 69 (%SL) cl L8 AN HOAMBN ‘8Je) xuoig
— (%¥9) 9ce (%9€) Lcl €6¢ — (%56) €9¢ (%9) (04 €LE VIN ‘uoisog ‘HON
100 — 91Is Juswj|joiug
T 6L €90 640 (%£€9) G9¢ (%LE) Sl 6lv a8’ 06¢c €50 8Ll (%€6) 6Ly (%) 3% 0St SUONIPUOD [edIPaW BulApispun
80 o'l Ls0 €L0 (%G9) vee (%G€) [44" e €L zs'c 850 6Ll (%€6) ove (%2) 9¢ CcLE (eeWBY) JOPUBDH
88 — L'6% 14 L0 — c'6v 9'vS A 'uesw 'eby
d 10 %56 d0 ON SOA ‘'ON d 10 %56 40 annebsN BAIISOd ON

(895 = u) [onel] Bung uoisINboy OYAIN

(809 = u) [ore181d

swisjuehiQ yueysisay-bnipninpy jo uonisinbay pue aberiie janenaid 10 S10Joe4 Hysiy pue sansuajaRIRY] 13|3NRI]

‘LalgeL

2 « OFID « BRIEF REPORT



A B 100
Yo —
Southern Asia ’ ® % *
Western Africa
) 30% —
Southeastern Asia .
E
Eastern Africa e
2 20%
Central America ]
O
South America
10% —
Eastern Asia
Bl ESBL-PE
Southern Africa H mcr-E
0% —
I I J I o S S S
0% 20% 40% 60% 5 N N &
o N ’00 @O &0
Acquisition rate A % S N
C o D
Higher risk of
acquisition ' o Mild diarrhea
1.4 5 ' 1.0 — .
: e Diarrhea
Malaria dridgs o w— No diarrhea
- ! ® W Africa
& 1.2 E Africa 0.8 —
E C America @ '®  @lood-family home
g ° : e Street food 2
T g SAmeriea e Workmael L_________ £ 06
S ' ermale S
o Undercooked meat | e lemale g g Asia ©
g ° o SE Asia S 04—
; 0.8 Unwashed fruit @ y@Unfiltered tapwater ol
= Diarrhea+no r}hs . @ Diarrhea+azithro
R Uncooked veot e Diarrheat+imodium
jas ) 1o o All abx 0.2 —
Diarrhea+pepto ry ®
0.6  Diarrhea Diarrhea+abx
' Diarrhea+cipro®
: iarrhea+cipro 0.0
T T T T T T T T T T
-1.0 -0.5 0.0 0.5 1.0 1.5 0 100 200 300
Log odds (acquisition) Days post return
Figure 1. A, Acquisition rates for ESBL-PE and mcr-E across all regions with >10 travelers. Standard errors are shown as lines. MDROs are considered travel-acquired if

detected in the post-travel stool sample but not in the pretravel sample. B, MDRO carriage rates at 3, 6, and 12 months post-travel for travelers who acquired MDROs abroad,
compared with pretravel carriage rates across all travelers (baseline). Significance was based on 2-sided Fisher exact tests. C, Univariate risk factors for MDRO acquisition
and long-term carriage, including travel destinations (blue), travel behavior (green), and diarrhea (red). Significant acquisition risk factors (P < .05) are in bold; significant car-
riage length factors are underlined. Travel to East Asia and Southern Africa is associated with a significantly reduced risk of acquisition, but falls outside the range of this plot.
D, Kaplan-Meier survival curves for carriage among travelers who acquired MDROs, partitioned on those reporting diarrhea during travel. Events are right-censored when
travelers carried MDROs at their most recent observation time (*P< .0005). Abbreviations: abx, antibiotics; azithro, azithromycin; cipro, ciprofloxacin; ESBL-PE, extended-
spectrum beta-lactamase-producing Enterobacterales; MDROs, multidrug-resistant organisms; pepto, bismuth subsalicylate, eg, Pepto Bismol.

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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