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ABSTRACT 

Background: Acinetobacter baumannii (A. baumannii) has emerged as a healthcare-associated pathogen 
worldwide. Several epidemiological studies have reported the occurrence of multi-drug resistant A. 
baumannii infections in different regions of the world. The spread of carbapenem-resistant A. baumannii is of 
a global concern. 

Objectives:  This work was carried out to detect carbapenem-resistant A. baumannii in Surgical Departments 
and intensive care units (ICUs), Al-Azhar University hospital, New Damietta. It was also aimed to determine 
the occurrence of bla OXA -51-like and bla OXA-23 like genes among the isolated strains. 

Patients and methods: The current study was conducted on 500 patients attending the Surgical Departments 
and ICUs during the period between May 2016 and September 2018. The choice of samples differs according 
to the clinical manifestations. 

     The isolates were obtained from various clinical specimens, i.e. sputum, endotracheal aspirate   (ETA), 
pus, urine and blood samples. All clinical specimens were collected under complete aseptic conditions. The 
clinical specimens were traced to the species level using API 20NE system followed by an assesment of the 
different phenotypic assays for detection of carbapenemase production using multiplex polymerase chain 
reaction (PCR). 

Results: Post-operative infections were detected in 217 (43.4%) out of 500 of patients. A. baumannii was 
considered the third common isolated Gram-negative organisms (27, 12.3 %). A. baumannii isolates were 
predominant in ICUs (14, 51.9%). Carbapenemase production was detected in A. baumannii isolates using 
the modified Carbapenem Inactivation Method (mCIM), the modi ed?  Hodge test (MHT)  and the Carba NP 
test. Using multiplex PCR analysis, most isolates (12; 44.4%) carried bla OXA-51-like gene, followed by ten 
(37%) isolates that carried both bla OXA-51-like and bla OXA-23-like genes. Only one (3.7%) isolate 
carried bla OXA-23-like gene. 

Conclusion: The current study suggested that A. baumannii is one of the most commonly detected isolates in 
our hospital.  The mCIM is the most useful phenotypic method for detection of carbapenemase production. 
Detection of carbapenem resistance genes is alarming a serious healthcare problem in our hospital. 

Key words: A. baumannii, bla OXA -51-like genes, Gram-negative bacteria, herellea agar,LAM agar, 
mCIM,  Carba NP, modi ed Hodge test,  carbapenemases, healthcare? -associated pathogen and PCR. 
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INTRODUCTION 
     Hospital acquired infections (HAIs) are 
considered as one of the most common 
complications of healthcare. According to 
a study by the Centers for Disease Control 
and Prevention (CDC, 2018), at any given 
time, nearly one in every 25 hospitalized 
patients in the US has an HAI. 
Nosocomial infections accounts for 7% in 
developed and 10% in developing 
countries (Khan et al., 2017). 

     A. baumannii is one of the most 
important pathogens in HAIs especially in 
ICUs (Ghajavand et al., 2015). A. 
baumannii is primarily a health care-
associated pathogen and many reports 
indicated, it as the cause of outbreaks and 
nosocomial infections including 
septicemia, bacteremia, ventilator - 
associated pneumonia (VAP), wound 
sepsis, endocarditis, meningitis, and 
urinary tract infections (Vashist et al., 
2011). 

     A. baumannii  was identified as Gram-
negative coccobacilli, non-motile, non-
lactose fermenting, pale yellow colonies 
with entire margins of 1 to 1.5 mm in 
diameter after 24 hours on MacConkey 
medium as primary medium for isolation 
(Tille, 2017). 

     The WHO declared that A. baumannii 
is one of the most serious ESKAPE 
organisms (Enterococcus faecium, 
Staphylococcus aureus, Klebsiella 
pneumoniae, A. baumannii, Pseudomonas 
aeruginosa, and Enterobacter species) that 
effectively escape the effects of 
antibacterial drugs (Boucher et al., 2009). 
A number of A. baumannii resistance 
mechanisms are known, including 
enzymatic degradation of drugs, target 
modifications, multidrug efflux pumps, 

and permeability defects (Gordon and 
Wareham, 2010; Kim et al., 2012; Lin and 
Lan, 2014). 

     Carbapenems have been used as the 
last-line drugs for the treatment of A. 
baumannii infections until 1991 when the 
first Carbapenem-resistant A. baumannii 
(CRAB) was recognized (Kim et al., 
2012). CRAB had been reported 
worldwide and become a significant 
health problem due to the limited options 
for antibiotic treatment (Alsan & 
Klompas, 2010; Asadollahi et al., 2012 
and Abbott et al., 2013). In multi-resistant 
strains of A. baumannii, the main 
mechanism is being production of 
carbapenemases; enzymes belonging to 
Ambler classes B, A and D (Bush and 
Jacoby, 2010). 

     The present study was conducted to 
detect carbapenem resistant A. baumannii 
through the occurrence of bla OXA-51-
like, bla OXA-23 – like genes among 
CRAB in Surgical Departments and ICUs 
in Al Azhar University Hospital - New 
Damietta. It was also aimed to detect, 
screen and assess the biotyping and 
antimicrobial susceptibility patterns of 
different clinical isolates. 

