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Carriage of Mobilizable Plasmid-Mediated [3-Lactamase
Gene in Ampicillin-Resistant Escherichia coli Strains
with Origin of Normal Fecal Flora

Aim: The aim of this study was to investigate the carriage of B-lactamase genes in ampicillin-resistant (Amp")
Escherichia coli (E. coli) isolates from human normal fecal flora.

Methods: Ten Amp’ E. coli strains isolated from the stool samples of 21 healthy persons with no antibiotic
use during at least three months were screened for TEM-, SHV-, or OXA-type [-lactamase genes by
polymerase chain reaction (PCR). The susceptibility of the strains to antibiotics was determined by disk
diffusion method, and minimum inhibitory concentration (MIC) of ampicillin to the strains was determined by
agar dilution method. Plasmid transfer assays were performed by broth mating technique. Plasmid DNA was
isolated by alkaline lysis method. Digoxigenin-labeled TEM-1 probe was used in hybridization assays.

Results: Two of 10 strains were found to be carrier for only TEM-type -lactamase gene (blag,) by PCR,
and their resistances to ampicillin were conjugatively transferred to a recombinant E. coli K-12 strain C600.
MIC of ampicillin to two representative strains and their transconjugants was detected as >512 pg/ml.
Moreover, B-lactamase inhibitor resistance was also observed in these two strains and their transconjugants.
Digoxigenin-labeled TEM-1 DNA probe was hybridized to some non-conjugative but mobilizable plasmid DNAs
purified from two of the TEM-gene-carrying organisms.

Conclusions: These results indicate that commensal E. coli strains carrying p-lactamase gene in the bowel
environment could retain resistance determinants on small-sized resistance plasmids (R plasmids) and become
a potential reservoir for resistance genes in the community, even in the absence of recent antibiotic
consumption.

Key Words: Fecal flora, ampicillin-resistant Escherichia coli, mobilizable B-lactamase gene

Normal Fekal Flora Kékenli Ampisiline Direncli Escherichia coli Suslarinda
Tasinabilir Plazmit Aracili 3-laktamaz Gen Tasiyiciligi

Amag: Bu calismanin amaci, insanin normal fekal florasindan izole edilen ampisiline direncli (Amp") Escherichia
coli izolatlarinda (3-laktamaz genlerinin tagtyicihiginin arastirilmasiydi.

Yoéntemler: En az Uc¢ ay boyunca antibiyotik kullanmamis 21 saglikli Kisinin diski 6rneklerinden izole edilen 10
Amp" E. coli susu TEM-, SHV-, ve OXA-tipi B-laktamaz genleri agisindan polimeraz zincir reaksiyonu (PZR) ile
tarandi. Suglarin antibiyotiklere hassasiyetleri disk diflizyon metodu ile, ampisilinin suglara karsi minimum
inhibitér konsantrasyonu (MIK) agar sulandirim metodu ile belirlendi. Plazmit aktarma deneyleri sivida
ciftlesme metodu ile yapildi. Plazmit DNA'si alkali lizis teknidi ile izole edildi. Hibridizasyon deneylerinde
digoxygenin ile isaretli TEM-1 probu Kullanildi.

Bulgular: On susun ikisinin PZR ile yalnizca TEM-tipi geni (bla,g,,) tastyicisi oldugu bulundu ve ampisiline karsi
direncleri konjugatif olarak bir rekombinant E. coli K-12 sus C600’e aktarildi. Ampisilinin iki orijinal susa ve
transkonjugantlarina karsi MiK'leri >512 ug/mL olarak tespit edildi. Ayrica, bu iki sus ve transkonjugantlarinda
B-laktamaz inhibitor direnci de gézlendi. Digoxygenin ile isaretli TEM-1 DNA probu TEM-geni tasiyan iki
organizmadan izole edilmis olan bazi non-konjugatif fakat tasinabilir plazmit DNA'larina hibridize oldu.

