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Abstract
Purpose: To examine the dissemination of blatgm and blasyy genes in Escherichia
coli isolate from patients with significant bacteriuria.
Methods: During the study period, antibiotic susceptibility patterns were studied in a
total of 38 isolates of E. coli. The isolates were also examined to determining the
presence of blatem and blasyy genes by PCR assay. Conjugation experiments were
performed by using rifampicin resistance E. coli MM294 as the recipient.
Results: All isolates were resistance to at least five of the antibiotics tested (multidrug
resistance, MDR) and sensitive to imipenem. PCR assay revealed that 57.1% and
14.3% of the isolates carried blatem and blasyy genes, respectively, additionally 9.5%
of the isolates harbored both genes. Conjugation experiments and PCR trials
confirmed that the blatem positive E. coli isolates tested were able to transfer this
gene in transconjugants.
Conclusions: There was a high occurrence of MDR isolates in patients with
significant bacteriuria and the blatgm gene was common among isolates.

Introduction

Urinary tract infection (UTI) is one of the most common infections encountered
and treated worldwide. UTI is defined by the presence of organisms in the urinary
tract, which is usually sterile *. Clinically important infections usually occur due to
bacteria, although viruses, fungi and parasites can also cause infections. However, E.
coli is the most common urinary pathogen isolated from UTIs =.

Treatment of E. coli infections was increasingly became difficult because of the multidrug resistance exhibited by the organism. ESBL- producing organisms pose a major problem for

anca meapeics.  ESBLS  are  defined as p-lactamases capable of hydrolyzing
oxyiminocephalosporins and are inhibited by p-lactamase inhibitors *°. Sequence
exploration of the ESBLs has allowed them to be grouped into four classes, class A to
D °. Most ESBLs originate in E. coli and K. pneumoniae belong to class A which
include the TEM- and SHV-type of B-lactamases’. These enzymes are commonly
located on large, transferable plasmids and the increasing incidence and spread of p-
lactam resistance can be attributed to the dissemination of these plasmids ®.

Since, E. coli is one of the most common isolates able to produce TEM and SHV B' lactamases, present study carried out to determine the spread of bl aATEM and
bl AsHY JENES among E. coliisolated from patients with UT! in Najaf as well as their susceptibilty patterns.

Materials and Methods
Bacterial isolates

During the period from December 2006 to March 2007, a total of 38 ampicillin
and amoxicillin resistance E. coli isolates (B-lactam. ssane) Were collected from patients
with UTI in three hospitals (Al-Sadr Teaching Hospital, Al-Hakeem Hospital and Al-
Zahra Maternity and Children Hospital) in Najaf. Only patients who had pyuria (>10
white blood cells/ul), and significant bacteriuria (>105 CFU/ml) were included in the
microbiological analysis. The isolation and identification of E. coli strains were
performed by minimal standard bacteriological tests, using conventional biochemical

tests 19,
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Antibiotic susceptibility testing

The isolates were tested for antibiotics susceptibility by disk diffusion technique
according to National Committee for Clinical Laboratory Standards guidelines **. The
following antibiotic disks (drug concentration in pg) were used: ampicillin (10),
carbenicillin (100), ceftazidime (30), cefotaxime (30), ceftriaxone (30), cephalothin
(30), ciprofloxacin (30), gentamicin (10), imipenem (10), kanamycin (30), nalidixic
acid (30), nitrofurantoin (300), trimethoprim (25), chloramphenicol (30) and
tobramycin (10) manufactured by Himedia, India. E. coli ATCC 25922 used as
quality controls.