PATIENTS AND METHODS 

     This study was conducted on 500 
patients attending ICUs and the Surgical 
Departments, Al Azhar University 
Hospital, New Damietta between May 
2016 and September 2018. The ethical 
research and review committee of the 
hospital approved the study protocol, and 
informed consents were obtained from the 
patients or his relatives. 
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Plan of the study : 

A. Collection of clinical specimens, i.e. 
sputum, endotracheal aspirate   
(ETA), pus, urine and blood samples 
from patients of any age at the ICUs 
and Surgical Departments. It also 
included the health care workers 
(HCWs) and environmental samples. 

B. Isolation in pure culture with complete 
identi cation of all isolates by ?
conventional microbiological 
methods, antibiotic susceptibility 
testing using Kirby-Bauer Disc 
Diffusion Method (CLSI, 2018). 

C. Phenotypic and genotypic detection of  
A. baumannii. 

Inclusion criteria:  

     Random sampling of A. baumannii that 
fulfill the definition of multidrug 
resistance. 

     Different terminology like multidrug 
resistant (MDR),  extensively drug 
resistant (XDR) and Pan drug resistant 
(PDR) have been used with various 
definitions to describe the degree of 
antimicrobial resistance for Acinetobacter 
spp. MDR Acinetobacter spp. can refer to 
being resistant to a minimum of three 
classes of antimicrobial drugs e.g. all 
penicillins and cephalosporins 
fluoroquinolones, and aminoglycosides 
(Jung and Park, 2015). MDR 
Acinetobacter spp. are  defined as the 
isolate resistant to at least three classes of 
antimicrobial agents; all penicillins and 
cephalosporins (including inhibitor 
combinations), fluroquinolones, and 
aminoglycosides.  XDR Acinetobacter 
spp. are the Acinetobacter spp. isolates 
that are resistant to the three classes of 
antimicrobials described above  MDR  

and are also resistant to carbapenems.  
PDR  Acinetobacter spp. are the XDR 
Acinetobacter spp. that are resistant to 
polymyxins and tigecycline (Manchanda 
et al., 2010). 

Exclusion criteria:  

     Patients who had a HAI during their 
stay in another hospital from which they 
had been transferred or patients not 
admitted to hospital. 

Subjects: 

A. Patients:  

     Patients admitted to the selected 
different surgical wards and ICUs, during 
the study period were followed- up 
prospectively for occurrence of one or 
more HAIs. Data collected from each 
patient included age, sex, length of 
hospital stay, use of invasive medical 
devices, receipt of antibiotics, the measure  
of obesity was body mass index (BMI), 
which is a formula of weight in kilograms 
divided by height in meters squared (BMI 
=kg/m2)( Obese; Greater than 30) and 
problem necessitating admission. 

B.  Health care worker and 
environmental Assessment: 

     HCWs bacteriological swabs were 
collected from hand and nose. 
Environmental bacteriological swabs were 
also collected from surfaces, walls, 
furniture, beds, floor and trolleys of ICU 
and different surgical wards. 

     In the present study, MacConkey 
medium was used as an initial step for 
isolation of A. baumannii with further 
growing on Herellea agar medium and 
Leeds Acinetobacter agar medium. These 
were followed by identification and 
biotyping using catalase test, oxidase test 
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followed by further confirmation by API 
20 NE system to the species level. 
Phenotypic detection of carbapenemase 
production (CLSI, 2013), Modified Hodge 
test (MHT), rapid diagnosis using 
CarbAcineto NP test and Modified 
Carbapenem Inactivation Methods 
(mCIM)/ EDTA-modified Carbapenem 
Inactivation Method (eCIM) were done 
(CLSI, 2018). 

     Multiplex polymerase-chain reaction 
(PCR was used for detecting A. 
baumannii harboring bla OXA-51-like and 
bla OXA-23-like genes (Zavascki et al., 
2010). 

Statistical Analysis:  

     It was done using Excel Program & 
Statistical Package of Social Science 
(SPSS) software version 25 (SPSS Inc., 
Chicago, IL, USA). Continuous variables 

were analyzed as mean values ± standard 
deviation (SD) or median (range) as 
appropriate. Percentages were calculated 
for categorical data. For categorical 
variables, differences were analyzed with 
X2 (chi square) test and Fisher’s exact test 
when appropriate. Differences among 
continuous variables with normal 
distribution were analyzed by Student’s T-
test; for continuous variables without 
normal distribution, we used non-
parametric tests and differences were 
analyzed by the Mann –Whitney U-test. 
Friedman test was done to assess 
difference among repeated measures 
regarding different study parameters in 
each study group. P value of ≤ 0.05 was 
considered statistically significant. PCR 
results were considered the gold standard. 

 

RESULTS 
 
     The study population included 293 
(58.6%) males and 207 (41.4%) females. 
Age distribution ranged from 14 - 85 
years with a mean age of 38.8±15.9 years. 
Most of the total population was subjected 
to elective surgery (407, 81.4 %). Forty-
five (9%) out of five hundred patients 

were obese, while 34(6.8%) had history of 
smoking, 26(5.2%) were a diabetic ones 
and 14 (2.8%) had a history of 
malignancies, other patients had a history 
of liver and kidney diseases (16, 3.2% and 
13, 2.6%; respectively) (Table 1). 
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Table (1): Demographic and clinical characteristics of patients 

 Frequency Percent  
% 

Age (yrs)    

Mean ±SD 38.9±15.9   

Range (14-85)   

 

10-20 
21-30 
31-40 
41-50 
51-60 
60+ 

 