Sonug¢: Bu sonuglar; barsak ortaminda [B-laktamaz geni tasiyan kommensal E. coli suslarinin direng
determinantlarini kiclk diren¢ plazmitleri (R plazmit) Uzerinde tasiyabildigini ve yakin zamanda antibiyotik
Kullanilmasa dahi bunlarin toplumda diren¢ genlerinin potansiyel bir rezervuari haline gelebilecegini
gbstermektedir.

Anahtar Soézcukler: Fekal flora, ampisiline direncli Escherichia coli, tasinabilir B-laktamaz geni
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Introduction

Resistance to antibiotics is highly prevalent in bacterial
isolates worldwide, especially in developing countries
(1,2). The fecal flora represents a potential reservoir for
the environments where antibiotic resistance genes can
be transferred from the commensal flora to virulent
microorganisms (3,4). The prevalence of resistance genes
in commensal Escherichia coli (E. coli) is a useful indicator
of resistance genes in bacteria in the community (5-8).

It was reported (9) that high frequencies of
antimicrobial resistance have Dbeen found in
enterobacteria, in fecal flora as well as in clinical isolates,
and we know little about how their resistance is acquired
and maintained. There are some reports (10,11) that
there is a trend of infection by surveillance of the feces,
and E. coli is the main carrier of antimicrobial resistance
genes in fecal flora; resistance in other enterobacterial
species is rare in the absence of antimicrobial selection.

Principals of the gene types responsible for conferring
resistance to B-lactam antibiotics are plasmid-mediated
TEM-, SHV- and OXA-type P-lactamase genes. The
enzymes, and most of their gene products, can hydrolyze
ampicillin and oxyimino-B-lactams. The commonest of
these enzymes in enterobacteria is TEM-1, which is
responsible for the ampicillin resistance seen in about
50% of E. coli isolates (12).

In this study, carriage of TEM-, SHV-, or OXA-type
[B-lactamase genes and the genetic elements bearing these
genes were investigated in ampicillin-resistant (Amp") E.
coli strains from the stool samples of healthy persons.

Materials and Methods

Fecal samples in the study were collected from the
selected 21 healthy persons who had received no
antibiotic treatment for at least three months prior to
sampling and who presented to the microbiology research
laboratory for the purpose of parasitological check-up, at
the teaching hospital of Karadeniz Technical University in
Trabzon, a rural city settled on the Black Sea coastline in
northern Turkey. The subjects were provided with sterile
containers for stool collection and were told to bring a
fresh sample, preferably collected in the morning on the
same day. All samples were cultured on the same day.
Four 10-fold dilutions of the stool samples were made in
physiological saline, plated onto plates containing eosin-
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methylene blue (EMB) agar (Oxoid), a medium which is
selective for aerobic Gram-negative enteric bacilli,
supplemented with 50 pg/ml of ampicillin (Fischer), and
incubated aerobically overnight at 35°C. (According to the
criteria of the National Committee for Clinical Laboratory
Standards [NCCLS], members of the Enterobacteriaceae
family capable of growing in a concentration of >32
pg/ml of ampicillin are regarded as resistant to ampicillin
(13).

At least five presumptive (according to the colony
morphology) E. coli colonies on EMB agar (Oxoid) were
picked up by a sterile toothpick and replica plated on a
fresh EMB medium (Oxoid) containing 50 pg/ml of
ampicillin ~ (Fischer). Complete identification of
presumptive E. coli strains capable of growing in the
selection of ampicillin was achieved by use of the tests in
Bergey's Manual of Determinative Bacteriology (14) and
the conventional methods described by Balows et al. (15).
After identification of species level, organisms were
stored in Luria-Bertani (LB) broth (1% tryptone, 0.5%
yeast extract, 0.5% NaCl, pH 7.4) containing 20% of
glycerol (Merck) at -30 °C until next use.

