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ABSTRACT 

 

 
Background and Objectives: Non-fermentative Gram-negative Bacilli (NFGNB) is known as a major cause of health- 

care-associated infections with high levels of antibiotic resistance. The aim of this study was to investigate the antibiotic 

resistance profiles and molecular characteristics of metallo-beta-lactamase (MBL)-producing NFGNB. 

Materials and Methods: In this cross-sectional study, the antibiotic resistance profile of 122 clinical NFGNB isolates was 

determined by the Kirby-Bauer disk diffusion and microdilution broth methods. Bacterial isolates were investigated for the 

detection of MBLs production using the combination disk diffusion Test (CDDT). The existence of bla , bla , and bla  
NDM 

genes in all carbapenem-resistant isolates was determined employing polymerase chain reaction (PCR) assays. 

Results: High resistance in Pseudomonas aeruginosa was reported to cefotaxime and minocycline, whereas Acinetobacter 

baumannii isolates were highly resistant to all antibiotics except colistin. Multidrug resistance (MDR)-NFGNB (66% vs. 

12.5%, P=0.0004) and extensively drug resistant (XDR)-NFGNB (55.7% vs. 12.5%, P=0.001) isolates were significantly 

more common in hospitalized patients than in outpatients. The production of MBL was seen in 40% of P. aeruginosa and 

93.3% of A. baumannii isolates. It was found that 33.3% and 46.7% of carbapenem-resistant P. aeruginosa isolates, and 

13.3% and 28.9% of carbapenem-resistant A. baumannii isolates were harboring bla  
IMP-1 

and bla  
VIM-1 

genes, respectively. The 

incidence of MDR (98.2% vs. 28.3%, P<0.001) and XDR (96.4% vs. 11.7%, P<0.001) in MBL-producing NFGNB isolates 

was significantly higher than non-MBL-producing isolates. 

Conclusion: This study demonstrated a higher rate of resistance among NFGNB isolates with an additional burden of MBL 

production within them, warranting a need for robust microbiological surveillance and accurate detection of MBL producers 

among the NFGNB. 
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INTRODUCTION 

 
Non-fermentative Gram-negative bacilli including 

Pseudomonas aeruginosa, Acinetobacter bauman- 

nii, and Stenotrophomonas maltophilia are oppor- 

tunistic pathogens with a highly variable level of 

virulence that rarely causes disease in healthy indi- 

viduals. However, these bacteria as one of the most 

important nosocomial pathogens can cause severe 

infections such as bacteremia, urinary tract and sur- 

gical site infections in hospitalized and immunocom- 

promised patients (1-3). 

The ever-increasing emergence of antibiotic resis- 

tance in P. aeruginosa, A. baumannii, and S. malto- 

philia strains has become a health concern world- 

wide. Currently, the choice of appropriate treatment 

options for patients with multidrug-resistant NFGNB 

infections is a serious challenge (4, 5). The increas- 

ing incidence of resistance to beta-lactam antibiot- 

ics such as penicillins and cephalosporins among 

NFGNB  represents  a  significant clinical  problem 

nowadays. Nevertheless, the carbapenems are often 

considered to be the last resort for the treatment of 

infections associated with MDR-NFGNB isolates (6, 

7). 

Carbapenem resistance in NFGNB, especially in P. 

aeruginosa and A. baumannii, is an emerging glob- 

al threat to public health and is a cause of concern 

as many nosocomial NFGNB isolates are resistant 

to most other antibiotics. Notably, S. maltophilia is 

intrinsically resistant to many classes of antibiot- 

ics such as carbapenems (2, 8). The most common 

mechanism  of  carbapenem  resistance  in  NFGNB 

is the production of carbapenemases, such as Am- 

bler classes A, B, and D enzymes. MBLs belong to 

Amber class B type of beta-lactamase and exhibit a 

broad spectrum of activity to all penicillins, cepha- 

losporins, and carbapenems (9, 10). The worldwide 

emergence and spread of MBLs represent a major 

threat to human health care not only due to their 

ability to confer a high level of resistance but also 

because their genes carried highly mobile elements, 

which are the main cause of their dissemination in 

the hospital setting (11, 12). The occurrence rates of 

five different types of MBLs including IMP, VIM, 

SPM, GIM, and SIM are increasing rapidly, and 

among them, IMP and VIM are most predominant. 

