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Abstract
Multidrug-resistant bacteria have been increasingly described in healthcare institutions, however community resistance also
seems to be emerging. Escherichia coli an intestinal commensal bacteria, is also a pathogen and represents an important intestinal reservoir of resistance. Our aim was the study of the intestinal colonization and of the persistence of antibiotic resistant
intestinal bacteria in healthy university students of Porto, in the north of Portugal. Samples from 30 university students were
collected and analysed. Two E. coli isolates were randomly obtained from each student and Gram-negative bacilli resistant to
antibiotics were studied. In addition, we evaluated changes in the Gram-negative intestinal colonization of ten university students in a short period of time. Molecular characterization showed a high presence of blaTEM in commensal E. coli. Gram-negative
bacteria with intrinsic and extrinsic resistance were isolated, namely Pseudomonas spp., Enterobacter spp. and Pantoea spp.
We isolated three ESBL-producing E. coli from two students. These isolates showed blaCTX-M group 1 (n=1), blaCTX-M group 9 (n=2),
blaTEM (n=2), blaSHV (n=1) and tetA (n=2) genes. Additionally, they showed specific virulence factors and conjugational transfer of
antibiotic resistance and virulence genes. One Pseudomonas spp. isolate resistant to carbapenems was detected colonizing one
student. Our results confirm that healthy young adults may be colonized with commensals showing clinically relevant antibiotic
resistance mechanisms, creating a risk of silent spread of these bacteria in the community.

[2, 5, 6]. Knowledge of silent faecal carriage is important
once asymptomatic humans can be a reservoir for transmission through different niches, representing a public health
threat [7]. Antibiotic resistant E. coli silent carriage has been
described, with rates varying between 6 and 63 % in different
parts of the world [8]. Particularly in university students,
colonization by extended-spectrum beta lactamase (ESBL)-
producing bacteria have been described in Hungary (2,6 %),
Sweden (7 %) and ESBL and/or AmpC in Mozambique (20 %)
[6, 9, 10]. Previous antibiotic consumption and recent travel
to countries with high antibiotic resistance rates have been
associated with colonization, although the association with
food, contact with animals and human patients, is not well
known [2, 11, 12]. Some studies had investigated the current
state of human intestinal colonization by MDR E. coli and
Klebsiella pneumoniae in vulnerable populations, like the

INTRODUCTION
Composition of human intestinal microbiota is reflected,
albeit incompletely, in faeces, with anaerobic bacteria representing the largest quantity, but Enterobacteriaceae are the
main type of facultative anaerobic pathogens associated with
antibiotic resistance [1]. This Gram-negative bacilli resistant
to antibiotics have been associated with health institutions,
but community acquired infections are increasing worldwide
[2]. Consequently, multidrug-resistant (MDR) bacteria are
also increasing in the intestinal microbiota of healthy humans
[3, 4]. There is evidence that the human gut is an important
reservoir of MDR bacteria and that infections caused by this
type of bacteria are associated with intestinal colonization,
E. coli being the main carrier of antibiotic resistance genes in
the faecal microbiota and an important opportunistic pathogen related with urinary tract and bloodstream infections
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relatively to the previous questionnaire. Informed consent
was obtained from all participants.

Table 1. Background information distribution among participants in
absolute number and percent
Background data
Sex

Nationality

Predominant alimentation*

Faecal samples were stored in a refrigerator and analysed
within 24 h after collection.

Percent/absolute no.
Female

76.7 % (23/30)

Male

23.3 % (7/30)

Portuguese

83.3 % (25/30)

Spanish

6.7 % (2/30)

Brazilian

6.7 % (2/30)

Georgian

3.3 % (1/30)

Mediterranic

92.3 % (24/26)

Raw meat eater

26.9 % (7/26)

Vegetarian

7.7 % (2/26)

Contact with animals*

65.4 % (17/26)

International travel in last year*†

42.3 % (11/26)

Gastrointestinal changes in last year*

23.1 % (6/26)

Contact with human patients*

23.1 % (6/26)

Selection of bacterial isolates
In total, 1 g of faeces was suspended in 10 ml of saline, and
successive dilutions were performed of 1 : 10 and plated
on MacConkey agar 100 µl of the dilution 1 : 100, 1 : 1000
and 1 : 10 000. When necessary to perform colony counting
(between 30 and 150 c.f.u., approximately) the dilution
1 : 100 000 was plated. The dilution used for colony counts was
plated in CHROMagar orientation (ChrOmagar). From the
later medium, two E. coli colonies were randomly selected for
further characterization in relation to resistance to β-lactam
and non-β-lactam antibiotics.
To search Gram-negative bacilli resistant to antibiotics,
100 µl of suspension in saline was plated on MacConkey
agar (Oxoid, Hampshire, UK) with cefotaxime, ceftazidime
or meropenem in subinhibitory concentrations (2 mg l−1)
(Sigma-Aldrich, St Louis, MO, USA). At the same time, 1 g
of faeces was suspended in 40 ml of Tryptic Soy Broth (TSB)
(Sigma-Aldrich) and after incubation 200 µl were spread in
the same culture media. Representative isolates were selected
to confirm the identification using API 20E and ID32GN
Biomérieux.

