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Detection of AmpC B-lactamase in clinical isolates
of Escherichia coli among children

Noor-ul-Ain Jameel', Hasan Ejaz?, Aizza Zafar?, Hafsa Amin*

ABSTRACT

Objective: The production of AmpC B-lactamases is one of the common mechanisms of B-lactam
drugs resistance. AmpC B-lactamases produce resistance to various clinically important
cephalosporins. The purpose of this study was to determine the frequency of AmpC B-lactamase
producing Escherichia coli and its occurrence in different clinical samples.

Methodology: This cross sectional observational study was conducted during April 2011 to
March 2012 in the Microbiology Department of The Children’s Hospital and Institute of Child
Health, Lahore. A total number of 20,257 pathological samples like blood, cerebrospinal fluid
(CSF), urine, pus, endotracheal tube (ETT), pleural fluid, sputum and urinary catheters were
analyzed during the study period. E. coli were identified using APl 20E system and resistance
to cefoxitin was used as a screening test followed by disk potentiation as confirmatory test for
AmpC B-lactamases.

Results: E. coli were isolated in 670 samples out of which 85 (12.6%) were AmpC B-lactamase
producers. The gender distribution of patients with AmpC B-lactamase producing E. coli was
52 (61.2%) in males and 33 (38.8%) in females. The occurrence rate of AmpC B-lactamase
producing E. coli in clinical samples was highest in blood 45 (52.9%).

Conclusion: The present study shows moderately high frequency of AmpC B-lactamase producing
E. coli which may increase morbidity and mortality among children. Earlier detection of AmpC
B-lactamases will decrease the morbidity rate of AmpC B-lactamase producing E. coli infection.
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AmpC p-lactamase represents a group of
B-lactamases found in various enteric bacteria.!
AmpC pB-lactamases are notinhibited by -lactamase
inhibitors like clavulanic acid and are clinically
significant because they resist to a wide variety
of [-lactamase inhibitors including a-methoxy-
B-lactam such as cefoxitin.>® These enzymes are
mostly produced by Escherichia coli, Klebsiella species
and other Gram-negative bacteria.*

E. coli strains can cause a wide variety of intestinal
and extra-intestinal diseases, such as diarrhea,
urinary tract infections, septicemia and neonatal
meningitis.” AmpC producing E. coli are resistant
to clinically important cephalosporins and this
is a major cause of public health concern because


mailto:hasanmicro@gmail.com

resistance is increasing both in community acquired
and nosocomial infections.®’

There is no standardized phenotypic method for
screening of AmpC [-lactamases. It is assumed that
prevalence and occurrence of AmpC producers
is underestimated partially because the Clinical
and Laboratory Standard Institute (CLSI) does
not give any particular recommendation for their
detection. Presently, the procedures which have
been recommended by the CLSI to detect AmpC
producing strains involve an initial 3-dimensional
test with a cefoxitin disk.® AmpC activity can be
detected when screening antibiogram indicates
that activity of cefoxitin and third generation
cephalosporin (excluding cefepime) is reduced.’
One method for detecting AmpC [-lactamase is
inhibitor based method using boronic acid which
has been reported to be an effective inhibitor of
AmpC f-lactamase."

The aim of this study was to determine the
frequency of AmpC [-lactamase producing
Escherichia coli and its occurrence in different clinical
samples.

METHODOLOGY

This cross sectional observational study was
conducted at the Microbiology Department of The
Children’s Hospital and Institute of Child Health
Lahore, Pakistan, from April 2011 to March 2012.
A total number of 20, 257 pathological samples like
blood, urine, CSF, pus, ETT, pleural fluids, sputum
and urinary catheters were collected from various
wards. The samples were cultured on solid media
as MacConkey and Blood agar. Cystine Lysine Elec-
trolyte Deficient Medium (CLED) was used only
for urine cultures. E. coli were identified by colonial
morphology, Gram’s stain, catalase test, oxidase
test and API 20E system (bioMerieux). A seven
digit number generated on the basis of various bio-
chemical reactions of API 20E system was checked
by API 20E software to confirm E. coli."