Conjugation assays were performed by broth mating
method (16). Equal volumes (1 ml) of cultures of the
Amp" E. coli strains as donor and E. coli K12 strain C600
(F thr leu thi Rif') as the recipient, grown with agitation
in LB broth were mixed and incubated for 18 h at 35°C
without shaking. Transconjugants were selected on EMB
agar (Oxoid) supplemented with 150 pg/ml rifampin
(Hoecst) and 100 pg/ml ampicillin  (Fischer). The
frequency of transfer was expressed relative to the
number of donor cells.

The susceptibilities of Amp" E. coli strains and E. coli
C600 transconjugants to the antibiotics (Oxoid) ampicillin
(10 pg), sulbactam/ampicillin (10 pg/10 pg), cefazolin
(30 pg) and ceftazidime (30 pg) were determined by the
standard disk diffusion method as described in NCCLS
guidelines (13). The results were interpreted by using the
breakpoints in the same guideline. Antimicrobial
susceptibility to ampicillin was also determined by agar
dilution method according to the NCCLS (17).

Plasmid DNAs were isolated from the strains by
alkaline extraction method (18). Purified DNAs were
electrophoresed in 0.9% agarose gel containing 0.5
pg/ml  of ethidium bromide (Sigma), and were
photographed under UV light.
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To prepare templates for polymerase chain reaction
(PCR), the strains and their transconjugants were
inoculated into 3 mL of LB broth and incubated for 20 h at
37°C with shaking. Cells from 1.5 mL of the overnight
culture were harvested by micro-tube centrifugation. After
decanting the supernatant, the pellet was re-suspended in
500 pL of sterile deionized water, and boiled for 10 min.
After centrifugation, 1-pL of supernatant was used as
template for PCR assays by using the oligonucleotide
primers, mixture composition and cycling conditions
previously determined by Arlet and Philippon (19) and by
Ouellette et al. (20) for blay,, blay, and blayy,,
respectively. The PCR products were electrophoresed in
2% agarose gel, stained with 0.5 pg/mL of ethidium
bromide (Sigma), and photographed with UV illumination.

Plasmid DNAs were transferred onto a nylon
membrane by using the method of Southern (21). After
the intragenic PCR products of TEM-1 gene, amplified
from pUC18 bearing TEM-1 type (-lactamase gene, were
labeled with digoxigenin as described by the
manufacturer (Bohringer-Mannheim), the blot was
hybridized with digoxigenin-labeled intragenic TEM-1
DNA probe to detect the localizations of blayg, genes.
Hybridization was carried out under conditions of high
stringency (68°C) with detection of label by enzyme-
linked immunoassay.
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Results

The plasmid content analyses (gel photography not
shown) of 84 presumptive E. coli strains picked up from
each of the EMB agar plates on which had been previously
spread four 10-fold dilutions of the fecal samples
obtained from 21 healthy volunteers revealed only 10
Amp" E. coli strains harboring the plasmids with different
DNA band patterns ranging from 0.5 kb to >10 kb in
molecular size (Figure 1). Plasmid DNA bands with the
same patterns were also purified from the unrelated
Amp' E. coli strains (E. coli EC1b and E. coli EC1c) of the
Same person, as seen in lane 1 and lane 2 in Figure 1.
Except for two (EC1a and EC1c) out of 10 Amp' E. coli
strains, the remaining eight (EC2b, EC3, EC4a, ECS,
ECO9b, EC14b, EC17, EC19) were found to belong to the
flora of unrelated persons. Consequently, 10 Amp" E. coli
strains were isolated from the nine stool samples
obtained from 21 healthy persons, suggesting that Amp"
E. coli colonization was determined as nearly 43% in the
volunteers (Table 1).

