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Background: Medical students are often potential vectors for resistant bacteria to their entourage. We there-
fore conducted this study to evaluate the variation of medical students’multiple drug resistant bacterial flora
throughout their medical training.
Methods: We performed a cross-sectional study enrolling medical students of the 2016 academic year from
the Saint-Joseph University - Faculty of Medicine, Lebanon.
Results: The multivariate analysis identified the medical year as the sole factor contributing to the extended
spectrum beta-lactamase producing Enterobacteriaceae colonization (OR = 2.33 [1.14-4.77], P = 0.021).
Discussion: Lack of hygiene knowledge among medical trainees is not uncommon. Hence, the degree of
clinical exposure predicts their risk of contamination from critically ill patients.
Conclusions: Implementing regular and practical training in line with a behavioral modification program
would limit the colonization of medical students with resistant germs.
© 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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Infection due to pathogenic resistant bacteria is a serious issue,
especially in the nosocomial setting.1,2 These bacteria can be patho-
genic with consequent increased morbidity and mortality, especially
in frail patients, and may significantly increase economic and health
care costs.3 Medical students are often underappreciated as potential
vectors of such bacteria for their entourage, as well as their patients.
They are colonized, along with their medical tools, with resistant
germs.4-6 The direct link between these contaminations and infection
transmissions has not been well established. The role of intrafamilial
spread of resistant germs has been recently reported through asymp-
tomatic carriers, namely, medical students and other health care per-
sonnel.7 When indicated, the optimal empiric treatment of medical
students remains controversial, and the approach to controlling their
role in germ transmission is challenging. We conducted this study to
evaluate the variations in medical students’ multidrug-resistant
(MDR) bacterial flora during medical training.
METHODS

This cross-sectional study enrolled medical students from Saint
Joseph University’s Faculty of Medicine. The study was approved by
the university’s ethics committee, and each participant provided
informed consent before enrollment. Eligible participants were all
medical students enlisted for the academic year 2016-2017. We
excluded medical students with previous hospitalization or with pos-
itive culture for the following resistant germs: methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant enterococci,
extended-spectrum beta-lactamase−producing Enterobacteriaceae
(EPE), and carbapenem-resistant Enterobacteriaceae. These exclusion
criteria were applied within the previous 6 months before study
enrollment. All participants completed a questionnaire eliciting infor-
mation on epidemiologic data and clinical rotations. We identified
high-risk clinical rotations as those in the following departments:
infectious diseases, urology, intensive care unit, gynecology/obstet-
rics, emergency, and gastroenterology. We further defined the naive
group as medical students enrolled in the first and second university
years, who had not yet been exposed to patients. Students in the
third, fourth, and fifth years are progressively more exposed to
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Table 1
Characteristics of the participants eligible for multidrug-resistant bacterial flora evaluation

Clinical rotations

Medical
school
year

Number of
students
enrolled

Sex ratio,
males/
females

Average
age, y

ID Urology ICU GE ER OB-GYN Two or more
high-risk clinical
rotations

1 23 13/10 18 NA NA NA NA NA NA NA
2 24 20/4 19 NA NA NA NA NA NA NA
3 6 4/2 21 3 0 2 1 0 0 0
4 19 13/6 21 1 1 0 1 1 3 1
5 39 20/19 22.1 15 15 8 14 12 15 22
6 52 29/23 23.2 8 6 21 10 41 7 35
7 21 11/10 24.1 7 5 22 6 20 13 19
Overall 184 110/74 21.2

ER, emergency room; GE, gastroenterology; ICU, intensive care unit; ID, infectious disease; NA, not applicable; OB-GYN, obstetrics and gynecology.
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patients, and sixth- and seventh-year students are permanently
involved in patient care.

All participants underwent 1 nasal swab for MRSA screening and
1 rectal swab for EPE screening. The nasal swabs were screened for
MRSA using an oxacillin-impregnated petri dish. The anal swabs
were screened for EPE using 2 distinct petri dishes: one impregnated
with cefotaxime and the other impregnated with ceftazidime. The
identification of EPE organisms required an initial first grow on the
latter antibiotic-impregnated media and subsequent positive testing
on synergy challenge with a beta-lactamase inhibitor.

