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Background: Ventilator-associated pneumonia (VAP) caused by carbapenem-resistant gram-negative bacteria has been proven to be 
an escalating public health challenge in Egypt owing to its high mortality rate and raised health care costs.
Purpose: Detection of carbapenem-resistant gram-negative bacilli among VAP patients, genotypic identification of carbapenemase 
genes in the isolated strains with evaluation of their impact on patient outcome and detection of carbapenemase-producing enter-
obacterales by MASTDISCS combi Carba plus disc system.
Methods: Broncho-alveolar lavage fluid (BALF) and endotracheal aspirate were collected aseptically from clinically suspected VAP 
patients. Pathogen identification and antibiotic sensitivity testing were done. Carbapenemase-encoding genes (blaKPC, blaNDM, and 
blaOXA-48) were tested by PCR in all carbapenem-resistant gram-negative isolates. Performance of MASTDISCS combi Carba plus in 
isolated Enterobacterales was assessed in relation to the PCR results.
Results: Eighty-three carbapenem-resistant gram-negative isolates were detected. The most frequent pathogens were Klebsiella 
pneumoniae, Acinetobacter baumannii and Pseudomonas aeruginosa representing 34.9%, 20.5% and 18.1%, respectively. blaKPC 

was the predominant gene. Patients with persistent mechanical ventilation less than 15 days and Pseudomonas aeruginosa infection 
were significantly associated with a higher death rate. MAST-Carba plus had the highest sensitivity, specificity, positive and negative 
predictive values for detecting OXA-48 carbapenemases representing 81.8%, 92.5%, 75% and 94.9%, respectively.
Conclusion: Worse outcome in VAP patients was associated with carbapenem-resistant gram-negative bacilli. MASTDISCS combi 
Carba plus is an efficient simple method for identification of different carbapenemases among enterobacterales.
Keywords: Mast DISCS, carbapenemase, enterobacterales, ventilator-associated pneumonia, VAP

Introduction
Ventilator-associated pneumonia (VAP) is one of the most important hospital acquired infections in intensive care unit 
(ICU) patients, which is usually associated with prolonged hospital stay, empirical antibiotic use and high morbidity and 
mortality rates.1,2

The microorganisms that cause VAP differ between countries and even between ICUs; however, among gram-negative 
bacteria, P. aeruginosa, Acinetobacter spp., and Enterobacterales are commonly found. Methicillin-resistant staphylococcus 
aureus and Streptococcus spp. are accused of being responsible for VAP among gram-positive pathogens.3

Carbapenem is the most important antibiotic class that is considered the drug of choice in cases of VAP. However, the 
frequent and indiscriminate use of carbapenems results in development of carbapenem-resistant gram-negative bacteria 
(CR-GNB).4
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Different mechanisms are involved in emergence of carbapenem resistance; the most reliable one is production of 
carbapenemases, which were either chromosomally or plasmid mediated or both, resulting in rapid spread of carbapenem 
resistance among different bacterial species.5,6

Three Ambler classes of carbapenemase genes have been recognized since 1993; class A carbapenemase (Klebsiella 
pneumoniae carbapenemase, KPC) enzymes that are able to degrade carbapenems, penicillin and cephalosporins; class 
B metallo-beta-lactamases (MBLs) that include Verona integron-encoded metallo-beta-lactamase (VIM), New Delhi 
metallo-beta-lactamases (NDM) and imipenemase (IMP) type enzymes that can perform variable hydrolysis effects 
against beta-lactams with exclusion of monobactam (aztreonam) and class D carbapenem-hydrolysing oxacillinase-like 
OXA-48 enzymes that show decreased effectiveness against 3rd and 4th generation cephalosporins and carbapenems 
with high activity against penicillin. Carbapenemase genes like NDM, KPC and OXA-48 are more likely involved in 
carbapenem resistance in Enterobacteriaceae-resistant isolates.7–9

It is essential to detect the presence of carbapenemase genes rapidly and accurately to control spread of infection and 
to select different treatment lines.6 Genotypic identification of carbapenemase genes by polymerase chain reaction (PCR) 
remains the gold standard method for both specific and accurate detection of different antibiotic-resistant genes.10