*Data were extracted from 26 out of 30 questionnaires.
†England, Italy, Spain, France, Brazil, Germany, Netherlands,
Denmark, United States of America, Mexico, Hungary, Austria,
Egypt.

elderly and healthcare-dependent populations, however silent
carriage of MDR bacteria in human gut is still poorly studied,
particularly the prevalence and intestinal colonization by
these bacteria in healthy young individuals in community in
Portugal [13, 14].

Antimicrobial susceptibility
Susceptibility to antibiotics test was carried out by agar diffusion method, according to Clinical and Laboratory Standards
Institute (CLSI) [15]. To study the predominant antibiotic
resistance profile in E. coli isolates from intestinal microbiota
in this specific population susceptibility profile to β-lactam
antibiotics amoxicillin (10 µg), amoxicillin/clavulanic acid
(30 µg), cefotaxime (30 µg) and meropenem (10 µg), and
non-β-lactam antibiotics ciprofloxacin (5 µg), gentamicin
(5 µg), chloramphenicol (30 µg), trimethoprim/sulfamethoxazole (25 µg) and tetracycline (30 µg) was determined. In
order to search other Gram-negative bacilli resistant to antibiotics, susceptibility profile to β-lactam antibiotics amoxicillin (10 µg), amoxicillin/clavulanic acid (30 µg), cefotaxime
(30 µg), ceftazidime (30 µg), cefepime (30 µg), aztreonam
(30 µg), cefoxitin (30 µg), imipenem (10 µg) and meropenem
(10 µg) and to non-β-lactam antibiotic ciprofloxacin (5 µg)
was also determined. E. coli ATCC 25 922 was used for quality
control.

In this work we aimed to study the intestinal colonization
and the persistence of intestinal bacteria in healthy young
university students and the association with possible risk
factors for colonization, in the north of Portugal.

METHODS
Recruitment of volunteer university students,
faecal samples and study design
Faecal samples were collected from 30 volunteer students,
of the University of Porto (UP), 24 students of the Faculty of
Pharmacy (FFUP) and six students of Veterinary Medicine
of Institute of Biomedical Sciences Abel Salazar (ICBAS),
from October 2015 to March 2016. All students were clinically healthy young adults with ages between 18 and 25 years,
without antibiotic consumption in the previous 6 months
and from all course years. Epidemiological data for putative
risk factors were assessed by questionnaire (Supplementary
Material S1, available in the online version of the article). At
a second approach, ten students were selected randomly for
evaluation of intestinal colonization changes, carrying out a
new detection after 3 months of the first detection and after
1 month of the second detection. In each detection, volunteers
completed a follow-up questionnaire, to identify changes

ESBL and carbapenemase producer resistance
phenotype detection
Isolates with different colony morphologies that grew in
MacConkey agar with cefotaxime or ceftazidime, were
screened for ESBL production by the double disc synergy test
and confirmed by clavulanic acid addition to cefotaxime and/
or ceftazidime discs, following the CLSI criteria [15]. Isolates
that grew in MacConkey agar with meropenem were searched
2
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chuA, yjaA and TspE4.C2 determinants, and for O25b-ST131
clonal group (Supplementary Material S2). Additionally, virulence genes and pathogenicity associated island (PAI) were
also tested by PCR (Supplementary Material S2). Transfer of
antibiotic resistance and virulence genes was determined in
ESBL-producing E. coli isolates by conjugation, using E. coli
K802N as the recipient strain. Transconjugants were selected
in MacConkey agar with cefotaxime (1 µg ml−1) and nalidixic
acid (500 µg ml−1). Transconjugants were verified by PCR to
confirm plasmid acquisition.

for carbapenemase production by biochemical Blue-carba test
[16].

Genotype of resistance to antibiotics predominant
in E. coli
DNA was extracted from two E. coli isolates from each
student. Molecular characterization of predominant resistance to β-lactams and non-β-lactams in E. coli isolates from
intestinal microbiota in this specific population was done. We
searched for blaTEM, blaOXA-1, blaSHV, tet(A), tet(B), sul1, sul2,
sul3, qnrB, parC, gyrA, aac(3)-IV and aac(3)-II (Supplementary Material S2).

