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Antibiotic therapy can affect not only the pathogenic

bacteria, but also commensal microorganisms in the

gut flora of humans, which might serve as a reservoir

of antimicrobial resistance genes.1 Escherichia coli

can be found widely in nature, and can also be

implicated in human infectious diseases. Therefore,

fecal E. coli is often considered as a good indicator

for selection pressure imposed by antimicrobial use.2

Recently, many researchers began showing interest in

the surveillance of antimicrobial resistance in normal

flora of humans.3–5 In China, however, very little is

known about the prevalence of antibiotic resistant

genes in intestinal tracts of healthy people. The aim of

our study is to investigate the prevalence of anti-

microbial resistance genes and diversity of integrons

in fecal E. coli strains recovered from healthy persons

in China.

In 2009, we performed a research on the fecal E.

coli strains isolated from asymptomatic healthy

unrelated human subjects in Fuzhou, China.6 And

in this study, 150 fecal E. coli strains were randomly

selected from those that were collected in 2009. E. coli

ATCC 25922 was used as a positive control.

Susceptibility to antibiotics was assessed by the disc

diffusion method according to the CLSI.7 The follow-

ing 18 antimicrobial agents were tested in this study:

ampicillin (AMP, 10 mg), ampicillin plus sulbactam

(SAM, 10/10 mg), cefazolin (CZO, 30 mg), cefuroxime

(CXM, 30 mg), ceftazidime (CAZ, 30 mg), cefotaxime

(CTX, 30 mg), cefepime (FEP, 30 mg), cefoxitin

(FOX), aztreonam (ATM, 30 mg), imipenem (IPM,

10 mg), amikacin (AMK, 30 mg), kanamycin (KAN,

30 mg), streptomycin (STR, 10 mg), nalidixic acid

(NA), ciprofloxacin (CIP, 5 mg), trimethoprim-

sulfamethoxazole (SXT, 1.25/23.75 mg), chloramphe-

nicol (CHL, 30 mg), and tetracycline (TET, 30 mg).

The discs were obtained from Oxoid Ltd (Basingstoke,

Hampshire, England).

The presence of genes associated with ampicillin

(blaTEM, blaSHV, blaOXA-1), tetracycline (tetA–tetE),

streptomycin (aadA), sulphonamide (sul1, sul2 and

sul3), kanamycin (aphA1 and aphA2), chlorampheni-

col resistance (cmlA and floR), and plasmid-borne

quinolone resistance genes (qnrA, qnrB, and qnrS)

was also analyzed by PCR.8,9 The presence of class 1,

2, and 3 integrons was characterized by PCR in all E.

coli strains.8 The characterization of the variable

region of class 1 and 2 integrons was performed by

PCR and subsequent DNA sequencing.

As shown in Table 1, the resistances to STR

(79.3%), NA (53.3%), TET (50%), AMP (44%),

and SXT (32%) were higher than those of the other

antimicrobials (0–19.3%). Of these, streptomycin and

tetracycline have been widely used as growth

promoters or prophylactic agents in animal husban-

dry.10 The high resistance of gut flora may be due

to the extensive and long-term use of these antibiotics

in humans and in livestock. Our study also found

that the resistance rate of human fecal E. coli

strains to third-generation cephalosporins such as

CTX (15.3%) and CAZ (4.0%) was higher than that

in other countries.11,12 In China, beta-lactams,

aminoglycosides, and quinolones are often used to

cure Enterobacteriaceae infections. Therefore, it is

not surprising that the high resistance of commensal

flora may be due to the extensive use of these

antimicrobials.

