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ABSTRACT

Acinetobacter spp. has been recognized as one of the important causes of hospital-acquired infection in Ventilator-
Associated Pneumonia (VAP). The emergence of Multidrug Resistance (MDR) Acinetobacter spp. has shown resistance 
to most available antibiotics especially in the intensive care unit. A total of 100 Acinetobacter spp were collected from 
272 endotracheal aspirates among the VAP patients. The Kirby Bauer Disk Diffusion Method was used to conduct an 
antibiotic susceptibility test on quantitative cultures. The Phenotypic Confirmatory Disk Diffusion Test (PCDDT) was 
used to classify ESBL producers. Combined Disk Test detected MBL producers. Carbapenemase activity was detected 
by Modified Hodge Test (MHT) and these strains were subjected to E-Test for further confirmation of carbapenemase 
activity. Acinetobacter spp were found highly resistant to most of the cephalosporin but 100% sensitive to Polymixin B 
and Tigecycline. Out of 100 isolates of Acinetobacter spp., 41 bacterial isolates were detected as ESBL producers and 
44 isolates were AmpC Producers. 48 isolates were resistant to Imipenem. Out of 48 isolates, 40 were CDT positive 
and all 48 isolates were MHT positive. All MHT positive strains were subjected to E-Test. All isolates which were 
MHT positive were also E-Test positive. This study determined Metallo β-Lactamase produced by Acinetobacter spp. 
isolates. This can assist in the development of effective therapeutic strategies for VAP due to Acinetobacter spp.

Keywords: Ventilator-associated pneumonia, Multidrug resistance, Phenotypic confirmatory disk diffusion test, 
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INTRODUCTION

VAP is pneumonia that develops in people who have been on mechanical ventilation for over 48 hrs through an endo-
tracheal or tracheotomy tube. A high mortality rate is associated with it [1].

Acinetobacter spp. is an occasional bacterial pathogen correlated mostly with hospitals acquired infection. The bacil-
lus is a gram-negative, non-motile, non-lactose fermenter with a high prevalence of people living in immune-compro-
mised stage with prolonged hospital stay [2]. Acinetobacter spp. are the commonest cause of late-onset VAP and have 
a higher than most bacteria mortality [3].

Acinetobacter spp. emerged as a main nosocomial and opportunistic disease because it is survival potential, omnipres-
ent nature, and rapid development in antimicrobial resistance [4]. Therefore, the treatment of Acinetobacter spp. has 
become challenges due to acquiring resistance to various antibiotics through the inherent and acquired mechanism. 
Carbapenem was once the treatment of choice for VAP but, carbapenem can be hydrolyzed in various antibiotics 
including penicillin, cephalosporin, and carbapenems by the family of β-lactamases known as Metallo β-lactamases 
(MBL) [5-7]. This research was conducted with various phenotypic methods for MBL identification.

MATERIAL AND METHODS

This study was carried out in the Department of Microbiology, SMS Medical College and Attached Hospitals, Jaipur 
(Rajasthan) from Nov 2017 to Nov 2020. One hundred Acinetobacter spp. isolated from endotracheal aspirates of VAP 
patients which fulfilled the inclusion criteria were collected.
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Inclusion Criteria

Mechanical ventilation patients in ICU for over 48 hours

Fever greater than 38.5°C

Leukopenia (≤ 4,000 cells/mm3) or Leukocytosis (≥ 10,000 cells/mm3) 

Radiograph infiltrates

All tracheal aspirate samples containing Acinetobacter isolates in significant >105 cfu/ml

Exclusion Criteria

Patients within 48 hours with artificial ventilation

Patients having pulmonary infiltrate before mechanical ventilation

Exclusion in duplication of therapeutic isolates. Also omitted are all isolates that contain mixed organisms including 
Acinetobacter

Collection of Sample 

Endotracheal aspirates collected using 22 inches Ramson’s 12F mucus extractor suction catheter was introduced 
gently throughout the endotracheal strip for an approximate distance of 25 cm. Then the catheter was removed and a 
gentle aspiration was carried out without instilling saline [8]. Samples have been taken to the testing laboratory im-
mediately for microbiological analysis. Gram’s staining and quantitative cultures were subjected to samples.

Mechanically homogenize and serially diluted samples in the quantitative culture process by final dilutions of 10-2, 10-

3, and 10-4 in 0.9 percent sterile saline solution. Blood Agar (BA) and MacConkey Agar (MA) samples were cultivated 
and overnight incubated at 37°C. Acinetobacter spp. identification was performed based on the laboratory procedure 
phenotypic criteria. Antimicrobial susceptibility test was performed on MHA by Kirby Bauer disk diffusion method 
for the following antimicrobial agents as per CLSI guidelines [9] Piperacillin-tazobactam (100/10 µg), ceftazidime 
(30 µg), cefotaxime (30 µg), cefepime (30 µg), imipenem (10 µg), gentamicin (10 µg), amikacin (30 µg), doxycycline 
(30 µg), polymyxin B and tigecycline [9]. ATCC 25922 and ATCC 27853 were used as the quality control strains like 
Escherichia coli and Pseudomonas aeruginosa.