It was observed that ampicillin resistance was
transferable in only two E. coli strains (EC1c and EC4a)
at a frequency of 3 —4 x 107 (Table 2). Transconjugants
were detected to harbor <10 kb of plasmid DNA bands
(gel photography not shown). Phenotypic antibiotic
resistance patterns and properties of harbored plasmids

Figure 1. Agarose gel electrophoresis of plasmid DNAs from the fecal ampicillin-resistant E. coli
strains. M, 1 Kb DNA Ladder (MBI Fermentas, USA); 1, E. coli EC1a; 2, E. coli EC1b;
3, E. coli EC1c; 4, E. coli EC2b; B, E. coli EC3; 6, E. coli EC4a; 7, E. coli EC8; 8, E.
coli EC9b; 9, E. coli EC14b; 10, E. coli EC17; 11, E. coli EC19.
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Table 1. Carriage of plasmid and B-lactamase gene in ampicillin-resistant E. coli strains with fecal origin.

Person Amp" E. coli TEM PCR SHV PCR  OXA PCR Plasmid band (~kb)" DNA band hybridized with

strain® TEM-1 probe (~Kkb)

1. EC1a - - - >10 -
EC1c + - - >10, 7.3, 4.5, 34, 2.5, 0.9, 0.7 7.3,3.4,25

2. EC2b - - - (-) -

3. EC3 - - - (-) -

4. EC4a + - - >10,7.3,4.5,3,1.2,05 45,3

5. EC8 - - - 2 -

6. EC9b - - - (-) -

7. EC14b - - - (-) -

8. EC17 - - - >10, >10, 7.5 -

9. EC19 - - - >10 -

° E. coli EC1a and EC1c are the unrelated strains isolated from the same person.

® (-), Plasmid DNA band not determined.

Table 2. Properties of bla,,,-bearing donor strains and R* C600 transconjugants.

Antibiotic resistance phenotypea'b

Amp'" E. coli Plasmid content of R* Transfer
strain Donor R* C600 C600 (~kb)* frequency
ECic Amp Sam Cz Amp Sam Cz ?,2.5 3x107
EC4a Amp Sam Cz Amp Sam Cz ?, 3 4x107

® Amp: ampicillin. Sam: ampicillin/sulbactam. Cz: cefazolin.
® MIC value of ampicillin to donor strains and their transconjugants was detected as >512 pg/ml.

©?: Self-transmissible cryptic plasmid.

of these two strains are shown in Table 2. In
susceptibility testing performed by agar dilution method,
ampicillin showed inhibitory effect on two strains (EC1c
and EC4a) and their R" transconjugants in MIC of >512
ug/mL. These strains were also detected to be inhibitor-
resistant, and they were resistant to ampicillin/sulbactam
and cefazolin, but susceptible to ceftazidime according to
the disk diffusion test.

In PCR assays performed for the carriages of blay,,,
blay,, and blayy, of the Amp" E. coli strains, only bla,
genes were detected in two strains (EC1c and EC4a), as
seen in Table 1. 504-bp intragenic PCR products of TEM-
genes can be seen on agarose gel electrophoresis in
Figure 2.
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In TEM-specific hybridization assay of the plasmid
DNAs (Figure 3A) from TEM-gene-bearing organisms,
digoxigenin-labeled intragenic TEM-1 DNA probe was
hybridized to the 7.3 kb-, 3.4 kb- and 2.5 kb-DNA bands
in E. coli EC1c, and to the 4.5 kb- and 3 kb-DNA bands
in E. coli EC4a (Figure 3B).

Discussion

Ampicillin, to which a considerable rise in resistance
was seen from the middle of the 1980s to the end of the
1990s, is extensively used in developing countries (2,22).
Our results showed that nine (nearly 43%) of 21 healthy
volunteers were detected to carry Amp" E. coli, in which
the resistances were confirmed chromosomally and/or by
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Figure 2. PCR analysis of bla, genes in ampicillin-resistant E. coli
strains. M, 100 bp DNA Ladder (MBI Fermentas, USA); 1, E.
coli K12 C600 (negative control); 2, pUC18 (positive
control); 3, E. coli EC1c; 4, E. coli EC4a.

