academic]Journals

Vol. 9(18), pp. 1247-1254, 6 May, 2015

DOI: 10.5897/AJMR2015.7435

Article Number: 9B909BES3176 . . :

ISSN 1996-0808 African Journal of Microbiology Research
Copyright © 2015

Author(s) retain the copyright of this arficle

http://www.academicjournals.org/AJMR

Full Length Research Paper

AmpC and metallo beta-lactamases producing Gram
negative bacteria in patients with hematological
malignancy

Samah Sabry El-Kazzaz and Noha Tharwat Abou El-khier*

Medical Microbiology and Immunology Department, Faculty of Medicine, Mansoura University, Egypt.
Received 18 February, 2015; Accepted 27 April, 2015

Resistance to broad spectrum B-lactams mediated by AmpC and metallo beta-lactamases (MBLS)
enzymes is a rising problem worldwide. The wide dissemination of Gram negative bacteria harboring
these enzymes represents a significant clinical threat during the last decade, which is mainly due to
treatment failure and restriction of therapeutic options. This problem should be really estimated in our
locality with special emphasis on immunocompromised patients. The aim of this study was to isolate
Gram negative bacteria from differrent sites of infection among patients with hematological malignancy,
and to examine those isolates for AmpC and MBLs production by phenotypic and genotypic methods.
Seventy four Gram negative bacterial strains were isolated from 387 clinical samples collected from
different infection sites. Those isolates were screened for the presence of AmpC and MBLs by modified
three dimensional test and Imipenem-EDTA combined disc test, respectively. Multiplex PCR was done
as a confirmatory step for detection of AmpC and MBLs production by these isolates. Pseudomonas
aeroginosa was the most common isolated Gram negative strain that was found to be positive for AmpC
and MBL production. DHA gene was the most frequently detected AmpC B-lactamase gene, whereas VIM
was the only detected MBL gene among the Gram negative bacterial isolates by multiplex PCR. The
strong association found between AmpC production and MBL gene carriage is alarming which
necessitate continuous surveillance of such resistance mechanisms among the Gram negative bacteria,
especially in patients with hematological malignancy.

Key words: AmpC, metallo beta-lactamase (MBL), multiplex polymerase chain reaction, Pseudomonas

aeroginosa.
INTRODUCTION
B-Lactamases are important components of the anti- properties (Zavasci et al., 2010). These enzymes inactivate
microbial resistance in Gram negative bacteria. They are cephalosporins and penicillins by hydrolyzing the amide
identified in these pathogens as well as their biochemical bond of the B-lactam ring. Molecular class C or AmpC
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primarily hydrolyses cephems (cephamycins and
cephalosporins) and also hydrolyze penicillins and
aztreonam. These enzymes are resistant to the currently
available B-lactamase inhibitors such as clavulanate,
sulbactam and tazobactam (Philippon et al., 2002). With
rare exceptions, the hydrolysis of cephamycins, such as
cefoxitin and cefotetan, is a property that can help to
distinguish  AmpCs from extended-spectrum beta
lactamase (ESBLS).

High level production of AmpC by Gram negative
bacteria may cause resistance to the first, second and
third-generation cephalosporins, penicillins, cephamycins
and B-lactamase inhibitor combination. Higher level
AmpC production may occur as a consequence of
mutation or when the organism is exposed to an inducing
agent. Cephamycins (e.g. cefotetan and cefoxitin),
ampicillin, and carbapenem are good inducers (Moland et
al., 2008).

Carbapenamases are f-lactamases, which include
serine-B- lactamases (OXA, KPC, GES, etc.) and MBLs.
The latter require metal ion zinc for their activity, which is
inhibited by metal chelators like EDTA and thiol-based
compounds but not by tazobactam, sulbactam and
clavulanic acid. MBL producing Gram negative bacteria
are typically resistant to aminoglycosides and fluoro-
quinolones, further compromising therapeutic options
(Uma Karthika et al., 2009).

Among several types of MBL genes described
throughout the world, bla- VIM, bla- IMP and bla-NDM
are the most common (Amudhan et al., 2011). The genes
responsible for MBL production may be chromosomal or
plasmid mediated and poses a threat of horizontal
transfer among other Gram-negative bacteria (Varaiya et
al., 2008).

