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A B S T R A C T 

Background: Carbapenem-resistant Gram-negative bacteria (CR-GNB) infections 

are prevalent in cancer patients with weakened immune systems, causing significant 

morbidity and mortality. The empirical use of antimicrobials has reduced mortality 

but led to the emergence of multidrug-resistant (MDR) bacteria. In this study, 

identification and susceptibility testing were carried out using standard procedures 

(Kirby-Bauer and broth microdilution techniques), and phenotypic and genotypic 

detection of carbapenemase-producing GNB isolated from adult cancer patients was 

performed using conventional procedures. Methods: One hundred and eight Gram-

negative bacteria were recovered from various specimens, with the most common 

isolates being, Escherichia (E.) coli (45; 41.7%), followed by Klebsiella spp. (38; 

35.2%), Acromobacter spp. (9;8.3%), Acinetobacter (A.) baumannii (5; 4.6%) and 

others including Enterobacter aerogenes, Raoultella ornithinolytica, Serratia 

fonticola, Citrobacter brakii, Comamonas testosteroni, Proteus mirabilis (11; 

10.2%). Concerningly, 64 of 108 Gram-negative bacterial isolates (59.3%) were 

MDR. Furthermore, 91 out of 108 GNB isolates (84.3%) revealed a pattern of 

meropenem resistance using the broth microdilution method, which is a worrying 

rise in the rate of carbapenem resistance. Following the modified carbapenem 

inactivation method (mCIM), EDTA carbapenem inactivation method (eCIM), and 

combined disc test as phenotypic tests for the preliminary screening of 

carbapenemase producers (CPs), conventional PCR was performed on the 91 

extracted DNA (Using 6 common carbapenemase primers). Results: It was found 

that blaNDM was the most common 60(66%), then blaOXA-48, VIM 47 (51.6%), 

blaIMP 32(35.2%), blaKPC 20(22.2%), and blaGES 12(13.2%). Conclusion: Based 

on these results, rapid and precise carbapenemase detection is crucial for clinical 

care, epidemiological investigations, and infection control. 
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Introduction

Millions of deaths each year are attributed 

to infections with multidrug-resistant bacteria 

(MDRB), making them a serious threat to public 

health [1]. Multidrug-resistant bacteria colonization 

is a major warning sign for developing subsequent 

MDRB infection [2, 3]. Prolonged hospital stay and 

antibiotic therapy are considered triggers for 

colonization, making cancer patients a population 

that is vulnerable to MDRB colonization [4], and 

cancer patients often exhibit these factors [5]. Gram-

positive bacteria (GPB) have dominated the 

bacterial pathogen population in cancer patients for 

several decades. yet, new studies have shown an 

epidemiological switch among numerous cancer 

treatment facilities, with the resurgence of GNB as 

prevalent bacteria in this type of setting[6, 7].  

Vancomycin-resistant enterococci (VRE) 

and CR-GNB colonization are of special concern 

because these bacteria have been associated with 

more disastrous outcomes than other MDRB, such 

as enterobacteria that produce extended-spectrum 

beta-lactamases(ESBLs) [8]. The prevalence of CR-

GNB infections has steadily increased as a result of 

the overuse and improper application of carbapenem 

antibiotics [9] a result of mobile genetic elements 

carrying beta-lactamases genes [10].  

The World Health Organisation (WHO) 

identified the pathogenic organisms of major threat 

in the global priority list of antibiotic-resistant 

bacteria as carbapenem-resistant Enterobacterales 

(CRE), carbapenem-resistant Acinetobacter 

baumannii (CRAB), and carbapenem-resistant 

Pseudomonas aeruginosa (CRPA), to guide 

research, the discovery, and the generation of novel 

antibiotics in 2017[11].  

Among the top six pathogens for 

resistance-related deaths are Klebsiella pneumoniae, 

A. baumannii, P. aeruginosa, and E. coli. CRAB 

and carbapenem-resistant K. pneumoniae (CRKP) 

are among the top seven MDR pathogens, each of 

which is responsible for more than 50,000 deaths 

linked to antimicrobial resistance [1]. Carbapenems 

are frequently the last class of antibiotics still in use 

to treat infections caused by MDR-GNB[12, 13].  

The most frequent causes of carbapenem 

resistance are acquired class A (KPC, IMI, GES), 

class B (IMP, VIM, NDM), and class D (OXA-48, 

OXA-181) carbapenemases[14, 15]. The spreading 

and transmission of the supporting genes are 

encouraged by their frequent associations with 

mobile genetic structures (such as plasmids, 

integrons, and transposons). Because of the high 

mortality rates among infected patients, 

carbapenemase-producing gram-negative bacteria 

(CP-GNB) are regarded as an urgent threat[16, 17]. 