Variable methods such as Carba NP and modified carbapenem inactivation method (mCIM) are available for detection 
of carbapenemase ability of the organism phenotypically irrespective to carbapenemase genes. The MASTDISCS combi 
Carba plus disc system (MAST-Carba plus; Mast Group Ltd., UK) is another promising method, which depends on 5 
discs: faropenem (disc A) and MBLs inhibitor (disc B), KPC inhibitor (disc C), AmpC inhibitor (disc D) and temocillin 
together with MBLs inhibitor (disc E) for detection of carbapenemase producing Enterobacteriaceae.11,12 Therefore, this 
study was designed to detect carbapenem-resistant gram-negative bacilli isolated from VAP patients, genotypic identi-
fication of carbapenemase genes (blaKPC, blaNDM, and blaOXA-48) in the isolated strains, evaluation of their impact on 
patient outcome together with assessment of MASTDISCS combi Carba plus disc system as a method for rapid 
phenotypic detection of carbapenemase-producing Enterobacterales.

Materials and Methods
Study Design
This prospective randomized cross-sectional study was carried out over 12 months duration from June 2021 to June 2022 in 
the Medical Microbiology and Immunology Department and Intensive Care Units (ICUs) of Tanta University Hospitals, 
where the hospitals serve approximately 190,000 patients per year and have a total of 2035 beds, including 116 beds in the 
ICUs. The study was approved by the Institutional Review Board of the Faculty of Medicine, Tanta University, Egypt 
(approval code 35342/3/22). The study was conducted in accordance with the Declaration of Helsinki guidelines.

Sample Size
According to previously recorded Egyptian research data, VAP ranges from 15 to 45% and varies greatly across the 
country. In a recent study at Tanta University Hospitals, the incidence of VAP in all ICU patients studied was 38.4%.13

The sample size (n) was determined using the formula: n ¼ Z2P 1 � Pð Þ=d214, where n = sample size = Z value is 
1.96, for a confidence level (α) of 95%, P = expected proportion (in proportion of one. If VAP infection was 38.4%, 
according to a previously published study,13 so P = 0.38.4, and d = precision = 0.06. So, the calculated minimal sample 
size will be “357”.

Study Subjects
All intubated patients admitted to ICUs and clinically presented with signs and symptoms of nosocomial lower 
respiratory tract infection and a two-day history of invasive mechanical ventilation were enrolled in this study. Patient 
medical history was recorded, including name, age, gender, admission date, associated comorbidity, duration of ventila-
tion, length of hospitalization and clinical outcome. Patients whose clinical samples tested positive for carbapenem- 
resistant gram-negative bacilli were incorporated in the demographic and outcome measure analyses. Patients with 
clinically and radiologically confirmed pneumonia at admission were excluded.
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Sample Collection
Broncho-alveolar lavage fluid (BALF) and endotracheal aspirates were collected in sterile containers following strict 
aseptic precautions. 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
Samples were cultivated on blood agar, nutrient agar, chocolate agar, and MacConkey agar plates (Oxoid, UK). The 
plates were incubated aerobically at 37°C for 24–48 hours. Phenotypic detection of the isolated pathogens was based 
primarily on standard microbiological procedures such as colony morphology, gram staining reaction, and biochemical 
reactions.15 According to the gram staining reaction, isolates were characterized and only gram-negative bacteria were 
further processed. Verification of gram-negative bacterial isolates was done using Vitek-2 automated system 
(Biomérieux, Marcy-LÉtoile, France) following the manufacturer’s instructions. All isolates of Enterobacterales, 
Acinetobacter species, and Pseudomonas that were phenotypically identified and confirmed by vitek-2 were stored at 
−80C in brain heart infusion broth (Oxoid, UK) containing 20% glycerol until use.

