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Abstract:

Background: AmpC [-lactamase enzymes cause
multi-drug resistance. Aim and Objectives: The
purpose of this study is detection of AmpC enzymes in
the isolated strains of E. coli and K. pneumoniae in
three educational hospitals in Hamadan (lran).
Materials and Methods: One hundred and forty strains
of E. coli and K. pneumoniae were isolated from the
hospitals in Hamadan from March to September 2015.
To detection of phenotypic AmpC activity, the AmpC
detection disks were used. To detect genes encoding for
AmpC PCR method was used. Results: Sixty eight
isolates (48.5%) were resistant to third generation
cephalosporin and of these 61 (43.5%) isolates had
MIC > 8 pg/mL to cefoxitin. All 68 isolates were
analyzed by AmpC detection disks, of which 10
(7.14%) isolates were AmpC- B-lactamase producers.
By PCR method, 24 (35.2%) isolates had cit and 48
(70.5%) were positive for fox, 42 (61.7%) for ebc, 46
(67.6%) for mox genes. None of the dha and acc genes
were identified. Conclusion: High resistance to
cephalosporins has been observed among the clinical
isolates. Due to the possibility of plasmid transferring
of ampC genes between bacterial, changing
consumption patterns of antibiotics and the treatment
protocolsis necessary.
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Introduction:

Enterobacteriaceae included the largest number
of gram-negative and facultative anaerobic
organisms which can be found in the clinical
samples. Klebsiella and Escherichia bacilli
belong to the family of Enterobacteriaceae [1-4].
E. coli consist of various serotypes, ranging from
highly pathogenic to nonpathogenic strains, and
cause several clinical manifestations, including
bacteremia, sepsis, meningitis, gastroenteritis and
Urinary Tract Infections (UTIs) [5,6].

Various strategies are used by bacteria to remain
immune against the deleterious effects of
antibiotics. The most important mechanism of
resistance is antibiotic hydrolysis mediated by the
bacterial enzyme B-lactamase [7]. Beta-lactamases
are bacterial enzymes which make the [B-lactam
antibiotics inactive by hydrolyzing the B-lactam
ring [8]. Beta-lactamase enzymes are categorized
into four classes: A, B, C, and D. Many new [3-
lactam antibiotics have been produced during the
last decades which resist the hydrolysis function of
B-lactamase enzymes [9]. Although the new
antibiotics have been used in curing patients, new
kinds of B-lactamase enzymes such as AmpC [3-
lactamases and carbapenemases have appeared.
Gram negative bacteria could resist the newest [3-
lactam antibiotics by these kinds of B-lactamases
[10].
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AmpC enzymes belong to B-lactamases of class C.
Many of these enzymes are cephalosporinase, but
they are able to hydrolyze all 3-lactam antibiotics
widely. These enzymes are mostly coded by
chromosomal genes in many gram negative
bacteria [11]. Although, the encoding genes of
these enzymes were identified in plasmids in late
1980s which could be transferred among different
organisms [12]. The coding genes of the AmpC
enzymes exists in E. coli chromosome but these
enzymes expression is low, although the
chromosomes of Klebsiella and salmonella spp.
lack ampC genes; if these genes are transmitted to
the organisms by plasmids, the enzymes are
expressed in high level which causes resistance in
them [13].

AmpC enzymes hydrolyze broad-spectrum
cephalosporins like ceftazidime, ceftriaxone,
cefepime and monobactams such as aztreonam
and cephamycins, but they cannot be inhibited by
common inhibitors like clavulanic acid [14].
Twenty-nine different plasmid-mediated ampC
genes have been identified [15]. The phenotypic
diagnosis of AmpC positive microorganisms is
difficult and clinical laboratories cannot detect
these bacteria.

In fact, resistance to beta-lactam antibiotics in
those bacteria that typically harbor co-existence of
AmpC and ESBL enzymes are not distinguishable
and known as [-lactamase producers. For this
reason, AmpC producing bacteria are often not
detected by clinical laboratories [16].