53 
141 
95 
78 
78 
55 

 

10.6 % 
28.2 % 
19.0 % 
15.6 % 
15.6 % 
11.0 % 

 

Gender Male 293 58.6 

 Female 207 41.4 

ICU and  Surgical 
departments 

ICU 168 33.6 

General  surgery 172 34.4 

Orthopedic surgery 75 15 
Urological surgery 61 12.2 

Gynecologic and obstetric surgery 20 4 

Neurosurgery  surgery 3 0.6 
E.N.T  surgery 1 0.2 

Types of operative 
procedure 

Emergency 
Elective 

93 
407 

18.6 
81.4 

Average length of 
stay in hospitals 
(ALOS) (Days) 

3 – 7 days 
7 – 10  days 

More than 10 days 

283 
151 
66 

56.6 
30.2 
13.2 

Underlying risk 
factors 

 

Obesity 
Smoking 
Diabetes 

Liver disease 
kidney  disease 
malignancies 

shocked 
Cardiovascular disease 

45 
34 
26 
16 
13 
14 
14 
6 

9 
6.8 
5.2 
3.2 
2.6 
2.8 
2.8 
1.2 

 
     Postoperative infections were detected in 
217 (43.4%) of patients with no significant 
difference between the infected and non-
infected groups. One hundred and thirty one 
male patients (26.2%) had postoperative 
infections, while 162(32.4%) of them had no 
such infections. Eighty six (17.2%) of the 
female patients developed post-operative 
infections with no significant difference 
between the infected and non-infected groups 

(p = 0.482). Surgical site infections (SSIs) 
were developed in 76 (35%), urinary tract 
infection (UTI) in 55 (25.3 %), blood stream 
infection (BSI) in 34 (15.7 %), ventilator 
associated pneumonia (VAP) in 29 (13.4%) 
and hospital acquired pneumonia (HAP) in 
23 (10.6%) of patients (Table 2). 
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Table (2): Prevalence and distribution of A. baumannii isolates according to each 
ward and different clinical specimens 

Parameters 
  

Wards 

Frequency  
of 

A.baumannii 
Percentage Specimen Frequency of 

A.baumannii Percentage 

ICU 14 51.9 

Endotracheal  
T 10 37 

Blood 1 3.7 
Wound swab 1 3.7 

Urine 2 7.4 

General  surgery 11 40.7 

Blood 7 25.9 
Wound swab 1 3.7 

Urine 1 3.7 
Sputum 2  

Urology surgery 1 3.7 Urine 1 3.7 
Orthopedic 

surgery 1 3.7 Sputum 1 3.7 
 

     In the current study, Pseudomonas spp. 
was the most frequently isolated pathogen 
among the Gram-negative organisms (34, 
28.6%). A. baumannii was considered as 
the third most common Gram-negative 
organism isolated (27, 22.7%). Coagulase 
negative Staphylococcus (CONs) (33, 
32.7%) were the most frequently isolated 
pathogens among Gram-positive 
organisms followed by S. aureus (26, 
25.7%). Antibiogram analysis of the A. 
baumannii isolates showed-        -a high 
resistance pattern. All A. baumannii 
isolates showed 100% resistance to 
Ampicillin/sulbactam, Amoxicillin / 
clavulanic acid, Amoxicillin, Oxacillin, 
Ceftazidim, Ofloxacin, Gentamicin, 
Erythromycin, Clindamycin and 
Nitrofurantoin. High profile of resistance 

to Cefotaxim, Ceftriaxon, 
Ciprofloxacillin, Rifampicin, Norfloxacin, 
Cefoperazone / sulbactam (92.6%); each. 
Imipenem, Tobramycin and 
Chloramphenicol (88, 9%); each and 
Tazobactam (85.2%). Meropenem, 
Amikacin, Levofloxacin and 
Sulfamethoxazole/trimethoprim (81,5); 
each. Vancomycin (77.5%), Cefepime 
(74.1) and Aztironam (70.4%) were 
observed. Only two isolates (7.4%) were 
resistant to Colistin and 25 isolates 
(92.6%) were susceptible to this 
antibiotic. Eighteen (66.7%) A. baumannii 
isolates showed multidrug resistant 
(MDR) pattern, also 7, (25.9%) 
extensively drug resistant (XDR) strains 
were isolated with no pan drug resistant 
(PDR) strains (Table 3). 

Table (3):  Evaluation of antimicrobial resistance pattern among A. baumannii 
isolates. 

Resistance grades N, (%) 
Not MDR 2, (7.4%) 

MDR 18, (66.7%) 
XDR 7, (25.9%) 
PDR 0, (0%) 

Total isolates 27(100%) 
  

Multidrug-resistant (MDR), Extensively Drug-resistant (XDR), Pan Drug-resistant (PDR) 
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     The 25 Imipenem-resistant strains out 
of 27 A. baumannii (92.6%) which were 
evaluated phenotypically using Modified 
Hodge test (MHT), Carba NP and mCIM 
tests for detection of carbapenemase 
producing isolate. 
Carbapenemase production was detected 
in the A. baumannii isolates using the 
mCIM, MHT and the Carba NP 
test (p value = 0.000). The Sensitivity of 
the mCIM method was (92%), the 
Specificity (100%) .The MHT had 
sensitivity and specificity that was (76% 
and 100%) respectively. Out of 25 
(92.6%) Imipenem resistant isolates were 

analyzed with MHT with meropenem 10 
µg (MEM) for carbapenemase production; 
19 (70.4 %) isolates were found to be true 
positive with MHT (MEM) and six 
(22.2 %) isolates were false positive 
results. Carba NP test showed positive 
result in 22 (81.5%). However, three 
(11.1 %) of isolates were false positive, 
Sensitivity with (70.04%; 95.83%) 95% 
Conf. Ints, Specificity with (34.24%: 
100.00%) 95% Conf. Ints.  The current 
study suggests that the mCIM assay is the 
most useful phenotypic method for 
detection of carbapenemase production 
(Figure 1). 

