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ABSTRACT
The existence of bacterial pathogens that are carbapenem-resistant is a big
and growing health problem around the world. Carbapenem resistance (CR) is
generally considered to be one of the most important resistance mechanisms
and is found predominantly in gram-negative bacteria. blaOXA-48 and blaVIM
were documented for the first time in this study among Acinetobacter
baumannii in hospitalized neurosurgery patients in Anbar, Iraq. The VITEK-2
system tested the susceptibility to various antibiotics, given to notice that from
22 clinical isolates of A. baumannii, 60 % and 55 % were resistant to both
meropenem and imipinem, respectively. Phenotypic carbapenemase
identification by Blue-carba test, and mCIM that all isolates produced
carbapenemases, while (40%) gave a positive result with modified Hodg test.
Both of blaOXA and blaVIM genes were detected by multiplex PCR, our results
showed 4/7 (57.14%) strains positive for bla OXA gene and 3/7 (42.85%)
strains harbored bla VIM. Our results revealed the coexistence of the genes VIM
and OXA-48 in three isolates (42.85%) of A. baumannii. The results have shown
that there are wide variations in bacterial virulence factors productivity
among all A. baummanii isolates such as biofilm and protease activity. All of
isolates 10/10(100%) exhibited a biofilm-positive phenotype after 24 h of
incubation. In the present study, the percentage of biofilm was 70%(strong),
20%(Intermediate), and 10% (weak). MIC of Ginger, meropenem, and
cefepem were 50, 250, and 500 mg/ml, respectively. 10 isolates of
Acinetobacter baumannii were investigated on their ability to produce
carbapenmase by using iodometry assay. Ginger volatile oil effects on
carbapenemase production and ginger gave a positive result against
carbapenmase activity. Ginger volatile oil exhibited synergistic effect when
combined with the checkerboard technique with meropenem against A.
baumannii, while ganoderma had no effect. Furthermore, appropriate
infection prevention procedures must be practiced, and doctors should be
mindful of patients with certain risk factors.