Furthermore, NDM-1 is a novel type of MBLs that 

has emerged as a serious threat to the treatment of 

bacterial infections (13, 14). 

Given the rising emergence of antibiotic resistance 

in MBL-producing NFGNB and the fact that clinical 

infections caused by these bacteria are often asso- 

ciated with a high rate of morbidity and mortality 

(5, 6), this study aimed to investigate the antibiotic 

resistance profiles and molecular characteristics of 

MBL-producing NFGNB isolates in Birjand, South- 

East Iran. 
 

 
 
MATERIALS AND METHODS 

 
Study design. This cross-sectional study was con- 

ducted on a total of 122 non-duplicate clinical NF- 

GNB isolates collected from out-patients and in-pa- 

tients (hospital stay >48 hours at the time of specimen 

collection) referred to Birjand Imam Reza Hospital, 

in Iran from Jan 2018 to May 2019. The clinical sam- 

ples contained urine, wound swab, blood, and lung 

secretions. The study was approved by the Birjand 

University of Medical Sciences ethics committee (IR. 

BUMS.REC.1395.130). 

 
Identification of NFGNB isolates. All collected 

samples were inoculated onto 5% Sheep Blood agar 

(Merck, Germany) and MacConkey Agar (Merck, 

Germany) and incubated aerobically at 37°C ± 2°C 

for 24 hours. The clinical NFGNB isolates were 

characterized and identified by conventional micro- 

biological methods and biochemical testing (Such as 

colonial morphology, Gram staining, the alkaline re- 

action on Triple Sugar Iron agar [Merck, Germany], 

oxidation/fermentation test [Merck, Germany], mo- 

tility, oxidase test [Rosco, Denmark], and growth at 

42°C ± 2°C). 

Notably, the 16S rRNA PCR with specific primers 

was used for molecular confirmation of P. aeruginosa, 

A. baumannii, and S. maltophilia isolates (Table 1). 

 
Antibiotic susceptibility testing (AST). The anti- 

biotic resistance profile of the isolates was determined 

according to Clinical and Laboratory Standards Insti- 

tute (CLSI) guidelines (15). The Kirby-Bauer disk-dif- 

fusion method was used for susceptibility testing to 

amikacin (30 μg), piperacillin/tazobactam (100/10 

μg), imipenem (10 μg), meropenem (10 μg), ceftazi- 

dime (30 μg), cefotaxime (30 μg), ceftriaxone (30 μg), 

cefepime (30 μg), ciprofloxacin (5 μg), levofloxacin (5 

μg), gentamicin (10 μg), trimethoprim-sulfamethox- 

azole (1.25/23.75 μg) (MAST, UK). Furthermore, the 
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Table 1. Target genes and their primers used in this study. 

 

Primers Sequence (5ʹ-3ʹ) Products sizes 

(bp) 
Annealing 

(ºC) 
References 

bla 
IMP Fw- GGAATAGAGTGGCTTAAYTCTC 232 52 (17) 

 Rv- GGTTTAAYAAAACAACCACC    
bla 

VIM Fw- GATGGTGTTTGGTCGCATA 390 59 (18) 

 Rv- CGAATGCGCAGCACCAG    
bla 

NDM Fw- GGTTTGGCGATCTGGTTTTC 621 52 (17) 

 Rv- CGGAATGGCTCATCACGATC    
16S rRNA (P. aeruginosa) Fw- GGGGGATCTTCGGACCTCA 956 58 (19) 

 Rv- TCCTTAGAGTGCCCACCCG    
16S rRNA (A. baumannii) Fw- TTTAAGCGAGGAGGAGG 240 56 (20) 

 Rv- ATTCTACCATCCTCTCCC    
16S rRNA (S. maltophilia) Fw- AGTTCGCATCGTTTAGGG 762 58 (21) 