 
Figure (1): Positive mCIM and eCIM, Interpretation: (carbapenemase and metallo-β-

lactamase detected). A mCIM positive result (zone diameter 5 mm) on 
right side and an eCIM positive result (zone diameter = 13 mm with 
pinpoint colonies throughout the zone of inhibition). A ≥ 5 mm increase in 
zone diameter for eCIM vs zone diameter for mCIM (13 mm − 5 mm = 8 
mm) demonstrates the inhibition of the metallo-β-lactamase in the 
presence of EDTA. NOTE: The pinpoint colonies throughout the zone of 
inhibition was ignored when measuring the zone for the eCIM test, A 
narrow ring of growth around the meropenem disk results from carry-
over of the tested organism in the trypticase soy broth  and should be 
ignored. 

 
     Using multiplex PCR analysis, most 
isolates (12; 44.4%) carried was bla OXA-
51-like gene, followed by ten (37%) 
isolates that carried both bla OXA-51-like 

and bla OXA-23-like genes. Only one 
(3.7%) isolate carried blaOXA-23-like 
gene (Figure 2). 
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Figure (2):  Gel electrophoresis of the multiplex  PCR amplified products of 

blaOxa51-like  and blaOxa 23-like  genes of A. baumannii isolates. PCR 
amplified products of bla Oxa51-like gene with 353 bp amplification 
fragment,  PCR amplified products of bla Oxa23-like gene with 501 bp 
amplification fragment,  This figure demonstrates M: 100-2000 bp DNA 
Ladder, NC = negative control; lines 1-11& 13: isolates carrying bla OXA-
51-like genes; line 1, 2, 5, 7, 8, 10; isolates carrying bla OXA-23-like genes; 
line 12: isolate negative for both bla OXA-51-like and bla OXA-23-like 
genes. 

 
     Overall, a total of 50 swabs were taken 
from different surfaces of the hospital 
environment. Positive cultures were only 
detected in 30 (60%), of the 50 selected 
sites. P. aeruginosa was the most common 
organism (9, 30%), followed by 
Escherichia coli (7, 23.3%), CONs (5, 
16.7%), K. pneumoniae (4, 13.3%), 
Enterococcus spp., Serratia spp, 
Acinetobacter spp (lwoffii and baumannii) 
and Aspergillus Niger (1.3.3 %; each). 
The affected major wards were ICUs and  
General Surgery (8;26.7% and 9;30%); 
respectively . Among fifty health care 
workers (HCWs), 150 swabs (100 hand 
and 50 Nose) were investigated. Positive 
cultures were detected in 15 (15 %) and 3 
(6%); respectively. The HCWs samples 
were observed that, a total of (18) 
microorganisms were isolated, CONs was 

the most common organism (9, 50%), 
followed by S. aureus (3, 16.7%), 
followed by P. aeruginosa (5, 27.8%) and 
E. coli (1, 5.5%).  Among the antibiogram 
for the isolated strains from the Hospital 
environment, Gram-positive strains were 
sensitive to Amikacin, Colistin, 
Amoxicillin clavulanic acid, Ceftriaxone, 
Cefotaxim, Vancomycin (6;85.71%) 
followed by Ciprofloxacin and Oxacillin 
(5; 71.43%). Intermediate susceptibility 
were mainly for Ceftazidim and 
Ampicillin/Sulbactam (2; 28.57%). The 
most resistant strains had resistance to 
Amoxicillin (6; 85.71%). Gram-negative 
strains were sensitive to Colistin 
(23;100%), followed by Cefoperazone 
sulbactam, Meropenem and Aztreonam 
(21; 91%). Intermediate susceptibility 
were mainly for Amoxicillin clavulanic 
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acid (8; 35%). The most resistant strains 
had resistance to Amoxicillin (22; 96%), 
followed by Trimethoprim-
sulfamethoxazole and Oxacillin (16; 70% 
and 12;52%) respectively. 
     Among the antibiogram for the isolated 
strains from the HCWs,  the most 
sensitive antibiotics were Amikacin, 
Colistin, Meropenem , Imipenem, 
Aztreonam, Cefotaxim, Cefoperazone-
sulbactam, Levofloxacin and 
Chloramphenicol for Gram- positive and 
Gram- negative  strains (12;100% and  6; 
100%); respectively. The most resistant 
strains had resistance to Amoxicillin 
(12;100% and 6; 100%); respectively, 

followed by Trimethoprim-
sulfamethoxazole (12;100% and 5; 
83.3%); respectively, followed by 
Oxacillin (6; 50% and  2; 33.3%) 
respectively. 
     In the present study, the only one strain 
of A. baumannii was isolated from ICUs 
(monitor alarm button). The isolated A. 
baumannii was investigated using 
previous mentioned different phenotypic 
tests. It was identi ed to be positive by ?
MHT only, while all further tests used 
were shown negative results. Using 
multiplex PCR analysis, A. baumannii 
isolated  pathogen was found to carry the 
bla OXA-51-like gene only. 