INTRODUCTION
Acinetobacter baumannii, associated with nosocomial
infections such as bacteraemia, pneumonia, meningitis,
urinary tract infections and wound infections, is a
significant opportunistic pathogen. (1). A cause for concern
is the recent rise in outbreaks of multidrug resistant A.
baumannii (MDRAB) worldwide. (2). In addition, ESKAPE
that acquire multidrug resistance and virulence(3). A.
baumannii, especially the multi-drug A. baumannii
(MDRAB), has therefore gained more significance in the
hospital environment as a human pathogen.(4)
The source of great economic benefit is medicinal plants.
In synthesizing medicinal compounds, plant herbs are
naturally talented. The invention of novel high therapeutic
value drugs has led to the isolation and characterization of
medicinal plant bioactive compounds. Due to rising
concern about potentially harmful synthetic additives,
treatment using medicines of natural origin is gaining
popularity today (5). Significant antibacterial, antioxidant
and antiviral activities have been reported in volatile oils
(6).Zingiber officinale commonly known as ginger is one of
the most commonly used spice worldwide with medicinal
value. The ginger oil as a very good antibacterial,
antifungal property and prevents food borne diseases
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when used in food preparation(7). As a herbal medicinal
plant, Zingiber officinale is used against various microbial
pathogens because of its possible antimicrobial activity.
The multi-drug resistant A. baumannii is responsible for a
wide range of serious human infections as a significant
nosocomial pathogen, especially in intensive care units(8).
In fact, the emergence of new carbapenem-resistant A.
baumanii is a serious problem that threatens communities
due to the misuse of antibiotics and neglect in public
hospitals without using modern sterilization methods.
This study aims to evaluate a group of phenotypic methods
for detection of these carbapenemase, investigate the
ability of ginger to inhibit production of carbapenemase,
evalute the antibacterial effects of ginger in combination
with
meropenem
against
bacteria
developing
carbapenemase and investigate the effects of ginger.
MATERIALS AND METHODS
Isolation and identification of A. baumannii
All samples were collected from January 2019 to October
2019, it was about twenty-two of A. baumannii clinical
isolates were isolated from sputum and wound of neurosurgery hospitalized patients in Iraq. The specimens
collected were directly streaked on blood agar and
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MacConkey agar, incubated for twenty-four hours at 37 °
C. In the laboratory under aseptic conditions. MacConkey
agar was subcultured and incubated for another 24 h. at
37℃ (9). Gram stain ability, growth at 44ºC according to (9)
and traditional biochemical tests were examined for all
bacterial isolates. Identification of bacteria using
automated VITEK-2 device (bioMérieux, France) methods
using ID-GNB cards has been checked according to the
manufacturer's instructions.
Antibiotic susceptibility test
The method of Kirby-Bauer was followed as mentioned by
(10) checking for disk diffusion and AST cards for 10
different antibiotics: ticarcillin, ticacillin/clavulanic acid,
piperacillin,
piperacillin/tazobactam,
ceftazidime,
cefipeme, aztreonam, imipenem, meropenem, and
minocycline (Mast group-England). The zones of
inhibition formed around the discs were measured using a
metric ruler by millimeter (mm) depended on (CLSI)(11). In
susceptibility determination, Escherichia coli (ATCC
25922) as a control, it was used.
Phenotyping detection of carbapenemase enzymes
Blue-Carba Test
The Blue-Carba detection of carbapenemase was
performed and interpreted as previously mentioned by
Pires et al(12). Briefly, in a solution containing
bromothymol blue and imipenem, overnight cultured
colonies grown in Mueller Hinton agar were incubated for
2 h. Bacterial colonies were also incubated without
imipenem in a bromothymol blue solution. The result was
deemed positive when the imipenem-containing solution
turned green or yellow and its color varied from that found
in the negative control.
Modified Hodge test
The MHT was performed as described previously(13). A 0.5
McFarland dilution of 5 ml of broth of Escherichia coli
ATCC 25922 was prepared. A dilution of 1:10 was streaked
to a Mueller Hinton agar plate. At the center of the test
area, a 10 μg meropenem susceptibility disc was placed.
Test organism was streaked in a straight line from the edge
of the disk to the edge of the plate. For 24 h., the plate was
incubated overnight in ambient air at 37 ° C.
mCIM and eCIM test
According to the CLSI guideline, carbapenemase detection
was performed with the mCIM and eCIM (13). For each
strain, two tubes containing 2 ml of trypticase soy broth
(TSB) were used in parallel: one tube was added with 0.5
M EDTA (Sigma) 20 μl; the other tube did not have EDTA.
A fresh colony of tested strain was taken into each tube
with 1 μl of inoculating loop. The 10 mg meropenem disk
(oxoid) was incubated for 4 h. at 35 ° C during suspension
of the tested strain. Meropenem discs were then placed on
the same Mueller Hinton agar plates from two tubes,
followed by inoculation with the E. coli ATCC 25922. The
mCIM was positive when the diameter of the inhibition
zone was 6-15 mm or 16-18 mm for small colonies in the
inhibitory zone. The eCIM findings can only be interpreted
if the existence of carbapenemase is confirmed by the
mCIM outcome. Compared to mCIM, a 5 mm rise in the
zone diameter for eCIM indicates the possibility of
developing metallo-carbapenemase.
Qualitative and quantitative bioﬁlm assay
Bioﬁlm production was measured using qualitative and
quantitative assays, described by Marques et al. All the 10
A. baumannii isolates were transferred to blood agar for 24
h. at 35 ℃. The grown colonies were inoculated into tryptic
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soy broth (TSB) and study activity of extracts against
biofilm production(14).
Activity and production of protease
Examination of A. baumannii ability to protease
production was performed according to(15). Protease
activity and the effect of ginger volatile oil on protease
activity was measured according to (16).
Molecular detection using multiplex PCR technique
DNA was isolated from seven A. baumannii carbapenemresistant isolates using DNA isolation kit (company of biobasic, Korea). Both of blaVIM and blaOXA-48 primers in
lyophilized form (company of Alpha DNA, Canada) were
afforded and dissolved in sterile deionized distilled water.
blaVIM
(247
bp)
sequences
was
5'CGCGGAGATTGARAAGCAAA- 3' (Forward), and 5'CGCAGCACCRGGATAGAARA- 3' (Reverse), while bla OXA48
(597 bp) sequences was 5'- AACGGGCGAACCAAGCATTTT
- 3' (Forward), and 5'- TGAGCTTCTTTTGTGATGGCT - 3'
(Reverse) (17).
In PCR assay, the initial denaturation was 94 ° C for 5
minutes with different primers. For 1 min, the cycle
denaturation was 94 ° C. For both blaVIM and bla blaOXA-48
primers, the time of annealing was 1 min, and the degree
of temperature was 50 ℃. At 72 ° C, the extension time was
45 seconds. The final extension was performed at 72 ° C
for 7 minutes for all genes.
Components of PCR reaction were 2 μl of 25 master mix
(company of Bioneer, USA), 2 μl of each reverse and
forward primer. 3 μl of DNA template and 9 μl of watergrade PCR to a final volume of 20 μl. With the assistance of
Red-Safe
staining
and
UV
trans-illuminator
documentation
method,
PCR
products
were
electrophoresed for 1.5 h. and visualized.
Plants uses in this study
The Zingiber officinale rhizome was obtained from the
Ramadi local market, while Ganoderma lucidum powder
was obtained from Kuala Lumpur, Malaysia. The medicinal
herbs were described at the Herbarium Center of Desert
Studies, Anbar University, by Prof. Dr. Mohammed
Othman. Zingiber officinale(Ginger) volatile oils were
extracted using a clevenger-type apparatus by steam
distillation according to (18), while ganoderma methanolic
extract was prepared according to (19).
Estimation of 𝐜𝐚𝐫𝐛𝐚𝐩𝐞𝐧𝐞𝐚𝐬𝐞 activity
This method described by Sargent for determining
carbapenemase by using meropenem as substrate for
carbapenmase enzymes (20). Carbapenemase activity of A.
baumannii were estimated before and after treatment
with volatile oil of ginger and methanolic extract of
ganoderma according to (21).
Minimum
Inhibitor
Concentration
(MIC)
determination:
Resazurin Microtitre-plate Assay (REMA) evaluated the
minimum inhibitory concentration ( MIC) of volatile
ginger oil, ganoderma methanol extract and meropenem
solution in compliance with Resazurin Microtitre-plate
Assay (REMA) according to (22).
Synergism between plant extracts and antibiotics
The possible presence of synergy interaction between the
volatile oil and antibiotics (meropenem, cefepem) was
tested by the checkerboard method in 96 well microplates
according to (23).
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RESULTS AND DISCUSSION
A. bauamanii isolation and diagnosis
Figure 1 shows 14/22(63.64%) sputum specimens, and
8/22(36.36%) wound were identified as A. baumannii.
The isolates were described as gram-negative coccobacilli
and often arranged in diplococci. All biochemical tests
results were described in table 1. All isolates appeared as
small, pale and lactose non-fermenting colonies when

