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INTRODUCTION

Resistance to antimicrobial agents is increasing
worldwide imposing significant life threatening risks
to several different populations, especially those in
intensive care units (ICUs). Among the Gram-
Acinetobacter

negative bacteria,

ABSTRACT

Background: Unprecedented levels of antimicrobial resistance in bacterial
isolates have prompted great concerns globally and have imposed significant
life threatening risks to several different populations, especially those in
intensive care units (ICUs). Among Gram-negative bacteria, Acinetobacter
baumannii is notorious as a frequent opportunistic pathogen associated with
critically ill patients The objective of the present study is to determine the
prevalence and risk factors of Carbapenem Resistant Acinetobacter baumannii
(CRAB) infections among patients admitted in ICU in a tertiary care hospital
in North East India.

Materials and Methods: A total of 215 Acinetobacter baumannii isolates
obtained from patients admitted in ICU between 2019-2020 were included in
the study, retrospectively. All the isolates were screened for carbapenem
resistance by Kirby Bauer Disc Diffusion method and were further subjected
for MIC (Minimum Inhibitory Concentration) testing by VITEK 2 automated
system. The statistical analysis was done using MedCalc for Windows version
19.1 (Ostend, Belgium). Significance of statistical association had been
calculated from standard probability (p- value) using Chi-Square test.

Results: Carbapenem resistance was observed in 149 (69%) out of 215
Acinetobacter baumannii isolates. Majority of the resistant isolates had MIC
values of >16ug/ml and <64pg/ml (85.2% for Imipenem and 87.3% for
Meropenem). Most common risk factors of infection were mechanical
ventilation (56.4%), prolonged ICU stay (44.5%) and multidrug resistance
(43.6%). The isolates were highly resistant to Cephalosporins including
Ceftazidime (91.9%) and Ceftriaxone (81.2%) whereas they showed maximum
sensitivity towards Levofloxacin  (54.4%), Aminoglycosides including
Gentamicin (53.7%) and Amikacin (53%).

Conclusion: This study highlights an increasing trend of carbapenem
resistance amongst Acinetobacter baumannii isolates in North East India.
Keywords: Acinetobacter baumannii, Intensive Care Unit, Carbapenem
resistance.

notorious as a frequent opportunistic pathogen
associated with critically ill patient. The genus
Acinetobacter is highly diverse, comprises of
oxidase-negative and catalase positive,
nonpigmented, Gram-negative coccobacilli with

>ram DNA G + C content of 39% to 47%.1 They are non-
baumannii is
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motile and non- fermenters, are strictly aerobic and
are capable to grow at a wide range of temperatures.
Most clinical strains grow optimally at 37°C, while
the environmental isolates prefer lower temperatures.
Acinetobacter. baumannii (A.baumannii) is often
transmitted to patients via persistence on
environmental surfaces and transient colonization of
the hands of health care workers.[?®! Acinetobacter is
intrinsically ~ resistant to  desiccation, which
contributes to its persistence in environments and
transmission in health care settings. Nosocomial
spread by aerosolized bacteria from infected or
colonized patients has also been reported.[
Humidifiers and water baths have often been
implicated as environmental reservoirs, and a high
level of humidity has been postulated to facilitate
growth of the bacteria.l?!

Infections caused by Acinetobacter spp. emerged in
earnest during the 1960s and 1970s in parallel with
increasing utilization of complex intensive carel>€l
and has transformed, over the years, from a
pathogen of questionable clinical significance to one
of the most virulent, multidrug resistant pathogenic
organism in the ICU, with the predominant
predispositions to infection being the factors such as
colonization pressure, exposure to broad-spectrum
antibiotics, and disruption of anatomical barriers
(e.g. placement of catheters or endotracheal tubes
and traumatic or surgical injury to skin and
integument).  Clinically, such infections are
associated with mechanical ventilation, intravenous
and urinary catheterization, surgery, invasive
procedures, and prolonged broad spectrum
antimicrobials, especially in patients who suffer from
burns, have trauma, or are in ICUs.[&9l