RESULTS

Detection of ESBL and carbapenemase genes
Molecular characterization of ESBL producing E. coli was
done for blaTEM, blaOXA-1, blaSHV and blaCTX-M groups 1, 2, 8, 9
and 25 (Supplementary Material S2). In isolates that amplified blaCTX-M group 1, blaCTX-M-15 was detected with specific
primers (Supplementary Material S2). The most prevalent
and relevant carbapenemases blaIMP, blaVIM, blaKPC, blaNDM
and blaOXA-48 were searched in isolates showing reduction of
susceptibility to carbapenems (Supplementary Material S2).

Description of volunteers
Students from all years of university (range 18–25 years,
median age 21.5), different gender, different food habits and
Erasmus students (5/16.7 %). None of the volunteer students
took antibiotics in the previous 6 months of providing faecal
samples. The epidemiological data collected are shown in
Tables 1 and 2.
In this study, faecal samples from healthy young adults were
analysed to verify the panorama of antibiotic resistance in
this population and to try to understand the dynamics of
that resistance over time. Veterinary medicine students were
specifically analysed, and contact with animals of all students
was assessed through the questionnaire, in an attempt to
find a relationship between contact with animals and human
intestinal colonization, because of the number of animals
colonized with antibiotic resistant bacteria, namely with ESBL

Students colonized with ESBL producers were followed-up
after 5 months.

Typing, virulence genotyping and conjugation
experiments of ESBL-producing E. coli isolates
ESBL-producing E. coli were searched for phylogenetic groups
A, B1, B2 and D using PCR with specific primers for trpA,

Table 2. Description of the changes in the university students that were followed up, after 3 months of the first detection
Volunteer no.

Food changes

Contact with
animals changes

International travel

Antibiotic
consumption

Gastrointestinal
changes

Contact with human
patients

1

No

No

No

No

No

No

2

No

No

No

No

No

Gastrointestinal
disease

3

No

No

No

No

No

No

4

No

No

No

No

No

No

6

No

No

No

Ciprofloxacin
(5 days)

No

Cancer patient

12

No

No

No

Doxycycline
(2 months,
continued after
follow up)

No

No

15

No

No

France and Germany (bottled
water consumption)

No

No

No

25

No

No

Germany and Austria (bottled
and public water consumption)

No

No

No

28

Vegetarian

Increase (canids,
cattle, horses)

No

No

No

No

29

–

–

–

–

–

–

Data were extracted from 9 out of 10 questionnaires.
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tet(B) and one amplified both tet(A) and tet(B). Considering
the three E. coli resistant to trimethoprim-sulfamethoxazole,
two amplified both sul(1) and sul(2) and one amplified sul(3).
All E. coli isolates resistant (n=2) and intermediate (n=1) to
ciprofloxacin amplified both parC and gyrA (Table 3).

producers, bacteria resistant to tetracycline and to quinolones
[17]. This is due to the use of antibiotics in veterinary practices, with the concern of the possible transfer of antibiotic
resistant bacteria between humans and animals. Food habits
were also analysed through the questionnaire, specifically
meat consumption, as an attempt to evaluate if this is a risk
factor for antibiotic resistant bacteria intestinal colonization.
The analysis of Erasmus students aimed to verify if there
are differences in colonization between different countries.
Additionally, international travel was assessed through the
questionnaire, in order to evaluate if travel to other countries
can influence intestinal colonization. At the third detection no
volunteer had any alteration relatively to the second detection
period, except volunteer number 12 who continued taking
doxycycline.

ESBL-producing Enterobacteriaceae
Three distinct ESBL-producing E. coli were detected, one
isolate in volunteer number 2 and two isolates in volunteer
number 24, with a proportion of colonization of 6.7 %. Amplification for CTX-M group 1 (n=1), but not for CTX-M-15,
and for CTX-M group 9 (n=2) was obtained. Student number
2 was no longer colonized after 5 months of the first detection, but student number 24 remained colonized with an
ESBL-producing E. coli. The isolate recovered after 5 months
from student number 24 amplified for CTX-M group 9, as the
previous isolates from this student, and presented the same
antibiotic resistance profile and virulence factors as an isolate
previously detected, however the phylogenetic group differed
(Table 4). All isolates presented virulence factors but none of
them amplified for O25b-ST131 clonal group. Additionally,
one isolate presented capacity to transfer resistance genes and
one isolate presented capacity to transfer both resistance and
virulence genes.