Infections remain a common complication in patients
with hematological malignancies. These patients are at
higher risk of infections not only because of the malignancy
itself but also because of neutropenia induced by
intensive chemotherapeutic therapy that may be followed
by hematopoietic stem cell transplantation, and the
cytotoxic effect on the cells that line the alimentary tract
(Crawford et al., 2004).

It was demonstrated that 60% of the bacteraemias in
neutropenic patients were caused by Gram negative
bacterial infections (Chen et al., 2010). Moreover, the
increased rates of drug resistant Gram-negative pathogens
which was documented globally (Bhusal et al., 2011),
including ESBLs, AmpC and carbapenemase producing
Gram-negative bacteria isolates (Freifeld et al., 2011)
and despite of the improved survival rate during the last
decades, patients with haematological malignancies are
still at high risk of infectious complications. Bacteraemia
caused by beta-lactamase producing Gram negative
bacteria are serious complications and the use of
prophylaxis may lead to a higher prevalence of more
resistant strains (Ngrgaard, 2012). So the aim of this
study was to detect Gram negative bacterial infection

among these patients and to examine the bacterial isolates
for AmpC and MBLs production by phenotypic and geno-
typic methods.

MATERIALS AND METHODS
Study design

Descriptive cross sectional study was carried out on 373 patients
with heamatological malignancy over a period of six months from
first of June to the end of November, 2013. All patients, enrolled in
this study, were admited in the Oncology Centre of Mansoura
University Hospitals (MUHS).

Clinical samples

387 clinical samples collected from different infection sites included
139 urine, 95 sputum, 86 blood and 67 wound swabs.

Microbiological studies

Samples were processed in Microbiology Diagnostic and Infection
Control Unit (MDICU) in Medical Microbiology and Immunology
Department, Faculty of Medicine, Mansoura University. The
collected blood, sputum and wound specimens were cultivated on
blood agar, macConkey's agar and chocolate agar media, whereas
urine specimens were cultivated on CLED media. Gram negative
bacterial isolates was identified by Gram stained films, colony
morphology and different biochemical reactions.

Antibiotic susceptibility testing

Antimicrobial susceptibility was tested for the identified Gram
negative isolates according to CLSI recommendations. The
diffusion method on Mueller-Hinton agar (MHA; Bio-Rad, Marnes-
La-Coquette, France) was used to test susceptibility to Ampicilline
,/Amoxicilline/Clavulinic acid, Cefotaxime, Azteronam, Imipenem,
Pipracilline, pipracilline/Tazobzctam, Amikacin, Ciprofloxacin,
Gentamicin, Ceftazidime (Koneman et al., 1997).

Phenotypic detection of AmpC by modified three dimensional
test (Taneja et al., 2008)

Crude enzyme extract was prepared by repeated freezing and
thawing of the bacterial pellet of each Gram negative bacterial
isolate (five to seven times). Lawn culture of Escherichia coli ATCC
25922 was prepared on Muller Hinton plates and Cefoxitin (30 ug)
disk were placed on the plates. Linear slits (3 cm) were cut using
sterile surgical blade, 3 mm away from cefoxitin disk. At the other
end of the slit, a small circular well was made and 30 to 40 pl of the
enzyme extract was loaded in the well. Then, the plates were
incubated at 37°C for 24 h. Enhanced growth of the surface
organism at the point where the slit inserted the zone of inhibition of
cefoxitin was considered a positive modified three dimensional test.
Isolates showing clear distortion of the zone of inhibition of cefoxitin
were considered as AmpC producers.

Phenotypic detection of MBL by Imipenem-EDTA combined
disc method (Yong et al., 2002):

A 0.5 M EDTA solution was prepared by dissolving 186.1 g of
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Table 1. Primers used in multiplex PCR and PCR mapping in this study.