 

DISCUSSION 
     Acinetobacter baumannii has emerged 
as a healthcare-associated pathogen 
worldwide. The spread of carbapenem-
resistant A. baumannii is of global 
concern. The study population included 
293 (58.6%) males and 207 (41.4%) 
females. Age distribution ranged from 14 
- 85 years with a mean age of 38.8±15.9 
years. The current results was agreed with 
a study published by Mawalla et al. 
(2011) who found that, the mean age was 
38 years with standard deviation of 22.12 
years, There were 116 (46.4%) males and 
134 (53.6%) females,  SSI rate between 
male and female was 58% and 40% 
respectively. Similarly, the study of Pal et 
al. (2017) reported a higher rate of A. 
baumannii infection among male as 
compared to female patients. Many 
studies noted that, the incidence of post-
operative infection was more common in 
males than in female's patients (Insan et 
al., 2013). In addition, the study is 
coordinated with a study done by Rebic et 

al. (2018) who found that, A baumannii 
infections were more common in males 
(54.20%) as compared with females 
(45.80%) with a mean age of the study 
population at 42.5±23.22 years. The age 
of male and female patients it was 
42.9±22.3 and 36.3±22.6 years, 
respectively, but it was in disagreement 
with the ratio of isolates in comparison 
with the gender; 50.80 % isolates were 
from females, and 49.18 % were from 
male. This could be explained by more 
frequent hospital admission of male 
patients compared with females, also 
multiple risk factors in male such as 
cigarette smoking, extended hospital stay, 
prolonged antibiotic usage and high 
exposure to external environment than do 
female patients. In contrast, Khairy et al. 
(2011) found that the rate of SSI was 
higher in females than in males. This 
could be explained by more frequent 
hospital admission of females patients 
compared with male. 
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     The results of this current study were 
similar to the results of Fouad et al. 
(2013), who reported that A. baumannii 
strains were isolated most frequently   
from  respiratory tract and wound 
infections by  45%  (24/53)  and  42  %  
(22/53); respectively,  followed  by  
urinary  tract  infection  (UTI) (11% 
,6/53), and lastly blood stream infection 
(BSI)  (2%,1/53). Sahu et al. (2016) 
showed that lower respiratory tract 
infections (LRTIs) after cardiac surgery 
accounted the most of the infections 
(44.2%) followed by SSI (11.6% (BSI 
(7.5%), UTI (6.9%) and infections from 
combined sources (29.8%) and 
Acinetobacter, Klebsiella, Escherichia coli 
and Staphylococcus were the most 
frequent pathogens isolated in those 
patients with LRTI, BSI, UTI, and SSI;  
respectively. 

     In the present study, the most 
commonly risk factors were diabetes 
mellitus (18.5%), obesity (14.8%), 
shocking and cardiovascular disease 
(11.1% each), followed by malignancy 
and liver disease (7.4%   each), and finally 
Smoking  (3.7%) with no significant 
difference between development of MDR 
and XDR  within A. baumannii infections 
and the underlying risk factors. Prolonged 
length of hospital stay mostly in period 
more than 10 days showed statistically no 
significant to development of MDR and 
XDR within A. baumannii infections (12, 
44.4%). Our results agreed with study 
carried by Rebic et al. (2018) who found 
that, the major risk factors associated with 
Acinetobacter infection were post-surgical 
(48%), followed by diabetes mellitus 
(11%), I.V. catheterization (25%), 
extended hospital stay (21%) and 
mechanical ventilation (92%). 

     The present data were coordinated with 
many reports, as the study done by 
Mirnejad et al. (2018) who found that, the 
frequencies of MDR and XDR isolates 
were 70 and 19%; respectively, No PDR 
isolates were identified. Rebic et al. 
(2018) showed that, out of which 78.4 % 
were MDR. of these MDR isolates, 
17.24% were PDR, most of the positive 
isolates, 68.92 %, were from the general 
surgery (48, 65%) and ICUs (20, 27%) 
(p<0.01). In a study carried by El - 
Bassuony et al. (2016), A. baumannii 
showed the highest resistance to 
imipenem (81%), MDR were (63.64%) 
and XDR were (18.18%), there is no PDR 
strains. Čiginskienė et al. (2019) found 
that, the proportions of MDR,  XDR and 
potentially pandrug-resistant (pPDR) A. 
baumannii were 13.3, 68.3, and 18.3% 
respectively. 