Of the 150 E. coli strains tested, 40 (26.7%) carried

integrons, among which 39 (97.5%) carried intI1 and

only 1 strain carried intI2. Class 3 integrons were not

detected in the study. The prevalence of the integrase

gene (26.7%) in this study was similar to that in Spain

(29%),11 however, it is lower than that found in clinical

Enterobacteriaceae isolates in China (59.9%).13 All
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integron-positive strains showed resistance to at least

three antimicrobial agents, as found in previous

studies.11,13,14

Six different gene cassette arrangements were

demonstrated in 24 of the 39 intI1-positive isolates

and were as follows (number of isolates): dfrA17-

aadA5 (8), aadA1(6), aadA2(4), aadA5(2), dfrA5(2),

and dfrA7(2). Only one E. coli isolate in this study

containing class 2 integrons presented the gene

cassette array in its variable region: dfrA1- sat2-

aadA1, also being frequent in other study.8 And the

most frequently detected resistance genes (aadA

family and dfr family) in this study were aminoglyco-

side adenylyltransferase genes and dihydrofolate

reductase genes that confer resistance to streptomycin,

spectinomycin, and trimethoprim. The high frequen-

cies of aadA and dfr family detection in integrons are

similar to other studies.11,13,14

Integrons were significantly associated with AMP,

SAM, SXT, KAN, NA, CHL, and TET (Table 1),

and all 40 integron-positive isolates showed resistance

to at least three antimicrobial agents. Higher percent-

ages of resistance to some antimicrobial agents (STR,

AMP, TET, SXT, CHL, and NA) were observed

among integron-positive isolates with respect to

integron-negative isolates. Table 2 shows the anti-

microbial resistance genes detected in our isolates.

The blaTEM gene was detected in 27 of the 74

ampicillin-resistant isolates and the blaOXA-1 gene

in one additional isolate. Regarding tetracycline

Table 2 Genes of resistance detected among commensal E. coli strains with and without integrons

Antibiotics

Integron-positive strains (n540) Integron-negative strains (n5110)

number Genes detected (no. of strains) number Genes detected (no. of strains)

ampicillin 27 blaTEM (12) 45 blaTEM (15)
blaOXA-1 (1)

tetracycline 31 tetA (5) 46 tetA (10)
tetB (5) tetB (7)
tetAztetB (1)

sulponamide 27 sul-1 (3) 24 sul-1 (7)
sul-2 (1) sul-1z sul-2 (5)
sul-1z sul-2 (8)
sul-2z sul-3 (1)

nalidixic acid 29 qnrS (1) 55 NDa

streptomycin 33 aadA (8) 61 NDa

kanamycin 19 aphA1 (7) 31 aphA1 (1)
chloramphenicol 13 cmlA1 (6) 4 cmlA1 (2)

floR (2) floR (1)

a ND, no gene detected.

Table 1 Association between antibiotic profile and integrons in 150 fecal E.coli strainsa

Antibiotic

Antibiotic susceptibility

All isolates (n5150) Integron-positive isolates (n540) Integron-negative isolates (n5110)

P-value% R % I % S % R % I % S % R % I % S

AMP 44 4 52 65 2.5 32.5 36.4 4.5 59.1 0.006
SAM 7.3 14.7 78 17.5 25 57.5 3.6 10.9 85.5 0.001
CZO 16.7 44.7 38.7 17.5 47.5 35 16.4 43.6 40 0.856
CXM 14 0.7 85.3 15 0 85 13.6 0.9 85.5 0.851
CAZ 4 4 92 2.5 5 92.5 4.5 3.6 91.8 0.884
CTX 15.3 0.7 84 15 0 85 15.5 0.9 83.6 1.000
FEP 3.3 2 94.7 5 2.5 92.5 2.7 1.8 95.5 0.678
FOX 1.3 0.7 98 0 2.5 97.5 1.8 0 98.2 0.319
ATM 4 0.7 95.3 7.5 0 92.5 2.7 0.9 96.4 0.518
IPM 0 0 100 0 0 100 0 0 100 —
AMK 2 10.7 87.3 2.5 15 82.5 1.8 9.1 89.1 0.480
KAN 14.7 43.3 42 30 45 25 9.1 42.7 48.2 0.002
STR 79.3 20 0.7 90 10 0 75.5 23.6 0.9 0.116
NA 53.3 3.3 43.3 70 2.5 27.5 47.3 3.6 49.1 0.041
CIP 19.3 2 78.7 27.5 2.5 70 16.4 1.8 81.8 0.226
SXT 32 2 66 62.5 5 32.5 20.9 0.9 78.2 ,0.001
CHL 11.3 0 88.7 32.5 0 67.5 3.6 0 96.4 ,0.001
TET 50 1.3 48.7 75 2.5 22.5 40.9 0.9 58.2 ,0.001