R plasmids; however, 10 Amp" E. coli strains were found
to be carried by the volunteers (Table 1). This prevalence
rate is higher than those reported in previous studies by
Degener et al. (23) and Bonten et al. (24) performed in
developed countries, namely 6% and 8%, respectively.
On the one hand, Shears et al. (25) and Okeke et al. (26)
reported prevalence rates among children in the Sudan
and Nigeria as 96% and 35%, respectively. On the other,
Gulay et al. (27) reported a higher prevalence rate (78%)
than our result from Turkey. They collected fecal
specimens from 50 healthy volunteers living in Izmir, a
large populated city on the Aegean Sea coastline in
western Turkey, and examined them for the presence of
[-lactamase producing E. coli strains. Although the exact
molecular mechanisms could not be determined, their
study showed that the incidence of ampicillin resistance
was also high in commensal fecal flora.

Ampicillin resistance in normal flora is found to be due
mainly to the independent acquisition of the TEM-1 gene
by different plasmids rather than to the presence of
epidemic strains or plasmids (28). Our plasmid analyses
showed that plasmid DNA bands ranged from 0.5 to >10
kb in ampicillin-resistant isolates, and four of 10 E. coli

A B

Figure 3. Agarose gel electrophoresis of plasmid DNAs from the
ampicillin-resistant E. coli strains EClc and EC4a (A);
Plasmid DNAs from the ampicillin-resistant E. coli strains
EC1c and EC4a hybridized with digoxigenin-labeled TEM-1
probe (B).

strains were found to be plasmidless (Table 1 and Figure
1). There seems to be no association between the
presence of large plasmid DNA and ampicillin resistance
because it is apparent in the light of current experiments
that some plasmid DNAs in the isolates were detected not
to carry any bla genes by PCR. We are of the opinion that
they probably carry cryptic features such as virulence,
metabolic or adhesion factors excluding the antibiotic
resistance determinants. However, in other studies
(25,29) performed in developing countries, it was found
that the conjugative plasmid sizes ranging from 42 to 80
MDa were associated with different resistance patterns in
Enterobacteriaceae isolated from fecal flora.

Two of R" transconjugants (R" [E. coli EC1c] and R*
[E. coli EC4a]) harboring bla,g,, genes were resistant to
ampicillin, ampicillin/sulbactam and cefazolin, but
sensitive to ceftazidime. It has been known that some of
OXA- and SHV-derived [-lactamases can also hydrolyze
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the inhibitor combinations other than ampicillin (12).
Nevertheless, blag,, or bla,,, genes could not be detected
in representative strains and their transconjugants.
According to these results, it might be suggested that the
strains are hyperproducers of TEM-1 or TEM-2
penicillinases. Overproduction of TEM-1 penicillinase
in E. coliresults in increased resistance to a wide range
of [-lactams and [-lactam/B-lactamase inhibitor
combinations (30). In the current study, we detected that
these hyperproducers resisted to ampicillin at a high
concentration, with MIC of >512 pg/mL. Pitout et al.
(31) reported that prevalence of resistance to ampicillin
and older cephalosporins is on the increase in E. coli due
primarily to the dissemination of plasmids encoding TEM-
1 or SHV-1 B-lactamases.

TEM-type of B-lactamase genes show a remarkable
tendency to mutate to give enzymes with an extended-
spectrum of activity (30). These mutants are generally
present in hospitalized patients, but they will be carried
out of the environment due to the discharge of their
carriers, adding to the load of resistance genes in the
wider community. Furthermore, Balis et al. (32) also
reported the indications of in vivo transfer of an epidemic
R plasmid between ampicillin-resistant Salmonella
enteritidis and E. coli in normal human gut flora, and
suggested that these organisms had the possible role of
normal flora as a reservoir of resistance genes. On the
other hand, Heritage et al. (33) found that 24% of fecal
flora in general practice patients contained ampicillin-
resistant cultivable and non-cultivable bacteria by PCR-
based method, and also suggested that this was
important for detecting antibiotic resistance genes to
identify persons in the community who harbor bowel
flora in which blay,, genes were present.

