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ABSTRACT

Acinetobacter baumannii is a significant nosocomial pathogen with multiple drug
resistance and emerging resistance to carbapenems (the last resort drugs), so the treatment of
Acinetobacter baumannii hospital-acquired infections is very complex. In this study the detection
of the carbapenemase enzymes responsible for carbapenem resistance in imipenem resistant 4.
baumannii  clinical isolates isolated from intensive care units (ICUs) was performed. This
detection was carried out on a genotypic and phenotypic basis. Out of 32 isolates of Acinetobacter
baumannii from 1CUs of Zagazig University hospitals, Sharkia, Egypt, 24 imipenem resistant
isolates were used to detect carbapenemases producers. The modified Hodge test, the AmpC Disk
test, and Combined disk test using EDTA with CAZ and IPM were performed for the screening
of carbapenemase, Amp C enzyme and metallo-f-lactamase production respectively. Polymerase
chain reaction (PCR) assay were performed for the detection of genes encoding for OXA-23-like,
OXA-24-like, OXA-51-like and OXA-58-like carbapenemase. All isolates showed 84.37%
resistance to cefepime and cefuroxime, 81.25% resistance to cefotaxime, 78.1% resistance to
ceftriaxone,75% resistance to ceftazidime, meropenem and imipenem,71.9% resistance to
pipracillin, 65.6% resistance to amikacin trimethprim/sulfamethoxazole and ofloxacin, 68.75%
~ resistance to ciprofloxacin, 59.37% resistance to and gentamicin, 46.88% resistance to
levofloxacin. All isolates were sensitive to colistin. All of the 24 isolates (100%) showed positive .
results in the modified Hodge test and positive results in the Amp C disk test and Combined disk
test. They all (100%) possessed the encoding gene for an intrinsic OXA-51-like carbapenemase
and an acquired OXA-23-like carbapenemase in the PCR assay. The results revealed that all of the
24 Imipenem resistant Acinetobacter baumannii [IRAB] isolates acquired resistance to
carbapenem by producing metallo-p-lactamase and OXA-23 carbapenemase.
Key Words: imipenem resistant Acinetobacter baumannii [IRAB], AmpC B- lactamases, metallo-
p-lactamases, OXA-23-like carbapenamase. ‘

INTRODUCTION

Acinetobacter baumannii  has been baumannii infections (Livermore, 2002;.
emerging as one of the most Important Abbo et al, 2005). The efficacy of
nosocomial pathogens in hospitals especially “carbapenems is increasingly compromised by
between Intensive Care Units (ICUs) patients the emergence of carbapenem-hydrolysing p-
worldwide (Bergogne-Bérézin and Towner, Jactamase enzymes of Ambler molecular

~ 1996; - Villegas . and  Hartstein, 2003), class B and ‘Ambler class D (oxacillinase)
~ . particularly with increasing resistance to (Livermore, 2002; Poirel and Nordmann,
available therapy (Bergogne-Be're'zin and ' 2002). The most widespread p-lactamases

Towner, 1996). The problem has been °~  with carbapenemase activity in A, baumannii - .

worsend by increasing resistance to broad- = are carbapenem-hydrolysing class D p-
- spectrum antibiotics including carbapenems, lactamases (CHDLSs) that are mostly specific .
the drugs of choice for hospital acquired A. for ‘this -species (Poirel and Nordmaun,
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(MBLs) are powerful carbapencmases
(Walsh o1 al, 200%5). oxacillinases posscss
- the abvisty 10 hydrolyse imipenem (but not
always meropenem) ( Nordmann and Poirel,
. 2002). Powel and Nordmamn (2006) reported

. that MBLs are sasceptible in virro 10 EDTA

imbibition, thws providing 8 means of their
laboratory identification.  Carbapencmases

© belonging to molecular class D (OXA

enzymos) have emerged as the main
' mechamism responsible for this resistance
(Woodford at al, 2006) The OXA
curbaponeranes of Acinetobacter spp. are
divided ioto four phylogenetic subgroups:
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carbapenemase gene intrinsic to this apeu
by polymerase chain reaction (PCR) is used
for the idenuification of A. baumanmii (Turton
et al.. 2006). The present study aimed to
detect the  carbapencmase enzymes '
responsible for carbapenem resistance in
imipenem resistant 4. bawmannii clinical
solates from ICUs.