     The current study agreed with many of 
reports. In Egypt, El- Masry  and El- 
Masry (2018) reported that 14 out of 22 
(63.6%) A. baumannii isolates were 
carbapenem resistant as detected by the 
antibiotic susceptibility test. A. baumannii 
is resistant to sulfamethoxazole-
trimethoprim, amoxicillin / clavulanic 
acid, ciprofloxacin, piperacillin, 
tazobactam and ceftazidime (100, 90.9, 
90.9, 90.9, 81.8 and 81.8%; respectively); 
Imipenem resistance was 14/22(63.6%); 
Colistin showed the highest activity 
against A. baumannii isolates; the 
resistance rate was 4.5%. Resistance rates 
of carbapenems was observed to be high 
in previous studies in Egypt. In Al-Agamy 
et al. (2014) for example the resistance 
rate to imipenem was high (70%) among 
A. baumannii isolates. A. baumannii 
isolates were all resistant to amoxicillin–
clavulanate, aztreonam, cefepime, 
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ceftazidime, and cefotaxime. The 
resistance rates to ciprofloxacin, 
imipenem, and amikacin were 85% 
(34/40), 70% (28/40), and 45% (18/40); 
respectively. Colistin showed the highest 
activity against A. baumannii isolates; the 
resistance rate was 5% (2/40). EL - 
Bassuony et al. (2016) noted that all A. 
baumannii isolates showed 100% 
resistance to Nitrofurantoin, 3rd, and 4th 
generation cephalosporens. A significantly 
high prevalence of resistance to 
ampicillin/ sulbactam (75%), 
Ciprofloxacillin (79.5%), imipenem 
(81.81%), meropenem (88.63%) and 
ciprofloxacin were observed. All isolates 
was sensitive to Colistin. On the contrary, 
56.4 and 78.2% of Acinetobacter isolates 
were susceptible to Tigecycline and 
Colistin, respectively. Moreover, the 
resistance rates of Acinetobacter isolates 
for Imipenem and Meropenem were 67.9 
and 64.1%, respectively (Baker et al., 
2017). 

     In the current study, the mCIM is the 
most useful phenotypic method to be a 
significant for detection of 
carbapenemases.The present study is in 
coordination with CLSI (2017) reports in 
which, the mCIM had > 99% sensitivity 
and > 99% specificity for detection of 
carbapenemase production. A study done 
by Pierce et al. (2017) showed that, the 
sensitivity of the mCIM was 99% (95% 
confidence interval [CI], 93 to 100) and 
the specificity was 100% (95% CI, 82 to 
100), in the second stage of  this study, the 
range of sensitivities observed across nine 
laboratories was 93% to 100%, with a 
mean of 97%; the range of specificities 
was 97% to 100%, with a mean of 99% 
compared to the genotype. Yamada et al. 
(2016) study reported that, the sensitivity 

of mCIM using meropenem was   100% 
and the speci city was 100%. MHT has ?
been widely used as the preferred 
phenotypic method for detection of MBL, 
it is not recommended in latest version of 
CLSI, due to its low sensitivity. CarbaNP 
method is recommended instead (CLSI, 
2018). Kuchibiro et al. (2018) with 
compared some phenotypic methods and 
MHT and showed an acceptable 
specificity (100%), but the sensitivity was 
very low (50%). 

     The mCIM is simple, inexpensive, less 
subjective, reproducible and most 
sensitive method (Aktas et al., 2017; Datta 
et al., 2017; Pierce et al., 2017 and 
Pragasa et al., 2017). In a limited setup 
laboratory, early phenotypic detection of 
carbapenem-resistant Enterobacteriaceae 
(CRE) is of great importance as this will 
guide clinicians and help to control the 
spread of carbapenemase producer by 
contact precautions of the patient. In a 
microbiology laboratory where molecular 
methods are unavailable, mCIM method 
will play important role for easy and early 
detection of CRE (Pawar et al., 2018). 

     The current study is in agreement with 
many studies, which revealed that, A. 
baumannii harboring bla OXA-51-like 
gene that has been identified as a marker 
for species identification. A. baumannii 
harboring blaOXA-51-like gene has been 
identified as a marker for species 
identification (Cicek et al.,  2014; El-Abd 
et al., 2015; Lin et al., 2016; Ghaith et al., 
2017; Joshi et al., 2017 and Pal  et al., 
2017). Similarly, Hou and Yang (2015) 
reported that, the main resistant genes in 
Acinetobacter baumannii were bla OXA-
51 and blaOXA-23, and the main 
multidrug-resistant genes were found in 
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ICU. An intrinsic bla OXA-51-like gene 
detected in all isolates in this study 
supports the use of this gene as a surrogate 
marker of A. baumannii identification. 
Also, the current results are agreed with 
the studies carried out by Amr and Abdel 
Razek (2016) at Zagazig University  
Hospitals, Egypt, using the multiplex 
PCR; there results showed that all A. 
baumannii isolates were positive for 
blaOXA-51-like gene while 69.7% of 
carbapenems resistant isolates were 
positive for blaOXA-23like gene, while 
10 (30.3%) were not carrying this gene. 
Ahmed et al. (2015) reported that, 131 out 
of 150 isolates (87.3%) were resistant to 
imipenem. A study was found that 
115/150 (76.7%) isolates were bla OXA-
23-like positive and 150/150 (100%) were 
bla OXA51-like positive . 