 Rv- ACGGCAGCACAGAAGAGC    
 

minimum inhibitory concentration (MIC) was deter- existence of bla , bla  
VIM 

, and bla  
NDM 

genes in all 

mined by the microdilution broth method for colistin 

(Sigma-Aldrich, USA) according to CLSI guidelines 

(15). Briefly, 100 μl of twofold serial dilutions of colis- 

tin were dispensed into wells of 96-well plates and 

the bacterial suspension (100 μl) with final concen- 

tration of 5 × 105  CFU/ml was added to each well of 

the microtiter plate. Finally, plates were incubated 

at 37°C ± 2°C for 18-24 hours. E. coli ATCC 25922 

and P. aeruginosa ATCC 27853 was used for quality 

control of antibiotic susceptibility testing. It is note- 

worthy that MDR in NFGNB isolates was defined as 

acquired non-susceptibility to at least one agent in 

three or more antimicrobial categories and XDR as 

non-susceptibility to at least one agent in all but two 

or fewer antimicrobial categories (16). 

 
Phenotypic screening of MBL producing iso- 

lates. Bacterial isolates with resistance to carbapen- 

ems and/or resistance to other broad-spectrum be- 

ta-lactams such as ceftazidime were investigated for 

the detection of MBLs production by the combination 

disk diffusion Test (CDDT) using imipenem disks (10 

mg) (MAST, UK) solely and in combination with eth- 

ylenediaminetetraacetic acid (EDTA). An increase of 

≥7 mm in the zone diameter of imipenem tested in 

combination with EDTA versus imipenem alone was 

considered as MBLs positive. The S. maltophilia iso- 

lates, as inherent carriers of an MBL gene, were ex- 

cluded (7, 17). P. aeruginosa ATCC 27853 was used 

as the control. 

 
PCR assays for detection of MBLs genes. The 

carbapenem-resistant isolates  was  determined  em- 

ploying PCR assays with specific primers described 

in Table 1. Genomic DNA was extracted from pure 

cultures of the NFGNB isolates using High Pure PCR 

Template Preparation Kit (Roche, Germany) accord- 

ing to the manufacturer’s instructions. PCR was con- 

ducted on the summation of all volumes consisting 

of 25 μl (12.5 μl of 2× Hot Star Taq Master Mix, 2 μl 

of the DNA template, 1 μl of each primer (10 pmol/ 

μl) and 8.5 μl of ddH2O) using the Taq PCR Master 

Mix Kit (Amplicon, Denmark). DNA amplification 

was performed in a thermocycler (PEQLAB, Erlan- 

gen, Germany) with an initial denaturation step at 

94°C for 5 minutes; 35 amplification cycles each for 1 

minute at 94°C, 40 seconds at different temperatures 

for different genes (Table 1), and 50 seconds at 72°C; 

and followed by an additional extension step of 10 

minutes at 72°C. The amplified products were elec- 

trophoresed on 1% agarose gel containing 1× RedSafe 

DNA stain (Intron, USA). 

Sequencing of amplicons was performed on the pu- 

rified PCR products by an ABI PRISM 3700 sequenc- 

er (Macrogen, Korea). The nucleotide sequences were 

analyzed using Chromas software (version 1.45) and 

compared with sequences in the GenBank using the 

national center for biotechnology information (NCBI) 

basic local alignment search tool 

(www.ncbi.nlm.nih.gov/BLAST). 

 
Statistical analysis. The data were entered and an- 

alyzed using SPSS statistical software (version 21). 

Frequency and percentages were calculated, as well 

http://ijm.tums.ac.ir/
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as the Pearson chi-square and Fisher’s exact tests 

were done whenever applicable with P-values of less 

than 0.05 regarded as statistically significant. It is 

noteworthy that the S. maltophilia isolates, as chro- 

mosomal MBL-producers, were excluded from the 

statistical analysis related to the distribution of MBL 

producing isolates. 
 

 
 

RESULTS 

 
Patients and bacterial isolates. Out of the total 

122 NFGNB isolates isolated from different clinical 

samples, 66 (54.1%), 50 (41%) and 6 (4.9%) were P. 

aeruginosa, A. baumannii, and S. maltophilia, re- 

XDR-NFGNB (55.7% vs. 12.5%, P=0.001) isolates 

were significantly more common in hospitalized pa- 

tients than in outpatients. Moreover, the frequency of 

these MDR/XDR isolates was reported significantly 

higher in the burn ward than in other wards (Table 3). 

 

Distribution of MBL-producing NFGNB and 

MBL genes. In the current study, carbapenems re- 

sistance was observed in 15 (22.7%) and 45 (90%) P. 

aeruginosa and A. baumannii isolates, respectively. 