PCR amplification
DNA was extracted from bacterial cells by using the Wizard Minipreps DNA kit

(Promiga, USA). The DNA was then used as a template in specific PCR for the
detection of blargym, and blasyy gene. PCR amplification was performed by using the
following primers (Promiga): TEM/F (5'-CGC CGG GTT ATT CTT ATT TGT CGC-
3" and TEM/R (5 -TCT TTC CGA TGC CGC CGC CAG TCA-3); SHV/F (5-ATG
AGT ATT CAA CAT TTC CG-3') and SHV/R (5-CCA ATG CTT AAT CAG TGA
GG-3"). Cycling conditions were as follows: initial denaturation at 94°C for 5 minutes
followed by 30 cycles of denaturation at 94°C for 1 minutes (TEM) and 30 second
(SHV), annealing at 55°C for 1 minute (TEM) and 68°C for 30 second (SHV), and
elongation 72°C at 1 minute (TEM) and 50 seconds (SHV). The final elongation step
was extended to10 minutes at 72°C. The PCR products separated on 1.5% agarose
gels. Bands visualized with UV-transilluminater, after being stained with ethidium
bromide 2,
Transfer of resistance

Mating experiments were performed as previously described 3, with E. coli
MM294 (rifampicin resistant) as recipient. Exponential cultures of clinical isolates as
donor (1 vol) and recipient (2 vol) were inoculated as a spot on brain heart infusion
agar, BHIA, (Biolife, Italy). After overnight incubation at 37°C, the bacteria were
resuspended, diluted and plated onto BHIA containing rifampicin (256 pg/ml).
Transconjugants growing in the selection plates were subjected to PCR analysis.

Results

Among 46 of E. coli obtained from patients with significant bacteriuria, 38 (82.6%)
isolates identified as f-lactam resistance. All isolates found to be resistant to at least
five classes of antibiotics tested, hence they were considered to be MDR. However,
the highest resistance rates found for ampicillin, carbenicillin, cephalothin,
gentamicin, ciprofloxacin and trimethoprim. Intermediate resistance rates obtained for
tobramycin, ceftriaxone, nitrofurantoin and kanamycin. The lowest resistance rates
observed for nalidixic acid, cefotaxime, ceftazidime and chloramphenicol. On the
other hand, all isolates were susceptible to imipenem, which was the most effective
drug (Table 1). Among the isolates, 21 (55.3%) were B-lactamase producers.
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Table (1): Antibiotic resistance pattern of p-lactam resistant E. coli isolates
(n=38)

- -
Type of antibiotic No. (%) of resistant

isolates
Ampicillin 38 (100%)
Carbenicillin 36 (94.7%)
Cephalothin 27 (71.1%)
Ciprofloxacin 23 (60.5%)
Trimethoprim 23 (60.5%)
Gentamicin 23 (60.5%)
Tobramycin 22 (57.9%)
Ceftriaxone 21 (55.3%)
Nitrofurantoin 20 (52.6%)

Kanamycin 19 (50%)
Nalidixic acid (47.4%)18
Cefotaxime (42.1%)16
Ceftazidime 14 (36.8%)
Chloramphenicol 34.2%) 13 (

Imipenem 0

All 21 B-lactamase producing isolates were tested by PCR, using primers specific
to blarem and blasyy. Results revealed that 12 (57.1%) isolates were positive for
blatem genes, 3 (14.3%) isolates were positive for blasyy genes, 2 (9.5%) isolates had
both blatem and blasyy genes, and 4 (15.4%) isolates had negative results (Table 2).

Table (2): Frequency of TEM and SHV among 21 f-lactamase-producing E. coli
isolates

Type of pB-lactamase No. (%) PCR positive test

TEM 12 (57.1)

SHV 3(14.3)
TEM and SHV 2 (9.5)
Negative result 4 (15.4)

Table (3) showed antibiotics resistance pattern of original and transconjugation
strains by revealing that the transferring of resistance to cephalothin, ceftazidime,
ceftriaxone and gentamicin.
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Table (3): Antibiotics disk resistant for transconjugants resulted from conjugation
between fB-lactamase producing isolates and standard strain E. coli MM294

AM CI CE CT CA CR CA

Isolate P P = X 7 o B GN
,\El\/fg’& s | s | s S s | s
Eclito R S R S R R R R
EcliloT' R S R S R R R R
EcoliZo0 R S R R R R R R
EclisoT R S R R R R R R

R, resistance; S, susceptible; T, transconjugate; AMP, ampicillin; CEF, cephalothin;
CTX, cefotaxime; CAZ, ceftazidime; CRO, ceftriaxone; GN, gentamicin; CAB,
carbenicillin.