Rapid detection of CPs is critical for 

treating this worrisome public health concern 

because of elevated fatality rates, significant 

antibiotic resistance that restricts options for 

therapy, and the great potential for worldwide 

spread [18]. Consequently, the goal of our study was 

to use phenotypic testing in addition to molecular 

techniques to establish the prevalence of CP-GNB 

in adult cancer patients. 

Patients and methods 

Ethical statement 

The study protocol was reviewed and approved by 

the Committee of Medical Ethics of the Faculty of 

Medicine, Assiut University, Egypt (IRB 

NO:17101590). Informed and written consent was 

obtained from all patients after explaining the 

study's purpose. 

Patients 

This cross-sectional study was carried out in the 

Department of Internal Medicine, Hematology Unit, 

and the Department of Clinical Pathology at South 

Egypt Cancer Institute, Assiut University, Assiut, 

Egypt. Inclusion criteria were all the admitted adult 

patients for the treatment of cancer and diagnosed 

with a Gram-negative bacterial infection from 

January 2022 to January 2023. A total of 2648 

patients were admitted to the Department of Internal 

Medicine, Hematology Unit, and the microbiology 

laboratory, Department of Clinical Pathology at 

South Egypt Cancer Institute during the study 

period. 348 patients were adult cancer patients 

diagnosed with infections. Out of these, 108 patients 

had documented Gram-negative bacterial infections. 

Methods  

Collection and examination of bacterial isolates  

One hundred and eight Gram-negative bacterial 

isolates were recovered from urine cultures, blood 

cultures, sputum cultures, pus, rectal swabs, throat 

swabs, stool, and paracentesis from 108 adult cancer 

patients. Microscopic examination, culture 

procedures, and biochemical tests were used to 

detect, isolate, and identify pathogens in the 

specimens [19] and confirmed by VITEK 2 system 

(Model compact, Biomerieux, USA). 
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Antibiotic sensitivity testing by disc diffusion 

method  

Antibiotic susceptibility testing for commonly used 

antimicrobials like imipenem (10 mg), meropenem 

(10 mg), ceftriaxone (30 mg), ciprofloxacin (5 mg), 

and amikacin (30 mg) was carried out on using the 

Kirby-Bauer method. Isolates with resistance to at 

least one agent in three or more antibiotic categories 

were identified as MDR[20]. VITEK AST validated 

the results, and the antibiotic names and standard 

inhibition diameters were utilized following CLSI 

guidelines, 2020 [21]. As a quality control, the 

reference strain E. coli ATCC 8739 was employed. 

Carbapenem susceptibility testing and 

determination of minimum inhibitory 

concentration (MICs) 

The carbapenem susceptibility pattern of isolates to 

meropenem was tested for their MICs against 

meropenem using the broth microdilution method in 

96 multi-well microtiter plates according to the 

CLSI 2020 reference standards. Isolates with 

resistance patterns to meropenem were regarded 

as carbapenem-resistant[22]. As a quality control, E. 

coli ATCC 8739 was employed. 

Phenotypic detection of carbapenemase 

producers (CPs) 

To perform phenotypic testing, two methods the 

mCIM and eCIM test and the combined disc test 

were employed. 

Modified carbapenem inactivation method 

(mCIM) and EDTA carbapenem inactivation 

method (eCIM) methods.

On isolates that were not susceptible to at least one 

carbapenem, a modified carbapenem inactivation 

method was employed. Briefly, two tubes 

containing 2 ml of tryptic soy broth (TSB) are 

resuspended with a 1μl loopful of isolates that are 

carbapenem-resistant with probable carbapenemase 

activity. While the second tube (eCIM) had EDTA 

with a final concentration of 5 mM, the first tube 

(mCIM) did not contain any EDTA at all. Each tube 

contained a 10 μg meropenem disc, which was 

incubated for 4 h ±15 min at 35ºc in ambient air. The 

discs were removed and plated on Mueller-Hinton 

agar (MHA) plates that had just been plated with a 

0.5 McFarland suspension of the E. Coli ATCC 

8739 strain. After incubation for 18-24hr, the results 

were interpreted [23]. 

Combined disc test 

Combined discs of meropenem alone and with those 

of phenylboronic acid (PBA) or ethylene diamine 

tetra acetic acid (EDTA) or both PBA and EDTA 

were used to detect the production of 

carbapenemase and to differentiate the KPC and 

MBLs enzymes. The diameter of the growth 

inhibitory zone around the meropenem disc in the 

presence of PBA, EDTA, and PBA+EDTA was 

compared to that of the plain meropenem disc[24]. 