MATERIAL and METHODS

A total of two hundreds and ninteen
clinical and eleven envirommental samples
were collected over the period from
September 2011 t© January 2012, All
specimens  were obtained from  different
surpical intensive  care units  (ICUs) of
Zagarig Unrversity Hospitals, Sharkia,
Egypt.  Actmetobacter bawmannii  isolates
were presumptively identified according to
Peleg or af (2008) as Gram negative
catalase-positive,  oxidase-negative, non-
motde sl nom-fermenting cocgobacilli with
pale purk nom lactose fermenting colonies on
Mag( onkey agar and able to grow at 44°C
end 37°C, mon-hemalyuc on blood agar,
plucose omudation m OF test (Hugh and
Lefon’s medium) containing 1% glucose
md neganve gelatin hydrolysis, Specivs
level esnfication was performed according
to Turton ef al. (2006) by using moleculsr
method | PCR amplification of hlacas like
gene fragment) Acimetobacter baumaninl
isolases were stored in Muoeller Himton broth
umgmn-zrc I :

Jritamon Ilnw :
Chowsl snd Laboratery Suuhd l!lll"‘
{CLST) (2013) The: amiinotic duds (Onesd)
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| meropenem (MEM IOpg), ofloxacin (OFXﬂ

'~ 5pg), pipracillin (PRL, [00ug),  and
_sulfamethoxazole/trimethoprim (SXT,
1.25/23.27ng).
: Phenotvplc detection of carbapenemases
: The imipenem resistant strains were
subjected to the following tests:
Modified Hodge test [MHT]
According to_Lee er al. (2001), an
overnight culture suspension of Escherichia

coli ATCC 25922 adjusted to 0.5 McFarland.

- standard according to CLSI guidelines
- (2012) was inoculated using a steril ecotton
swab on the surface of a Mueller-Hinton agar

(MHA) (Oxoid Limited, Hampshire, United -

Kingdom). After drying, 10 pg imipenem
disk was placed in the center of the plate and
the test strain was streaked straight from the
edge of the disk to the periphery of the plate.
The plate was incubated overnight at 37°C.
The presence of a distorted inhibition zone
‘cloverleaf shaped” zone of inhibition
indicates carbapenemase production by the
test strain.
AmpC Disk Test
According to Slnghal et al (2005),
'MHA plates were surfacé inoculated with
overnight broth culture of E.coli ATCC
25922. Saline moistened disks (6mm) were
- inoculated with several colonies of test
organism and placed: beside a cefoxitin disk
(Oxoid) (almost touching) on the inoculated
plate The plates were incubated overnight at
35°C. The test was interpreted as positive if a
ﬂattenmg or indentation of the- cefoxitin

: mhlbmon zone in the vxc:mty of the test dlsk E
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Detection of mctallo-bcta‘-lactamnses

- Combined disk test usmg EDTA with

CAZ and IPM

According to Yong et al. (2002 ), MHA
plates were' surface inoculated with
overnight broth culture of the [RAB isolates,
Two imipenem discs (I0pg) dnd rtwo
ceftazidime (30pg) discs were placed on the
surface of the agar plate and 5 pl of 0.5 M
EDTA solution was added to either one of
them to obtain a desired concentration of 750
pg of EDTA. The inhibition zones of the -
imipenem and ceftazidime and their EDTA-
impregnated discs were compared after
incubation at 37°C. A zone size difference of
> 7 mm was taken as indicative of metallo-

~ beta-lactamase production.

Genotypic identification and detection of
carbapenem resistance genes b) PCR
method -

The PCR was performed according to
the method described by Woodford er al.
(2006). PCR was done for the detection of
the ~ four families of — OXA-type
carbapenamases found in Acinetobacter
baumannii. Sequences of primers used for
the detection of genes encoding blapxa-2:
like, blaoxa-24 like, blaoxa.s like and blaoxa.
sg like genes are given in tablel (Woodford
et al., 2006). _ e

The amplification cycles were as
follow: Initial denaturation at 94°C for 5
min, 33 cycles of 94°C for 25 s, 53°Cfor 40 -
s and 72°C for 50 s, followed by an

elongation step at 72°C for 6 min. The PCR

products were v1sunhzcd by agurose gcl
electrophorems : :