Primer Sequence 5'-3'

Amplicon size (bp) Reference

MultiCaseACC_for
MultiCaseACC_rev
MultiCaseFOX_for
MultiCaseFOX_rev
MultiCaseMOX_for
MultiCaseMOX_rev
MultiCaseDHA_for
MultiCaseDHA_rev
MultiCaseCIT_for
MultiCaseCIT_rev
MultiCaseEBC_for
MultiCaseEBC_rev
MultilMP_for
MultilMP_rev
MultiVIM_for
MultiVIM_rev
MultiNDM_for
MultiNDM_rev

CACCTCCAGCGACTTGTTAC

GTTAGCCAGCATCACGATCC 346

CTACAGTGCGGGTGGTTT 16

CTATTTGCGGCCAGGTGA

GCAACAACGACAATCCATCCT g0
GGGATAGGCGTAACTCTCCCAA

TGATGGCACAGCAGGATATTC

GCTTTGACTCTTTCGGTATTCG 997 Dallenne et al., 2010
CGAAGAGGCAATGACCAGAC

ACGGACAGGGTTAGGATAGY" 538

CGGTAAAGCCGATGTTGCG o83

AGCCTAACCCCTGATACA

TTGACACTCCATTTACDG"

GATYGAGAATTAAGCCACYCT’ 139

GATSGTGTT GG TCGCATA O
GGTTTGGCGATCTGGTTTTC

CGGAATGGCTCATCACGATC 621 Anoar et al., 2014

bY=TorC;D=AorGorT.

disodium EDTA+2H20 in 1000 ml of distilled water and adjusting it
to pH 8.0 by using NaOH. The mixture was sterilized by
autoclaving. One disc of imipenem (10 pg) alone and one with
imipenem (10 pg) in combination with EDTA solution were placed at
a distance of 20 mm, from center to center, on a Muller Hinton agar
plate inoculated with a bacterial suspension of 0.5 McFarland
turbidity standards of each Gram negative bacterial isolate. The
plates are incubated overnight at 35°C. The MBL producing strains
showed a variation greater than 7 mm between the inhibition zone
around imipenem discs alone and the inhibition zone around
imipenem+ EDTA discs, (the imipenem + EDTA discs shows larger
zone of inhibition than imipenem disc alone in MBL positive strains).

Detection of plasmid encoded AmpC and MBL genes by
multiplex PCR

Design of group-specific primers for multiplex PCR assays

Two multiplex PCRs were designed in this study: a plasmid-
mediated AmpC B-lactamase gene multiplex PCR including six
family-specific AmpC genes carried on the plasmids, which are
ACC, FOX, MOX, DHA, CIT and EBC (Perez-Perez and Hanson,
2002); and MBL gene multiplex PCRs, including blay, blaye and
blanom genes (Amudhan et al., 2011). Group-specific primers were
designed to amplify internal fragments of several sizes (Table 1).

Multiplex PCR technique (Dallenne et al., 2010)

Rapid DNA preparation was performed from one heated colony in a
total volume of 100 mL of distilled water (95°C for 10 min) followed
by a centrifugation step of the cell suspension. Total DNA (2 mL)
was subjected to each multiplex PCR in a 50 mL reaction mixture
containing 1xPCR buffer (10 mM Tris-HCI, pH 8.3/50 mM KCI/1.5
mM MgCl,), 200 mM concentration of each deoxynucleotide
triphosphate, a variable concentration of specific-group primers

(Table 1) and 1 U of Taq polymerase (Fermentas). Amplification
was carried out as follows: initial denaturation at 94°C for 10 min;
30 cycles of 94°C for 40 s, 60°C for 40 s and 72°C for 1 min; and a
final elongation step at 72°C for 7 min. For the MBL genes multiplex
PCR assays, the annealing temperature was optimal at 55°C for
amplification of blayw, blame and blaxom genes. Amplicons were
visualized after running at 100 V for 1 h on a 2% agarose gel
containing ethidium bromide. A 100 bp DNA ladder (#SMO323
marker “Fermentas~) was used as a size marker.

Data analysis

Data were entered and statistically analyzed using Statistical
Package of Social Science (SPSS) software version 17. Qualitative
data were described as numbers and percentages.

RESULTS

Out of the 387 clinical samples, 74 Gram negative
bacterial isolates were detected, including 26 Klebsiella
spp., 19 E. coli, 16 pseudomonas aeruginosa, 11 Proteus
spp. and 2 Citrobacter spp. Urine was the most common
source of the isolated Gram negative bacteria (42%),
followed by sputum (28%), wound (18%) and blood
(12%).