Commensal intestinal microbiota of university
students
Through the plating in CHROMagar orientation (ChrOmagar), we classified the commensal intestinal microbiota
relatively to the presence of only E. coli, predominance of
E. coli or predominance of KESC group (Klebsiella spp.,
Enterobacter spp., Serratia spp., Citrobacter spp.) and/or
Enterococcus spp. in the plated dilution. In 30 % (9/30), only
E. coli was detected, in 40 % (12/30) the predominance of E.
coli and in 30 % (9/30) predominance of KESC group and/
or Enterococcus spp. There was a great intestinal microbiota
diversity and E. coli was the main bacteria found in most
university volunteers [21/30 (70 %)]. In relation to the colony
counting, intestinal colonization ranged over three orders of
magnitude from 4.0×105 to 3.3×108.

Follow up – temporal variability and dynamics
associated with phenotypes
Temporal variability of bacteria that colonize the human
gut, both in a qualitative and a quantitative level, were verified. From the ten students that were followed up, we verified a change in half, relative to the predominant colonizer
group (E.coli or KESC group and/or Enterococcus spp.). In
five students that initially were predominantly colonized
by E. coli or by KESC group and/or Enterococcus spp., the
respectively predominant colonization changed after 3 or
4 months. Relative to the quantitative profile, just in one
of the ten students (10%) we did not find a change in the
order of magnitude. Additionally, in four of the ten students
(40 %) there was a change in at least two orders of magnitude. In 50 % of students there was a change in one order
of magnitude.

Sixty isolates of commensal E. coli, two of each student were
randomly selected, for characterization of resistance to nine
antibiotics. Amoxicillin was the antibiotic that demonstrated
less efficacy, with 31.7 % of resistance (19/60 isolates). In
contrast, resistance to amoxicillin with clavulanic acid, to
cefotaxime and to meropenem was not detected. Within
non-β-lactam antibiotics, tetracycline was the antibiotic
with less efficacy, with 15 % of resistance (9/60 isolates).
Chloramphenicol, trimethoprim-
sulfamethoxazole and
ciprofloxacin showed, respectively, 6.7 % (4/60 isolates),
5.0 % (3/60 isolates) and 3.3 % (2/60 isolates) of resistance.
Resistance to gentamicin was not found. In total of E. coli
isolates, 38.3 % (23/60 isolates) showed resistance to at least
one of the tested antibiotics. Considering the 30 students,
43.3 % (13/30 students) were colonized with E. coli resistant to
one or more antibiotics (Table 3). Additionally, other Gram-
negative bacilli resistant to antibiotics, were detected. From
the students analysed, nine bacteria with different resistance
profiles and non-ESBL producers were isolated, namely E. coli
[2/30 (6.7 %)] Enterobacter aerogenes [1/30 (3.3 %)], Enterobacter cloacae [3/30, (10.0 %)], Pantoea spp. [1/30,(3.3 %)] and
Pseudomonas spp. [2/30, (6.7 %)].

We also verified that after 3 months, the two E. coli
randomly selected were different from the E. coli selected
in the first evaluation in six of the ten students (60 %), and
in those cases, alteration in the resistance profile to at least
one antibiotic in one or both E. coli was detected. In the
third evaluation, after 1 month of the second evaluation,
four students (40 %) presented different E. coli randomly
selected. Six students presented E. coli with exactly the same
phenotypic and molecular resistance profile (Table 5).
Considering the selection of Gram-negative isolates that
grew in MacConkey agar with antibiotic, three Pseudomonas
spp. (two in the second detection and one in the third
detection) were detected from volunteer number 25. One
isolate of the second detection and one isolate of the third

From 19 E. coli resistant to amoxicillin, 18 amplified blaTEM
and did not amplify blaOXA or blaSHV. In a total of nine isolates
resistant to tetracycline, six amplified tet(A), one amplified
4
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Table 3. Predominant colonizing bacteria and antibiotic resistance profile in two intestinal commensal E. coli randomly selected, in 30 university
students of University of Porto (UP)
Student
ID

