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Introduction 

Cancer is a pathological disease which is 

characterized by stepwise deregulation of cell 

apoptosis and proliferation, with significant 

morbidity and mortality globally [1]. In 2022, the 

incidence of cancer was about 20 million cases with 

about 9.7 million deaths related to cancer all over 

the world [2]. In Egypt, the estimated cancer cases 

in 2018 were 134,632 with 89,042 deaths [3]. 

 Cancer patients are immune compromised 

by many factors including chemotherapy, surgery, 

malnutrition and radiation. As a result, they are more 

susceptible to bacterial and fungal infections [4]. In 

cancer patients, the mortality rate of fatal infections 
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Background:  Cancer patients are at an increasing risk of developing infections that 

increase morbidity and mortality. The present study aimed to identify different 

pathogens isolated from infected cancer patients with evaluating the anti-microbial 

susceptibility pattern of bacterial isolates.  Methods: 228 samples were collected 

from infected cancer patients. Bacteriological and fungal examinations were 

performed using standard methods. Bactec FX40 system was used for blood 

samples. Antimicrobial susceptibility tests were conducted according to Clinical 

and Laboratory Standards Institute (CLSI) guidelines. Results: The majority of 

samples revealed single pathogens with a predominance of Gram-negative bacteria 

(46%). Escherichia coli (E. coli) spp. was the most frequently isolated pathogen, 

followed by Klebsiella pneumoniae (K. pneumoniae) and Staphylococcus aureus 

(Staph. aureus). Candida albicans isolated from the majority of fungal infections. 

About 62.7% of bacterial isolates were multidrug-resistant with predominance of E. 

coli spp., K. pneumoniae and Staphylococcus aureus. About 40% of isolated Gram-

negative bacteria were carbapenem-resistant (CR) with predominance of CR K. 

pneumoniae. 74.2% of Staphylococcus aureus were MRSA, 13% were VRSA and 

40% of Enterococci were VRE. Escherichia coli spp., K. pneumoniae and 

Staphylococcus aureus represented the majority of MDROs with 22.5%, 21.6% and 

20.7% respectively, while K. pneumoniae represented the majority of PDROs with 

44.4%. Patient hospitalization and the presence of medical devices were risk factors 

with positive culture results. Conclusions: High rate of infection was detected 

among cancer patients with a predominance of MDROs. The regular revision of the 

antimicrobial policy based on microbiological data can reduce MDRO in cancer 

patients. 
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was nearly three times the general population [5]. 

Among adults, mortality on top of infections caused 

by hematological and solid tumors is about 60% and 

50% respectively [6]. Bloodstream infections 

represent most infections in cancer patients, 

followed by respiratory tract infections (RTIs), 

urinary tract infections (UTIs), skin infections (SIs) 

and gastrointestinal tract (GIT) infections [5]. 

Because of suppressed immunity in cancer 

patients, they are more susceptible to colonization 

with anaerobes. Anaerobes are mostly isolated from 

GIT infections and surgical site infections [7]. 

Clostridium bacteremia is associated with 

hematological and gastrointestinal malignancies 

causing severe and fatal infections [7]. 

Regarding fungal infections, Aspergillus 

species (spp.) and Candida albicans are the most 

common fungi causing invasive infections, but non-

Candida albicans and other organisms like 

Mucorales, and Fusarium spp. are found 

infrequently [8].  

In oncologic patients, both surgical 

intervention and ICU admission represent major risk 

factors for developing healthcare-associated 

infections with multidrug-resistant organisms 

(MDROs). Healthcare-associated infections result 

in prolonged hospitalization, treatment delays 

and/or interruption, chemotherapy/radiotherapy 

(RT) dose reduction which result in cancer 

recurrence  and increase the mortality rate [9].   

Although the usage of empirical 

antimicrobials has decreased the mortality rate in 

cancer patients, it has also led to the emergence of 

multidrug-resistant bacteria [10]. The prevalence of 

MDROs steadily increased from 10.3% during 

2003–2007 to 39.7% during 2018–2022 [11]. In 

Egypt, a study among cancer patients in the ICU 

showed that 62.7% of isolates were MDROs [12].  