is appeared,”  ©,
. - Table “) aners used in PCR method for detecuon of OXA enzymcs -
JL”ESY iy o " Primer sequence (5 37 Target genc_ A.mp!:cgn; 3s1ze (bf .
OXA-51-like F . “TAATGC TIT GAT CGG CCT TG-3' - blagxasi like - = 3
'[OXA-51-likeR - _5.TGG ATT GCA CTT CAT CTTGG-3_ | . e
OXA-23.Tike F S-GAT.CGG ATT GGA GAA CCA GA-3' " blagxazy like I THREE
|OXA-23-likeR “ATTTCTGACCGCATTTCCATA | - __ | =
| ORA24Tike S-GGTTAGTTG GCCCCCTTAAAY | blaoxaailike [ 7246
v POXA D like R 5. AGT TGA GCG AAA AGG GGATT3" | PSR RETRA T
+ | OXA-SETike F- ~ S-AAG TAT TGG GGC TIG TGCTG3'~ bfa'ox.,\;sf like _ .- 599
| 1-OXA-58. keR | ' 5.CCCCTCTGCGCTCTACATACY | D R
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one sample (3.12%) isolated from outside the
hospital. Ten isolates (16. 7%) were obtained
from 60 tracheal aspirate specimens, 7
isolates (25.9%) from 27 swabbing the
environment around patients, 7 isolates
(25%) from 28 wounds (pus), 3 is(:lntes
(5.1%) from 59 urine ~samples, 2
isolates(16.7%) from 12 blood samples , 2
isolates (50%) from 4 tracheoctomy
swabbing and one isolate(9%) from a plant
from eleven environmental samples( table 2),
One hundred and ninty eight specimens of
were 24 solates (75%) in the surgical TCU varied  sources  were negative for
- and 7 molates (2).88%) in trauma ICU and Acinerobacter baumannii.

Tahle (2) Percentage of Acinetobacter baumannii isolated from different sources -

' RESULTS
Strzin identification
.+ Thirty-two A. baumanmii strains were
the wtal collected isolates. Twenty-five
climcal isplstes were isolated from tracheal
aspirate, surgical wounds, blood, urine
specimens and 6 isolates from the patient
surrondings like venrilators, cupboards, bed
#ides and floor. One environmental isolate
ovwide the hospital -was isolated from a
plam.
The collected 4 haumannii strains

_Spevomens 1ype _ Number of specimens Number of isolates Percentage%
1 ra¢ bes) mapirate 60 ) 10 - 167
Bioog eulnire and central 12 2 16,7
venous ling
Wound swah' b 7 25
Uring 9 1 5.1
Trechrartomy swab 4 2 50
hosplial environmants) ' n 7 25.9
P vonmental i | 9‘
Auntimicrobial susceptibility tests

In the present swmdy, the lghest resmstance to antims . :
) e antimicrobj th
cefopume and oefuroxime B4 379%, cefotaxime §).25% al agents was recorded wi

| : and cefiriaxone 78.1% while the same
reusiance wax dotected with geftazidime. ‘fipenem and meropenem 75%. Resistance 10
was exhibited as 68.75%. Resistance to

, _ was the same 65.6%, while resistance {0
283 %. The lowest resismance was r

ecorded with levofloxacin 46.88%. Only 10
- N susceptible (Table 3), B
Vi Sasseptdiny panem of 4 Letmormmiy ) R

Amdn Dot .  Selones to differcan antibiotics in percentage. —
= Aﬂ_'l’!bba'rér baumannij (n=32) .
‘ I ‘ )
an :'; — N % N %
- - 5563 0 0 n U3
T 3 _‘:3,; | -3 6.25 3 9.38
Al 23 8 3 9.3% 3 . 538«
ik 3 " - 625 6 Ly
e : s 3 538 'y 125
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The modified Hodge, AmpC disk and the
Combined disk test

Among the 24 imipenem-resistant A.
baumannii isolates, all 24 isolates (100%)

Fig.1a

ISSN 1110-5089

showed positive results in the modified
Hodge test (fig. la, Ib, lc) AmpC disk test
(fig.2a, 2b) and Combined disk test (table 4
and figure 3).

Fig.1b

Figﬁrel. Modified Hodge test. Positive strain shows a “cloverleaf shaped” zone of
inhibition. Isolates 46, 132, 63, 158, 101, 64, 107, 93, 154 and155 are positive.

Fig.2a

e —— —

/ g Disk with
o . test strain
W 7

. 4‘ {
il Cefouitin o N, )
= disk ) .

. _ I .l flattening

L -

Fig.2b
o |
L
S
d

(o> |

1 Indentation j

Figure 2. AmpC disk test. Flattening (2a) or indentation (2b) of .the cefoxitin zone of
inhibition is seen in the vicinity of the disk with AmpC p{0ducj.l§ strain.

Figure 3. Combined disk test, using two imipcne
two ceftazidime (30pg), one with 750 pg EDTA, s

mm around the disk with EDTA.

m (10 pg) disks, one with 750 ng EDTA and
howing an increase in zone inhibition of 27
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ne diameter in mm).