A suspension of each bacterial strain was made
according to the 0.5 McFarland turbidity standard
and an even lawn of bacteria was made on Muller
Hinton agar 90mm petri plate. Cefoxitin was used as
screening test for AmpC f-lactamase production. In

Table-I: Frequency of AmpC {-lactamase
strains among E. coli.

Escherichia coli (n=670) Number Percentage
AmpC f-lactamase 85 12.6
Non AmpC 585 87.3

AmpC B-lactamase in Escherichia coli

accordance with the CLSI criteria isolates resistant
to cefoxitin were selected for further processing by
disk potentiation method using 3-amino phenyl
boronic acid (APB)."*® To perform this method
300 pg of APB was added to the 30 ng commercial
disks of ceftazidime and cefotaxime. The disks of
ceftazidime and cefotaxime were placed on Muller
Hinton agar plate along with and without APB at
a distance of 30mm and incubated for overnight at
37°C. The diameter of zone of inhibition around the
ceftazidime and cefotaxime disks with APB was
compared with that of ceftazidime and cefotaxime
disks without APB for the confirmation of AmpC
B-lactamase production. An increase of =5 mm in
zone diameter of disk with APB was interpreted as
positive result for AmpC B-lactamase production.

RESULTS

E. coli were isolated from 670 samples while the
rest of samples showed no growth or growth of
other bacterial species. AmpC B-lactamases were
detected in only 85 (12.6%) isolates of E. coli, while
585 (87.3%) isolates were non AmpC producing
strains (Table-I).

The number of AmpC p-lactamase producing E.
coli isolated from male and female patients was 52
(61.2%) and 33 (38.8%), respectively. High num-
bers of AmpC p-lactamase producing E. coli were
isolated from blood 45 (52.9%) while less numbers
were isolated from other clinical samples (Table-II).
Information regarding ward location was also col-
lected for 85 AmpC p-lactamases producing E. coli
isolates: 37 from Neonatal Nursery Unit, 13 from
Medical Care units, 7 from Intensive Care Unit, 5
from Emergency Ward, 3 from Oncology Ward, 2
from Outpatient Unit, 2 from Surgery Ward and 12
from other units.

Table-II: Site of isolation of AmpC
-lactamase producing E. coli

Site of isolation (n/%)

No of AmpC producing E. coli

Males Females
Blood (45/52.9) 35 10
Urine (21/24.7) 8 13
Pus (6/7) 2 4
CSF (3/3.5) 2 1
ETT (3/3.5) 2 1
Urinary Catheters (3/3.5) 1 2
Sputum (2/2.4) 1 1
Pleural Fluids (2/2.4) 1 1
Total (85) 52 33
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DISCUSSION

AmpC [-lactamase producing organisms are
major clinical concern because they are usually
resistant to all B-lactam drugs, except for cefepime,
cefpirome and carbapenems.*®> Detection of any
type of AmpC B-lactamases is a challenge to the
clinical microbiologists. There are no guidelines in
placefor efficient detection of AmpC -lactamases by
CLSI. The accurate detection of AmpC p-lactamases
is important to improve the clinical management
of infection and to collect sound epidemiological
data.' In our study frequency of AmpC B-lactamase
producing E. coli is 12.6%. A study carried out at a
tertiary care hospital in Rawalpindi reported a high
frequency of 45% AmpC p-lactamase producing E.
coli.” A study conducted in India reported 58.5%
frequency of AmpC B-lactamase producing E. coli
by boronic acid disk method.”® High frequency of
43.6% AmpC producing E. coli was also reported in
a study at Medical Centers in Taiwan."” In another
study from US veterans medical centers reported
only 13 (1.6%) AmpC p-lactamases out of 683 E.
coli isolates. It seems that the frequency of AmpC
B-lactamase producing E. coli varies in different
regions of world.

The frequency of AmpC p-lactamases producing
E. coliwas 61.2% in males and 38.8% in females. The
rate of incidence of AmpC p-lactamases producing
E. coli was found to be higher in males as compared
to females. A study from Canada reported high
frequency of AmpC B-lactamases producing E. coli
infections in females 78%.# The reason for this is
not known but it could be concluded that isolation
of AmpC f-lactamases producing bacteria is not
gender dependent.