The MIC to B-lactam antibiotics of transconjugants were detected. Table (4)
revealed that these transconjugants were able to grow in concentration >128ug/ml of
ampicillin and amoxicillin. Regarding piperacillin, all the transconjugants were able
to grow in concentration less than break point (128 pg/ml). The MIC value of ESBL
antibiotics ranged from 16 to 32 pg/ml for cefotaxim, ceftriaxion and ceftazidime,
indicating that the resistance isolates are still resistant to these antibiotics as their
original isolates.

On the basis of PCR analysis of DNA, results indicate that blatepm gene in the test
isolates were encoded on the transferable plasmid, which was shown transfer in
conjugal mating experiments with recipient cells.

Table (4): MICs of p-lactam antibiotics for transconjugants resulted from
conjugation between ESBL-producing E. coli and standard strain E. coli MM294

AMP AMX  PIP CEF CTX CAZ CRO

Isolate >32 >32 >128 >32 >64 >32 >64
pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/mi
E. coli 10 >128  >128 >128  >128 16 16 64
E. coli 10T >128  >128 64 >64 16 16 32
E. coli 30 >128 >128 >128 >128 32 32 64
E.coli30T >128  >128 64 46 32 16 32

AMP, ampicillin; AMX, amoxicillin; PIP, piperacillin; CEF, cephalothin; CTX,
cefotaxime; CAZ, ceftazidime; CRO, ceftriaxone.

Discussion

The emergence and dissemination of antibiotics resistance in bacteria has been
well documented as a serious problem worldwide ****®. In the present study, the
percentage of isolates demonstrating a MDR phenotypes were extremely high, as
compared to rates reported in other countries, in United States it was 7.1% in 2000 *’
and in Slovenia 42% in 2006, Our results showed high rates of resistance in E. coli
to B-lactam antibiotics including carbenicillin and cephalothin. The mechanism of
resistance to B-lactam antibiotics was mainly the production of pB-lactamases, which
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detected in 55.3% of resistant isolates, whereas 44.7% failed to produce these
enzymes. Although the B-lactamases undoubtedly play a major role in the resistance
to B-lactam antibiotics, the high ratio of resistance was not only attributable to the
production of B-lactamases. The other mechanisms conferring resistance to these
compounds is caused by reducing of the activity of [-lactam antibiotics in a resistant
cell due to many factors such as; the sensitivity of the antibiotic to B-lactamases, the
penetration through the outer membrane, the affinity for the target (PBPs), and the
amount of PB-lactamase 1°2%%,

From the present study, it appears that imipenem are the drug of choice for serious
infections with B-lactam resistance isolates as has been recommended earlie?®%,
However, these should not be administered as empirical therapy for E. coli infections
that are not life threatening because their overuse can pose a significant problem 2.
Alternatively, ciprofloxacin, some aminoglycosides and nitrofurantoin may be used if
they show in vitro activity against the isolates, leaving far behind the p-lactam- -
lactamase inhibitor combination. The situation may vary from region to region, so
institutional local patterns of susceptibility should be used to determine the choice of
antibiotics %.

Our study revealed that 57.1% of B-lactamases producing E. coli gave PCR
products with TEM-specific primers. The TEM -lactamases spread worldwide and it
is known to be found in many Enterobacteriaceae. However, E. coli shows reduced
susceptibility to first and second generation cephalosporins by the production of
plasmid-mediated, TEM pB-lactamase. Since 1980s, the emergence of resistance to
third generation cephalosporins has been reported in strains of E. coli ", In recent
local study, Al-Hilali found that 18 of the 22 enteropathogenic E. coli yielded
amplification products with TEM-PCR specific primers %,

The results in this study also showed that 14.3% out of the 21 PB-lactamase-
producing E. coli isolates positive with blagyy,. Most E. coli isolates have
chromosomally or plasmid-mediated SHV-1 B-lactamase, which is a narrow-spectrum
[-lactamase with activity against penicillins. More than 50 variants of SHV which are
important worldwide and currently recognized on the basis of unique combination of
amino acid replacement ?°. SHV-2 and SHV-5 (plasmid-mediated B-lactamases)
enzymes have been recorded in at least five countries, with the latter type widespread
in Greece. In one study, in Thailand reported that the frequency of blasuy gene was
8% of the confirmed ESBL producing E. coli isolates *°.