Polymerase chain reaction (PCR) amplification 

of carbapenemases genes 

According to Junior et al. using the boiling 

technique, total DNA was extracted from bacterial 

isolates [25]. The extracted DNA was 

spectrophotometrically quantified using a Nanodrop 

spectrophotometer (Epoch, USA). The detection of 

genes encoding carbapenemase was performed in a 

thermocycler (SensoQuest Labcycler, Germany) 

using specific oligonucleotide primers (Table 1). 

The PCR product was visualized after agarose gel 

electrophoresis.  

Statistical analysis 

SPSS (Statistical Package for the Social Science, 

version 20, IBM, Armonk, New York) was used to 

gather and analyze the data. To investigate whether 

the data adhered to a normal distribution, the 

Shapiro test was applied. Quantitative data with 

normal distribution are expressed as mean ± 

standard deviation (SD) and compared with Student 

T -test (two different means) and ANOVA test (> 

two different means). Numbers (n) and percentages 

(%) are used to represent nominal data. The receiver 

operator characteristics (ROC) curve was used to 

compare the MEM susceptibility pattern by disc 

diffusion methods to the MIC by broth 

microdilution method and the accuracy of the 

combined disc test and mCIM in predicting 

carbapenemase production to the PCR as the gold 

standard test. The level of confidence was 

maintained at 95%, so. p value of less than 0.05 was 

deemed significant. 
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Table 1. PCR primers for target genes and their sequence. 

Primer Sequence (5′ to 3′) Amplicon Size 

(base pair) (bp) 

Annealing 

temperature 

Gene Reference 

NDM-1F 

NDM-1R 

GGTTTGGCGATCTGGTTTTC 

CGGAATGGCTCATCACGATC 

621 57 blaNDM-1 [26] 

OXA-48F 

OXA-48R 

TTGGTGGCATCGATTATCGG 

GAGCACTTCTTTTGTGATGGC 

744 58 blaOXA-48 [27] 

KPC F 

KPC R 

ATTTTCAGAGCCTTACTGCCC 

TATCGTTGATGTCACTGTATCG 

901 55 blaKPC [28] 

GES F 

GES R 

ATGCGCTTCATTCACGCAC 

CTATTTGTCCGTGCTCAGG 

864 60 blaGES [27] 

IMP F 

IMP R 

GGAATAGAGTGGCTTAAYTC 

TCGGTTTAAYAAAACAACCACC 

232 55 blaIMP [26] 

VIM F 

VIM R 

GATGGTGTTTGGTCGCATA 

CGAATGCGCAGCACCAG 

390 55 blaVIM [26] 

Results 

Demographic and clinical profiles of cancer 

patients 

One hundred and eight adult cancer patients with a 

mean age of 51 ± 17.26 (years) with a range between 

18 and 91 years old were studied. As seen in table 

(2) sixty-three (58.3%) were males, The most 

frequent source of malignancy was hematological 

(28.7%), genito-urinary tract (27.8%), and 

gastrointestinal tract (25.9%) malignancies, 

respectively. 

Frequency and percentage of isolated GNB from 

collected specimens 

Out of 108 GNB that were obtained and recovered 

from various clinical specimens during the study, 

The most frequently isolated bacteria were E. coli 

(41.7%) and Klebsiella species (35.2%), and the 

least isolated were Citrobacter brakii, Comamonas 

testosteroni, and Proteus mirabilis in one patient 

according to table (3). 

Specimen type 

Of a total of 108 specimens,45 (41.7%) was urine, 

23(21.3%) blood, 19(17.6%) sputum and 12(11.1%) 

pus, 5(4.6%) rectal swab, 2(1.9%) throat swab, 

1(0.9%) stool and 1(0.9%) ascetic fluid sample. 

Antibiotic sensitivity testing by disc diffusion 

method  

Following CLSI guidelines 2020, the Kirby-Bauer 

disc diffusion method was used to test the antibiotic 

susceptibility of isolated GNB. The highest 

resistance was found against ceftriaxone (CTR) 

98.1% (106/108), followed by ciprofloxacin (CIP) 

91.7% (99/108), meropenem (MEM) 60.2% 

(65/108), amikacin (AK) 54.6% (59/108), and the 

least resistance was observed against imipenem 

(IMP) 36.1% (39/108).  

Prevalence of MDR bacterial isolates based on 

age group, sex, and types of isolates. 

For each isolate, MDR level was assessed, out of 

108 bacterial isolates, 59.3% (64/108) were MDR 

bacteria. Twenty (18.5%) isolates were PDR, which 

were resistant to all antibiotics employed in our 

study. Table 4 shows the level of resistance based 

on age groups, sex, and types of isolates 

respectively. 