Occurrence of AmpC [-lactamase producing
strains of E. coli was different in various specimens.
In present study, high occurrence of AmpC
B-lactamase producing E. coli was found in blood
samples (52.9%) followed by urine (24.7%). Mulvey
et al reported AmpC B-lactamase producing E. coli
strains in a high rate from urine (77.5%) than the
blood (8.6%) samples while the rest of samples like
wound (5.7%), abscess (0.47%), tracheal secretions
(4.6%) and others (2.8%) showed less occurrence.?
Similarly, AmpC p-lactamase producing E. coli were
isolated in a high frequency from urine (78.5%) in a
study carried out in Canadian hospitals.? In another
study carried out in 5 children hospitals of China
reported occurrence of AmpC producing strain of
E. coli in various samples like sputum 49.4%, urine
32.7%, blood 10% and respiratory secretions 10%.%
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These studies showed high occurrence of AmpC
B-lactamase producing E. coli from urine while in
our study AmpC [-lactamase producing E. coli were
isolated in high number from blood. According
to our results high number of AmpC p-lactamase
producing E. coli were isolated from neonates who
are usually at high risk of bacteremia. The highest
frequency of AmpC -lactamase producing E. coli
from blood in our setup shows high occurrence of
bloodstream infections than urinary infections.

We detected moderately high number of AmpC
B-lactamase producing E. coli using disk potentiation
which is a simple and reliable method for detection
of AmpC B-lactamases. In conclusion, Microbiology
laboratories can play an important role in earlier
detection of AmpC p-lactamase producing
organisms which could significantly reduce the risk
of treatment failure and can help to generate sound
epidemiological data. Measures should be taken to
stop the spread of AmpC producing strains among
the patients and hospital environment.

ACKNOWLEDGEMENTS

We are thankful to the Management and Ethical
Committee of the Children’s Hospital & Institute of
Child Health, Lahore, Pakistan for providing us all
kind of facilities and ethical approval.

REFERENCES

1. Philippon A, Guillaume A, George A, Jacoby GA. Plasmid
determined AmpC-Type B-lactamases. Antimicrob Agents
Chemother. 2002;46(1):1-11.

2. Bush K, Jacoby GA, Medeiros AA. A functional
classification scheme for B-lactamases and its correlation
with molecular structure. Antimicrob Agents Chemother.
1995;39(6):1211-1233.

3. Livermore DM. Beta-lactamases in laboratory and clinical
resistance. Clin Microbiol Rev. 1995;8(4):557-584.

4. Raymajni N, Kang SG, Lee DY, Kang M, Lee S, Park
KY, et al. Characterization of TEM-1, SHV and AmpC
type p-lactamases from cephalosporins resistant
Enterobacteriaceae isolated from swine. Intel ] Food Micro.
2008;124(2):183-187.

5. Clermont O, Bonacorsi S, Bingen E. Rapid and simple
determination of the Escherichia coli phylogenetic group.
Appl Environ Microbial. 2000;66(10):4555-4558.

6. Tan TY, Ng SY, Teo L, Koh Y, Teok CH. Detection of
plasmid-mediateted AmpC in Escherichia coli, Klebsiella
pneumoniae and Proteus mirabilis. ] Clin Pathol.
2008;61(5):642-644.

7. Oteo], Cercenado E, Wevas O, Bautista V, Pervez M, Garcia
S, et al. AmpC B-lactamases in E. coli: emergence of CMY-
2 producing virulent phylogroup D isolates belonging
mainly to STs, 57, 115, 325, 393 and 420 and phylogroup
B2 isolates belonging to international clone. Diag Micro Inf
Dis. 2010;67(3):270-276.



10.

11.

12.

13.

14.

15.

16.

17.