     High prevalence of positive bla OXA-
23-like gene among carbapenem-resistant 
A. baumannii isolates were observed by 
many studies in Egypt, El- Masry and El- 
Masry (2018) found that, 14 A. baumannii 
isolates screened for carbapenemase 
production by MHT, carbapenemase 
activity was detected among 10 (71.4%) 
of carbapenem-resistant A. baumannii 
isolates. Molecular detection of 
carbapenem resistant genes showed that 
bla OXA-23 was the common detected 
gene 6/14 (42.8%). El-Abd et al. (2015) 
showed that, bla OXA-23 carbapenemase 
was detected in 48 (85.6%) of the 56 
carbapenem-resistant isolates. According 
to the results of multiplex PCR, Shoja et 
al. (2016) noted that, All isolates (100%) 
carried bla OXA-23-like gene,  bla OXA-
23-like and bla OXA-24-like genes which 
were detected in 85.6% and 6.2% of 
carbapenem resistant isolates, 
respectively. The acquired oxacillinase 

(OXA) genes, notably bla OXA-23-like 
were prevalent in the A. baumannii 
isolates (Lowe et al., 2018). Different 
ratios of bla OXA-23-like gene were 
reported in Egypt as 50% (Al-Agamy et 
al., 2014), 52.9% (Al-Hassan et al.,2013), 
100% by Fouad et al. (2013), and others 
also reported all over the world as those 
reported by Cherkaoui et al. (2015) 
(51.8%), El-Abd et al. (2015) (85.7%), 
Vali et al. (2015) (85%)  and Rolain et al. 
(2016) (100%). The presence of numerous 
resistance genes led to a high level of 
resistance to most of the antibiotics (Al 
maghrabi et al., 2018 and Mosavat et al., 
2018). 

     The results of environment and HCWs 
was agreement with Gelaw  et al. (2011) 
study, who found that, seventy-two swab 
specimens were collected from the 
dominant hand and nostrils of health 
professionals at Gondar University 
Teaching Hospital. Seventy-seven 
bacterial pathogens of nosocomial 
importance were isolated, 36 (46.8%) and 
41(53.2%) were from nostril and hands, 
respectively. Seventy-two of the isolates 
were Gram positive, while five (6.5%) 
were Gram negatives. CoNs was the 
predominant isolate 44 (57.1%) followed 
by S. aureus (28; 36.4%). Inanimate 
surfaces and equipment contamination 
play a major role in cross-transmission of 
pathogens in ICUs. Bacteria, including 
MDR organisms, may survive for a long 
time to environmental physical and 
chemical agents and have been isolated 
from different surfaces and equipment of 
the patient zone and of the healthcare area 
(Russotto et al., 2015). Contamination of 
the ICU environments and carriers with 
important bacterial pathogens that are the 
main risk factors for HAIs (Tajeddin et 



 
 

 PHENOTYPIC AND GENOTYPIC DETECTION OF CARBAPENEM… 

 

199 

al.,   2016). The contamination rate of A. 
baumannii for environments as well as 
healthcare workers is higher than other 
MDR organisms (Morgan et al., 2012; 
Escudero et al., 2017 and Thom et al., 
2017). 

     Once contaminated, an environment 
can be a CRAB reservoir for a long period 
of time since the pathogen can survive for 
more than several months under dry 
conditions (Chemaly et al., 2014). 
Therefore, avoiding contamination is far 
more important with CRAB than other 
MDR organisms.  In addition, the results 
of the present study was agreed with   
Aljanaby and Aljanaby  (2018) who 
showed that, A. baumannii isolates were 
resistant to the most used antimicrobials in 
high percentages. The resistance of 
bacteria due to the presence of bla OXA -
51-like as well as the acquired gene can be 
illustrated for the presence of Insertion 
sequence (IS) elements that play an 
important role in the mobilization and  
expression of OXA-type β-lactamases and 
in the acquisition of resistance by A. 
baumannii (Correa et al., 2018).  This 
explains why these bacteria have firmly 
established themselves as MDR 
nosocomial pathogens whose infections 
no longer respond to treatment by 
commonly used antibiotics (Odewale et 
al., 2016). 

     Most of the Gram negative organisms 
were highly sensitive to Amikacin  and 
Colistin followed by Meropenem and 
Cefoperazone / sulbactam. Gram positive 
organisms were highly sensitive to 
Vancomycin and Colistin. High resistant 
for both was Amoxicillin and 
Trimethoprim-sulfamethoxazole. These 
results are coordinated with the study of  

Vijayanarayana  et al. (2014) who found 
that, the sensitivity pattern of Gram 
negative organisms such as K. pneumonia, 
Acinetobacter species and E. coli was 
comparatively identical showing high 
sensitivity towards colistin   P. aeruginosa 
was highly sensitive to only Colistin. 
Whereas Gram positive organisms, 
Methicillin-resistant Staphylococcus 
aureus (MRSA) and Methicillin-sensitive 
Staphylococcus aureus (MSSA) were 
highly sensitive to Linezolid, 
Cotrimoxazole, Tetracycline and 
Vancomycin and highly resistant to 
Cotrimoxazole. In contrast, Zahran et al. 
(2017) reported that, Enterobacteriaceae 
isolates showed 100% resistance to 
Ceftazidime, Cefepime, Cefotaxime, 
Ceftriaxone, Cefoxitin, Aztreonam, and 
Chloramphenicol. Resistance to 
Carbapenems was 88.2% to Imipenem and 
82.4% to Ertapenem and Meropenem. In 
the current study, the only one A. 
baumannii strain was isolated from ICU 
(monitor alarm button). The isolated A. 
baumannii was investigated by different 
phenotypic tests, it was found to be 
positive by MHT only, and all further tests 
were shown negative results. Using 
multiplex PCR analysis, A. baumannii 
isolated pathogen was identi ed to be?  
carried the bla OXA-51-like gene only.  
The present study was in agreement with a 
study carried out by Nowak et al. 2012 
who reported that seven isolates of 
carbapenem resistant A. baumannii only 
had          bla OXA-51-like. Carbapenem 
resistance in these isolates may be 
associated with other mechanisms such as: 
modification of penicillin binding 
proteins, loss of porins and decreased 
permeability or over expression of efflux 
pump (Zarrilli et al., 2009 and Kulah et 
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al., 2010). The relationship between 
harboring bla OXA-51-like genes and 
resistance to carbapenems still need more 
investigation. 