Extended-spectrum β-lactamase-producing 

Enterobacteriaceae (ESBL-PE), multidrug-resistant 

(MDR) Pseudomonas aeruginosa, carbapenem-

resistant Enterobacteriaceae (CRE), Acinetobacter 

baumannii and methicillin-resistant Staphylococcus 

aureus (MRSA) have been increasingly identified as 

the predominant causative pathogens in cancer 

patients due to the phenomenon of antibiotics 

misuse [13].  

The objectives of this study are to identify 

different pathogens isolated from infected cancer 

patients, assess the anti-microbial susceptibility 

pattern of bacterial isolates, together with 

correlation between types of infection with the 

underlying cancer disease and type of treatment.  

Material and Methods  

Study design  

This cross-sectional study was carried out 

in the Medical Microbiology and Immunology 

Department and Clinical Oncology Department of 

Tanta University Hospitals from January 2023 to 

January 2024. The study was approved by the 

Institutional Review Board of the Faculty of 

Medicine, Tanta University, Egypt (approval code 

36223/12/22). The study was conducted in 

accordance with the Declaration of Helsinki 

guidelines. 

Sample size 

The sample size for cancer patients was 

calculated using Open-Epi. The minimal sample 

size calculated was 228 

Study subjects  

Adult cancer patients (more than 18 years 

old) admitted to clinical oncology department with 

clinical symptoms and signs of infection, either 

community-acquired, or healthcare-associated 

infections (infections that developed after 48 hours 

of admission) were included in this study. Patients’ 

medical history was recorded, including name, age, 

gender, admission date, associated comorbidity, 

type and duration of cancer, type, duration of 

treatment received and clinical outcome. Patients 

refused to participate or children below 18 years 

were excluded.  

Sample collection 

All types of samples from adult cancer 

patients were collected in sterile containers under 

complete aseptic techniques. In order to ensure 

participant privacy and data confidentiality, each 

sample was assigned a code number and transferred 

as soon as possible to the Microbiology and 

Immunology Department laboratory.  

Identification of bacterial isolates  

All samples were cultured aerobically on 

nutrient agar, MacConkey, blood agar, Sabaroud 

dextrose agar (Oxoid, Basingstoke, UK). Then all 

cultivated plates were incubated at 37°c for 24-48 

hrs. Also, all samples were cultivated anaerobically 

on Robertson cooked meat broth and incubated for 

48 hours. Then, Gram stain smears were made, 

followed by anaerobic incubation using an 

anaerobic gas pack system for 72 hrs on selective 

media as blood agar with neomycin for isolation of 
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Clostridia species. A quantitative culture was done 

to urine and broncho-alveolar lavage samples using 

calibrated loops to differentiate between 

colonization and infection [14].  

BACTEC FX40 system was used for the 

cultivation of blood samples aerobically and 

anaerobically by automated blood culture vials 

(bioMérieux ®) [15]. Phenotypic detection of the 

isolated pathogens was based primarily on standard 

microbiological procedures such as colony 

morphology, Gram staining reaction, and 

biochemical reactions [14]. Render MA120 (Render 

Biotech Co., China) was used to confirm bacterial 

isolates and identification of pathogens that could 

not be identified using routine conventional 

methods. The Render MA120 principle is 

colorimetry for identification and turbidimetry for 

susceptibility testing [16].  

Antimicrobial susceptibility testing 

All identified pathogens were subjected to 

antimicrobial susceptibility testing using the Kirby 

disc diffusion method on Mueller-Hinton agar plates 

(Oxoid, UK). By Clinical and Laboratory Standards 

Institute 2023 (CLSI) standards the used antibiotics 

varied according to type of the organism and the 

isolates were categorized into susceptible, 

intermediate or resistant [17]. An organism is 

considered MDR when it shows in vitro resistance 

to at least one agent in three or more antimicrobial 

classes [18]. Pan drug resistance (PDR) means 

bacteria are resistant to all antimicrobial agents [19]. 

Render MA120 was used to confirm the presence of 

multi-drug resistance and to detect PDR and the 

MIC for vancomycin and colistin among isolates 

(Render Biotech Co., China). 