In this study, results of the hybridization assays
(Figure 3B) imply that there are multiple plasmids
carrying the bla,g,, gene within single Amp" E. coli strains,
but both of two strains carry single plasmid bearing
bla;,, gene in reality; the leading is the supercoiled
plasmid, and the remaining is open circles or multimer
(probably dimmer) formations of the same plasmid,
which resulted from the rough preparation. Hence, we
decided that the actual sizes of these small mobilizable
plasmids in the strains were 2.5 kb and 3 kb in sizes,
respectively, as seen in Figure 1 and Figure 3A. However,
looking at Figure 1 showing agarose gel electrophoresis
of the plasmids isolated from the original strains EC1c
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and EC4a, the large plasmids which located between wells
and chromosomal DNA (Chr. DNA) can be seen in lane 3
and lane 6, but no hybridization of TEM-1 probe to these
large plasmids was detected (Figure 3B). We think that
these small plasmids could have been mobilized by
another self-transmissible cryptic plasmid encoding
unknown characteristics and with low copy number (1 to
2 copy/chromosome) because they are by far too small to
be themselves conjugative. The findings presented here
suggest that blay,, genes in commensal E. coli strains
colonizing to the normal gut environment are maintained
by means of small mobilizable R plasmids which are no
burden to the bacterial metabolism. The authors in the
current study also encountered this kind of small
mobilizable R plasmid even in E. coli strains with clinical
origin in another study (34).

Plasmids of the E. coli incompatibility group Q (IncQ)
and related IncQ-like plasmids are characterized by their
ability to be mobilized by several self-transmissible
plasmids, their relatively small size, and their broad host
range (35). It would be useful in future related studies
for structures and regulation mechanisms of R plasmid-
bearing-genes for TEM-B-lactamases, mobilization and
transfer complex to be characterized and clarified by
further molecular techniques.

We believe that screening for the presence of such
small mobilizable R plasmids and enlightenment of the
dissemination mechanisms will generate a useful and
meaningful database as to the availability of potential
resistance genes in the community. The data here show
that commensal E. coli strains bearing TEM-genes can
easily emerge and survive in the bowel environment of
healthy persons "even in the absence of recent antibiotic
consumption”, and these resistance determinants are
retained by small extrachromosomal DNA elements in
bacteria belonging to the microflora of the intestinal
tract.

The TEM-1 type of penicillinase gene is commonly
carried by about 4.95 kb-Tn3 transposon, highly
widespread on a wide range of incompatible plasmids,
commonly emerging in the Enterobacteriaceae family
(36). Interestingly, the TEM-gene bearing R plasmids in
this study are too small to carry Tn3 transposon. Thus,
we consider that such R plasmids probably carry and
disseminate bla,,, genes by a partial transposon. In this
respect, we suggest that sequencing of such small R
plasmids completely or at least the part carrying the
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resistance genes and their adjacent regions would supply
basic information to other studies, and may be of
relevance with regard to the further dissemination of
these blay,, genes, prompting examination of the
evolution of antibiotic resistance in the community.

Dissemination of the resistance genes between
organisms in fecal flora illustrates the public health
importance. To detect the reservoirs of potential

References

1. Calva JJ, Sifuentes-Osornio J, Ceron C. Antimicrobial resistance in
fecal flora: longitudinal community-based surveillance of children
from urban Mexico. Antimicrob Agents Chemother 1996; 40:
1699-1702.

2. Hart CA, Kariuki S. Antimicrobial resistance in developing
countries. Br Med J 1998; 317: 647-650.

3. Komatsu M, Aihara M, Shimakawa K, Yamanaka T, Matsuo S.
Detection of extended spectrum [-lactamases producing
Enterobacteriaceae in feces. Kansenshogaku Zasshi 2000; 74:
250-258.

4. Shanahan PMA, Thomson CJ, Amyes SGB. B-lactam resistance in
normal faecal flora from South Africa. Epidemiol Infect 1995;
115: 243-253.