Faculty

Sex/
Nationality

Colonies
counting

Predominant bacteria colonizing

Antibiotic resistance profile in intestinal commensal E. coli
Phenotypic

Molecular

β-lactams

Non-β-lactams

β-lactams

Non-β-lactams

1

FFUP

F/Pt

4,0×106

KESC group

None

None

–

–

2

FFUP

F/Pt

3,3×10

KESC group

AML

TE, SXT, C

blaTEM

tetA, sul3

3

FFUP

F/Pt

1,5×10

KESC group

None

TE

–

tetA

4

FFUP

F/Pt

7

2,3×10

E. coli

None

None

–

–

5

FFUP

F/Sp

1,1×10

7

E. coli

AML

TE, C

blaTEM

tetA

6

FFUP

F/Pt

4,9×107

E. coli

AML

None

blaTEM

–

7

FFUP

F/Pt

1,7×108

E. coli

None

None

–

–

8

FFUP

M/Pt

4,7×105

KESC group

None

None

–

–

9

FFUP

M/Pt

4,6×106

E. coli

None

None

–

–

10

FFUP

F/Bz

1,8×10

8

E. coli

None

None

–

–

11

FFUP

F/Sp

5,9×10

7

E. coli

AML*

None

None

–

12

FFUP

F/Pt

7,9×10

7

E. coli

AML

None

blaTEM

–

13

FFUP

F/Geor

3,1×10

KESC group

AML

TE, C, CIP*, CN*

blaTEM

parC, gyrA

14

FFUP

F/Pt

8

1,7×10

E. coli

AML

TE, SXT, C

blaTEM

tetA, tetB, sul1,
sul2

15

FFUP

F/Pt

3,3×107

E. coli

AML

None

blaTEM

–

16

FFUP

M/Bz

1,3×10

E. coli

AML

None

blaTEM

–

17

FFUP

F/Pt

1,5×10

KESC group

AML

CIP

blaTEM

parC, gyrA

18

FFUP

F/Pt

4,3×10

E. coli

AML

None

blaTEM

–

19

FFUP

F/Pt

4,0×10

KESC group

None

None

–

–

20

FFUP

F/Pt

1,5×107

E. coli

None

None

–

–

21

FFUP

F/Pt

4,6×107

KESC group

AML

None

blaTEM

–

22

FFUP

F/Pt

6,0×106

E. coli

None

None

–

–

23

FFUP

F/Pt

9,6×107

E. coli

None

None

–

–

24

FFUP

F/Pt

1,3×10

8

E. coli

AML*, AMC*

None

None

–

25

ICBAS

M/Pt

1,4×10

6

E. coli

None

None

–

–

26

ICBAS

M/Pt

4,3×10

6

KESC group

None

None

–

–

27

ICBAS

F/Pt

1,5×10

8

E. coli

None

None

–

–

28

ICBAS

M/Pt

4,8×10

5

E. coli

AML*

None

None

–

29

ICBAS

M/Pt

5,2×106

E. coli

None

None

–

–

30

ICBAS

F/Pt

4,3×106

E. coli

AML, AMC*

None

blaTEM

–

8
7

7

8
6
7
5

*Isolates with intermediate resistance.
FFUP, Faculty of Pharmacy of University of Porto; ICBAS, Institute of Biomedical Sciences Abel Salazar; F, Female; M, Male; Pt, Portuguese; Sp,
Spanish; Bz, Brazilian; Geor, Georgian; AML, amoxicillin; TE, tetracycline; SXT, trimethoprim-sulfamethoxazole; CIP, ciprofloxacin; CN, gentamicin;
C, chloramphenicol.

5

Mota et al., Access Microbiology 2020

Table 4. Characteristics of blaCTX-M harbouring E. coli isolates recovered from the two university students of FFUP
Student
ID

Sex/
age*

Isolate ID

Isolation date

Resistance profile
to β-lactam and
non-β-lactam
antibiotics†

ESBL genes

Other
β-lactamases

Resistance to
non-β-lactams
genes

Virulence genes‡

Phylogenetic
group

2

F/
21

2A

October 2015

AML, PRL, CXM§,
CTX, ATM§, CAZ§,
TET

CTX-M
group 1

TEM, SHV

tet(A)

fimH, iutA, traT,
cvaC

B1

24

F/
22

24A

March 2016

AML, PRL, CXM,
CTX, CPT

CTX-M
group 9

–

–

fimH, fyuA, traT

A

24B||

March 2016

AML, PRL, CXM,
CTX, CPT, TET

CTX-M
group 9

TEM

tet(A)

fimH, iutA, fyuA,
traT

B1

24C||, ¶

October 2016

AML, PRL, CXM,
CTX, CPT, TET

CTX-M
group 9

TEM

tet(A)

fimH, iutA, fyuA

D

*F, Female.
†AML, amoxicillin; PRL, piperacillin; CXM, cefuroxime; CTX, cefotaxime; ATM, aztreonam; CAZ, ceftazidime; CPT, ceftaroline; TET, tetracycline.
‡fimH - type one fimbriae; iutA - ferric aerobactin receptor; fyuA - yersiniabactin receptor; traT - serum survival associated; cvaC - colicin V;
underlined - antibiotic resistance genes and virulence genes transferred in conjugation assay; (-) not detected.
§Isolates with intermediate resistance.
||Colonies with mucoid aspect.
¶Isolate recovered after 5 months of the first detection (October 2016).