According to the Clinical and Laboratory 

Standards Institute (CLSI) 2023, cefoxitin disk 30μg 

was used for methicillin-resistant Staphylococcus 

aureus (MRSA) detection. Vancomycin-resistant 

Staphylococcus aureus (VRSA) and vancomycin-

resistant Enterococci were confirmed using Render 

MA 120. Carbapenem-resistant (CR) Gram-

negative bacteria were considered when they were 

intermediate or resistant to at least one carbapenem 

(imipenem, meropenem, and ertapenem). In this 

study meropenem was used to test CR in isolated 

Gram-negative bacteria [17]. 

Statistical analysis  

Sorting and analysis of data were 

performed by using IBM SPSS Statistics for 

Windows, Version 25.0, (IBM Corporation, 2017). 

Numbers and percentages were used to represent 

categorical data. To compare categorical data, the 

Chi-square test was employed. Using Epi Info 

software, the Crude Odds Ratio (COR) and 95% 

confidence interval were computed. A forward 

Wald binary logistic regression analysis was used to 

identify significant independent predictors, 

Adjusted Odds Ratios (AOR), and 95% confidence 

intervals based on significant univariate factors 

associated with non-survival and growth. 

Results 

Out of 228 samples isolated from cancer 

patients, bacterial and fungal infections were 

recovered from 143 samples. The age, sex and type 

of samples are listed in (table 1). 

In urine samples, the majority of isolated 

organisms were Escherichia coli (E. coli) spp. 

While in blood samples, Staphylococcus aureus was 

the most commonly detected organism. Klebsiella 

pneumoniae (11 isolates) followed by fungal 

isolates were predominantly isolated from the 

respiratory samples. These results are well 

demonstrated in (table 2). 

All Gram-negative isolates were resistant 

to ampicillin and amoxicillin-clavulanic. Most 

isolated E. coli was sensitive to colistin 92.3% 

followed by meropenem 84.6%. While 79.2% were 

resistant to trimethoprim/sulfamethoxazole. Most of 

the isolated Klebsiella spp. were sensitive to colistin 

and amikacin 83.3%. While 77.8% were resistant to 

trimethoprim/sulfamethoxazole followed by 

aztreonam 72.2%.  Acinetobacter isolates were 

sensitive to colistin 90.9%. While 81.1% were 

resistant to ampicillin/sulbactam and cefotaxime.  

All Pseudomonas isolates were sensitive to colistin 

100% followed by piperacillin/tazobactam 57.1%. 

While 85.7% were resistant to ceftazidime followed 

by ciprofloxacin (71.4%). About 40% of isolated 

Gram-negative bacteria were carbapenem-resistant 

(CR). Klebsiella pneumoniae represented the 

majority of CR among Gram-negative isolates 

15.8% followed by Pseudomonas spp. and 

Acinetobacter spp. with 8.3% and 6.7% 

respectively. (figure 1).  

All Gram-positive isolated strains were 

resistant to penicillin (100%) whereas the least 

resistance rate was against linezolid as all 

Coagulase negative Staphylococci (CONS) and 

Enterococci spp. strains were sensitive and 3.2% of 

Staphylococcus aureus was resistant to it. While 

74.2% of Staphylococcus aureus was resistant to 

cefoxitin representing MRSA. Regarding 
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vancomycin, 13% and 40% of Staphylococcus 

aureus (VRSA) and Enterococci (VRE) were 

resistant respectively (figure 2). 

 Escherichia coli was the most 

predominate isolate showing MDR followed by K. 

pneumoniae and Staphylococcus aureus (22.5%, 

21.6% and 20.7% respectively). While K. 

pneumoniae represented the majority of PDROs 

with 44.4% (Figure 3).  

As regards the clinical variables in patients 

with a positive culture, Urinary tract infection was 

statistically significant in patients who did not 

receive any cancer treatment, hospitalized patients 

and patients without inserted medical devices p 

value (≤ 0.05). Solid tumors, patients receiving 

cancer treatment, hospitalized patients and patients 

with inserted medical devices were correlated 

significantly with wound and surgical site infections 

p value (≤ 0.05). Patients with other types of 

infections were statistically significant with the 

presence of other comorbidities p value (≤ 0.05) as 

illustrated in table (3). 