Percentage of resistance exhibited by the 74 Gram
negative bacterial isolates to various antimicrobial agents
is shown in (Table 2). AmpC was detected in 38 (51.3%)
of the 74 Gram negative bacterial isolates which were
studied in this research. Among the 16 Pseudomonas
aeruginosa isolates, 15 (93.7%) isolates were found to be
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Table 2. Antibiotic resistance pattern of the Gram negative bacterial isolates.

Pseudolmonas Klebsiella E coli Proteus Citrobacter
Bacterial isolates aeroginosa Spp Spp Spp
R % R % R % R % R %
Ampicilline 16 100 24 92.3 18 947 11 100 2 100
Amoxicilline/Clavulinic acid 12 75 16 61.5 16 842 8 72.7 1 50
Azteronam 7 43.7 9 34.6 8 421 9 81.8 1 50
Cefotaxime 15 93.7 19 73 10 526 9 81.8 2 100
Imipenem 9 56.2 8 30.7 11 579 6 54.5 1 50
Pipracilline 11 68.7 7 26.9 17 894 11 100 2 100
pipracilline/Tazobzctam 8 50 6 23 12 631 7 63.6 0 0
Amikacin 14 87.5 14 53.8 13 684 8 72.7 1 50
Ciprofloxacin 12 75 22 84.6 14 736 10 90.9 2 100
Gentamicin 15 93.7 17 65.3 14 736 9 81.8 2 100
Ceftazidime 14 87.5 20 76.9 11 579 11 100 2 100

spp: Species, R: Resistant, %: percentage
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Figure 1. Percentage of AmpC production among the Gram negative bacterial isolates.

positive for AmpC production by modified 3 dimentional
test. Whereas 12 (46.1%) isolates of Klebsiella, 8
(42.1%) isolates of E. coli, 3 (27.2%) isolates of Proteus
spp. and none of Citrobacter spp. were found to be
positive by the same test, (Figures 1 and 2).

MBL was detected in 20 (27%) of the studied 74 Gram

negative bacterial isolates. It was present in 11 (68.7%),
7 (26.9%), 2 (18.1%) of Pseudomonas aeruginosa,
Klebsiella spp. And Proteus spp. respectively by
imipenem-EDTA disc method, (Figure 3), whereas none
of E.coli and Citrobacter spp. were found to be positive
by the same test.



Figure 2. Positive modified three dimensional test for one of
the isolated Gram negative bacteria. Enhanced growth of the
surface organism, E. coli ATCC25922, is seen near the agar
slit that contain extract of the Gram negative bacterial isolate.

Figure 3. Positive imipenem-EDTA combined
disc test for one of the isolated Gram negative
bacteria. The imipenem + EDTA discs shows
larger zone of inhibition than imipenem disc
alone.

As regarding the result of multiplex PCR assay (Figure
4), that was performed for the strains that were positive
for AmpC and MBL by phenotypic detection methods, it
was found that, plasmid-mediated AmpC B-lactamase
genes were detected in 31 (81.5%) of the 38 AmpC
positive Gram negative bacterial isolates, whereas only
12 (60%) of the 20 MBL producing isolates were found to
be positive for MBLs genes, and we observed 5 isolates
that were positive for both AmpC B-lactamase and MBLs
genes.

DHA genes was the most frequently observed plasmid
mediated AmpC B-lactamases (found in 23 isolates,
"60.5%"); whereas 5 isolates, "13.1%" and only 3,
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isolates "7.8%" were found to be positive for CIT and
ACC genes group, respectively.

VIM genes were the only detected MBLs gene among
the studied bacterial isolates by multiplex PCR, whereas,
no isolates were found to be positive for IMP or NDM
genes.

DISCUSSION

The clear role of Gram negative bacteria in the production
of various -lactamase enzymes have been reported with
an increasing frequency as an important hospital problem
because they are associated with high morbidity and
mortality rates (Itokazu et al., 1996).