Among the E. coli isolates produced B-lactamase, 19.0% isolates were unable to
yield amplification products with TEM and SHV-PCR specific primers. Perhaps,
these isolates may be original negative for ESBLS, or may be harbored another ESBLs
genes.

E. coli have been an important source of transferable antibiotic resistance **. PCR
confirmed that E. coli isolates were able to transfer the blatem gene in
transconjugants. bla-genes are usually carried by large and transferable plasmids.
Thus the plasmid localization of the genetic determinants facilitates their horizontal
spread in bacterial populations, particularly by means of conjugation, accumulation of
resistance genes results in strains that contain multiresistant plasmids .

For this reason, such ESBL-producing multiresistant isolates pose a serious
therapeutic problem in hospital setting. Our study has shown the spreading of
multidrug resistant and bla-genes harbored E. coli isolates among patients with
significant bacteriuria. Hence, it is suggested that, routine diagnosis of ESBL-
producing isolates should be done in hospitals in Najaf and more importantly,
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avoiding misuse and overuse of antibiotics may reverse the undesired effects of
multidrug resistant and ESBL-producing bacteria.

References

Stamm, W.E. and Norrby, S.R. 2001. Urinary tract infections: disease panorama and
challenges. J. Infect. Dis., 183(Suppl 1): S1-S4.

Schlager, T.A. 2003. Urinary tract infections in infants and children. Infect. Dis. Clin.
North Am., 17: 353-365.

Prais, D., Straussberg, R., Avitzur, Y. et al. 2003. Bacterial susceptibility to oral
antibiotics in community acquired urinary tract infection. Arch. Dis. Child., 88: 215-
218.

Shukla, I., Tiwari, R. and Agrawal, M. 2004. Prevalence of extended spectrum [-
lactamase producing Klebsiella pneumoniae in a tertiary care hospital. Ind. J. Med.
Microbiol., 22: 87- 91.

Bush, K., Jacoby, G.A. and Medeiros, A.A. 1995. A functional classification scheme
for B-lactamases and its correlation with molecular structure. Antimicrob. Agents
Chemother., 39: 1211-1233.

Subha, A. and Ananthan, S. 2002. Extended spectrum B-lactamase (ESBL) mediated
resistance to third generation cephalosporins among Klebsiella pneumoniae in
Chennai. Ind. J. Med. Microbiol., 20: 92-95.

Bradford, P.A. 2001. Extended spectrum [-lactamases in 21st century:
characterization, epidemiology and detection of this important resistance threat. Clin.
Microbiol. Rev.,14: 933-951.

Ben-Hamouda, T., Foulon, T. and Ben-Mahrez, K. 2004. Involvement of SHV-12 and
SHV-2a encoding plasmids in outbreaks of extended-spectrum B-lactamase producing
Klebsiella pneumoniae in a Tunisian neonatal ward. Microb. Drug Resist., 10: 132-
138.

Bergey’s Manual of Systematic Bacteriology, Baltimore: Williams and Wilkins, 1994.

. Farmer, J.J. 1999. Enterobacteriaceae: introduction and identification. In: Manual of

Clinical Microbiology 7th ed. (Murray, P.R., Baron, E.J., Phaler, M.A., Tenover, F.C.,
Yolken, R.H. eds), ASM Press, Washington, D.C.

National Committee for Clinical Laboratory Standards. 2007. Performance standards
for antimicrobial susceptibility testing. Seventeenth informational supplement.
Villanova, P.A.: National Committee for Clinical Laboratory Standards. NCCLS
document M100-S17.