Figure 3 illustrates MDROs and Pan Drug 

Resistant Organisms (PDROS) among bacterial 

isolates. From the total 111 MDROs, E. coli spp., K. 

pneumoniae and Staphylococcus aureus represented 

the majority of isolates with 22.5%, 21.6% and 

20.7% respectively, while K. pneumoniae 

represented the majority of PDROs with 44.4%. 

Table 1. Characteristics of patients infected by isolated microorganisms. 

Characteristics N =143 

Age 18-40 

41-60 

>60 

31(21.7%) 

64(44.8%) 

48(33.5%) 

Gender Male 

Female 

69(48.3%) 

74(51.7%) 

Sample type 

Urine (71) 46(32.2%) 

Blood (59) 37(25.8%) 

Sputum (36) 21(14.7%) 

BAL (12) 6(4.2%) 

Endotracheal tube (6) 2(1.4%) 

Surgical wound swab (20) 16(11.2%) 

Bedsore (6) 5(3.5%) 

Rectal swab (2) 2(1.4%) 

Pus (10) 6(4.2%) 

Ascetic fluid (4) 1(0.7%) 

Portacath (1) 0 

CSF (1) 1(0.7%) 
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Table 2. Distribution of different bacterial and fungal organisms isolated from clinical samples studied. 

*: data are not mutually exclusive (Multiple organism) (BAL: Bronchoalveolar lavage, ETT: Endotracheal tube). 

Organisms 

Urine Blood 

Respiratory samples Swabs Others Total 

Sputum BAL ETT Surgical 

wound 

swab 

Bedsore Rectal 

swab 

Pus Ascetic 

fluid 

Portacath CSF 

N (%) 

Gram-

positive 

cocci 

Staph aureus 3(5.6) 16(34) 3(11.6) 1(12.5) 0 1(5) 4(50) 1(50) 1(14.3) 0 0 1(100) 31(11.8) 

Coagulase 

negative 

staph. 

3(5.6) 0 0 0 0 0 0 0 0 0 0 0 3(1.2) 

Enterococcal 

spp. 

2(3.7) 1(2.1) 1(3.8) 0 0 0 0 0 1(14.3) 0 0 0 5(1.9) 

Gram-

positive 

bacilli 

Clostridium 

perfringens 

0 1(2.1) 0 0 0 0 1(12.5) 0 0 0 0 0 2(0.8) 

Gram-

negative 

bacteria 

E.coli spp. 25(46.4) 4(8.5) 3(11.6) 1(12.5) 0 3(15) 1(12.5) 0 2(28.5) 0 0 0 39(14.9) 

K. pneumonia 8(14.8) 13(27.8) 7(27) 3(37.5) 1(33.3) 4(20) 0 0 0 0 0 0 36(13.7) 

Enterobacter 

spp. 

3(5.6) 1(2.1) 0 0 1(33.3) 4(20) 0 0 0 0 0 0 9(3.4) 

Proteus 

mirabilis 

2(3.7) 1(2.1) 0 0 0 0 0 0 1(14.3) 0 0 0 4(1.5) 

Providenitia 

spp. 

0 0 0 0 0 0 0 0 1(14.3) 0 0 0 1(0.4) 

Salmonella 

para b 

1(1.7) 0 0 0 0 0 0 1(50) 0 0 0 0 2(0.8) 

Acinetobacter 

spp. 

3(5.6) 3(6.4) 2(7.7) 1(12.5) 0 0 0 0 1(14.3) 1(100) 0 0 11(4.2) 

Pseudomonas 0 5(10.7) 1(3.8) 0 0 7(35) 1(12.5) 0 0 0 0 0 14(5.3) 

Klyvera 

ascrobata 

1(1.7) 0 1(3.8) 0 0 0 0 0 0 0 0 0 2(0.8) 

Burkorderia 

cepecae 

0 0 2(7.7) 0 0 0 0 0 0 0 0 0 2(0.8) 

Fungi  Candida 

albicans 

3(5.6) 1(2.1) 2(7.7) 0 1(33.3) 1(5) 1(12.5) 0 0 0 0 0 9(3.4) 

Candida non 

albicans 

0 1(2.1) 1(3.8) 0 0 0 0 0 0 0 0 0 2(0.8) 

Aspergillus 

spp. 