Table 5. Follow up results in ten participants. First detection, after 3 months of the first detection (second detection) and after 1 month of the second
detection (third detection)
Student ID

First detection

Second detection

Third detection

c.f.u. per gram of
faeces*

E. coli antibiotic
resistance profile†

c.f.u. per gram of
faeces*

E. coli antibiotic resistance
profile†

c.f.u. per gram of
faeces*

E. coli antibiotic
resistance profile†

1

4.0×106

Without resistance

9.2×106

Without resistance

2.4×108

Without resistance

4

2.3×107

Without resistance

1.1×108

Without resistance

5.3×106

Without resistance

25

1.4×106

Without resistance

2.6×105

Without resistance

1.5×105

Without resistance

29

5.2×106

Without resistance

6.1×107

Without resistance

5.2×106

Without resistance

3

1.5×107

TE | tetA

1.7×107

Without resistance

1.3×106

Without resistance

6

4.9×10

7

AML | blaTEM

1.6×10

Without resistance

1.7×10

Without resistance

15

3.3×10

7

AML | blaTEM
AML

7

7.1×10

Without resistance

7.9×10

AML‡
AML‡

28

4.8×105

AML‡

1.1×107

AML‡
Without resistance

8.3×106

Without resistance

2

3.3×108

AML, TE, SXT, C | blaTEM,
tetA, sul3
AML, TE | blaTEM, tetA

9.7×105

AML, TE, SXT| blaTEM, tetA,
sul1
Without resistance

1.0×108

AML, TE, SXT | blaTEM,
tetA, sul1, sul2

12

7.9×107

AML | blaTEM

1.5×108

AML, TE, CIP, CN SXT
| blaTEM, tetB, parC, gyrA,
aac(3)-II, sul1, sul2, sul3
TE | tetB

1.0×108

AML, TE, CIP, CN SXT
| blaTEM, tetB, parC, gyrA,
aac(3)-II, sul1, sul3

7

6
7

*Only Gram-negative bacteria were counted.
†From two E. coli isolates randomly selected from each student. When only one profile is presented, this means that both E. coli isolates are the
same, phenotypic and molecular.
‡Isolates with intermediate resistance.
AML, amoxicillin; CTX, cefotaxime; TE, tetracycline; SXT, trimethoprim-sulfamethoxazole; CIP, ciprofloxacin; CN, gentamicin; C, chloramphenicol
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conducted in 2010, where E. coli isolates were analysed from
healthy humans, the antibiotics ampicillin, tetracycline and
trimethoprim-sulfamethoxazole were the ones that showed
lowest efficacy. No strains were found with resistance to cefotaxime, as demonstrated by our results [19]. In another study,
which included 110 humans apparently healthy, the higher levels
of antibiotic resistance were found with ampicillin (77.3%) and
tetracycline (66.5%) [23]. However, this last study was carried
out in Asia, where prevalence of antibiotic resistance is higher
in comparison to Europe, and included individuals of all age
groups, including the elderly, who are colonized by antibiotic
resistant bacteria in more extent than the younger population.
In Mexico, Spain and Turkey, in a study that covered all age
groups, ampicillin resistance values above 50% were described,
but in Germany these values were lower [24].

detection presented native resistance profile, however one
Pseudomonas spp. resistant to meropenem was detected.
Neither in the blue-carba test nor in the PCR for the prevalent carbapenemases a positive result was obtained.

DISCUSSION
Qualitative and quantitative analysis of commensal
intestinal microbiota
In most of the university students, microbiota presented
E. coli as the main colonizer. This result is as expected as
E. coli is the predominant facultative aerobic organism in the
gut [18]. The abundance of Gram-negative bacteria, varied
between 4.0×105 to 3.3×108 c.f.u. per gram of faeces. This
result is consistent with previous reports, namely E. coli and
other Gram-negative bacteria incidence between 2.0×104 and
1.7×108 [19]. In fact, in the gut there are a lot of Gram-negative
bacteria, which may present resistance and virulence genes.
Based on these values we verify that even the less abundant
strains represent a significant reservoir.

When analysing E. coli from intestinal microbiota, there was
no prevalence of antibiotic resistance in students of veterinary
medicine nor in Erasmus students. Relating to the parameters
evaluated in the questionnaire, namely contact with animals,
food habits and international travel, it was also not possible
to establish any clear relation. Finally, it was found that in the
majority of the volunteers the two E. coli randomly isolated
presented the same phenotypic profile.