Statistical analysis was performed using SPSS version 20.0 (IBM,
Armonk, NY) and Xlstat version 2017.1 (Addinsoft, Paris, France). For
all statistical tests, the statistical significance threshold was specified
at a = 0.05. Responses to the qualitative variables were recorded as
percentages. Age was recorded as mean and standard deviation. Uni-
variate logistic regression analyses were performed between the
dependent variables presence of extended-spectrum beta-lactamase/
presence of MRSA and the qualitative variables of the demographic
questionnaire. Significant relationships were described as odds ratios
(ORs) and their 95% confidence intervals (CIs). Stepwise multivariate
logistic regression was then performed using the qualitative variables
of the demographic questionnaire that were significantly correlated
with the dependent variables in the previous statistical step. Signifi-
cant relationships were described by adjusted OR (aOR) and 95% CI.

RESULTS

The characteristics of the 184 participants eligible for this
study are reported in Table 1. None of the cultures taken from
nasal swabs grew in MRSA. The prevalence of EPE collected from
rectal swabs was 28%, with Escherichia coli being the most preva-
lent Enterobacteriaceae isolated. EPE were identified in 17% of the
first 2-year students and in 32% of later-year students (Table 2).
The univariate analysis showed that compared with medical stu-
dents in the first 4 years of study, students in the fifth year and
beyond were more frequently colonized by EPE (OR, 2.33; 95% CI,
Table 2
Distribution of multidrug-resistant bacterial rectal flora in medical students by academic yea

Medical
school year

Escherichia
coli ESBL, n

Citrobacter
freundii ESBL, n

Escherichia
fergusonii ESBL

1 3 0 0
2 5 0 0
3 0 0 0
4 5 0 0
5 13 1 1
6 16 0 0
7 6 0 0
All students 48 1 1

ESBL, extended-spectrum beta-lactamase; EPE, ESBL-producing Enterobacteriaceae colonizat
1.14-4.77; P = .021). Moreover, students who had completed at
least 2 high-risk clinical rotations were more prone to harbor EPE
(OR, 2.56; 95% CI, 1.18-5.56; P = .017). Intensive care unit training
and gynecology training were identified as risk factors for EPE
colonization (OR, 2.50, 95% CI, 1.10-5.67, P = .028 and OR, 2.19,
95% CI, 1.04-4.60, P = .039, respectively). In the multivariate analy-
sis, the year of medical training emerged as the sole factor con-
tributing to the difference in EPE colonization between medical
students in the fifth year and beyond and those in the first 4 years
(aOR, 2.33; 95% CI, 1.14-4.77; P =.021).
DISCUSSION

One-third of Saint Joseph University’s Faculty of Medicine stu-
dents were enrolled in this study, providing a fairly representative
sample of the study population. Overall, EPE seemed to be the pre-
dominant MDR bacterial flora in the medical students, and MRSA was
not encountered. This finding may be subject to the local epidemio-
logic data of Lebanon.8 We analyzed the variations in the MDR bacte-
rial flora of the medical students as a surrogate for contamination
during medical training. The literature reports on the prevalence of
MRSA and EPE colonization among medical students without analyz-
ing the preponderant risk factors for their acquisition. We found that
the major factor involved in medical students’MDR bacterial contam-
ination seems to be their degree of clinical exposure, represented
here by their year of study.

Medical students lack knowledge of hygiene in infection control,
as their personal belongings commonly come close to patients and
are rarely cleaned appropriately.5,6 Moreover, they are unaware of
the correct indications for hand hygiene and the use of alcohol-based
hand rubs, universal gloves, and protective gowns.9,10 Throughout
training, medical students are exposed to increasing numbers of
patients with resistant germs. As these students progress in their
training, they are at greater risk of contamination from critically ill
patients.9 The inherent community behavior, attitudes, and peer
r

, n
Klebsiella
pneumoniae ESBL, n

Proteus
mirabilis ESBL, n

Total EPE
per year, n

0 0 3
0 0 5
0 0 0
0 0 5
0 1 16
1 0 17
0 0 6
1 1 52

ion.
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behavior of medical students have been identified as the core factors
in the adherence to infection control strategies.11
CONCLUSIONS

Covering the gaps in performance, knowledge, and education would
improve infection control.12 As such, implementing regular and practi-
cal training in line with a behavioral modification program is required
in the early years of the medical curriculum to build in proper uncon-
scious hygiene behavior.12 This strategy of infection control would limit
the colonization of medical students with MDR bacterial flora and their
vectoring in the nosocomial and community settings.
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