Out of 60 carbapenems resistance isolates, 48 (80%) 

strains were determined as phenotypic MBL produc- 

ers. The production of MBL was seen in 40% (6/15) 

of P. aeruginosa and 93.3% (42/45) of A. baumannii 

isolates. 

spectively. The majority of the isolates were originat- The existence of bla , bla  
VIM 

, and bla  
NDM 

genes 

ed from lung secretions (56 isolates, 45.9%), followed 

by wound (42 isolates, 34.4%), urine (18 isolates, 

14.8%), and blood (6 isolates, 4.9%). 

Among the 122 isolates obtained, 70 (57.4%) were 

from males and 52 (42.6%) were from females. The 

mean age of patients was 39.15 ± 17.52 years old 

was determined in all carbapenem-resistant NFGNB 

isolates. It was found that 33.3% (5 out of 15 isolates) 

and 46.7% (7 out of 15 isolates) of carbapenem-resis- 

tant P. aeruginosa isolates, and 13.3% (6 out of 45 

isolates) and 28.9% (13 out of 45 isolates) of carbap- 

enem-resistant A. baumannii isolates were harboring 

(range of 1-73 years), of which 106 (86.9%) were hos- bla  
IMP-1 

and bla  
VIM-1 

genes, respectively (Fig. 1). How- 

pitalized and 16 (13.1%) were out-patients. ever, the bla  
NDM 

gene was not detected in any of the 

 
Antibiotic susceptibility patterns in NFGNB. 

The results of the antimicrobial resistance deter- 

minations of P. aeruginosa, A. baumannii, and S. 

maltophilia isolates are shown in Table 2. High resis- 

tance in P. aeruginosa was reported to cefotaxime 

and minocycline (84.8% [56 out of 66 isolates] and 

59.1% [39 out of 66 isolates], respectively), where- 

as A. baumannii isolates were highly resistant to all 

studied antibiotics except colistin. It is noteworthy 

that 16.7% (one out of 6 isolates) of S. maltophilia 

isolates exhibited resistance to each of minocycline, 

levofloxacin, and trimethoprim/sulfamethoxazole. 

Finally, antimicrobial resistance was observed to be 

higher in A. baumannii than in P. aeruginosa, and S. 

maltophilia. 

The results revealed that out of 122 NFGNB iso- 

lates, 59.8% (72 isolates) were MDR and 50% (61 

isolates) of them identified as XDR. The incidence 

of MDR and XDR in P. aeruginosa isolates was 

reported at 34.8% (23/66) and 19.7% (13/66), and 

in A. baumannii isolates at 98% (49/50) and 96% 

(48/50), respectively. However, only one out of six 

S. maltophilia isolate (16.7%) was characterized as 

MDR according to the antibiotics tested in this study. 

MDR-NFGNB  (66%  vs.  12.5%,  P=0.0004)  and 

isolates. The PCR amplification of MBL genes from 

NFGNB isolates is shown in Fig. 2. 

 
Distribution  and  antibiotic  resistance  of 

MBL-producing NFGNB. Out of total 56 pheno- 

typic and/or genotypic MBL-producing NFGNB 

isolates, 98.2% (55 isolates) and 96.4% (54 isolates) 

were characterized as MDR and XDR, respectively. 

The incidence of MDR (98.2% vs. 28.3%, P<0.001) 

and XDR (96.4% vs. 11.7%, P<0.001) in MBL-pro- 

ducing  NFGNB  isolates  was  significantly  higher 

than non-MBL-producing NFGNB isolates. Further- 

more,  MBL-producing  NFGNB  isolates  (55%  vs. 

6.3%, P=0.0002) were significantly more common 

in hospitalized patients than in outpatients that the 

isolates had the highest frequency in the burn ward 

(Table 4). 
 

 
 
DISCUSSION 

 
Non-fermentative Gram-negative bacilli have 

emerged as a significant cause of healthcare-asso- 

ciated infections. The ever-increasing emergence of 

antibiotic resistance in NFGNB and the lack of new 

antibacterial agents is a major challenge for treating 

http://ijm.tums.ac.ir/
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Table 2. Resistance pattern of non-fermentative Gram-negative bacilli (NFGNB) isolates to different antimicrobial agents 

according to CLSI guidelines (15). 