Initially these enzymeswere commonlyfoundin Klebsiella
species and E. coli (Mathur et al., 2002), but now they
are produced by all the members of Enterobacteriaceae
and other Gram negative bacteria (Kumar et al., 2006).
These enzymes are capable of hydrolyzing broad spectrum
cephalosporins and monobactams and inactive against
imipenem and cephamycins (Albertini, 2002).

It was documented that bacteraemias in neutropenic
patients were mostly caused by Gram negative infections
(Chen et al., 2010) and a similar pattern was demonstrated
by Gupta et al. (2010) in a study from India. Gram-negative
bacterial strains (E. coli, Klebsiella spp. and P. aeruginosa)
were the predominant infectious bacteria in neutropenic
cancer patients in the 1970s and early 1980s (Carratala
and Gudiol, 2000). These findings confirm the role of
Gram negative bacteria as a source of different types of
enzymes that induce high degree of resistance,
particularly AmpC and MBLs in those patients that could
badly affect their outcome and survival.

AmpC B-lactamases are cephalosporinases which are
encoded on chromosomes of many of the
Enterobacteriaceae and a few other organisms, and they
mediate resistance to cephalothin, cefoxitin, cefazolin,
most of the penicillins and B-lactamase inhibitor. AmpC
enzymes are inducible and can be expressed at high
levels by mutation in different types of Gram negative
bacteria. Over expression can induce resistance to broad
spectrum cephalosporins (Black et al., 2005).

In this study, 51.3% of the Gram negative isolates were
AmpC producer and P. aeruginosa was the predominant
AmpC producing strain. These results were in agreement
with Altun et al. (2013), who found that all the studied P.
aeruginosa isolates were AmpC producer. On the other
hand, lower percentage of AmpC production among P.
aeruginosa isolates (72.4 and 59.4%) was reported by
Abd El-Baky et al. (2013) and Upadhyay et al. (2010)
respectively.

The discrepancy among different studies could be
attributed to different localities where each one has its
own pattern of pathogens distribution and resistance.

MBL is a group of carbapenem hydrolysing f-
lactamase (Chu et al., 2001). They have been reported in
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Figure 4. The results of the multiplex PCR assay of the Gram negative bacterial isolates. The figure
shows the multiplex PCR results with primers specific for AmpC and MBLs genes. Lane 1 shows
molecular size marker #SM0323. Lanes 2, 3, 5, 7 and 9 shows bands of 997 base pair from positive
strains that carry the DHA genes, whereas lanes 4, 6 and 8 shows bands of 390 base pair from
positive strains that carry the VIM genes and lane 3 shows band of 538 base pair of the CIT gene.

multidrug resistance pathogens like P. aeruginosa and
Acinetobacter species. The MBLs are inhibited in vitro by
CuCls, FeCl3;, EDTA and thiol compounds, but not by B-
lactamase inhibitors like Clavulanic acid, Sulbactum or
Tazobactam (Goossens, 2000). Detection of MBL
production in Gram negative bacteria from patients with
hematological malignancy has tremendous therapeutic
consequences, as the treatment option for such isolates
are aztreonam or potentially toxic polymyxin B and
colistin.

In the present study, MBL was detected by imipenem-
EDTA disc method in 20% of the studied isolates and P.
aeruginosa was also the predominant MBL producing
strain (68.7%). Similarly, Noyal et al. (2009) stated that
50% of the studied P. aeruginosa strains were positive for
MBL by the same test and it was the most common MBL
producing strain among his studied Gram negative
bacterial isolates. On the other hand, our results are
dissimilar with that of Mishra et al. (2012) and Altun et al.
(2013), who found that Acinitobacter were the most
common MBLs producing strains in their study, and
reported a higher incidence of MBL production than P.
aeruginosa strains.

P. aeruginosa may be intrinsically resistant or have
acquired resistance to antibiotics due to permeability
barrier of the cell surface, multidrug efflux pumps and
production of B-lactamases (AmpC B-lactamase, extended

spectrum B-lactamases and metallo-B-lactamases) (Pai
et al., 2004). Multiple beta-lactamase producing P.
aeruginosa can cause major therapeutic failure, and
poses a significant clinical threat if remain undetected.
Therefore, early identification of the infections due to
these microorganisms is necessary as the appropriate
treatment might reduce the spread of these resistant
strains as well as the mortality in hospitalized patients.
This emphasizes the need for the detection of isolates
that produce these enzymes to avoid therapeutic failures
and nosocomial outbreaks in hospitals (Kumar et al.,
2012).