Although Clinical and Laboratory Standards
Institute (CLSI) has guidelines to diagnosis of E.
coli and Klebsiella isolates containing Extended
Spectrum Beta Lactamases (ESBLS), there are not
any guidelines for diagnosis of the organisms
which produce AmpC enzymes [17]. The
diagnosis of these enzymes in clinical isolates of

bacteria is important in epidemiological, research
studies and hospital infections control because
plasmid genes can be transmitted to other
organisms in the hospitals [18].

Due to little studies on AmpC [-Lactamase
producer microorganisms in our areas, this study
aims to detect the phenotypic and genotypic
AmpC-beta lactamases in clinical isolates of E.
coli and K. pneumonia in educational hospitals of
Hamadan, west of Iran.

Material and Methods:

Sampling and Isolation of Bacteria

In this cross sectional study which was conducted
from March to September 2015, various clinical
specimens were collected from patients in three
educational hospitals in Hamadan, west of Iran.
Samples were cultivated on usual cultures of
microbiology including Blood agar and
MacConkey agar (Merck Co, Germany) and
incubated at 37°C for 18 hrs. The isolated gram
negative bacteria identified by using common
biochemical tests including oxidase, catalase,
Triple Sugar Iron Agar (TSI) test, Simon citrate,
Indole and H,S production and Motility in SIM
media, Methyl Red/Voges—Proskauer broth
(MR/VP), and Urease test [19]. For confirmation
some individual colonies were identified as E. coli
and K. pneumonia according to the analytical
profile index (API) 20NE protocol (BioMérieux
Co, France).

Antibiotics Sensitivity of Isolates

Antibiotic sensitivity of isolated strains was
studied by standard disk diffusion method and
based on CLSI protocol [20, 21]. The used
antibiotic disks (MAST Chemical Co., Bootle,
UK) included cefotaxime (30 pg/CTX),
ceftriaxone (30 pg/CRO), cefepime (30 pg/FEP),
cefoxitin (30 pg/FOX), ceftazidime (30 ug/CAZ),
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co-trimoxazole (25 pug/SXT), piperacillin (100 pg/
PIP), imipenem (10 pg/IMP), ciprofloxacin (5 pg/
CIP) and amikacin (30 pg/AMK).

Determining of MIC to Cefoxitin

Minimum Inhibitory Concentration (MIC) of
cefoxitin in clinical isolates which were resistant to
ceftriaxone, cefepime, and ceftazidime antibiotics
was performed by serial dilution method according
to CLSI guidelines [22].

Phenotypic Detection of AmpC B-lactamases
using AmpC Diagnosis Disks:

The clinical isolates with MIC > 8 pg/ml for
cefoxitin were included for evaluation by AmpC
diagnosis disks (MAST Chemical Co., Bootle,
UK). The disks had three cartridges: A (disks with
cefpodoxime 10 pug + AmpC inducer), B (disks
with cefpodoxime 10 ug + AmpC inducer + ESBL
inhibitor) and C (disks with cefpodoxime 10 pug +
AmpC inducer + ESBL inhibitor + AmpC
inhibitor).

The isolates were oculated on Mueller-Hinton
agar; the disks were put on them and incubated at
37°C for 16-18 h according to manufactures
guideline. For the interpretation of results, the
diameter of halo of lack of growth around disk A is
compared with a halo around the disks B and C, if
the diameter of the halos is about 3 mm, that
organism is considered negative in terms of
producing AmpC [-lactamase enzymes. We
reduced the diameter of halo around disk A (Z,)
from the diameter of halos of disk B (Z;) and C
(Z.) and the diameter of halo of disk B (Z;) from
disk C (Z.).

If Z.—Z,>5mmandZ.—Z,>5mm, the organism
has AmpC enzymes and is considered positive. If
Z.—Z,>25mmand Z,-Z,>5mmand Z, and Z..
have maximum of 4 mm difference, this indicates

that the organism uses another mechanism for
resistance.

Multiplex PCR forampC genes

The bacteria genome was extracted by boiling
method. For this purpose, a bacteria colony from
fresh culture dissolved in 1.5 ml PBS and
centrifuged for 10 minat 1000 rpmand rinsed. The
pellets were resuspended in 500 pL distilled water
and homogenized. The suspension incubated in
boiling water for 10 min and immediately
incubated at -4°C, and finally centrifuged for 4 min
at 3000 rpm. Subsequently, the supernatant
containing bacterial genome was collected and
used as DNAtemplate.