It was found that the age group of 40-59 years had 

the highest frequency of MDR (35.9%) and PDR 

(45%) with no significant difference (p= 0.36). Also, 

MDR and PDR were frequently present in males 

(56.3% vs. 55%; respectively) in comparison to 

females (43.8% vs. 45%; respectively) with no 

significant difference (p= 0.56). 

The highest frequency of bacterial isolates with 

MDR was found in E. coli (42.2%; 27/64), followed 

by Klebsiella species (31.3%; 20/64) while the 

highest frequency of bacterial isolates with PDR 

was found in Klebsiella species (55%; 11/20) 

followed by E. coli (25%; 5/20), with no significant 

difference (p=0.39). 

Carbapenem susceptibility testing and 

determination of minimum inhibitory 

concentration (MICs) 

Meropenem resistance was found in 91 (84.3%) 

isolates, and meropenem sensitivity was found in 17 

(15.7%), according to the MIC by broth 

microdilution method findings. By using disc 

diffusion and the broth microdilution method, the 

prevalence of meropenem resistance was assessed, 

as well as the screening of potential CPs. 
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Accuracy of MEM susceptibility pattern by disc 

diffusion methods as compared by MIC by broth 

microdilution method.  

It was found that MEM susceptibility test by disc 

diffusion had 100% sensitivity, and 40% specificity 

with 76.1% overall accuracy in the prediction of 

MEM susceptibility pattern as compared to MIC by 

broth microdilution method as more accurate 

method with an area under the curve (AUC) was 

0.698 with p< 0.001 as shown in table (5) and figure 

(1). 

Phenotypic detection of carbapenemase 

producers  

mCIM and eCIM test 

The mCIM method was used to identify 82 (90.1%) 

of the 91 isolates of carbapenem-resistant bacteria as 

carbapenemase-producing isolates. Comparing the 

results of mCIM and those of eCIM revealed that 20 

(24.4%) isolates were detected as serine 

carbapenemase-producing isolates, and 62 (75.6%) 

out of 82 isolates were metallo β-lactamase (MBLs) 

producers as shown in figure (2Ⅰ). 

Combined disc test 

Only 69 (75.8%) of the 91 carbapenem-resistant 

isolates produced KPC, MBL, and KPC+MBL 

enzymes, and 22 (24.2%) of the isolates tested 

negative for both KPC and MBL using the combined 

disc test. Among the 69 carbapenemase-producing 

isolates, 9.9% (9/91) produced KPC, 35.2% (32/91) 

produced MBLs, and 30.7% (28/91) produced both 

KPC and MBLs as shown in figure (2Ⅱ). 

Detection of carbapenemases genes by 

conventional PCR 

Carbapenem-resistant isolates were screened for six 

carbapenemase genes by PCR, and the result of PCR 

revealed that 8 (8.8%) isolates haven't any one of 

those genes while the other 83 (91.2%) isolates had 

either single (17.5%) or more than one gene 

(73.7%). The most frequent genes were NDM 

(66%), OXA-48 (51.6%), and VIM (51.6%) as 

shown in table (6) and figure (3). Also, dual 

coexistence of genes were frequently found among 

the isolates and the most commonly detected genes 

were OXA-48&NDM (40.7%) and NDM&VIM 

(35.2%). Triple coexistence in the form of OXA-

48+GES+KPC and NDM+VIM+IMP was found in 3 

(3.3%) and 13 (14.3%) isolates; respectively as 

shown in table (6) and figure (4).  

Escherichia coli ATCC® 8739 TM* reference 

strain was positive for bla OXA-48 and bla IMP 

gene, Klebsiella pneumoniae ATCC® 33495 TM* 

was positive for bla OXA-48, bla VIM and bla IMP 

gene. Figure 5 shows gel electrophoresis of 

carbapenemases genes. 

Accuracy of combined disc test and mCIM in the 

prediction of carbapenemase production 

compared to PCR as a gold standard.  

It was found that the combined disc test has 94% 

sensitivity and, 50% specificity with 90.1% overall 

accuracy in the prediction of 

carbapenemases(CPases) production with an area 

under the curve was 0.720 while mCIM has 78% 

sensitivity and, 50% specificity with 75.5% overall 

accuracy in prediction of CPases production with an 

area under the curve was 0.642 as shown in table (6) 

and figure (3).  

Table 2. Demographic and clinical profiles of cancer patients. 