Bedenic, B., Randegger, C.C., Stobberingh, E., Hachler, H. 2001. Molecular
epidemiology of extended spectrum B-lactamases from Klebsiella pneumoniae strains
isolated in Zagreb, Croatia. Europ. J. Clin. Microbiol. Infect. Dis., 20: 505-508.

Sambrook, J. and D. W. Russell. (2001). Molecular cloning: a laboratory manual, 3rd
ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.

Monnet, D.L., Archibald, L.K., Phillips, L., Tenover, F.C., McGowan, J.E. and
Gaynes, R.P. 1998. Antimicrobial use and resistance in eight US hospitals:
complexities of analysis and modeling. Intensive Care Antimicrobial Resistance
Epidemiology Project and National Nosocomial Infections Surveillance System
Hospitals. Infect. Control Hosp. Epidemiol., 19: 388-394.

ones, R.N. 2001. Resistance patterns among nosocomial pathogens: trends over the
past few years. Chest, 119: 397S-404S.

Mohammed, A., Mohammed, S. and Asad, U. K. 2007. Etiology and antibiotic
resistance patterns of community-acquired urinary tract infections in JNMC hospital
Aligarh, India. Ann. Clin. Micro. Antimic., 6: 1-7.

URL.: http://www.uokufa.edu.ig/journals/index.php/ajb/index
Email: biomgzn.sci@uokufa.edu.iq



http://www.uokufa.edu.iq/journals/index.php/ajb/index

17.

18.

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

ISSN: 2073-8854
Magazin of Al-Kufa University for Biology /VOL.5/NO.2/year : 2013

Sahm, D. F., Thornsberry, C., Mayfield, D.C.; Jones, M.E. and Karlowsky, J.A. 2001.
Multidrug-resistant urinary tract isolates of Escherichia coli: prevalence and patient
demographic in the United states in 2000. Antimicrob. Agents Chemother., 45: 1402-
1406.
Rijavec, L.B., Starcic, E.M., Ambrozic, A.J., Reissbrodt, R., Fruth, A., Krizan-
Hergouth, V. and Darja, Z.B. 2006. High prevalence of multidrug resistance and
random distribution of mobile genetic elements among uropathogenic Escherichia coli
of the fourth major phylogenic groups. Curr. Microbial., 53: 158-162.
Livermore, D.M. 1995. Beta-lactamases in laboratory and clinical resistance. Clin.
Microbiol. Rev. 8:557-584.
Queenan, A.M., Foleno, B., Gownley, C., et al. 2004. Effects of inoculums and &-
lactamase activity in AmpC - and extended-spectrum B-lactamase (ESBL)-producing
Escherichia coli and Klebsiella pneumoniae clinical isolates tested by using NCCLS
ESBL methodology. J. Clin. Microbiol., 42: 269-275.
Forward, K.R. 2006. Extended-spectrum [B-lactamases. 17: 6B-8B.
Kiffer, C.R., Kuti, J.L., Eagye, K.J., Mendes, C. and Nicolau, D.P. 2006.
Pharmacodynamic profiling of imipenem, meropenem and ertapenem against clinical
isolates of extended-spectrum B-lactamase-producing Escherichia coli and Klebsiella
spp. from Brazil. Int. J. Antimicrob. Agents. 28: 340-344.
Pitout, J.D., Laupland, K.B. 2008. Extended-spectrum p-lactamase-producing
Enterobacteriaceae: an emerging public-health concern. Lancet Infect. Dis., 8; 159-
166.
Mehr, M.T., Khan, H., Khan, T.M., Iman, N.U., Igbal, S. and Adnan, S. 2010.
Escherichia coli urine super bug and its antibiotic sensitivity- a prospective study.
Med. Sci., 18 : 110-113.
Arslan, H., Azap, O.K., Onder Ergdnal, O. and Timurkaynak, F. 2005. Risk factors for
ciprofloxacin resistance among Escherichia coli strains isolated from community
acquired urinary tract infections in Turkey. J. Antimicrob. Chemother., 56: 914-918.
Livermore, D.M. 1995. B-lactamases in laboratory and clinical resistance. Clin.
Microbiol. Rev. 8:557-584.
Paterson, D.L., Ko, W.C., Von Gottberg, A., Mohapatra, S., Casellas, J.M., Goossens,
H. et al. 2004. Implications of extended spectrum p-lactamase production in
nosocomial infections international prospective study of Klebsiella pneumoniae
bacteremia. Ann. Intern. Med. 140: 26-32.
Al-Hilali, S. 2010. Occurrence and molecular characterization of enteropathogen
Escherichia coli (EPEC) serotype isolates from children with diarrhea in Najaf. M.Sc.
Thesis, Kufa University, College of Medicine.
Paterson, D.L., Hujer, K.M., Hujer, A.M., Yeiser, B., Bonomo, M.D., Rice, L.B.,
Bonomo, R.A. and International Klebsiella pneumoniae study group. Extended
spectrum P-lactamases in Klebsiella pneumoniae blood stream isolates from seven
countries: dominance and widespread prevalence of SHV- and CTX-M-type B-
lactamases. Antimicrob. Agents Chemother., 47: 3554-3560.
Pongpech, P., Naenna, P., Taipobsakul, Y., Tribuddharat, C.H., and Srifuengfung, S.
2008. Prevalence of extended spectrum [-lactamases and classl integron integrase
gene INTII in Escherichia coli from Thai patients and healthy adults southeast Asian.
J. Trop. Med. Public Health, 39: 425-433.
Jarlier, V., Ncolas, M.H., Fournier, G. and Philippon, A. (1988). Extended spectrum [3-
lactamases conferring transferable resistance to newer [-lactam agents in
Enterobacteriaceiae hospital prevalence and susceptibility pattern. Rev. Infect. Dis.,
10: 867-878.