Lee K, Hong SG, Park Y], Lee HS, Song W, Jeong ], et al.
Evaluation of phenotypic screening methods for detecting
plasmid-mediated AmpC p-lactamases-producing isolates
of Escherichia coli and Klebsiella pneumoniae. Diagn
Microbiol Infect Dis. 2005;53(4):319-323.

Jacoby GA. AmpC [-Lactamases. Clin Microbial Rev.
2009;22(1):161-182.

Hemalatha V, Padma M, Sekar U, Vinodh TM. Detection of
AmpC beta-lactamase production in E.coli by an inhibitor
based method. Ind ] Med Research. 2007;126(3):220-223.
Cheesbrough M. District laboratory practice in tropical
countries (2) Cambridge University press, United Kingdom.
2000: 124-143.

Clinical and Laboratory Standards Institute (CLSI).
Performance standards for antimicrobial susceptibility tests
20th ed. approved standard, CLSI document M100-520,
Vol. 30. Wayne, PA: CLSI. 2010.

Yagi T, Wachino J, Kurokawa H, Suzuki S, Yamane K, Doi
Y, et al. Practical methods using boronic acid compounds
for identification of class C beta-lactamase-producing
Klebsiella pneumoniae and Escherichia coli. J Clin
Microbiol. 2005;43(6):2551-2558.

Clinical Laboratory Standards Institute. Performance
standards for antimicrobial disc susceptibility tests. 2006
Wayne PA; M100-515.

Girlich D, Naas T, Bellais S, Poirel L, Karim A, Nordmann
P. Heterogeneity of AmpC cephalosporinases of Hafnia
alvei clinical isolates expressing inducible or constitutive
ceftazidime resistance phenotypes. Antimicrob Agents
Chemother. 2000;44:3220-3223.

Hanson ND. AmpC beta-lactamases: what do we need to
know for the future?. ] Antimicrob Chemother. 2003;52:2-4.
Hassan A, Usman ], Kaleem F, Omair M, Khalid A, Igbal
M. Frequency and antibiotic susceptibility pattern of
Amp C beta-lactamase producing bacteria isolated from a
tertiary care hospital of Rawalpindi, Pakistan. Pak ] Med Sci
2011;27(3):578-581.

18.

19.

20.

21.

22.

23.

Pak J Med Sci

AmpC B-lactamase in Escherichia coli

Vandana KE, Honnavar P. AmpC beta lactamases
among ESBL producing Escherichia Coli and Klebsiella
Pneumoniae- If you don’t look, you won't find. ] Clin Diag
Research. 2009;3:1653-1656.

Yan JJ, Hsueh P, Lu ], Chang F, Shyr ], Wan JH, et al.
Extended-Spectrum beta-lactamases and plasmid-
mediated AmpC enzymes among clinical isolates
of Escherichia coli and Klebsiella pneumoniae from
seven medical centers in Taiwan. Antimicrob Agents
Chemother. 2006;5(5):1861-1864.

Coudron PE, Moland ES, Thomson KS. Occurrence
and detection of AmpC p-lactamase among E. coli
Isolates at a veterans medical centre. J Clin Microbial.
2000;38:1791-1796.

Kaye KS, Gold HS, Schwaber MJ, Venkataraman L, Qi Y,
Girolami PCDe, et al. Variety of beta-lactamases produced
by amoxicillin-clavulanate-resistant ~ Escherichia coli
isolated in the Northeastern United States. Antimicrob
Agents Chemother. 2004;48(5):1520-1525.

Mulvey MR, Bryce E, Boyd DA, Ofner-Agostini M, Land
AM, Simor AE, et al. Molecular characterization of
cefoxitin-resistant Escherichia coli from Canadian hospitals.
Antimicrob Agents Chemother. 2005;49(1):358-365.

Ding H, Yang Y, Lu Q, Wang Y, Chen Y, Deng L, et al.
The prevalence of plasmid-mediated AmpC p-lactamases
among clinical isolates of Escherichia coli and Klebsiella
pneumoniae from five children’s hospitals in China. Eur ]
Clin Microbiol Infect Dis. 2008;27(10):915-921.

2012 Vol.28 No.5 www.pjms.com.pk 845