isolates were cultivated on MacConkey agar, while isolates
appeared as opaque, creamy and non-hemolytic colonies
on blood agar. For all A. baumannii isolates, growth at 44Co
was positive, demonstrating the ability to grow at this
temperature range. This test was used to differentiate A.
baumannii (which could grow at this degree of
temperature) from other species of Acinetobacter that
could not grow at that degree of temperature.

Table 1- Biochemical test results for A.baumannii.
Biochemical Test

Result

Production of Catalase
Production of Oxidase
Citrate utilization
Production of Indole
fermentation of Lactose
Motility Test
Hemolysin production
Urease production
Kliglar iron agar (KIA)

+
+
(γ hemolysis)
Alkaline slant No change bottom, No
gas No H2S

Wound;
36.36%
Sputum;
63.64%

Figure
1
:Predominant
Acinetobacter
baumannii according isolate source.
2- Numbers
of Acinetobacter
baumannii
clinical isolates
of A. baumannii,
60 % and
55 % were
resistant to both meropenem and imipenim, respectively.
The emergence of A. baumannii carbapenem-resistant
organisms in Iraq has become a major therapeutic
challenge. The percentage of Acinetobacter carbapenemresistant in the past five years increased from 23% to 60%.
In Ramadi city, Muteea et al reported A.baumannii
resistant- carbapenem in percentage of 23% (24).