URL.: http://www.uokufa.edu.ig/journals/index.php/ajb/index
Email: biomgzn.sci@uokufa.edu.iq



http://www.uokufa.edu.iq/journals/index.php/ajb/index

32.

ISSN: 2073-8854
Magazin of Al-Kufa University for Biology /VOL.5/NO.2/year : 2013

Livermore, D.M. 2007. Introduction: the challenge of multiresistance. Int. J.
Antimicrob. Agents,
29:S1-7.

L RS Ay peadl <N 30l A SHV s TEM .58 ciudal) dad 9 5aaliSY U cilay 33) L&)
Escherichia coli

dadal)

e Aol E. coli @Y e o blatgm s blagyy @lis DL o g g adll sl ol Caa
Al Al Cplaallin

Ge oaill sal Ay 5 sl 4y gall cililiasll B, coli Aje 38 Al hlail il 3 &3 sdard) (3l jha
E. coli 4 jall alasindy L S o) 81 jLidl) o3 LS PCR 43 Jleainls blargy s blagny <l 252
blaspy 5 blarem i) sl alieaS (rusald Hll e LIMM294

gl Clladl e gl sl dmad oo Ju Y L 4aslia ciilS E, coli @V e JS of aay sl
59%57.1 ol PCR 4w Jlaxiul el .Imipenem Slaall Aulia cilS sl YY) ( Aa glall Baaxla)
Y el 038 (50 9%9.5 O oo Db M sill e blagpy s blarem ofiosell dess @Y 3ell (00 %14.3
SV E. coli <¥ie of PCR 4y o) &Y jlial i e blagyy s blamem oo sell desd cuils
Ayl Lyl I elss e 3 )08 plargy 45 sal) dess

S agedl (Al (im gl A aad) ilaliaall A glial) Baratia QY el (e adle 4l a8 claliiiu)
Y jadl 038 G L &) sl blaggy 22 A s

URL.: http://www.uokufa.edu.ig/journals/index.php/ajb/index
Email: biomgzn.sci@uokufa.edu.iq



http://www.uokufa.edu.iq/journals/index.php/ajb/index