The following method was used to detect the antimicrobial resistance mechanism among multidrug resistance Aci-
netobacter spp.

Detection of ESBL

Phenotypic Confirmatory Disk Diffusion Test (PCDDT): The test isolate was swabbed on the MHA plate. A disc 
of ceftazidime (30 µg) in combination with clavulanic acid (30/10 µg) was placed at a distance of 20 mm (center to 
center) and incubated at 37°C. The result was interpretive as ESBL positive if the inhibition zone is ≥ 5 mm increase 
in inhibition halo compared with a disk without clavulanic acid. Klebsiella pneumoniae 700603 was used as a control 
strain for a positive ESBL production and Escherichia coli 25922 was used as a negative control for the ESBL pro-
duction.

Detection of AmpC Producers

AmpC Production: By using the lawn culture process, the test organism was inoculated on MHA plates. Cefoxitin 
disc was applied to the media. Plates were incubated at 35°C-37°C for 24 hrs and zone size was measured with a ruler. 
AmpC beta-lactamase manufacturer was construed as the inhibition area size ≤ 18 mm across the cefoxitin disc.

AmpC Disc Test: A lawn culture of Escherichia coli ATCC 25922 strain was made on Mueller-Hinton agar plate. 
Cefoxitin disc (30 µg) was placed on the inoculated MHA plate. AmpC disc was prepared by moistened the blank disc 
with 20µl of sterile saline and inoculated with colonies of the test organism. The disc was placed beside the cefoxitin 
disc (almost touching) with the inoculated side facing downward. Then the plate was incubated at 35°C-37ºC for 24 
hrs. There was if flattening or indentation of cefoxitin inhibition zone considered as AmpC producer [10].

Detection of MBL: MBL production would be screened by: 

Combined Disc Test (CDT): The test culture was made on the MHA as per CLSI guidelines [9]. Commercially avail-
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able imipenem (10 µg) and imipenem/EDTA (10+750 µg) discs were placed on MHA at a distance of 20 mm each 
other. After an incubation period of 16 hrs-18 hrs at 37°C, the increase in inhibition zone ≥ 7 mm around the IMP/
EDTA disc than IMP alone was considered as MBL positive [11].

Modified Hodge Test: This test was conducted to detect carbapenemase [12]. An overnight culture of E. coli ATCC 
25922 adjusted to 0.5 McFarland standard was inoculated on MHA. An imipenem disc of 10 µg concentration was 
placed on the center of the plate and test culture was streaked from the edge of the disc to the periphery of the plate. 
After an incubation period of 16-18 hours at 37°C, the presence of cloverleaf zone or distortion of inhibition around 
the imipenem disc was screened for the presence of the carbapenemase. 

MBL E-Test: To detect the minimum inhibitory concentration ratio and to confirmative MBL production, all imipe-
nem resistance isolates (Ezy MICTM Strip, Himedia) were E-tested. E-test MBL strains containing the seven imipenem 
(4 μg/ml-256 μg/ml) and the Imp-EDTA (1 μg/ml-64 μg/ml) double-sided dilution range. The MIC ratio >8 for the two 
reagent sides indicates MBL producers [13].

RESULTS

A total of 272 endotracheal aspirates were received, out of which 100 Acinetobacter spp. were identified from these 
specimens. Acinetobacter spp. was the most common organism among the VAP patients. The disc diffusion suscep-
tibility result for Acinetobacter spp. shows higher resistance pattern towards ceftazidime (98%), cefotaxime (98%), 
cefepime (95%), gentamicin (92%), amikacin (82%), ciprofloxacin (85%), and pipercilline+tazobactam (85%). Aci-
netobacter spp. shows moderate resistance towards imipenem (51%) and it was 100% sensitive to polymixin B and 
tigecycline.

Out of 100, 41% isolates were ESBL producers by PCDDT, 44% were AmpC producers. Out of 48 imipenem resistant 
isolates, 40% of isolates were detected as MBL producers by CDT. 48% were MHT positive. All MHT positive strains 
were positive in E-Test (Table 1, and Figures 1-6).

Table 1 Comparison between all β-lactamases producer isolates

Organism ESBL AmpC CDT for MBL MHT for carbapenemase E-Test

Acinetobacter spp. (100) 41 (41%) 44 (44%) 40 (83.3%) 48 (100%) 48 (100%)

Figure 1 Antibiotic resistance pattern of Acinetobacter spp.
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Figure 2 ESBL detection

 
Figure 3 AmpC detection

 
Figure 4 MBL detection by CDT

 

Figure 5 MHT test
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Figure 6 E-Test

DISCUSSION

Acinetobacter spp. are the general c ause of ventilator-associated pneumonia. As this organism is still dry and moist 
and sometimes results in nosocomial infections, it persists for a long period [14,15]. The MDR organisms raise the 
probability of mortality in patients as they develop rapid resistance to the different groups of the antimicrobials includ-
ing aminoglycosides, fluoroquinolones, and carbapenems [16].