Susceptibility Test
Data presented in figure 2 shows a high-level resistance of
A. baumannii clinical isolates to most of the antibiotics
under test. The present study revealed that all A.
baumannii clinical isolates had 100% resistance to
ticarcillin and ticarcillin-clavulanic acid. This study also
showed a highest resistance to pipracillin (95%),
ceftazidime=aztreonam (90%), pipracillin-Tazobactam
(80%), cefepem (75%). Given to notice that from 22

Figure 2. Antibiotic resistance ofAcinetobacter baumannii clinical isolates.
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Phenotyping detection of carbapenemase enzymes
Phenotypic carbapenemase detection using the following
methods: blue-carba, modified hodge, modified CIM for
carbapenemase production, and EDTA –CIM for
differentiation
between
serine
and
metallo
carbapenemase. The presence of carbpenemasease was
seen in all resistance isolates using Blue-CARBA test and
mCIM. Tinguely et al., had been documented that all gramnegative bacteria isolates gave a positive result in this test
922

Sensitive %

10

20

5

0

0

in percentage (100%) (25). On the other hand, modified
hodge test gave 40% a positive result for this test. Sadiq
and Sehlawi were reported in Najaf city that all isolates
gave positive results for this test (24). In order to
differentiation between serine (OXA-48) and metallo-βlactamases production(VIM), eCIM was used as a
phenotypic confirmatory tool for producing β-lactamases,
where the results revealed (40%) was serine beta
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lactamase while (60%) was metalo beta lactamase. Results
are shown on table 3.
Table 2. phenotypic detection results
No.
1.

Test
Blue-Carba Test

+(100%)

2.
3.
4.

Modified Hodge Test
mCIM
eCIM

+(40%), - (60%)
+(100%),
(40% serine carb.), 60% Metalo- carb.

Determination of carbapenemase enzymes
10 isolates of A. baumannii were investigated on their
ability to produce carbapenmase by using iodometry
assay. It was found that 10 isolates produced
carbapenemase in percentage 100%. The ability of isolates
to produce carbpapenemase was various, some isolates
were high activity, others were moderate, and some of
them were low.
Molecular detection of blaVIM and blaOXA-48
The results revealed the existence of expected product size
(597bp) for a bla-OXA-48 in 4/7 (57.14%) carbapenemresistant A. baumannii strains. On the other
hand,3/7(42.85%) strains of carbapenem-resistant A.
baumannii harbor bla VIM. The results revealed that blaVIM
(247bp) and blaOXA-48(597) were present in 4/7(83.33 %)
carbapenem-resistant A. baumannii strains and

Result

3/7(42.85%) of non-harboring strains (bla VIM and bla OXA48).
In this study, our findings revealed that the phenotypic
tests were similar to the methods that were almost
molecular. Various genes are involved in the resistance of
Enterobacteriaceae to carbapenem, which may differ from
area to area. In four strains of A. bauammanii, the results
also revealed the coexistence of both blaOXA-48 and blaVIM
genes under study. In comparison to other studies from
Baghdad and Najaf, our report shows that blaVIM and bla
OXA-48 genes have not been identified in Iraq. (19,20).Figure 3.
The presence of blaVIM and blaOXA-48 in 5/6(83.33%)
Klebsiella pneumoniae and 1(16.67%) non-harboring
strains (blaVIM, blaOXA-48) was reported by Ahmed and Al
Meani(27).