 
Antimicrobial agents No. of isolates (%) showing antibiotic resistance 

 

 P. aeruginosa 

(n=66) 
A. baumannii 

(n=50) 
S. maltophilia 

(n=6) 
Piperacillin/tazobactam 13 (19.7) 46 (92) NT 
Amikacin 15 (22.7) 42 (84) NT 
Aztreonam 17 (25.8) 47 (94) NT 
Levofloxacin 10 (15.2) 45 (90) 1 (16.7) 
Gentamicin 24 (36.4) 43 (86) NT 
Minocycline 39 (59.1) 45 (90) 1 (16.7) 
Ceftriaxone NT 46 (92) NT 
Ceftazidime 15 (22.7) 44 (88) NT 
Cefotaxime 56 (84.8) 45 (90) NT 
Cefepime 19 (28.8) 44 (88) NT 
Imipenem 8 (12.1) 44 (88) NT 
Meropenem 12 (18.2) 45 (90) NT 
Trimethoprim/sulfamethoxazole NT 45 (90) 1 (16.7) 
Colistin 0 (0) 0 (0) 0 (0) 

 

NT: antibiotics not tested or not recommended by CLSI (Clinical and Laboratory Standards Institute). 
 

 
Table 3. Distribution of MDR/XDR among 122 NFGNB isolates by patient characteristics. 

 
Item/Status NFGNB isolates NFGNB isolates 

MDR (%) Non-MDR (%) P-value XDR (%) Non-XDR (%) P-value 

                                                         (n=72)             (n=50)                                         (n=61)            (n=61)   

Hospitalization Status 

In-patients 70 (66) 36 (34) 0.0004 59 (55.7) 47 (44.3) 0.001 
Out-patients 2 (12.5) 14 (87.5)  2 (12.5) 14 (87.5)  

Hospital Wards       
Surgery 10 (47.6) 11 (52.4) 0.001 5 (23.8) 16 (76.2) 0.0005 
Burn 29 (72.5) 11 (27.5)  28 (70) 12 (30)  
ICU 31 (68.9) 14 (31.1)  26 (57.8) 19 (42.2)  
Out-patients 2 (12.5) 14 (87.5)  2 (12.5) 14 (87.5)  

 

MDR: Multidrug-resistant, XDR: Extensively drug-resistant, NFGNB: Non-fermentative gram-negative bacilli, ICU: Inten- 

sive care unit. 

 
patients suffering from infections caused by them (1, 

23). 

In the present study, high resistance in P. aeru- 

ginosa was reported to cefotaxime and minocycline 

(84.8% and 59.1%, respectively), whereas A. bau- 

mannii isolates were highly resistant to all antibiotics 

except colistin. It is noteworthy that colistin, imipe- 

nem, levofloxacin, and meropenem were found to be 

the most effective antibiotics against P. aeruginosa. 

In our study, antimicrobial resistance was observed 

to be higher in A. baumannii than in P. aeruginosa. 

The pattern of antibiotic resistance for P. aeruginosa 

in our study is similar to many previous studies (2, 5, 

6, 10). Furthermore, high resistance to most antibiot- 

ics in A. baumannii has also been reported in many 

studies in which colistin was introduced as the most 

effective antimicrobial agent against the isolates (2, 4, 

5, 7). Finally, S. maltophilia isolates in our study ex- 

hibited resistance to minocycline, levofloxacin, and 

trimethoprim/sulfamethoxazole  (each  was  16.7%). 

http://ijm.tums.ac.ir/
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Fig. 1. Distribution of MBL genes among carbapenem-resis- 

tant NFGNB isolates. 

MBL: Metallo-beta-lactamase, NFGNB: Non-fermentative 

gram-negative bacilli. 

Ever-increasing resistance to trimethoprim/sulfame- 

thoxazole in S. maltophilia isolates has been report- 

ed interestingly in some studies (22, 24-26), and the 

emergence of resistance to this antibiotic, as the first- 

line therapy for S. maltophilia infection, threatens 

the treatment of infections caused by them. Overall, 

the increasing emergence of antibiotic resistance in 

NFGNB isolates is a serious problem in developing 

countries, especially because of the relatively easy 

access to over-the-counter antibiotics (2, 21). 