In the present study the Acinetobacter spp. (36.76%) was the commonest causative agent associated with VAP. A 
similar finding was reported by Goel, et al. (36.82%), Khatun, et al. (32.5%) and Wajhat, et al. (36.11%) [17-19]. 
Acinetobacter spp. can resist disinfectant and survival longer even on dry surfaces. Therefore, patients on prolonged 
mechanical ventilation are more prone to VAP.

In our study, Acinetobacter spp. found higher among male patients (65%) than female (35%). Similar findings were 
reported by Rana, et al. (66.7% male and 33.3% Female), Daef, et al. (65.79% male and 34.21% female) and Verma, 
et al. (60.71% male and 39.28% female) [20-22].

VAP due to Acinetobacter spp. was more common in 41-60 years age group patients. Similar findings were reported 
by Patro, et al. (41-60 years), Patil, et al. (>40 years) and Golia, et al. (40-60 years) [23-25].

In the present study, 47% of patients had early VAP and 53% had late VAP. Similar findings were reported with Verma, 
et al. (43.66% early-onset and 56.33% late-onset), Joseph, et al. (41.7 early-onset and 58.3 late-onset), and Golia, et 
al. (44.23 early-onset and 55.77% late-onset) [22,25,26].

In our study low incidence of early onset of VAP was due to prior antimicrobial therapy before admission in ICU and 
late-onset of VAP contributed to higher infection of MDR pathogens.

In our study higher resistance were seen to cephalosporin (ceftazidime 98%, cefotaxime 98%, cefepime 95%), ami-
noglycoside (gentamicin 92% and amikacin 82%), fluoroquinolones (ciprofloxacin 85%) and β-lactamase inhibitor 
(pipercilline+tazobactam 85%). Our results were in concordance with the study of Goel, et al. (ceftazidime and ce-
fepime 100%, gentamicin 100% and amikacin 99.9%, ciprofloxacin 98.4%, pipercilline+tazobactam 98.5%), Rana, 
et al. (100% resistant to ceftazidime, cefepime, gentamicin, amikacin ciprofloxacin and pipercilline+tazobactam), 
and Samal, et al. (ceftazidime 81% and cefepime 90%, gentamicin 81%) [20,27,28]. Imipenem resistance was found 
in 48% isolates of Acinetobacter spp., similar findings were observed in the study of Goel, et al. (44%), Golia, et al. 
(37.5%) and Srivastava, et al. (28.9%) [25,27,29]. The resistance to imipenem was higher in the study of Rana, et al. 
(91.2%) which may be due to carbapenems have been extensively used [20].

In our study higher sensitivity was seen to polymixin B and tigecycline (100% sensitivity), our findings are consistent 
with the study of Jethwani, et a1. (100% sensitive) and Goel, et al. (100% sensitive) [27,30]. 

The multi-drug resistance of the Acinetobacter spp. was caused by ESBL, AmpC, and MBL. In the present study, 
ESBL was found 41%, our result is in concordance with the study of Vijaykumar, et al. (41.5%), Goel, et al. (32.9%) 
and Rit, et al. (33.3%) [17,31,32]. A high incidence of ESBL production was reported by Neupane, et al. (57.14%) and 
Pragasam, et al. (71%) [33,34]. Variations in results were due to geographical differences among the different patients 
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studied and different rates of antibiotics used in different hospitals [35]. AmpC producers were observed 44% which 
showing similarities with Rana, et al. (47%) and Goel, et al. (56.66%) [20,27]. Out of 48 imipenem resistance iso-
lates, Metallo β-lactamase were detected in our study was 40 (83.3%) by CDT and 48% by MHT (100%) and E-strip 
(100%) method. Our result in concordance with the Shivaprasad, et al. (81.1% CDT, 100% MHT, 100% E-Test) and 
Niranjana, et al. (96.6% MHT and 96.6% E-Test) [36,37].

In a comparison of CDT, MHT, and E- Test, E-Test was found as the most sensitive test. Although in our study MHT 
and E-test both were effective. MHT was a simple method for screening MBL. Perhaps there is nevertheless wrong 
false positivity on isolates due to mild AmpC enzyme carbapenem hydrolysis [36]. High positivity in MHT was in 
concordance with Amudhan, et al. [38]. Mechanisms for chromosomally or plasmid-controlled and highly sensitive 
testing in detecting MBL can be detected by E-Test MBL strips.

ESBLs are of increasing clinical concern. MBL isolates produce the most β-lactam agents and can disperse and hydro-
lyze them. Accurate detection by routine laboratory examination of this resistance phenotype is essential to implement 
proper infection control practices and initiate adequate empirical therapy [36]. 

CONCLUSION

In conclusion, the present study showed MDR Acinetobacter spp. is the most common pathogen associated with VAP 
especially in late-onset infections. In our study higher sensitivity was seen to polymixin B and tigecycline and the 
multi-drug resistance of the Acinetobacter spp. was caused by ESBL, AmpC, and MBL β-lactamase. MHT and E-Test 
for MBL detection are sensitive according to our study. Hence, the simultaneous existence of different carbapenem-
resistant enzymes should be seriously considered to make newer strategies of therapeutic, infection control measures, 
and continuous surveillance.
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