Prevalent antibiotic resistant phenotype in E. coli in
intestinal microbiota
E. coli has consolidated resistances that have appeared over
the years, such as the TEM-1 β-lactamase or more recently the
ESBL, carbapenemases or the plasmid-mediated quinolone
resistance. In healthy humans the incidence of resistance in
commensal E. coli has been increasing, although the knowledge in this area is still scarce [19].

ESBL-producing Enterobacteriaceae, virulence
factors and gene transfer
E. coli, both a human intestinal commensal and an important
pathogen, is the species most often responsible for community-
acquired infections, and in fact all ESBL producers detected in
this study, were E. coli isolates [21]. CTX-M-producing faecal
carriage in healthy humans have been rising in recent years,
and currently supplanted TEM and SHV enzymes worldwide
[21, 25]. CTX-M group 1 and group 9 increase are in accordance with previous reports in healthy humans, however the
non-amplification for CTX-M-15 and clonal group O25b-
ST131, both highly disseminated in healthcare facilities in
Portugal, suggests that neither this CTX-M variant nor this
clonal group are associated with young healthy community
settings [26–29]. Additionally, only co-resistance to tetracycline was detected, differing from ESBL clinical isolates that
in most of the cases present co-resistance to multiple antibiotics. In fact, in E. coli, tetracycline is an antibiotic with high
levels of resistance described [19, 23, 26, 30]. The presence
of the virulence factors described in the healthy intestinal
microbiota alerts for the colonization of healthy humans by
bacteria that can be responsible for extra-intestinal infections,
namely urinary tract infections (UTIs), and for the hypothesis
of transfer of resistance and virulence genes to other bacteria.
It should be noted that the university students colonized with
ESBL-producing E. coli reported taking many antibiotics in
childhood, due to recurrent UTIs (student number 2) and to
tonsillitis (student number 25). However, no other association
with other parameters analysed by the questionnaire could be
established. Relative to the follow up after 5 months, results
demonstrate that the human intestinal colonization with
ESBL producers are dynamic and apparently transitory, as
described in the literature [31, 32].

In this study two colonies of E. coli were randomly isolated
from each student in an attempt to evaluate the phenotypic
resistance profile of this species in the studied population.
Of the isolates resistant to amoxicillin, blaTEM was the only
antibiotic resistance gene that was amplified. The pair of
primers used amplify both TEM-1 and TEM-2 β-lactamases,
but due to high prevalence of TEM-1 all over the world,
even in healthy populations, it was probably the enzyme that
confers resistance in these isolates [20, 21]. The combination
of amoxicillin with clavulanic acid showed only two intermediate resistant isolates (3.3 %). Once this combination is widely
used in clinical practice, these data suggest that, for now, it
seems to be a good therapeutic option. No resistant isolate to
cefotaxime and meropenem was found, which demonstrates
that these antibiotics are still effective and an alternative to
be used in treatment. In the 30 students analysed only one
intermediate resistance to gentamicin was found. Regarding
resistance to trimethoprim-sulfamethoxazole there was no
trend or predominance in the amplified genes. Considering
resistance to ciprofloxacin, all intermediate resistant isolates
amplified both gyrA and parC, confirming that these two
genes are responsible for conferring much of the resistance
to this antibiotic in E. coli, being described as the principal
mechanism of resistance to quinolones in this species [22].
Comparing the values of prevalence of resistance to antibiotics
obtained with the values described in the literature, we can
verify some similarities with the results of this work. In a study
7
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the second evaluation we isolated E. coli with resistance only
to tetracycline, the only antibiotic tested that belongs to the
same class of doxycycline, and E. coli resistant to amoxicillin,
tetracycline, ciprofloxacin, gentamicin and trimethoprim-
sulfamethoxazole. However, in the third evaluation the two
E. coli isolates already presented an antibiotic resistance
profile equal to MDR E. coli detected in the second evaluation. The use of antibiotics induces profound changes at the
individual microbiome structure [36]. Both in vivo and in
vitro studies demonstrate that antibiotic treatment selects and
favours resistant strains, leading to changes in the amount
and composition of bacteria due to selective pressure exerted
by the antibiotic [36]. Genes conferring resistance to other
antibiotics than the one used, are also favoured, as happened
in this case, due to co-selection of several antibiotic resistance
genes in the same genetic platform originating selection of
multiple genes when only one is the target of selection [37]. In
fact, it is reported that even the administration of antibiotics
during a short period of time may lead to the stabilization of
populations of antibiotic resistant bacteria in the human gut,
which may persist for years [36]. However, the microbiome
demonstrates to be variable between people and antibiotics
also contribute to that [38].