Antimicrobial Susceptibility Testing
All identified enterobacterales and non-fermenter isolates (Acinetobacter species and Pseudomonas spp) were assessed 
for antibiotic susceptibility by modified Kirby Bauer disc diffusion method on Muller–Hinton agar plates (Oxoid, UK) 
and the Vitek-2 automated system with the AST-gram-negative card (Biomérieux, Marcy-LÉtoile, France). The anti-
biotics used were ceftriaxone (30 μg), amikacin (30 μg), ciprofloxacin (5 μg), ampicillin (10 μg), cefoxitin (30 μg), 
amoxicillin-clavulanate (10 μg), gentamicin (10 μg), aztreonam (30 μg), tigecycline (15μg), cefepime (30 μg), piper-
acillin-tazobactam (10 μg), ceftazidime (30 μg), levofloxacin (5 μg), co-trimoxazole (30 μg), imipenem (10 μg) and 
meropenem (10 μg). The strains were characterized as susceptible, intermediate or resistant according to the Clinical and 
Laboratory Standard Institute (CLSI) guidelines.16

Molecular Detection of Carbapenemase Genes
Using PCR-based methods, the presence carbapenemase genes (blaKPC, blaNDM, and blaOXA-48) were investigated in all 
phenotypically detected carbapenem-resistant isolates using a panel of primer: blaKPC-F 5’-CGTCTAGTTCTGCTGTCTTG 
−3’; blaKPC-R 5’-CTTGTCATCCTTGTTAGGCG-3’, blaNDM-F 5’-GGTTTGGCGATCTGGTTTTC-3’ blaNDM-R 5’-CGG 
AATGGCTCATCACGATC-3’, and blaOXA-48-F 5’-GCGTGGTTAAGGATGAACAC-3’ blaOXA-48-R 5’-CATCAA 
GTTCAACCCAACCG −3’.17

Extraction and Purification of Total Bacterial Genomic DNA
Total bacterial genomic DNA was purified in concordance with the manufacturer’s protocol of the E.Z.N.A.® Bacterial 
DNA Kit (D3350-01, Omega BIO-TEK, USA).

PCR Amplification and Analysis of Data
Dream Taq Green PCR Master Mix (2X) (K1081, Thermo Fisher, USA) was applied for specific gene amplification as 
per manufacturer protocol using Creacon (Holland, Inc) Polymerase Chain Reaction (PCR) system cycler. The PCR 
conditions were constructed according to Michodigni et al.17 The amplified PCR products were separated through 
agarose gel electrophoresis and then stained with ethidium bromide. Gel documentation system (Geldoc-it, UVP, 
England) was used for visualization and analysis of data utilizing Totallab analysis software (ww.totallab.com, Ver.1.0.1).

Performance of MASTDISCS Combi Carba Plus as Rapid Phenotypic Detection of 
Carbapenemase Production
All enterobacterale isolates exhibiting resistance to carbapenems were screened for carbapenemase production phenoty-
pically using the MASTDISCS combi Carba plus (MASTDISCS combi-D73C, Bootle, UK). Briefly, as shown in the 
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manufacturer’s guidelines, fresh, pure colonies of the bacterium were dissolved in physiological saline to make 
a suspension of 0.5 McFarland turbidity standard, which was homogeneously spread by sterile swabs on Mueller– 
Hinton agar plates (Oxoid, UK). Then, the five antibiotic discs were arranged on the cultivated agar, leaving adequate 
distance between them for forming definite zones of inhibition. The plates were incubated for 18 to 24 hours at 37°C, and 
the diameters of inspected zones of inhibition were calculated and documented, while any small apparent colonies within 
the zone were neglected. The disc with no zone of inhibition was listed as 6 mm. The presence of MBLs was suggested 
by ≥5 mm discrepancy in disc zone diameters, noticed only between disc B and disc A while, the difference between disc 
C or disc D and disc A was <5 mm. Additionally, KPC production was identified if there was only ≥5 mm variance 
between disc C and disc A (but not between disc B or disc D and disc A); the presence of a 5 mm zone difference 
between both discs C and D in comparison to disc A was an indication of AmpC production with porin loss. If there were 
no synergistic effects between discs A–D, a detection of 10 mm in the diameter of the inhibition zone around disc E was 
evidence of OXA-48 carbapenemase production.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows, Version 25.0. (IBM Corp, 2017). Numbers and 
percentages were used to present qualitative data. Median and interquartile ranges were used to assess non-normally 
distributed continuous data. The diagnostic performance of KPC, MBL and OXA-48 was expressed as sensitivity, 
specificity, positive and negative predictive values. Cox regression analysis was done to measure hazard ratio and its 95% 
confidence interval. Statistical significance was considered at P-value ≤0.05.