N= 108 

Age (years) 

Range 

Age groups 

 18-39 years 

 40-59 years 

 ≥ 60 years 

51 ± 17.26 

18-91 

27 (25%) 

41 (38%) 

40 (37%) 

Sex 

   Male 

   Female 

63 (58.3%) 

45 (41.7%) 

Site of malignancy 

   Hematological malignancy 

   Genito-urinary tract 

   Gastrointestinal tract 

   Breast cancer  

   Sarcoma  

   Lung cancer  

   Thyroid cancer  

   Unknown primary  

31 (28.7%) 

30 (27.8%) 

28 (25.9%) 

5 (4.6%) 

4 (3.7%) 

3 (2.8%) 

1 (0.9%) 

6 (5.6%) 
Data expressed as frequency (percentage), mean (SD), and range. 
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Table 3. Frequency and percentage of isolated Gram-negative bacteria from collected specimens. 

Isolated bacteria N= 108 

E. coli 45 (41.7%) 

Klebsiella species 38 (35.2%) 

Acromobacter species 9 (8.3%) 

Acinetobacter baumanii 5 (4.6%) 

Enterobacter aerogenes 4 (3.7%) 

Raoultella ornithinolytica 2 (1.9%) 

Serratia fonticola 2 (1.9%) 

Citrobacter brakii 1 (0.9%) 

Comamonas testosteroni 1 (0.9%) 

Proteus mirabilis 1 (0.9%) 
Data expressed as frequency (percentage). 

Table 4. Level of resistance based on age group, sex, and types of isolates. 

Level of resistance P value 

MDR (n= 64) PDR (n= 20) 

Age groups 

18-39 years 

40-59 years 

≥ 60 years 

20 (31.3%) 

23 (35.9%) 

21 (32.8%) 

3 (15%) 

9 (45%) 

8 (40%) 

 0.36 

Sex 

Male 

Female 

36 (56.3%) 

28 (43.8%) 

11 (55%) 

9 (45%) 

 0.56 

Isolated bacteria  0.39 

E. coli 27 (42.2%) 5 (25%) 

Klebsiella species 20 (31.3%) 11 (55%) 

Acromobacter species 7 (10.9%) 1 (5%) 

Acinetobacter baumanii 2 (3.1%) 1 (5%) 

Enterobacter aerogenes 2 (3.1%) 1 (5%) 

Raoultella ornithinolytica 2 (3.1%) 0 

Serratia fonticola 2 (3.1%) 0 

Citrobacter brakii 0 1 (5%) 

Comamonas testosteroni 1 (1.6%) 0 

Proteus mirabilis 1 (1.6%) 0 

Data expressed as frequency (percentage). P value was significant if < 0.05. MDR: multi-drug resistance; PDR: pan-drug resistance. 

Table 5. Accuracy of MEM susceptibility pattern by disc diffusion method. 

Indices Value 

Sensitivity 100% 

Specificity 40% 

Positive predictive value 71.4% 

Negative predictive value 100% 

Accuracy 76.1% 

Area under curve 0.698 

P value < 0.001* 

P value was significant if < 0.05. 
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Table 6. Detection of carbapenemase genes in carbapenem-resistant isolates. 

Carbapenemase genes N= 91 

     NDM 60 (66%) 

     OXA-48 47 (51.6%) 

     VIM 47 (51.6%) 

     IPM 32 (35.2%) 

     KPC 20 (22.2%) 

     GES 12 (13.2%) 

Dual coexistence 

OXA-48+NDM 37 (40.7%) 

OXA-48+VIM 23 (25.3%) 

OXA-48+IMP 14 (15.4%) 

OXA-48+GES 6 (6.6%) 

OXA-48+KPC 10 (11%) 

NDM+VIM 32 (35.2%) 

NDM+IMP 20 (22%) 

NDM+GES 8 (8.8%) 

NDM+KPC 11 (12.1%) 

VIM+IMP 23 (25.3%) 

VIM+GES 9 (9.9%) 

VIM+KPC 14 (15.4%) 

IMP+GES 8 (8.8%) 

IMP+KPC 13 (14.3%) 

GES+KPC 9 (9.9%) 

Triple coexistence 

OXA-48+GES+KPC 3 (3.3%) 

NDM+VIM+IMP 13 (14.3%) 

Data expressed as frequency (percentage). 

Table 7. Accuracy of combined disc test and mCIM in the prediction of CPase production. 

Indices mCIM Combined disc test 

Sensitivity 78%       94% 

Specificity 50%       50% 

Positive predictive value 94%       95% 

Negative predictive value 18%       44% 

Accuracy 75.5%       90.1% 

Area under curve 0.642       0.720 

P value 0.145       0.021 

P value was significant if < 0.05. 
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Figure 1. ROC curve MEM susceptibility pattern by disk diffusion method. 