The results revealed that the incidence of MDR 

and XDR in P. aeruginosa isolates was 34.8% and 

19.7%, and in A. baumannii isolates 98% and 96%, 

respectively. However, only one S. maltophilia iso- 

late (16.7%) was characterized as MDR in this study. 

A similar pattern of results was obtained in many 

studies, which reported a high frequency of MDR 

 

 

 
 

Fig. 2. PCR amplification products of MBL genes from NFGNB isolates. (A) PCR amplification of bla  
VIM-1 

gene. Lane 1, DNA 

marker (100 bp); Lane 2 and 3, Clinical isolates positive for bla (390 bp); Lane 4, Negative control. (B) PCR amplification 

of bla  
IMP-1 

gene. Lane 1, DNA marker (100 bp); Lane 2 and 3, Clinical isolates positive for bla  
IMP-1 

(232 bp); Lane 4, Negative 

control. (C) PCR amplification of bla  
NDM 

gene. Lane 1, DNA marker (100 bp); Lane 2 and 3, Positive control isolates for 

bla  
NDM 

(621 bp); Lane 4, Negative control. 

MBL: Metallo-beta-lactamase, NFGNB: Non-fermentative gram-negative bacilli. 
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Table 4. Distribution and antibiotic resistance of MBL-pro- 

ducing NFGNB isolates. 

the burn ward than in other wards (14). It should be 

noted that the high occurrence of MDR/XDR NF- 

GNB isolates among hospitalized patients, especially 

Item/Status NFGNB isolates*
 patients admitted to the burn ward is not surprising 

 
 
 

Hospitalization Status 

In-patients 

Out-patients 

Hospital Wards 

Surgery 

Burn 

ICU 

Out-patients 

MDR 

Yes 

No 

XDR 

Yes 

No 

MBL (%) 

(n=56) 

 
55 (55) 

1 (6.3) 
 

 
5 (26.3) 

25 (64.1) 

25 (59.5) 

1 (6.3) 
 

 
55 (98.2) 

1 (1.8) 
 

 
54 (96.4) 

2 (3.6) 

Non-MBL (%) 

(n=60) 

 
45 (45) 

15 (93.8) 
 

 
14 (73.7) 

14 (35.9) 

17 (40.5) 

15 (93.8) 
 

 
17 (28.3) 

43 (71.7) 
 

 
7 (11.7) 

53 (88.3) 

P-value 
 
 
 
0.0002 
 
 
 
0.0001 

 

 
 
 
 
 
<0.001 
 
 
 
<0.001 

due to the use of various antibiotics for treatment as 

well as long hospital stays. 

The worldwide emergence and spread of MBLs, 

as one of the most common carbapenem resistance 

mechanisms, is a major threat to human health care 

not only due to their ability to confer a high level of 

resistance but also because their genes carried highly 

mobile elements (11, 12). In the current study, car- 

bapenems resistance was observed in 15 (22.7%) and 

45 (90%) P. aeruginosa and A. baumannii isolates, 

respectively. Out of 60 carbapenems resistance iso- 

lates, 48 strains (80%) were determined as pheno- 

typic MBL producers. The production of MBL was 

seen in 40% and 93.3% of carbapenem-resistant P. 

aeruginosa and A. baumannii isolates, respectively. 

Previous studies from India (8, 12), Nepal (5), Roma- 

nia (27), Egypt (28), and other research from Iran (7, 

MBL: Metallo-beta-lactamase, MDR: Multidrug-resistant, 

XDR: Extensively drug-resistant, 

NFGNB: Non-fermentative gram-negative bacilli, ICU: In- 

tensive care unit. 