Figure 3. Multiplex PCR amplification fragments for bla OXA-48 (597 bp) and bla VIM (247bp) gene detection among
carbapenem-resistant strains of A. baumannii. Amplicons were electrophoresed on agarose gel (1 percent) for 1.5 h. at 70 V /
cm, stained with Red-Safe (iNtRON, Korea) and visualized using a documentation system for UV trans-illuminators.
Our research showed that the spread of new genes in
Anbar province, such as blaVIM and blaOXA-48, was not
previously documented as a result of international
terrorist organizations of various nationalities that
devastated our city in events that took place in 2014. In the
emergence and distribution of various variants of
carbapenemase encoding genes people's migration to
local and global cities, medical tourism and cross-border
patient transfers, in particular involving employees may
play an important role.
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Effect of ginger volatile oil on carbapenmase among A.
baumannii isolates
The ratio of isolates which carbapenemases in current
study was closely with (28). This variation in the activity of
A. bauammanii isolates in the production of β-lactamases
may be due to the diversity of genes and isolates sources.
Ginger volatile oil effects on carbapenemase production
and ginger gave a positive result against carbapenmase
activity. Essential oils are complex combinations of several
different compounds, each of which contributes to the
biological effects of these oils(7). Volatile oil increases the
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cell membrane 's permeability and variations in their
strength and differences in their oligomeric state and
capacity to dissociate and insert into the cytoplasmic
membrane are the product of target specificity. (29)
Biofilm formation
Biofilm formation was tested for 10 clinical isolates by
microtiter plate (MTP). According to MTP, all of the
isolates 10/10(100%) exhibited a biofilm-positive
phenotype after 24 h. of incubation. In the present study,
the percentage of biofilm was 70%(strong),
20%(Intermediate), and 10% (weak). On the other hand,
the results showed a decrease in biofilm production of
bacteria after treatment with ginger volatile oil. The
treatment of bacterial isolates with ginger volatile oils lead
to blocking their biofilm for all under-study isolates. Sitespecific levels of biofilm formation and antibiotic
resistance can vary, and the main factors responsible for
this resistance can vary. As regard to resistance, the
primary evidence shows that the high tolerance to
antibacterial agents associated with biofilms cannot be
explained by traditional mechanisms. Vary mechanisms
assumed to be main factors in high biofilm resistance have
been developed: (a) restricted diffusion, (b) neutralization

caused by enzymes, (c) diverse function, (d) slow growth
rate, (e) persistent (non-dividing) cells, and (f) adaptive
mechanisms of the biofilm phenotype(30).
Protease production and activity
Protease production test on skim milk agar showed that 6
/10 (60 %) of A.baumannii isolates gave a positive result
to protease production, by estimation of area zone lysis
about the bacterial colony. On the other hand, six isolates
of A.baumannii were examined on their ability to produce
protease in Brain-heart infusion broth. Our results showed
there is variability in enzyme activity, where it ranged
among high to low activity. After adding the sub MICs, the
ginger plant extracts have been shown to have an effect on
the production of these virulence factors that by reducing
or block it.
Evaluation the effect of the combination of antibiotics
and volatile oils
The increase in antibiotic bacterial resistance and the
shortage of new antibiotics introduced on the market have
resulted in the need to find alternative ways to deal with
drug-resistant bacteria infections (31). According to REMA
method, MIC of Ginger, MEM, and Cefepem were 50, 250,
500 mg/ml, respectively. Result on table 3.

Table 3. MIC of natural product and antibiotics.
No.
A.

b

MIC of Ginger

MIC of Ganoderma

MIC of Meropenem

MIC of Cefepem

50

No effect

250

500

The results were revealed that Zingiber officinale that
effected on A. baumannii, while ganoderma had no effect.
A. baumannii checkerboard assays gave synergistic
profiles only when ginger volatile oil was combined at
tested concentrations with selected antibiotics and no
antagonistic results were observed and addative results
were observed. Synergistic effects of ginger with
meropenem combination against A. baumannii were
observed. The MIC values for the ginger volatile oil and
antibiotics and the FIC indix values for their combinations

are shown in table 4.The selection of A. baumannii isolate
in combination between MEM and ginger volatile oil
experiences because it carried carbpenemase genes,the
most productivity of beta lactamase activity and PDR
isolate. Another study, clove volatile oil exhibited
markedly antibacterial activity and have inhibitory
effected on AmpC β-lactamase. Clove volatile oil exhibited
synergistic effect when combined with (Ceftazidimim,
Cefepime and Ceftriaxone)(32).

Table 4. synergism between plant and Antibiotic.
NO
A.
baumannii

FIC of MEM.
0.115

FIC of ginger
0.125

CONCLUSION
The present study showed that ginger extract could be
active against MDRAB strains. Different concentrations
and their use at appropriate concentrations can help to
treat many microbial diseases better, also help to use the
ginger as an alternative option for treatment of many
microbial diseases. High coexistence of bla OXA-48 and bla
VIM encoding genes were produced by studied isolates of A.
baumannii. On the other hand,combination of ginger
volatile oil with antibiotic against bacteria could improve
the susceptibility of bacteria toward these antibiotics to
treat an infections resulted from drug - resistant bacteria.
The mCIM test is a good method for detecting
carbpenemase genes.
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