Results
Out of 357 patients on mechanical ventilation, only 250 developed VAP. Fungal infection, gram-positive, and gram- 
negative bacterial infection were detected in 35, 68 and 147 patients, respectively. In gram-negative bacterial infection, 
64 isolates were sensitive to carbapenems while 83 isolates showed resistance to carbapenems.

The clinical and demographic data of patients with carbapenem-resistant gram-negative bacteria are illustrated in 
Table 1, including age, sex, associated comorbidities, duration of hospitalization, days of ventilation and the outcome. 
Most cases were male (61.4%), aged from 32 to 63 years. The average duration of hospital stay ranged between 10–20 
days; in addition, most patients needed mechanical ventilation for 7–13 days. Trauma, diabetes mellitus and chronic 
diseases as liver diseases, renal diseases, cancer, ischemic insult and chest diseases were present in these patients. 
Moreover, death occurred in 30.1% of cases during the period of our study.

K. pneumonia was the most frequent gram-negative organism detected, followed by A. baumannii, P. aeruginosa and 
E. coli, representing 34.9%, 20.5%, 18.1% and 12%, respectively. Other organisms were detected in different percen-
tages, as shown in Table 2. As regarding carbapenemase gene detection by PCR, blaKPC, blaNDM, and blaOXA-48 were 
mostly detected in K. pneumoniae species in variable percentages (37.9%, 20.7% and 20.7%, respectively) and only 2 
cases of K. pneumoniae were negative for all three genes. The incidence of these previously mentioned genes in other 
detected organisms is illustrated in Table 2. Both blaKPC and blaNDM were detected together in 2 cases of K. pneumoniae 
and 4 cases of P. aeruginosa infection; in addition, both blaKPC and blaOXA-48 existed together in 2 cases of 
K. pneumoniae while 2 cases of A. baumannii infection showed both blaNDM and blaOXA-48 genes. This data is well 
demonstrated in Table 2 and Figure 1.

Figure 2 and Table 3 show the results of MASTDISCS combi Carba plus disc system in detection of carbapenemase 
ability in enterobacterales; 2 cases of K. pneumoniae infection and only one case of E. coli and Serratia marcescens were 
negative by MASTDISCS combi Carba plus disc system. All cases of K. oxytoca, Proteus, Enterobacter cloacae and 
Enterobacter aerogenes infection were positive by MASTDISCS combi Carba plus disc system. A. baumannii and 
P. aeruginosa were not tested by MASTDISCS combi Carba plus disc system.

As regarding sensitivity, specificity, positive and negative predictive values of MASTDISCS combi Carba plus disc 
system in relation to PCR, the test showed the highest sensitivity and specificity levels concerning OXA-48 carbapene-
mase (81.8% and 92.5%, respectively). The sensitivity and specificity regarding the other genes are shown in Table 4.
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Table 1 Demographic and Clinical Data of Studied 
Patients

Variable Median (IQR)/N (%)

Age (years) 47(32–63)

Sex
Male 51(61.4)

Female 32(38.6)

Comorbidities

Trauma 24(28.9)
Diabetes mellitus 10(12)

Liver failure 6(7.2)

Renal failure 11(13.3)
Cancer 11(13.3)

Ischemic insult 15(18.1)

Chest disease 6(7.2)

Days of hospitalization 14(10–20)

Days of ventilation 10(7–13)

Outcome
Death 25(30.1)

Survival 58(69.9)

Table 2 Genotypic Detection of Carbapenemase Genes in Carbapenem-Resistant Gram-Negative Bacilli

Organism PCR

Total blaKPC +ve blaNDM 

+ve
blaOXA-48 

+ve
blaKPC +  
blaNDM 

+ve

blaKPC+blaOXA-48 

(+ve)
blaNDM + blaOXA- 48 

(+ve)
Negative for All 
Genes

N (%)

Klebsiella 

pneumoniae

29 (34.9) 11 (37.9) 6(20.7) 6(20.7) 2(6.9) 2(6.9) – 2(6.9)