CONCLUSION 
     The current study suggests that A. 
baumannii is one of the most commonly 
detected isolate in our hospitals. The 
mCIM assay is the most useful phenotypic 
method for detection of carbapenemase 
production. Detection of Carbapenem   
resistance genes is alarming as a serious 
healthcare problem in our hospitals. 
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المقاومة الكشف المظھرى و الجزیئى للراكدة البومانیة 
للكاربابینیم بوحدات الجراحة والعنایة المركزة بمستشفى 

  دمیاط الجدیدة -جامعة الأزھر 
محمد  -السید أحمد جوده -مصطفى عبد الناصر على  -محمد جوھر محمد الشربینى  

  محمد محمد أحمد صالح -مصطفى بلبولھ* 

  جامعة الأزھر -دمیاط الجدیدة*)  –كلیة الطب (القاھرة - أقسام  المیكروبیولوجیا الطبیة والمناعة والجراحة العامة *

ث: ة البح ة  خلفی راض المرتبط ببة للأم ل المس د العوام ة كأح دة البومانی رزت الراك ب
ة  ات الوبائی ن الدراس د م رت العدی ا أظھ الم. كم اء الع ع أنح ي جمی حیة ف ة الص بالرعای

ادا ة للمض ددة المقاوم ة متع دة البومانی دوى الراك دوث ع ن ح اطق ع ي من ة ف ت الحیوی
د  ابینیم لیع اوم للكارب روب المق ذا المیك دوى ھ ار ع ل انتش الم. ولع ن الع ة م مختلف

  مصدر قلق عالمي.

ث : ن البح دف م ام  الھ ابینیم بأقس ة للكارب ة المقاوم دة البومانی ن الراك ف ع الكش
دة) و  اط الجدی امعي (دمی ر الج فى الأزھ زة بمستش ة المرك دات العنای ة ووح الجراح

  دید مدى حملھا لبعض الجینات المسببة لمقاومة الكاربابینیم.تح

ث : رق البح ى وط ى  المرض ة عل ة الحالی ت الدراس ام  500أجری ریض بأقس م
ي  دة) ف اط الجدی امعي (دمی ر الج فى الأزھ زة بمستش ة المرك دات العنای ة ووح الجراح

ایو  ین م ا ب رة م بتمبر  2016الفت ات الدراس2018وس ار عین م اختی د ت ة . وق ة المختلف
ى  زلات عل واع الع اختلاف أن ات ب ملت العین ریریھ.وقد ش راض الس ب الاع حس
دم.  ات ال ول وعین یح والب ره والق ل الحنج وائل داخ فط للس اق والش ل البص ات مث عین
ة  كال المظھری یم الاش ك لتقی واع وذل توى الأن ى مس ات إل ع العین ع جمی م تتب د ت وق

ا ة ایض تخدام تفاع״ المختلف از باس اج الكاربابینیم ن إنت ف ع ولیمیریز والكش ل الب
  المتسلسل.

ائج:  ي  النت ة ف ات الجراحی د العملی ا بع دوى م ن ع ف ع م الكش ٪)  43.4( 217ت
ل  ن أص ة م ات  500حال ر الكائن ث أكث ة ثال دة البومانی ت الراك د كان ى. وق ن المرض م

ة ( رام المعزول لبیة الج ة س ة الدقیق دة % 12.3، 27الحی زلات الراك رت ع د ظھ ). وق
زة ( ة المرك دات العنای ر بوح ار كبی وظ ، وانتش كل ملح ة بش ٪).  51.9، 14البومانی
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تخدام  ھ باس ده البومانی زلات الراك ي ع از ف اج الكاربابینیم ن إنت ف ع م الكش د ت وق
ى. و  ا ان ب دل و كارب ودج المع ار ھ ة، واختب ابینیم المعدل ل الكارب ة تعطی طریق

تخدام تفاع ت بإس د حمل ل، وق ولیمیریز المتسلس ة ( 12ل الب ین  44.4عزل ٪) الج
بھ  ذي یش زلات ( bla OXA-51ال ر ع ھ عش ات  37، یلی ن الجین لا م ت ك ٪) حمل
بھ  ي تش ط (  bla OXA-23و   bla OXA-51الت د فق ل واح زل  3.7یحم ٪) ع

  .bla OXA-23الجین الذى یشبھ  

تنتاج: ى أن الراك الاس ة إل ة الحالی یر الدراس زلات تش ر الع ث أكث د ثال ة تع دة البومانی
د  دة. وق دمیاط الجدی ر ب ة الأزھ في جامع ي مستش یوعًا ف فة ش رام المكتش البة الج س

ص ( د أن الفح ري  mCIMوج لوب المظھ و الأس ة ھ ابینیم المعدل ل الكارب ) تعطی
زلات  ذه الع ل ھ ود مث از، وأن وج ات الكربابینیم اج انزیم ن إنت ف ع دة للكش ر فائ الأكث

  ة لجینات مقاومة للكاربابینیم إذ یمثل مشكلة صحیة خطیرة بالمستشفیات.الحامل

  