0 0 1(3.8) 2(25) 0 0 0 0 0 0 0 0 3(1.1) 

Cryptococcus 

spp.  

0 0 2(7.7) 0 0 0 0 0 0 0 0 0 2(0.8) 

Total 54 47 26 8 3 20 8 2 7 1 0 1 177 
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Table 3. Infection type according to demographic and clinical variables among samples with growth (N=143). 

Variable 
Total 

N 

Urinary 
p- value 

Respiratory p-

value 

Surgical p 

value 

Blood p-

value 

Others** p 

value N (%) N (%) N (%) N (%) N (%) 

Overall 143 46(32.2) - 29(20.3) - 27(18.9) - 37(25.9) - 4(2.8) - 

Age 

18-40 

41-60 

>60 

31 

64 

48 

9(29) 

22(34.4) 

15(31.3) 

0.9 6(19.4) 

11(17.2) 

12(25) 

0.6 7(22.6) 

12(18.8) 

8(16.7) 

0.8 7(22.6) 

18(28.1) 

12(25) 

0.8 2(6.5) 

1(1.6) 

1(2.1) 

0.4 

Sex 

Male 

Female 

69 

74 

22(31.9) 

24(32.4) 

0.9 17(24.6) 

12(16.2) 

0.2 10(14.5) 

17(23) 

0.2 19(27.5) 

18(24.3) 

0.7 1(1.4) 

3(4.1) 

0.3 

Cancer type 

Solid 

Hematological 

80 

63 

21(26.3) 

25(39.7) 

0.09 17(21.3) 

12(19) 

0.8 23(28.7) 

4(6.3) 

0.001* 18(22.5) 

19(30.2) 

0.3 1(1.3) 

3(4.8) 

0.2 

Treatment # 

No 

Yes 

19 

124 

12(63.2) 

34(27.4) 

0.003* 2(10.5) 

27(21.8) 

0.3 0 

27(21.8) 

0.02* 5(26.3) 

32(25.8) 

0.9 0 

4(3.2) 

0.4 

Hospital 

admission 

Outpatient 

In patient 

≤ 2 days 

>2 days 

59 

38 

46 

25(42.4) 

15(39.5) 

6(13) 

0.003* 14(23.7) 

9(23.7) 

6(13) 

0.3 4(6.8) 

5(13.2) 

18(39.1) 

<0.001

* 15(25.4) 

9(23.7) 

13(28.3) 

0.6 1(1.7) 

0 

3(6.5) 

0.2 

Metastasis 

No 

Yes 

91 

52 

31(34.1) 

15(28.8) 

0.5 16(17.6) 

13(25) 

0.3 18(19.8) 

9(17.3) 

0.7 24(26.4) 

13(25) 

0.9 2(2.2) 

2(3.8) 

0.6 

Inserted device 

No 

Yes 

79 

64 

34(43) 

12(18.8) 

0.002* 16(20.3) 

13(20.3) 

0.9 6(7.6) 

21(32.8) 

<0.001

* 
22(27.8) 

15(23.4) 

0.5 1(1.3) 

3(4.7) 

0.3 

Comorbidities 

No 

Yes 

75 

68 

27(36) 

19(27.9) 

0.3 13(17.3) 

16(23.5) 

0.4 16(21.3) 

11(16.2) 

0.4 19(25.3) 

18(26.5) 

0.9 0 

4(5.9) 

0.05* 

#: include chemotherapy, radiotherapy, surgical intervention, palliative. Others**: include gastrointestinal, CSF, and portacath .samples  

*Significant 

Figure 1. Antibiotics resistant profile of isolated Gram-negative bacteria 
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Figure 2.  Antibiotics resistant profile of isolated Gram-positive bacteria. 