Klebsiella oxytoca 3 (3.6) 2(66.7) 1(33.3) – – – – –

Pseudomonas 

aeruginosa

15 (18.1) 1(6.7) 5(33.3) 4(26.7) 4(26.7) – – 1(6.7)

Acinetobacter 

baumannii

17 (20.5) 4(23.5) 5(29.4) 4(23.5) – – 2(11.8) 2(11.8)

E. coli 10 (12) 6(60) 2(20) 2(20) – – – –

Proteus mirabilis 3(3.6) – 2(66.7) 1(33.3) – – – –

Serratia 

marcescens

2(2.4) – 2(100) – – – – –

Enterobacter 

cloacae

3(3.6) 2(66.7) 1(33.3) – – – – –

Enterobacter 

aerogenes

1(1.2) 1(100) – – – – – –

Total 83 27 (32.5) 24(28.9) 17(20.5) 6(7.2) 2(2.4) 2(2.4) 5(6)
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Regarding the potential predictors of death in the present study, it was detected that mechanical ventilation persistent 
for less than 15 days and P. aeruginosa species infection were associated with higher death rates, and the results were 
statistically significant with p-values of 0.008 and 0.006, respectively, as shown in Table 5.

Discussion
Carbapenem resistance in gram-negative bacteria is considered one of the most devastating problems, especially in VAP 
patients in critical care units.18 Nordmann and Poirel documented that Enterobacteriaceae, P. aeruginosa and 
A. baumannii are the most common microorganisms involved in carbapenem resistance.19 Therefore, early detection 
of CR-GNB and the carbapenemase gene responsible for its resistance is essential for better selection of the appropriate 
antimicrobial therapy, improving the outcome and achieving the best infection control measures.12

This study was designed to identify the prevalence of CR-GNB infections, assess their impact on patient outcome, 
detect the presence of carbapenemase genes in the isolated strains by PCR and to assess the use of MASTDISCS combi 
Carba plus in the armamentarium of phenotypic identification of carbapenemase-producing enterobacterales isolated 
from VAP patients in ICUs.

Eighty-three CR-GNB infections were isolated from 250 microbiologically confirmed VAP patients (33%). The 
present study detected a greater prevalence of CR-GNB infections in males, representing 61.4% of patients. These results 
match those of studies carried out by Farag et al, Djordjevic et al, and Rana et al.18,20,21 Furthermore, the age of 

Figure 1 Agarose gel electrophoresis of blaKPC, blaNDM, and blaOXA-48 carbapenemase genes amplicons. DNA ladder 100 bp in lane 1. (A) Lanes (2, 3, 4 and 5) positive for 
blaKPC gene (798bp). (B) Lanes (3, 4, and 6) positive for blaNDM gene (621bp). (C) lanes (5, 6): positive for blaOXA-48 gene (438 bp). 
Abbreviations: DNA, deoxyribonucleic acid; bp, base pair.

Figure 2 Positive results of MAST-Carba plus assay .(A) KPC positive, the diameter difference between disc C and disc A was ≥5 mm and <5 mm difference between disc 
B or disc D and disc A. (B) MBL positive, the diameter difference between disc B and disc A was ≥5 mm and <5 mm difference between disc C or disc D and disc A. (C) 
OXA-48 positive, the zone of inhibition around disc E was ≤10 mm with no synergy between discs A–D.
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presentation in our study ranged from 32 to 63 years, with an average duration of hospital stay of 14 days. This is quite 
similar to Khairy et al, who reported that prolonged hospital stay of more than 10 days was associated with higher 
incidence of carbapenem resistance.22 This can be explained by the fact that patients with prolonged hospital stay were 
more liable to higher rates of nosocomial infection and invasive procedures that necessitate improper use of combined 
antibiotics as empirical treatment.23

Various comorbidities were identified as risk factors for VAP development. In our study, trauma was the most 
important predisposing factor, representing 28.9%, followed by different chronic diseases. These findings agree with 
those of previous studies in which VAP developed in patients with severe injuries due to coagulopathy on top of early 

Table 3 MASTDISCS Combi Carba Plus Disc System Results in Carbapenem-Resistant Gram-Negative Bacilli

Organism Carba Test

Total KPC+ve MBL+ve OXA-48+ve Negative Not Tested

N (%)