a Abbreviations:%R, resistant rate;%I, intermediate rate;%S, susceptible rate; n, total number of isolates; AMP, ampicillin; SAM,
ampicillin/sulbactam; CZO, Cefazolin; CXM, Cefuroxime; CAZ, ceftazidime; CTX, Cefotaxime; FEP, cefepime; FOX, cefoxitin; ATM,
aztreonam; IPM, imipenem; AMK, amikacin; KAN, kanamycin; STR, streptomycin; NA, nalidixic acid; CIP, ciprofloxacin; SXT,
trimethoprim-sulfamethoxazole; CHL, chloramphenicol; TET, tetracycline.
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resistance, the tetA gene was the predominant one in

those strains, and it has been previously suggested

that tetA gene and class 1 integrons are often located

on the same conjugative plasmid.15

Higher percentage of resistance to some antimi-

crobial agents (aminoglycoside, sulphanilamides,

quinolones, and beta-lactam agents) were observed

among integron-positive strains with respect to

integron-negative strains (Table 1). The fact could

be explained by the presence of resistance genes in the

conserved or variable region of integrons, or by the

inclusion of resistance genes in the same mobile

elements that carry integrons.11

The following genes were identified among 51 SXT-

resistant isolates (integron-positive/integron-negative

isolates): sul1 (3/7), sul2 (1/0), sul1zsul2 (8/0) and

sul2zsul3 (1/0). The aphA1 gene was found in 8 of 50

kanamycin-resistant E. coli isolates. Among the 17

chloramphenicol-resistant E. coli isolates, the cmlA

and floR genes were found in eight and three isolates,

respectively. Among the 29 nalidixie acid-resistant

integron-positive isolates, the qnrS gene was found in

one isolate. And aadA gene was detected in 8 of 33

streptomycin resistant integron-positive isolates.

In conclusion, this study demonstrates that multidrug

resistance genes and integrons are widespread in fecal E.

coli strains from healthy people in China. The integrons

may contribute to the dissemination of antibiotic

resistance in the gut flora. The data of this study

provides useful information regarding the dissemination

of antibiotic resistance among healthy humans in the

community. Continued surveillance of normal flora

should be carried out to predicting the antimicrobial

resistance trends of clinical Enterobacteriaceae isolates in

this region.

Acknowledgements
This work was supported by the National Natural

Science Foundation of China (Grant no. 81201328),

and the Natural Science Foundation of Fujian

Province, China (Grant no. 2012J05147).

References
1 Salyers A, Shoemaker NB. Reservoirs of antibiotic resistance

genes. Anim Biotechnol. 2006;17:137–46.
2 Alekshun MN, Levy SB. Commensals upon us. Biochem

Pharmacol. 2006;71:893–900.
3 Bailey JK, Pinyon JL, Anantham S, Hall RH. Commensal

Escherichia coli of healthy humans: a reservoir for antibiotic-
resistance determinants. J Med Microbiol. 2010;59:1331–9.

4 Dyar OJ, Hoa NQ, Trung NV, Phuc HD. High prevalence of
antibiotic resistance in commensal Escherichia coli among
children in rural Vietnam. BMC Infect Dis. 2012;12:92–100.

5 Luvsansharav UO, Hirai I, Niki M, Nakata A, Yoshinaga A,
Moriyama T, et al. Prevalence of fecal carriage of extended-
spectrum b-lactamase-producing Enterobacteriaceae among
healthy adult people in Japan. J Infect Chemother. 2011;17:
722–5.

6 Li B, Sun JY, Han LZ, Huang XH, Fu Q, Ni YX. Phylogenetic
groups and pathogenicity island markers in fecal Escherichia
coli isolates from asymptomatic humans in China. Appl
Environ Microbiol. 2010;76:6698–700.

7 Clinical and Laboratory Standards Institute. Performance
standards for antimicrobial susceptibility testing, 21th informa-
tional supplement Approved standard M100-S21. Wayne, PA:
Clinical and Laboratory Standards Institute; 2011.
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