The PCR reaction in 25 pl final volume includes:
1.5 pl MgCI2 25Mm, 2.5 pul buffer 10X, 2 pl
dNTPs10 pmol, 1 pl of 10 pmol/ pl of each primers
(Tablel), Tag DNA polymerase 0.2 ul, DNA 1 pl
and 16.8 pl sterile distilled water [23].

The amplification program consisted of an initial
denaturation step at 94°C for 3 min, followed by
30 cycles of DNA denaturation at 94°C for 30s,
annealing at 64°C for 30 s, and extension at 72°C
for 1 min. After the last cycle, a final extension step
at 72°C for 7 min was added [15].

Statistical Analysis:

Statistical analysis was performed using chi-square
test with SPSS software (version 16). P value of <
0.05 was considered to indicate statistical
significance.

Results:

During the study period, of clinical samples such
as urine, trenches, scar and blood collected from
three educational hospitals in Hamadan, 140
microbial strains were isolated, these included 102
(72.9%) E. coliand 38 (27.1%) K. pneumoniae.
The results showed widespread resistance of the
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isolates to the antibiotics. The most resistance to
antibiotics was piperacillin (86.6%), co-
trimoxazole (84%), ceftriaxone (66.5%) and
cefotaxime (66%) respectivelly. The highest
sensitivity was related to the imipenem (90%),
amikacin (80%), and cefoxitin 63% (Table 2). The
minimum inhibitory concentration of 68 isolates
resisting against ceftazidime, cefepime and
ceftriaxone was evaluated by cefoxitin antibiotic
powder (Science Lab Co, Iran). Furthermore, the
highest concentration of MIC was 32 pg/mL which
could be seen in 49 strains and the minimum MIC
was 8 pg/mL which seen in 7 strains and 12 strains
had MIC 16-24 pg/mL. It can be said that all 68
isolates have MIC > 8 ug/mL; therefore, they were
all suspected to produce AmpC p-lactamases.
According to the CLSI standard strains contain
MIC more than 8ug/ml is considered to be as
resistant strains [24].

AmpC diagnostic disks were applied for 68
cefoxitin resistant strains, of which 10 (14.7%)
isolates, eight E. coli and two K. pneumonia, were

phenotypically positive in terms of producing
AmpC (-lactamase enzymes.

The PCR results for the diagnosis of AmpC
enzymes encoding genes in 68 cefoxitin resistant
isolates of E. coli and K. pneumonia showed that
60 (88.2%) strains were positive in terms of AmpC
enzymes producer genes; of which (n=30) 44.1%
were in E. coli and (n=38) 55.8% in K. pneumonia
isolates. The results indicated that most cases of K.
pneumonia containing ampC genes were isolated
from ICU and infectious sections. Considering the
results of PCR, 24 (35.2%) isolates were positive
for cit gene and of these 14 (20.5%) were E. coli
and 10 (14.7%) K. pneumoniae, 38 (70.5%)
isolates showed the presence of fox gene and of
these 28 (41.1%) were E. coli and 10 (14.7%) K.
pneumoniae, 32 (61.7%) isolates were positive for
ebc gene and of these 20 (29.4%) were E. coli and
12 (17.6%) K. pneumonia and 36 (67.6%) isolates
showed the presence of moxgene and of these 32
(47%) were E. coli and 4 (5.8%) K. pneumoniae.
The dhaand acc genes were not detected.

Table 1: Primers Used in this Study [10]

Genes Sequence (5’ to 37, as Synthesized) Target(s) Amplicon | Nucleotide | Gen Bank
Family (bp) Positions | Accession No
MOXM-F | GCT GCT CAA GGA GCA CAG GAT CMY-1, CMY-8 to 520 358-378 D13304
MOXM-R | CACATT GACATAGGT GTGGTGC CMY-11, MOX-1, 877-856

MOX-2
CITM-F TGG CCAGAACTGACAGGCAAA BIL-1, CMY-2 to 462 478-498 X78117
CITM-R TTTCTC CTG AAC GTG GCT GGC XMY-7, LAT-1 to 939-919