Figure 2. Ⅰ) Phenotypic mCIM and eCIM A) Serine carbapenemases-producing isolates; B) MBLs-producing 

isolates; C) non-carbapenemases-producing isolates Ⅱ) Phenotypic Combined disc test A) Serine 

carbapenemases-producing isolates; B) MBLs producing isolates; C) non-carbapenemases-producing isolates.. 

Figure 3. Detection of carbapenemase genes in carbapenem-resistant bacterial isolates. 

860



El.Nobi D et al. / Microbes and Infectious Diseases 2023; 4(3): 853-870 

Figure 4. Coexistence of carbapenemase genes in carbapenem-resistant bacterial isolates. 
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Figure 5. Agarose gel electrophoresis of Ⅰ) OXA-48 gene product (amplified size 744 bp) PC: positive control 

Escherichia coli ATCC® 8739 TM* reference strain, Lane 1&2: positive results for the gene, Lane 3&4: negative 

results for the gene; Ⅱ) VIM gene product (amplified size 390 bp). Lane (M), molecular size marker of DNA 

(100-1500bp Ladder). PC: positive control Klebsiella pneumoniae ATCC® 33495 TM* reference strain, Lane 

1&2: positive results for the gene, Lane 3&4: negative results for the gene;Ⅲ) IMP gene product (amplified size 

232 bp). Lane (M), molecular size marker of DNA (100-1500bp Ladder). PC: positive control Escherichia coli 

ATCC® 8739 TM* reference strain, Lane 1: positive result for the gene, Lane 2-5: negative results for the gene; 

Ⅳ) NDM gene product (amplified size 621 bp). Lane (M), molecular size marker of DNA (100-1500bp Ladder), 

Lane 1 -3: positive results for the gene, Lane 4&5: negative results for the gene; Ⅴ) KPC gene product (amplified 

size 901 bp). Lane (M), molecular size marker of DNA (100-1500bp Ladder). Lane 1 -3: positive results for the 

gene, Lane 4-6: negative results for the gene; Ⅵ) GES gene product (amplified size 864 bp). Lane (M), molecular 

size marker of DNA (100-1500bp Ladder). Lane 1 -3: positive results for the gene, Lane 4-6: negative results for 

the gene. 
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Figure 6. Accuracy of combined disc test and mCIM in the prediction of CPase production compared to PCR as 

a gold standard. 

Discussion 

Infections are still a major source of 

substantial morbidity and mortality in cancer 

patients. Gram-negative bacteria have dominated 

the scene as the main source of infections in cancer 

patients [29]. Klebsiella pneumoniae, Pseudomonas 

aeruginosa, and A. baumannii are Gram-negative 

bacteria that have been more frequently linked to 

cancer patients[30]. 

Haematological (28.7%) and genitourinary 

(27.8%) malignancies were the most prevalent 

sources of malignancy in our study. In the study of 

Lakshmaiah et al. lymphoma, leukemia, and germ-

cell tumors were the most prevalent sources of 

malignancy[31]. According to Tamai et al. blood 

malignancies are the most prevalent type of 

malignancy[32]. 

Forty-one point seven (41.7%) and 21.3%, 

respectively, of the recovered Gram-negative 

bacterial isolates in our study were from urine and 

blood cultures. Approximately 100% of patients in 

various studies reported having bacteremia[33, 34]. 

The frequency of positive urine and blood cultures 

was 5% and 8%, respectively, in the study by 

Soroush et al.[35]. 

Among a total of 108 bacterial isolates, the 

most frequently isolated bacteria were E. coli, 

Klebsiella spp., and Acromobacter spp. 

respectively. The microbiological findings of our 

study were consistent with those of previous studies 

that highlight the ongoing dangers posed by GNB, 

particularly E. coli, and Klebsiella spp. in leukemic 

hosts [36, 37]. 

Utilizing the Kirby Bauer diffusion 

method, our study identified the antibiotic 

sensitivity pattern of each isolate. Based on this, 

ceftriaxone is the antibiotic that is most commonly 

resistant (98.1%), followed by ciprofloxacin 

(91.7%), meropenem (60.2%), and amikacin 

(54.6%), all of which have more than 50% of the 

resistance. This result is consistent with a study 

conducted by Babypadmini et al. that found 91.6% 

of ESBL-producing E. coli bacteria to be resistant to 

fluoroquinolones using the disc diffusion method 

[38]. In contrast to our study, a lower rate of 

ciprofloxacin resistance was reported [39-41]. 