. inhibition zo IMP+EDTA
Table (4. Combined isk test bl (DR 77 T i
Isolate no. 5 13 12 14
63 0 16 " 15
64 0 14 T
122 10 8
0 8 15
127 14
0 19 21
116 9 "
154 0 14 20
155 0 3 9 21
92 0 ; 10 13
135 0 9 12
0 10 23
163 16 23
168 0 s 0 14
170 0 5 25
16 2
173 0 g 8 13
174 0 12 20
0 10
191 14
0 18 13
132 7
9 0
158 0 21
184 0 10 0 -
101 1] 12 11
107 0 15 10 17
109 0 15 10 25
130 0 13 22 22
93 0 11 7 16
An increase in the inhibition zone of >7 mm around the disk with EDTA is interpretted as positive MBL producer .
Detection of carbapenem-resistant genes carbapenemase and an acquired OXA-23-
by PCR assay

like carbapenemase (Figure 4).
All 24 isolates (100%) possessed the

encoding gene for an intrinsic OXA-51-like

blagys.,5-like [— ) #—_“l-_——.;‘ =
(S01bp) T —

T

b’amsz'"ke ’ i:
@53by) L k=

-
(]
w

EN
w
[=2}
~J

oo

|

Figure 4, Detection

Acinetobacter baumannii by PCR. La

. Lane M,
Korea); lanes 3, 7 isolates ca i
like gene; lane 2,6

s DNA Ladder (Bioneer, Dacjeon,
blaoxssy-like pene,

anes 1, S isolates carrying blagxa.-
no bands for
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DISCUSSION

The present study aimed to evaluate the
susceptibility  of isolates to  different
antibiotics, to investigate the prevalence of
imipenem resistance and the most prevalent
mechanism of resistance to carbapenems.

Out of 32 isolates, 24 strains were
found to be resistant to imipenem and
meropenem with a percentage of 75% for
both. All isolates were sensitive to colistin.
This high percentage of resistance to
jmipenem come in accordance to results of a
study performed by Antonio ef al. (2011).
Another study done by Fonseca et al. (2013)
show nearly 100% resistant to meropenem
but only 50% resistance to imipenem. In the
study of Kabbaj et al. (2013), all isolates
were sensitive to colistin.

It was found that all strains are
carbapenemase producers having intrinsic
AmpC p-lactamase. The blaampc-like gene
was detected in 74 (97.3%) out of the 76
strains analysed by Ruiz et al. (2007) in a
study performed in spain. In another study,
AmpC P-lactamase was detected in 99% of
strains by PCR amplification (Hujer et al.,
2006)  also the blaOXA-23-like
carbapenemase gene was detected in 11% of
strains and the blaOXA-58-like
carbapenemase gene was found in an
additional 12% of the isolates.

Also it was found that all strains
produce OXA-51 like carbapenamase which
come in accordance with previous findings
of Turton et al. (2006)showing its intrinsic
nature to Acinetobacter baumannii . In the
present study, only the acquired OXA-23 like
carbapenemase was detected in all imipenem
resistant strains so it is the most prevelant
oxacillinases and neither blagxa2s-like nor
blagxa.sg-like genes are detected in PCR
amplification.

Worldwide Dissemination of the
b"'PXA-n«like Carbapenemase  Gene of
Acinetobacter baumannii has been detected
by Mugnier et al.(2010)

34
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Jeon et al(2005) show similar resu
that O'XA-23 like carbapenemases sarlo;
l’espon.\‘.nble for the outbreak that occur in
Kore_a in 2005. OXA-23 has been reported in
Brazil, French Polynesia, Spain, South Korea
and England (Bou ef al., 2000; Héritier ef al.,
2003; Da Silva ef al., 2004; Dalla-Costa et
al., 2003; Naas ef al., 2005; Marqué ef al.,
2005; Poirel ef al., 2005) .

.Poumaras et al. (2006) obtained
negative results regarding blagxa-as-like
genes but blagxa.ss-like and blagxa.si-like
genes were detected with high percentage. In
the same study no genes detected to OXA-
23-like  carbapenemases and metallo
enzymes (S. Pournaras ef al., 2006).

It was observed that MBLs are one of
the enzymatic resistance mechanism to
imipenem because all 24 resistant isolates
show positive result in the combined disk
method. Kabbaj et al. (2013) found that 74%
of imipenem resistant isolates were MBL
producers.

The increased MBL production is a
serious epidemiological risk for at least two
reasons. First of all, the MBL does not confer
resistance to carbapenem only, but to all -
Lactams and other classes of antibiotics such
as aminoglycoside and fuoroquinolone.
Second, the genes encoding these enzymes
spread easily on plasmids, by that causing
nosocomial infections
(Maltezou, 2009) also blaoxan like gene
could be located on the chromosome or a
plasmid facilitating ~ its ~ worldwide
dissemination (Mugnier et al., 2010).

These results indicate that the available
choices for appropriate treatments ~ for
infection,  caused by Acinetobacter
baumannii, are currently limlt_ed. In
vitro, studies reveal that tlg_ecy01'“e~ and
colistin are the only antibacterial agents with
consistent activity against MBL producmg
strains Random controlled trials ar

. 3 luate the available
required In order to eva
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including treatment
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