LAT-4
DHAM-F | ACCTTT CACAGG TGT GCT GGG T DHA-1, DHA-2 405 1244-1265 Y16410
DHAM-R | CCG TAC GCATACTGG CTTTGC 1648-1628
ACCM-F | ACCAGC CTCAGCAGCCGGTTA ACC 346 861-881 Aj133121
ACCM-R | TTC GCC GCAATCATC CCTAGC 1206-1186
EBCM-F | TCG GTAAAG CCGATGTTG CGG MIR-1T, ACT-1 302 1115-1135 M37839
EBCM-R | CTTCCACTG CGG CTG CCAGTT 1416-1396
FOXM-F | AAC ATG GGG TAT CAG GGAGAT G | FOX-1to FOX-5b 190 1475-1496 X77455
FOXM-R | CAAAGC GCG TAACCG GAT TGG 1664-1644
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Table 2: Antibiotic Resistance and Sensitivity Patterns of E. coli and K. pneumonia

Bacteria

Antibiotic K. pneumoniae E. coli

Resistant Intermediate Sensitive Resistant Intermediate Sensitive

No (%) No (%) No (%) No (%) No (%) No (%)
Cefotaxime 25(69.4) 0 11(30.5) 67(64.4) 2(1.9) 35(33.6)
Ceftriaxone 27(75) 0 9(25) 67(64.4) 4(3.8) 35(33.6)
Cefepime 21(58.3) 4(11.1) 11(30.5) 43(41.3) 12(11.5) 49(47.1)
Cefoxitin 20(55.5) 6(16.1) 10(27.7) 20(19.2) 6(5.7) 78(75)
Cefatizidime 24(66.6) 2(5.5) 10(27.7) 55(52.8) 7(6.7) 42(40.3)
Co-trimoxazole 31(86.1) 0 5(13.8) 78(75) 1(0.96) 15(14.4)
Piperacillin 27(75) 4(11.1) 5(13.8) 93(89.4) 2(1.9) 98(42.2)
Imipenem 8(22.2) 0 28(77.7) 4(3.8) 2(1.9) 9(8.6)
Ciprofloxacin 26(72.2) 2(5.5) 8(22.2) 61(58.6) 8(7.6) 35(33.6)
Amikacin 20(55.5) 2(5.5) 14(38.8) 4(3.8) 2(1.9) 98(94.2)
Table 3: Characterization of AmpC Positive Isolates
Bacterial Ceftriaxone | Cefepime | Cefatizidime MIC of Identified Genes
Isolates Cefoxitin
(ug/ml) cit | fox | ebc | mox | dha | acc
E. coli R R R >32 + + - - - -
E. coli R R R >8 + + - - - -
K. pneumoniae R R R >128 + + - - - -
E. coli R R R >8 + + - - - -
E. coli R R R >8 + + + - - -
E. coli R R R >16 + + - - - -
E. coli R R R >8 + + - - - -
K. pneumoniae R R R >256 + + - - - -
E. coli R R R >8 + + - - - -
E. coli R R R >16 + + + - - -
R: resistant; +: positive; -: negative
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Discussion:

Plasmid-mediated AmpC [-lactamases are
important clinically, and their recognition will be
useful for both surveillance and for epidemio-
logical processes and infection control, in order to
avoid nosocomial outbreaks and treatment failures
[25]. Statistically, the prevalence of ESBLS in our
region was reported than other countries in Asia
[26]. One of the most important reasons can be the
excessive use of [-lactamase especially broad-
spectrum cephalosporins; therefore, an effective
measure to control the cure-resistant infections is
decreasing incorrect use of the antibiotics [27].
Nowadays, there are no considerable directions for
the design and implementation of screening tests
and the confirmation of AmpC enzymes in
bacteria. For example, if an isolate resists against
cefoxitin antibiotic, it can potentially have AmpC
enzymes, however, this is not certain and resistance
can be due to disorder in the permeability of
bacteria external membrane and may have no
enzymatic sources [28].

Therefore, the molecular diagnosis of B-lactamase
enzymes, especially AmpC type is necessary for
careful and reliable study of antibiotics [29]. One
of the best molecular methods is PCR technique.
Although plasmids included AmpC {-lactamase
enzymes encoding genes were discovered many
years ago, unfortunately, the clinical importance
of these enzymes is not understood properly [30].
The strains containing these enzymes are not
separated and diagnosed in clinical laboratories;
however, the PCR method is available as an
effective research tool to diagnose these enzymes,
but it is not a conventional method in the clinical
laboratories [31].