* S. maltophilia isolates, as chromosomal MBL-producers, 

were excluded. 

 
and XDR strains in NFGNBs, especially among A. 

baumannii isolates (23, 27-29). In contrast to our 

findings, some studies reported the different preva- 

lence of MDR and XDR strains in NFGNBs (5, 6, 

21, 30). This difference could be attributed to factors 

11, 14) also showed a rising trend in the carbapenem 

resistance among NFGNB isolates. It seems that the 

high pressure of antibiotics due to greater empiri- 

cal or indiscriminate use of antibiotics can lead to 

carbapenem resistance in the hospital setting. More- 

over, consistent with our study, a large outbreak of 

MBL-producing NFGNB infections, especially due 

to A. baumannii isolates were described in India (8, 

9), Brazil (1), Pakistan (32), and Nepal (33). In the 

present study, it was found that 33.3% and 46.7% 

of carbapenem-resistant P. aeruginosa isolates, and 

13.3% and 28.9% of carbapenem-resistant A. bau- 

such as geographical area, type of patients, hospital- mannii isolates were harboring bla  
IMP-1 

and bla  
VIM-1 

ization status, and history of antibiotic use. More- genes, respectively. However, the bla  
NDM 

gene was 

over,  MDR-NFGNB  (66%  vs.  12.5%,  P=0.0004) 

and XDR-NFGNB (55.7% vs. 12.5%, P=0.001) iso- 

not detected in any of the isolates. Similar results on 

the distribution of carbapenem-resistance genes with 

lates were significantly more common in hospital- the predominance of the bla  
VIM 

gene were also re- 

ized patients than in outpatients. The frequency of 

these MDR/XDR isolates in our study was reported 

significantly higher in the burn ward than in other 

wards. In line with the results of this study, El-Ma- 

hallawy and et al., in 2015 also stated that the inci- 

dence of MDR-NFGNB isolates was significantly 

higher among hospitalized patients than outpatients 

(28). In another study, the level of resistance in 

Acinetobacter species was significantly higher in the 

isolates originating from inpatients (31). Farajzadeh 

Sheikh and colleagues in 2020 showed that the fre- 

quency of MDR P. aeruginosa isolates was higher in 

ported from many studies (6, 7, 11, 34).  Finally, the 

incidence of MDR (98.2% vs. 28.3%, P<0.001) and 

XDR (96.4% vs. 11.7%, P<0.001) in MBL-produc- 

ing NFGNB isolates in our study was significantly 

higher than non-MBL-producing NFGNB isolates. 

Furthermore, MBL NFGNB isolates (55% vs. 6.3%, 

P=0.0002) were significantly more common in hos- 

pitalized patients than in outpatients that the isolates 

had the highest frequency in the burn ward. In line 

with the results of this study, Choudhary and et al., 

in 2019 also indicated that the prevalence of MDR/ 

XDR P. aeruginosa isolates was significantly high- 
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er among the MBL group as compared to that in 

the non-MBL group (35). Another study found that 

MBL positive isolates of A. baumannii were show- 

ing significantly higher resistance to all antimicro- 

bials agents as compared to MBL negative isolates 

(8). In the study of Argenta and colleagues (2017), 

high levels of antibiotic resistance were reported in 

MBL-producing NFGNB isolates compared to Non- 

MBL isolates (1). In a previous study, all MBL-pro- 

ducing P. aeruginosa was isolated from In-patients 

only (10). Overall, the accurate identification and re- 

porting of MBL-producing NFGNB isolates would 

help select suitable antimicrobial therapy and prevent 

the further spread of these MDR isolates. Conse- 

quently, it is generally recommended that all carbap- 

enem-resistant NFGNB isolates to be tested for MBL 

production. 

A limitation of this study was the small sample 

size for S. maltophilia isolates, which could affect 

the likelihood of detecting antibiotic resistance and 

metallo-beta-lactamase genes in these isolates. Giv- 

en this, the investigation of the pattern of antibiotic 

resistance and the frequency of metallo-beta-lact- 

amase genes in S. maltophilia isolates with appropri- 

ate sample size may be of interest for future studies. 
 

 
 

CONCLUSION 

 
Our findings showed a high rate of carbapenem- 

and MDR resistant isolates among the NFGNB, es- 

pecially A. baumannii isolates. The results indicated 

that colistin was still an effective antibiotic for the 

treatment of infections caused by NFGNB. A high 

prevalence of MDR/XDR phenotypes among the 

MBL-producing NFGNB isolates highlights the 

importance of accurate identification of MBL pro- 

ducers and judicious use of carbapenems to prevent 

the further spread of these bacteria. The presence 

of these resistant bugs strongly reflects the need to 

rapidly promote the implementation of antimicrobial 

stewardship policies and robust microbiological sur- 

veillance programs in the hospitals. 
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