5. Franiczek R, Sobieszczanska B, Grabowski M, Mowszet K, Pytrus
T. Occurrence of extended-spectrum [-lactamases among
Escherichia coli isolates from hospitalized and healthy children.
Folia Microbiol 2003; 48: 243-247.

6. Infante B, Grape M, Larsson M, Kristiansson C, Pallecchi L,
Rossolini GM et al. Acquired sulphonamide resistance genes in
faecal Escherichia coli from healthy children in Bolivia and Peru.
Int J Antimicrob Agents 2005; 25: 308-312.

7. Levin BR, Lipsitch M, Perrot V, Schrag S, Antia R, Simonsen L et
al. The population genetics of antibiotic resistance. Clin Infect Dis
1997; 24: S9-16.

8.  Levy S, Marshall B, Schleuderberg S, Rowe B, Davis J. High
frequency of antibiotic resistance in human fecal flora. Antimicrob
Agents Chemother 1988; 32: 1801-1806.

9.  Osterblad M, Hakanen A, Manninen R, Leistevuo T, Peltonen R,
Meurman O et al. A between-species comparison of antimicrobial
resistance in enterobacteria in fecal flora. Antimicrob Agents
Chemother 2000; 44: 1471-1484.

10. Komatsu M, Aihara M, Shimakawa K, Yamanaka T, Matsuo S.
Detection of extended spectrum [-lactamases producing
Enterobacteriaceae in feces. Kansenshogaku Zasshi 2000; 74:
250-258.

11. Baquero F, Negri MC, Morosini MI, Blazquez J. Antibiotic-
selective environments. Clin Infect Dis 1998, 27(Suppl. 1):
S5-11.

Mobilizable B-Lactamase Gene in E. coli from Fecal Flora

October 2006

resistance genes in the community, and to understand
their maintenance mechanisms, fecal flora of healthy
persons should be regularly screened and investigated for
the carriage of the given antibiotic resistance genes
because the actual risk to public health is the transfer of
resistance genes from the commensal bacteria to human
pathogens.

12.  Livermore DM. B-lactamases in laboratory and clinical resistance.
Clin Microbiol Rev 1995; 8: 557-584.

13. National Committee for Clinical Laboratory Standards.
Performance standards for antimicrobial disk susceptibility tests.
M2-A6 Approval Standard. Wayne, Pa: NCCLS, 1997.

14. Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST. Bergey's
Manual of Determinative Bacteriology. 9th ed. Baltimore:
Williams and Wilkins, 1994.

15. Balows A, Hausler WJ, Herrmann KL, Isenberg HD, Shadomy HJ.
Manual of clinical microbiology. 5th ed. Washington (DC):
American Society of Microbiology; 1991.

16. Rice LB, Willey SH, Papanicolaou GA, Medeiros AA, Eliopoulos
GM, Moellering RC Jr et al. Outbreak of ceftazidime resistance
caused by extended-spectrum [-lactamases at a Massachusetts
chronic care facility. Antimicrob Agents Chemother 1990; 34:
2193-2199.

17. National Committee for Clinical Laboratory Standards.
Performance standards for dilution antimicrobial susceptibility
tests for bacteria that grow aerobically. M7-A4 Approval
Standard. Wayne, Pa: NCCLS, 1997.

18. Kado ClI, Liu ST. Rapid procedure for detection and isolation of
large and small plasmids. J Bacteriol 1981; 145: 1365-1373.

19. Arlet G, Philippon A. Construction by polymerase chain reaction
and use of intragenic DNA probes for three main types of
transferable b-lactamases (TEM, SHV, CARB). FEMS Microbiol
Lett 1991; 82: 19-26.

20. Ouellette M, Bissonnette L, Roy PH. Precise insertion of antibiotic
resistance determinants into TnZ21-like transposons: nucleotide
sequence of the OXA-1 B-lactamase genes. Proc Natl Acad Sci USA
1987; 84: 7378-7382.