Klebsiella pneumoniae 29 (34.9) 10(34.5) 10(34.5) 7(24.1) 2(6.9) –

Klebsiella oxytoca 3 (3.6) 1(33.3) 1(33.3) 1(33.3) – –

Pseudomonas aeruginosa 15 (18.1) – – – – 15(100)

Acinetobacter baumannii 17 (20.5) – – – – 17(100)

E. coli 10 (12) 3(30) 4(40) 2(20) 1(10) –

Proteus mirabilis 3 (3.6) – 2(66.7) 1(33.3) – –

Serratia marcescens 2(2.4) – 1(50) – 1(50) –

Enterobacter cloacae 3 (3.6) 2(66.7) 1(33.3) – – –

Enterobacter aerogenes 1 (1.2) – – 1(100) – –

Total 83 16(19.3) 19(22.9) 12(14.5) 4(4.8) 32(38.6)

Table 4 Sensitivity, Specificity, Positive and Negative Predictive Values of MASTDISCS Combi Carba Plus Disc 
System in Comparison to PCR

PCR (KPC, MBL, OXA-48 Sensitivity (%) Specificity (%) PPV (%) NPV (%)

KPC Positive Negative

Positive 12 4 46.2 84 75 60

Negative 14 21

MBL

Positive 11 8 68.8 77.1 57.9 84.4

Negative 5 27

OXA-48

Positive 9 3 81.8 92.5 75 94.9

Negative 2 37
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trauma.24–26 Meanwhile, Chang et al, Jimenez-Trujillo et al and Liu et al listed different chronic diseases as commonly 
associated factors in VAP patients, which occur in old patients with depressed immunity that subsequently renders them 
more susceptible to severe bacterial infection.27–29 As regarding the outcome in VAP patients, death occurred in 30.1% 
throughout the study duration. This finding was similar to those of Kalil et al and Chouhdari et al, in which the mortality 
rates ranged between 20–50% and 41%, respectively.30,31 However, in the study by Melsen et al, only 9% of VAP 
patients died.32 On the contrary, death rate may be close to zero in less severe underlying conditions. This variation may 
be due to the difference in severity of the underlying systemic condition, duration of hospital stay, mechanical ventilation, 
concomitant bacterial infection, and emergence of antibiotic resistance.33

Concerning the type of bacteria detected in the current study, K. pneumoniae was the predominant isolate, followed 
by A. baumannii, P. aeruginosa and E. coli, representing 34.9%, 20.5%, 18.1% and 12%, respectively. This result was in 
agreement with Mohammed et al and Gajdacs et al.34,35 In contrast, greater prevalence of P. aeruginosa was detected in 
other studies.36,37 Meanwhile, Chen et al, Kumari et al, and Sadigov et al reported that A. baumannii was the most 
prevalent CR-GNB pathogen, accounting for 78.7%, 37.4%, and 37.1%, respectively.38–40 This variation could be the 
result of geographical differences between the countries, patient population and clinical setting.20

Determination of whether the gram-negative isolate is a carbapenemase producer is essential for epidemiological 
studies and also for selection of the appropriate treatment for infections.41 With respect to carbapenemase gene 
identification by PCR, the blaKPC gene achieved the highest level (32.5%), followed by the blaNDM gene (28.9%), and 
finally the blaOXA-48 gene (20.5%). K. pneumoniae was the most common organism harboring the 3 genes. Similarly, an 
elevated level of blaKPC expression among carbapenem-resistant K. pneumoniae isolates was identified in the Hussein 
et al and Lopes et al studies.42,43 Nevertheless, Raheel et al showed that the most commonly presented gene was the 
blaOXA-48 (96.2%) and least frequent gene was the blaKPC (7.5%).44

In addition, one other study reported that OXA-48 and NDM1 were frequently detected in Enterobacteriaceae, while 
KPC was not detected.45 Furthermore, other studies stated that blaNDM was the predominant gene.46,47 The major 
differences were likely due to different geographic region, antibiotics policy in different health care settings and methods 
of gene identification.48