In this study, the AmpC diagnostic disks have

been used for phenotypic detection of AmpC (-
lactamase enzymes. This test is a more convenient
method for the detection of beta-lactamases apmC
genes on plasmids. In the present study, the results
of determining antibiotic resistance pattern in
isolates indicated that imipenem, with 90%
sensitivity, is the most effective antibiotic against
K. pneumoniae and E. coli; therefore, imipenem
can be a good choice for treatment. The amount of
resistance to cefoxitin was 48.5% (68 isolates).
Sixty-eight (48.5%) clinical isolates were tested
by PCR for the presence of B-lactamase genes. In 8
(11.7%) isolate whit MIC > 8 pg/mL to cefoxitin,
which weresuspected to the production of AmpC
B-lactamases, any ampC (-lactamases genes were
not found.

This shows that other mechanisms including non-
expression of purines in external membrane and
carbapenem enzymes play a role in developing
resistance toward cefoxitin.

Considering the AmpC diagnostic disks,
according to the instructions, only 10 (14.7%)
isolates which included 8 E. coli and 2 K.
pneumoniae were positive to produce AmpC
enzymes phenotypically. The previous study by
Niakan et al. (2008) from 168 K. pneumoniae
isolates, the frequency of AmpC genes (10
isolates) reported 5.9%, whereas in our research,
the frequency of AmpC genes was 14.7%, which
indicates the increase of resistance due to AmpC
enzymes production by now [32]. Beta lactamase
genes related to FOX, CIT, and EBC families were
reported in both studies, whereas genes related to
ACC family were found in none of the studies.
Genes related to Fox family had the highest
frequency in both studies. Also, the genes related
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to MOX family were not reported but in the current
study, we showed that the genes were related to
MOX; in addition the most identified gene was
CIT.

In the research conducted on E. coli by Mansoori
etal, 5 (5.7%) isolates produced AmpC enzymes
[33].The previous study by Kalantar et al, it was
found that of 75 K. pneumoniae isolates, 31
(41.3%) had broad-spectrum B-lactamases and 11
(14.6%) had AmpC [34]. Also, the similar survey
by Shanthi et al, revealed thatof the 16 K.
pneumonia that were positive for AmpC enzymes,
25% containing ACT, FOX and MOX genes [35].
Another investigation from Egypt revealed that
57.7% isolates were Amp C enzyme producer of
which, 22 isolates contained AmpC enzyme
encoding genes included MOX, FOX family and
CIT genes [36].

In general, microorganisms that have ESBL
enzymes should be reported resistant against all
broad-spectrum cephalosporins unless their
sensitivity to the given antibiotic is proven [37].
Transferring broad-spectrum [-lactamase
enzymes producer genes is proven from one
hospital to another one, from one city to another
city and from one country to another country [38].
If effective measures are not taken to prevent
making resistance, the issue will increase more
and more. Extensive consumption of medicines
may facilitate the antibiotic resistance extension;

therefore, antibiotic consumption should be done
carefully. Laboratories are not able to diagnose the
mechanism of resistance [39]. When bacteria
simultaneously have different resistance
mechanism to antibiotics, the phenotypic
diagnosis of AmpC enzymes are very difficult and
itis better to use molecular methods [40].

Conclusion:

The prevalence of AmpC [-lactamase production
in the clinical isolates is critical as part of the
surveillance and monitoring activity of antibiotic
resistance for infection control. The results of this
study suggested that physicians should pay
attention while prescribing antibiotic and send the
sample to laboratory for the antibiogram tests so
that the best medical choice is given to the
patients. The emergence of plasmid-mediated
AmpC and ESBL [-lactamase producing E. coli
and K. pneumonia may attitude possible risk to the
spread of antibiotic resistance in the clinical
situations. As plasmid-mediated genes may serve
as the reservoir for the emergence of antibiotic
resistance in a clinical setting, surveillance and
infection control measures are essential to limit
the spread of these organisms in the hospital.
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