In our study, MDR GNB isolation rates 

were higher (59.3%), which may be related to 

variances in antibiotic policy or indiscriminate 

consumption of antibiotics in some cases in our 

hospital. This result is consistent with earlier data 

from Germany University Hospital, where 143 

rectal swabs from refugees were taken, and 60.8% 

of those were positive for MDR GNB[42]. In 

Ethiopia, a higher frequency ( ≥ 70%) of 

fermentative GNB recovered from ICU patients was 

found[41]. In contrast, the ICUs at Germany 

University Hospital had a lower prevalence of MDR 

infections [43] and Mexico cancer center [44] 

recorded 33.8%, and 39.5% among 325 and 266 

isolated bacteria, respectively.  

The major driving factor for the rapid 

evolution of MDR is lateral gene transfer, which is 

controlled by a variety of mobile genetic elements. 

Transposons and/or plasmids frequently contain 

integrons that promote the spread of resistance 

genes [45]. 

Multidrug-resistant (MDR) bacterial 

infections, particularly those caused by CR-GNB, 

are on the rise and pose a serious threat to the health 

of the public since they are related to elevated 

incidence of cancer patients morbidity and mortality 

[46]. 

862



El.Nobi D et al. / Microbes and Infectious Diseases 2023; 4(3): 853-870 

In our study, we used the more sensitive 

broth microdilution method in addition to disc 

diffusion to assess carbapenem resistance. By using 

the disc diffusion method and the broth 

microdilution method, respectively, the results 

showed that 65 (60.2%) and 91 (84.3%) of the 

isolates were meropenem resistant [47]. This 

percentage of resistance (84.3%) exceeds the 

percentages reported in recent Egyptian research 

documenting the isolation of CRE, which were 

46%[48], 68.8% [49] 59%[50], from patients with 

malignancy, and 48% from ICUs[51]. In the study 

conducted by Hassuna et al. it was found that 95% 

of the K. pneumoniae isolates were resistant to 

carbapenem [52]. The study period, area, and 

laboratory technique used may be the causes of this 

discrepancy.  

Since the outbreak of CR-GNB some years 

ago, they have become one of the top causes of death 

among hospital-acquired infections [53]. This has 

raised concern about developing reliable and quick 

methods for detecting carbapenemases using 

phenotypic or genotypic approaches, which are a 

major driver of carbapenem resistance 

dissemination [54]. In our study, we attempted to 

compare the two phenotypic techniques of 

combined disc test, eCIM, and mCIM for 

carbapenemase detection in CR-GNB. Additionally, 

conventional PCR was carried out as a reference 

technique to identify six genes encoding 

carbapenemase [55, 56]. 

Carbapenemase detection can be 

challenging since the magnitude of carbapenem 

resistance triggered by carbapenemase expression 

alters and no one phenotypic test can be 

considered adequate for all circumstances [57]. 

In our study, we evaluated all 91 isolates of 

carbapenem-resistant bacteria, and the mCIM 

technique identified 82 (90.1%) of them as 

carbapenemase-producing isolates. A comparison of 

the mCIM and eCIM results revealed that 62 

(75.6%) of the 82 CPs are MBL producers. 

However, The failure of the eCIM assay to 

discriminate between serine and MBL 

carbapenemase production in isolates expressing 

both enzymes is one of its drawbacks [23].  

Using eCIM, 62 isolates were identified as 

MBL producers in our study. Moreover, eCIM 

demonstrated great accuracy in identifying 58 

isolates as MBLs (NDM, VIM, and IMP) 

carbapenemase producers when results were 

compared to those from PCR.; however, 35 isolates 

possessed both MBLs and serine carbapenemases, 

and twenty isolates were identified as serine 

carbapenemase producers using eCIM. likewise, 

comparing eCIM and PCR findings showed that 

seventeen isolates possessed both MBLs and serine 

carbapenemases. As a result, mCIM and eCIM are 

highly specific in circumstances where the isolate 

solely produces MBLs or serine carbapenemases. 

In our study, The dual application of 

the inhibitors, PBA and EDTA, to detect MBL and 

KPC coproduction. Employing both inhibitors 

appears to weaken both carbapenemases activity 

against meropenem, making it possible to identify 

isolates that co-produce these enzymes almost all 

the time. 

Of these 91 carbapenem-resistant bacterial 

isolates, 69(75.8%) isolates were producing KPC, 

MBL, and KPC+MBL enzymes. Twenty-two 

isolates were negative for KPC, MBL, and both by 

combined disc test. Among the 69 carbapenemase-

producing isolates, 9 (9.9%) produced KPC, 32 

(35.2%) produced MBL, and 28 (30.7%) produced 

both KPC+MBL. According to a study by Bansal et 

al. and Baraniak et al. KPC producers were more 

prevalent than MBL producers, but in our study, 

MBL producers were more prevalent. [58, 59]. 