Figure 3 .  Multidrug resistant organisms and pan drug resistant organisms among bacterial isolate

Discussion 

Cancer increases the risk of getting a 

serious infection. Despite the advances in medical 

science in cancer treatment, infections are still a 

major cause of morbidity and mortality in cancer 

patients [6]. Many factors contributed to the increase 

of (MDROs in cancer patients, including 

neutropenia, inappropriate antibiotics usage, 

chemotherapy, metastasis and prolonged hospital 

stay [18]. 

In the current study, female patients were 

more predominant than males which aligns with 

Jiang AM et al. 2020 study as females represented 

54.5% of studied patients, but their average age was 

59.6 ± 11.5 years [13]. 

Regarding the site of infections, urinary 

tract infections represented (32.2%), followed by 

bloodstream infections (25.8%) and respiratory tract 

infections (20.3%), which were consistent with 

Jiang et al. 2020 and Mohamed et al. 2023 in 

which urinary tract infections represented the 

leading cause of infection [13, 18]. In contrast, a 

study conducted by Chathuranga et al. 2021 

revealed that respiratory infections were the most 

frequent infections followed by urinary tract 

infections as in their study they selected patients 

with lower respiratory tract infections, skin 

infections and urinary tract infections unlike the 

present study where different samples were 

collected [20]. 

In the current study, urinary tract infection 

was statistically significant with patients not 

receiving cancer therapy, hospitalized patients and 

patients without inserted medical devices. In 

contrast to the study performed by Tolani, 2020 

which showed that the presence of an indwelling 

catheter in the urinary bladder was an independent 

predictor of urinary tract infection [21]. Sime 2020 

detected no relation between bacteriuria with 

demographic and clinical features of the cancer 

patients [22]. 

In addition, wound and surgical site 

infections were significantly correlated with the 

presence of solid tumors and cancer treatment, 

which is similar to Fentie et al. 2018 and 
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Varughese, 2018 who found an association between 

solid tumors with the use of antitumor regimens and 

the development of serious infections [23, 24]. In the 

present cohort, urine samples showed predominance 

of Escherichia coli (E. coli) (46.4%) followed by 

Klebsiella pneumonia (K. pneumonia) (14.8%). 

These findings are in line with Mahmoud et al 

2020, Chathuranga et al. 2021 and Mohamed et 

al. 2023 which showed that E.coli represented the 

majority of positive urine cultures [25,20,18]. 

Regarding bloodstream infections, 

Staphylococcus aureus (Staph. aureus) represented 

the most isolated organism (34%) in the present 

study. Similarly, Worku et al. 2022 and Mohamed 

et al. 2023 [26,18] documented the same finding. 

Regarding Gram-negative isolates from blood 

samples, K. pneumonia was the most prominent 

(27.8%). This does not coincide with a study 

conducted by Tawfick et al. 2020 and Merdad et 

al. 2023 which showed that the most common 

Gram-negative organism was K. pneumonia with 

(33.3 % and 58.5%) respectively [27,28]. In 

contrast, Moghnieh et al. 2015 and Tang et al. 

2021 stated that  E.coli was the most isolated 

bacteria from blood cultures [29, 30]. 

Regarding candidemia, it represented 

(4.2%) of positive blood cultures. Lower percentage 

was detected by Puerta-Alcalde et al. 2019 in 

which candida spp. isolated from (3.8%) of BSI 

isolates [31]. 

In this study, most of the positive 

respiratory samples’ cultures were K. pneumonia 

which agrees with Chathuranga et al. 2021 who 

detected a higher incidence (42.4%) [20]. 

Aspergillus spp. was isolated from BAL 

samples and represented (3.7%) of respiratory 

samples which mainly met the clinical and 

radiological diagnostic criteria of invasive 

aspergillosis. This does not agree Dandachi et al. 

2018 study in which Invasive Pulmonary 

Aspergillosis (IPA) represented 10% [32]. 

Clostridum perfringens were isolated from 

cancer patients one from a blood sample and the 

other from a bed sore represent (1.1% from total 

isolates). On the contrary, a study by Gudiol et al. 