In our study, more than one resistance gene was detected in different isolates. KPC and MBL, KPC and OXA-48 or 
MBL and OXA-48 coexisted in K. pneumoniae, P. aeruginosa, and A. baumannii isolates. Several studies revealed that 
K. pneumoniae and A. baumannii harbored more than one gene, making them more likely to be multi- or pan-drug 
resistant.49–53 This finding can be challenged due to risk of resistance transmission and restricted antibiotics valuable for 

Table 5 Univariate Cox Proportional Hazards Regression of the Association Between 
Demographic and Clinical Variables with Respect to Overall Survival

Variable Hazard Ratio (95% CI) P-value*

Klebsiella pneumonia 0.9(0.4–2.1) 0.9

Pseudomonas aeruginosa 3.4(1.3–8.8) 0.006

Acinetobacter baumannii 1.2(0.5–2.8) 0.7

Positive PCR-KPC 0.95(0.4–2.1) 0.9

Positive PCR-MBL 1.6(0.7–3.6) 0.3

Positive PCR-OXA 1.5(0.7–3.2) 0.4

Ventilation days (<15 days) 3.9(1.4–10.7) 0.008

Age (≥50) 1.4(0.6–3) 0.4

Sex (Female) 2.01(0.9–4.7) 0.09

Note: *log rank test.
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treatment, as old antibiotics such as colistin are losing efficacy.54,55 Interestingly, five organisms were negative to all 
studied carbapenemase genes in the present study. However, Haji et al reported only two isolates that do not show any 
genes.52

The efficacy of MAST-Carba plus in detection of carbapenemase activity was evaluated in relation to PCR results. 
The highest sensitivity, specificity, positive and negative predictive values was reported for OXA-48 detection (81.8% 
92.5%, 75% and 94.9, respectively). This agrees with Hu et al, who detected the highest values for the same gene.11 The 
high positive predictive value can be explained by the resistance of K. pneumoniae to temocillin, which presents in disc 
E of MAST-Carba plus and is associated with false-positive results.56,57 KPC detection in our study showed the lowest 
sensitivity, specificity, positive and negative predictive values by MAST-Carba plus (46.2%, 84%, 75% and 60%, 
respectively). As regarding MBL gene, its sensitivity, specificity, positive and negative predictive values were inter-
mediate between the two genes. This agrees with Hu et al, who reported the lowest sensitivity of MAST-Carba plus to 
KPC gene in comparison to OXA-48 and MBL genes.11 In contrast to our result, MAST-Carba plus can detect 5/5 OXA- 
48, 15/15 MBL and 2/2 KPC with 100% sensitivity.12 The discrepancy of the values is due to geographical and racial 
differences and the inability of MAST-Carba plus to detect strains producing two genes together. Since VAP caused by 
CR-GNB is associated with high mortality rate, identifying risk factors and outcomes is critical for guiding therapeutic 
options. The current study evaluated the predictors of mortality of these patients and detected that mechanical ventilation 
persistent for less than 15 days and P. aeruginosa species infection were significantly associated with higher death rates. 
Consistent with our findings, Micek et al found that P. aeruginosa infection is responsible for one-third to half of all 
VAP-associated deaths.58 Meanwhile, Sadigov et al reported that the only independent risk factor for increased hospital 
mortality in VAP patients was A. baumannii infection.40 However, in previous studies, length of hospital stays more than 
9 days preceding the incidence of nosocomial pneumonia was a significant predictor of mortality.38,59 Prolonged 
hospitalization was linked to higher risk of infection with antibiotic resistant pathogens, which resulted in higher 
mortality. However, Tuon et al reported that the VAP patients older than 50 years were exposed to higher mortality 
rate.60 Also, Feng et al found that age more than 70 years was one of the predictors of mortality in nosocomial 
pneumonia caused by GNB.61 Lack of Ampc gene detection was the main limitation in the current study, hence further 
studies of longer duration and with a higher number of enterobacterale isolates are required to monitor the role of 
MASTDISCS combi plus in identification of this gene. Furthermore, other MBL genes like VIM and IMP were not tested 
in our study.

Conclusion
This study emphasized high incidence of carbapenem-resistant gram-negative bacilli causing pneumonia in mechanically 
ventilated patients,which focused attention on using MASTDISCS combi Carba plus for rapid detection of carbapene-
mase producers to improve the outcome in these critically ill patients.
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