21. Southern EM. Detection of specific sequences among DNA
fragments separated by agarose gel electrophoresis. J Mol Biol
1975; 98: 503-517.

22. Okeke IN, Lamikanra A, Edelman R. Socioeconomic and behavioral
factors leading to acquired bacterial resistance to antibiotics in
developing countries. Emerg Infect Dis 1999; 5: 18-27.

313



0ZGUMUS, OB et al.

23.

24.

25.

26.

27.

28.

29.

314

Degener JE, Smit ACW, Michel MF, Valkenburg HA, Muller L.
Faecal carriage of aerobic gram-negative bacilli and drug
resistance of Escherichia coli in different age-groups in Dutch
urban communities. J Med Microbiol 1983; 16: 139-145.

Bonten M, Stobberingh E, Philips J, Houben A. High prevalence
of antibiotic resistant Escherichia coliin faecal samples of students
in the south-east of The Netherlands. J Antimicrob Chemother
1990; 26: 585-592.

Shears P, Suliman G, Hart CA. Occurrence of multiple antibiotic
resistance and R plasmids in Enterobacteriaceae isolated from
children in the Sudan. Epidem Inf 1988; 100: 73-81.

Okeke IN, Fayinka ST, Lamikanra A. Antibiotic resistance in
Escherichia coli from Nigerian students, 1986-1998. Emerg
Infect Dis 2000; 6: 393-396.

Gulay Z, Bicmen M, Amyes SG, Yulug N. B-lactamase patterns and
betalactam/clavulanic acid resistance in Escherichia coli isolated
from fecal samples from healthy volunteers. J Chemother 2000;
12: 208-215.

Shanahan PMA, Thomson CJ, Amyes SGB. B-lactam resistance in
aerobic faecal flora from general practice patients in the UK. Eur
J Clin Microbiol Infect Dis 1994; 13: 760-763.

Murray BE, Alvarodo T, Kim HH, Vorachit M. Increasing
resistance to trimethoprim-sulfamethoxazole among isolates of
Escherichia coli in developing countries. J Infect Dis 1985; 152:
1107-1113.

Mobilizable B-Lactamase Gene in E. coli from Fecal Flora

30.

31.

32.

33.

34.

35.

36.

Turk J Med Sci

Martinez JL, Cercenado E, Rodriguez-Creixems M, Vicente-Perez
MF, Delgado-Iribarren A, Baquero F. Resistance to B-
lactam/clavulanate. Lancet 1987; ii: 1473.

Pitout J, Sanders CC, Sanders WE. Antimicrobial resistance with
focus on B-lactam resistance in Gram-negative bacilli. Am J Med
1997; 103: 51-59.

Balis E, Vatopoulos AC, Kanelopoulou M, Mainas E, Hatzoudis G,
Kontogianni V et al. Indications of in vivo transfer of an epidemic
R plasmid from Salmonella enteritidis to Escherichia coli of the
normal human gut flora. J Clin Microbiol 1996; 34: 977-979.

Heritage J, Ransome N, Chambers PA, Wilcox MH. A comparison
of culture and PCR to determine the prevalence of ampicillin-
resistant bacteria in faecal flora of general practice patients. J
Antimicrob Chemother 2001; 48: 287-289.

Ozgiimis OB, Tosun [, Aydin F, Kilig AO. Non-conjugative
plasmids encoding TEM-type B-lactamase in clinical isolates of
Escherichia coli. infek Derg 2002; 16: 329-333.

Rawlings DE, Tietze E. Comparative biology of IncQ and IncQ-like
plasmids. Microbiol Mol Biol Rev 2001; 65: 481-496.

Roy PH. Horizontal transfer of genes in bacteria. Microbiol Today
1999; 26: 168- 170.



	Carriage of Mobilizable Plasmid-Mediated \beta-Lactamase Gene in Ampicillin-Resistant Escherichia coli Strains with Origin of Normal Fecal Flora
	Recommended Citation

	sag-36-5-8-0601-6