Other antibiotic resistant Gram-negative isolates
One volunteer was colonized with Enterobacter aerogenes and
three volunteers were colonized with Enterobacter cloacae,
commensal bacteria of the intestinal tract and intrinsically
resistant to amoxicillin, amoxicillin with clavulanic acid, first-
generation cephalosporins and cefoxitin [33]. However, the
isolated bacteria presented additional resistance to β-lactam
antibiotics. These bacteria are part of ESKAPE group (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and
Enterobacter spp.), described as main contributors to human
infections and that effectively escape to antibiotics [34]. They
present the ability to develop antibiotic resistance mechanisms
and currently Enterobacter cloacae has been associated with
ESBL and carbapenemases [33]. However, none of these isolates
were ESBL or carbapenemase producers. There were also three
students colonized with Pseudomonas aeruginosa, and although
it is not a typicalenteric bacteria, an intestinal colonization incidence of 1.47% in the community, was observed [35].
The fact that antibiotic resistant bacteria was found colonizing
healthy humans, is important because these antibiotics are
widely used in clinical practice, namely amoxicillin with clavulanic acid, alerting to the limitations of therapeutic options.

Volunteer number 6 and volunteer number 50, who were
colonized with Enterobacter aerogenes and Enterobacter
cloacae respectively, were no longer colonized with these
bacteria in the second and third evaluations. They probably
corresponded to transient strains, demonstrating once again
the dynamics of microbiota.

Follow up – variability and temporal dynamics
associated with phenotypes
Selected volunteers had not taken antibiotics for at least 6 months
in the eventuality that if any of them started taking antibiotics
during the follow up, the changes should be observed. At the
quantitative level there was temporal dynamic, however the
changes were not very significant in none of the students. These
results demonstrate that there are variability and dynamic in the
composition and amount of bacteria in the gut, and that this
variability is constant, since there were no differences between
the analysis performed in the 3 month interval and the analysis
performed with 1 month interval.

Regarding volunteer number 50, in the second evaluation
a carbapenem-resistant Pseudomonas spp. was detected. By
analysing the questionnaire, the only change relatively to the
previous evaluation was a trip to Germany and Austria in
the week prior to the evaluation. Circulation of this type of
bacteria in Germany was described, which raises the possibility of origin of the student’s colonizing bacteria [39, 40]. In
P. aeruginosa the resistance to carbapenems may be caused
by the acquisition of carbapenemases, however the presence
of intrinsic mechanisms responsible for antibiotic resistance
is more common, such as hyperexpression of efflux pump
systems, overexpression of cephalosporinases or loss of
expression of the outer membrane protein OprD [41]. Of
note is the fact that, in the third evaluation, this isolate has
not been detected.

The variability was also verified in the antibiotic resistance
profile, but in this case, alterations were verified between
the analysis performed with a 3 month interval and with a
1 month interval. It should be noted that, at the antibiotic
resistance level, it was not only in the phenotype that we
detected changes, but also at molecular level. For example,
in volunteer number 2, the gene sul3 was detected in the first
evaluation, but in the next two evaluations both genes sul1 and
sul2 were detected. This shows that, in this case, a variability
in antibiotic resistance genes exists, although at phenotypic
level this variability was not detected, with different genes
conferring the same antibiotic resistance in the same host.
Analysing these parameters shows that in addition to inter-
individual there is intra-individual variability.

Despite the great variability in the composition of microbiome
in healthy humans, temporal intra-individual variability is
considerable and the level of variability of the individual
experiences over time can be a determinant factor in disease
and differential treatment success.

Of note is the situation of volunteer number 12. Two months
before the second evaluation this student started a treatment with doxycycline and continued till the third evaluation. In the first evaluation only resistance to tetracycline
was detected, but in the second and third evaluation MDR
bacteria were detected. In addition, it should be noted that in

CONCLUSION
This is the first study that analyses the antibiotic resistance
present in the colonizing intestinal flora of young adults
from the university of Porto in E. coli. In fact, our study
demonstrates that E. coli is the gut main colonizer in young
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healthy adults and that this species presents multidrug
antibiotic resistance in this reservoir, as ESBL. The fact that
ESBL-producing E. coli have been found, with important
virulence factors for the establishment of urinary tract infections and with the ability to transfer genes, demonstrates that
healthy young adults can represent reservoirs of this type of
bacteria and be responsible for the transfer of these genes.
Additionally, we alert for limitations in therapeutic options,
but also demonstrate that amoxicillin with clavulanic acid
and gentamicin still effective and cefotaxime and meropenem,
with none antibiotic resistance found, are a viable alternative.
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