In our study, 93.7 and 68.7% of P. aeruginosa strains
were positive for AmpC and MBL respectively.
Carbapenems were the effective antibiotics for MDR
Gram-negative bacteria infections, especially in high-risk
hospital settings, particularly, P. aeruginosa (Deshpande
et al., 2010). Therefore, when administering empirical
treatment in patients with hospital-acquired infections due
to Pseudomonas spp., if patients do not respond to
carbapenem therapy, MBL should be considered.

Multiplex PCR is one of the most important diagnostic
methods that is used to determine the most frequent
widespread B-lactamase genes encoding plasmid-
mediated AmpC and MBLs, PCR is a fast, low-cost and It
helps in monitoring the emergence of those genes and
their spread, and it could also be used in epidemiological



surveys.

DHA genes was the most frequently observed plasmid
mediated AmpC B-lactamases (found to be 60.5%) of the
studied AmpC positive strains, whereas VIM genes was
the only detected MBLs genes among the studied
bacterial isolates by multiplex PCR. Our results were
consistent with the finding of Dallenne et al. (2010), who
reported that, DHA enzymes were the most frequently
observed AmpC p-lactamases among their studied
isolates, but in their study, they did not find any of the
MBLs genes that were targeted. Parallel to our finding,
Chakraborty et al. (2011), found that most of the studied
strains were found to amplify the VIM primer and no IMP
genes got amplified.

On the other hand, our results were dissimilar with that
of Manoharan et al. (2012), who mentioned that CIT and
FOX were the most frequently detected AmpC f-
lactamases genes, whereas DHA was the least frequently
detected one. Also contrary to our findings, Anoar et al.
(2014), observed IMP as the most frequently found MBL
gene among their studied isolates and it recorded a
higher percentage of detection than VIM and NDM
genes.

In our research, the percent of strains that carried
AmpC and MBL genes was higher than those reported in
previous studies. The reasons may be an overall
increase in the extent of acquirement of AmpC and MBLs
genes among P. aeruginosa, which was highly isolated in
this study plus its high resistance pattern which is
characteristic in our locality. Moreover, the location of
AmpC and MBL genes on plasmide and on class |
integron respectively, can therefore easily transfer
between the Gram negative bacterial isolates particularly,
P. aeruginosa strains (Cornaglia et al., 2000).

Of the MBL phenotypic-positive isolates, 8 did not carry
the MBL genes. It may be possible that these isolates
harbor other MBL genes that were not detected in this
study. Another possibility may be the susceptibility of
some bacterial strains to EDTA, which can affect
bacterial membrane permeability, leading to false positive
results for the MBL phenotypic tests (Aktas and Kayacan,
2008). Also, sizeable number of isolates were not positive
for AmpC production by the multiplex PCR, but they were
phenotypically positive, this warrants further molecular
investigation into the other mechanisms of resistance and
their laboratory detection.

Although the modified three dimensional test and
Imipenem—-EDTA combined disc test reliably detected
AmpC and MBL when compared with the PCR in the
present study, clinical laboratories interested in
distinguishing AmpC and MBL mediated resistance from
other B-lactamase resistance mechanisms will need to
use combination of phenotypic and molecular identi-
fication methods, and we thought that the multiplex PCR
technique described in this study will be an important tool
for the detection of AmpC B-lactamases and MBL genes
in Gram-negative bacteria.
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Conclusion

Despite the discovery of AmpC and MBL at least a
decade ago, there remains a low level of awareness of
their medical importance and many clinical laboratories
have problems in detecting them. On the other hand, the
strong association found between AmpC production and
MBL gene carriage is alarming and would limit the choice
of antibiotic treatment even more. So, this study findings
indicate the necessity for continuous surveillance of such
resistance mechanisms among the Gram negative bacteria
and evolve preventive measures aimed at reducing their
spread among patients with hematological malignancy.
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