In Enterobacteriaceae, MBLs and KPC are 

regarded as significant hazards, and they may be the 

cause of clinical failure in approximately all β-

lactam antibiotic-treated patients [15, 60]. 

Additionally, KPC and MBL genes are frequently 

co-transferred with ESBL, fluoroquinolone, and 

aminoglycoside resistance genes via plasmids[15, 

61-63]. In our study, the co-production of MBL and 

KPC was 30.7%, which was consistent with the 

findings of Tsakris et al. who found the co-

production of MBL and KPC to be 21.98%[24]. Co-

production of both enzymes may contribute to their 

hydrolytic activity and degrees of resistance to 

broad-spectrum β-lactams, as well as their possible 

co-migration. 

In our study, carbapenemase genes were 

detected using a polymerase chain reaction in 

meropenem-resistant GNB. One or more 

carbapenemase genes were found in 83 (91.2%) of 

the 91 isolates tested. blaNDM was the most 

common gene in the isolates (66%), followed by 

OXA-48 and VIM (51.6%). 

Several studies used various genotypic 

approaches to investigate the prevalence of 

carbapenemase genes. One hundred and three 

(71.53%) carbapenem-resistant organisms were 
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found to have carbapenemase genes by Rudresh et 

al. using PCR. NDM (52%), OXA-48 (28%), 

multiple genes (20%), and VIM (3%), with no KPC 

or IPM genes found, represent the distribution of 

carbapenemase genes[64]. The most often identified 

genes were KPC and NDM, which were present in 

19 (38%) of the isolates in Egypt, where ERFAN et 

al. utilized PCR to identify carbapenemase genes in 

42 meropenem-resistant GNB (84%)[65]. El 

Naggar observed that 28 (75.7%) of the 37 

carbapenem-resistant isolates and confirmed the 

production of carbapenemases using phenotypic 

techniques were also positive for carbapenemase 

genes via multiplex PCR;   KPC 6 (21.4%), NDM 9 

(31.2%), OXA 7 (25%), IMP 5 (17.9%), and VIM 1 

(3.6%)[66]. The carbapenemase gene distribution 

varies according to geographical region, 

antimicrobial agent use, the pattern of commonly 

found pathogens, and preventative methods for 

infection control. Since the genes that encode 

carbapenemase are typically found on plasmids, this 

resistance mechanism has a higher likelihood of 

spreading[67] 

The high prevalence of the NDM gene due 

to the plasmids carrying blaNDM-1 is a versatile 

gene that can incorporate a large number of other 

resistance genes (for example, ESBL-alleles) as well 

as other carbapenemase genes such as blaOXA-48 

and blaVIM. These plasmids were thought to be the 

cause of multidrug resistance in a single bacteria[68, 

69]. 

The elevated level of OXA-48 in cancer 

patients is concerning due to the difficulty in 

detecting it using accurate phenotypic techniques, 

its correlation with therapy failure, and its spread 

rapidly via transferable plasmids [70].  

Our findings showed that 

Carbapenemases-encoding genes coexisted widely 

(73.7%), which may be due to the ease with which 

these genes can be transferred between various 

healthcare facilities since they are carried on mobile 

genetic elements [71]. In 32 isolates (35.2%), both 

blaNDM and blaVIM genes were detected. 

Compared to the previous study from Egypt by 

Kamel et al. this percentage is higher[48] and 

Khalil et al. [72] in which such association was 

found in only 1 (3%) and 4 (8.7%) isolates, 

respectively. Whilst, further recent studies reported 

higher percentages ranging between 69% [73] and 

100% [52].  

In contrast, the dual coexistence of 

blaNDM and blaKPC was found in 11 (12.1%) of 

the isolates, which is close to the findings of El-

Kholy et al. (10%)[74] but is substantially more 

than the results obtained by Ragheb et al. (5%)[73], 

and  Khalil et al. (8.7%)[72]. Furthermore, blaVIM 

and blaKPC were found in 14(15.4%) of the isolates, 

which is consistent with prior studies with 

comparable frequencies[72, 73]. 

To determine the precise types of 

carbapenemases that are present in an isolate, it is 

preferable to conduct the mCIM, eCIM, and 

combined disc tests concurrently because they are 

complementing phenotypic assays. The combined 

disc test, compared to the mCIM test, was superior 

owing to higher sensitivity. Overall, for 

differentiating between the various carbapenemase 

types, the genotypic technique is the ideal and most 

accurate method [75]. 
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