2013 detected 3 (0.005%) Clostridum spp were 

isolated from BSIs [33].This was mainly attributed 

to the differnce in the type and number of the 

samples. 

In our study, all Gram-negative isolates 

were resistant to ampicillin and amoxicillin-

clavulanic which is higher than the result by Wang 

et al. 2023, as they had colorectal cancer patients 

only for sample size [34]. Our study showed 

(92.3%) of E.coli were sensitive to colistin. This is 

nearly similar to Amanati et al. 2021 study in which 

(82%) of the isolated E. coli were colistin sensitive 

[35]. 

In the current study, 52.8% of isolated 

Klebsiella spp. were resistant to meropenem, similar 

to Chathuranga et al. 2021 and Mohamed et al. 

2023 who stated carbapenem resistance among K. 

pneumoniae exceeded (50%) [20,18]. On the other 

hand, Amanati et al. 2021 detected that more than 

80% of K. pneumoniae was sensitive to meropenem 

[35]. About (72.2%) of Acinetobacter isolates were 

sensitive to meropenem which is slightly less than 

the results of Nazer et al. 2015 study which reported 

(88.2%) Acinetobacter isolates were carbapenem-

resistant [36]. 

All Pseudomonas isolates were sensitive to 

colistin (100%) in the current study like the result of 

Garg et al. 2019 and Mohamed et al. 2023 studies 

[37,18]. In the present study (71.4%) of 

Pseudomonas spp. were resistant to ciprofloxacin. 

Unlike that reported by Amanati et al. 2021 as more 

than 90% of Pseudomonas spp. were sensitive [35]. 

The regional variations of resistance to antibiotics 

may be explained by different local antibiotic 

practices. The influence of inappropriate antibiotic 

use on the event of antibiotic-resistant strains, 

especially broad-spectrum agents, has been proven 

through empirical observation [25]. 

The current study showed that all isolated 

Gram-positive cocci were resistant to penicillin 

(100%) whereas the least resistance rate was against 

linezolid as all coagulase-negative Staphylococci 

spp. (CONS) and Enterococci spp. strains were 

sensitive and 3.2% of Staphylococcus aureus were 

resistant to it. The result aligned with that by Garg 

et al. 2019 and Mohamed et al 2023 in which 

Staphylococcus spp. were sensitive to Linezolid and 

all strains were resistant to penicillin [18, 37]. 

The present study showed that about 59% 

of isolated Gram-positive was MRSA, meanwhile 

the study by Puerta-Alcalde 2019 showed that 

MRSA strains only represented 13.8% [31].  

Our study showed that Vancomycin-

Resistant Enterococcus (VRE) represented 40% of 

isolated Enterococci, which lies in the same line 

with Joudeh et al. 2023 study which showed that 

30% of the isolated Enterococcus were VRE [38]. 
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From the total 111 MDROs, E. coli spp., K. 

pneumoniae and Staphylococcus aureus represented 

the majority of isolates with 22.5%, 21.6% and 

20.7% respectively. However, a study by Tawfick 

et al. 2020 showed higher frequencies of MDR 

isolates were recorded among K. pneumoniae and E. 

coli isolates with frequencies of 98.73% and 

96.07%, respectively [27]. Adherence to infection 

control procedures are required to decrease 

incidence of MDROs, including surveillance, 

isolation, specific interventions, and antimicrobial 

stewardship [11]. 

This study was conducted at a single 

medical center. These results may not be 

representative to other health facilities, or other 

regions with different distributions of MDROs. 

Furthermore, the small sample size and absence of 

cancer patients less than 18 years were added more 

limitation to our study    

Conclusion 

This study highlights the prevalence of 

MDROs in different types of infection in cancer 

patients with the predominance of Gram-negative 

pathogens especially with prolonged hospitalization 

or with the usage of different medical devices, 

which attracted the attention on the importance of 

rapid microbiological diagnosis and proper 

antibiotic selection together with routine 

susceptibility testing for empirical treatments and 

monitoring MDROs prevalence in oncology settings 

to improve the outcome in these 

immunocompromised patients. Further 

multicentered studies on a large scale of patients are 

also recommended. 
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