A. baumannii is attracting much attention owing to
the increase in antimicrobial resistance and
occurrence of strains that are resistant to virtually all
available drugs.’® This organism is generally
intrinsically resistant to a number of commonly used
antibiotics, including aminopenicillins, first- and
second- generation cephalosporins and
chloramphenicol.*+12 |t also has a remarkable
capacity to acquire mechanisms that confer
resistance to broad-spectrum B-lactams,
aminoglycosides, fluoroquinolones and
tetracyclines.['31 Of particular concern is resistance to
carbapenems — broad-spectrum B-lactams that were
introduced by 1985 and that, for years, have been the
most important agents for the treatment of infections
caused by MDR A. baumannii. Although clinical A.
baumannii isolates were shown to be invariably
susceptible to these drugs in early studies.[t1?]
hospital outbreaks caused by carbapenem-resistant
strains had already been reported by the early
1990s.14

The resistance of A. baumannii to carbapenems can
be mediated by resistance mechanisms, which
include enzymatic inactivation, active efflux of
drugs, and modification of target sites. The
production of naturally occurring carbapenem-
hydrolizing beta-lactamases and oxacillinases

encoded by genes of the blaOXA-23, blaOXA-40
and blaOXA-58-like lineage are the commonest
enzymatic mode of carbapenem resistance.[* Potent
class B metallo carbapenemases of the VIM, IMP
and SIM type have been found in A. baumannii
which confer high-level resistance to
carbapenems.[*61718] Resistance to carbapenems may
also be explained by other mechanisms, such as
porin loss or modification.[*%]

Carbapenem resistance in A. baumannii is now an
emerging issue worldwide. The percentage of
carbapenem resistant isolates gradually increased
over the years in Europe, North America, and Latin
America.? A worldwide collection of 5127
Acinetobacter spp. collected between 2005 and 2009
from 140 hospitals in 32 countries in North America
(17.1%), Europe (22.9%), Latin America (25.2%)
and the Asia-Pacific region (34.8%), showed that the
nonsusceptibility percentage had increased from 27.8
and 37.5% in 2005 to 62.4% and 64.4% in 2009 for
imipenem and meropenem, respectively. [ In
Philippines 54.1% of 3,575 A.baumannii isolates
were resistant to carbapenems in 2015, a significant
rise compared to 27.2% and 22.1% in 2006 and
2010, respectively. In Thailand 73.7% of the
country’s A.baumannii isolates between January and
September 2015 were found to be resistant to
meropenem, making a significant increase from
62.5% in 2010.22 have generally exceeded 40%
throughout all of India. In a study from Central India
a total of 155 /368 (42.11%) isolates A. baumannii
were found to have reduced susceptibility to
imipenem by disc diffusion method. Among these
155 isolates tested 130 (83.87%) isolates showed
MIC values for imipenem and meropenem ranging
from16-64 mg/L. 31 Goel et al in 2011 reported a
rapid emergence of carbapenem resistance in
Acinetobacter baumannii (74%) in a tertiary care
hospital in Delhi, India.??l In a study conducted in
South India, out of a total of 332 Acinetobacter
baumannii isolates obtained from CCU, 75% were
resistant to carbapenems.?

In North-East India there is paucity of data regarding
the prevalence of carbapenem resistance in
Acinetobacter baumannii isolates in ICU settings.
Hence this study was planned to detect the
prevalence of carbapenem resistance in the A.
baumannii isolates using screening phenotypic
methods and determining the minimum inhibitory
concentration (MIC) using the standard VITEK
method and also the associated risk factors
contributing to such infections.

MATERIAL AND METHODS

Study Design

The study was a cross sectional analytical study
carried out in the department of Microbiology in a
tertiary care center, Shillong, Meghalaya for a
period of one year (2019-2020).
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Inclusion Criteria

All Acinetobacter baumannii isolates obtained from
various clinical specimens from patients admitted in
Intensive care unit (ICU) were included in the study.
Exclusion Criteria

Repeat isolates from the same patient from repeat
specimen were excluded from the study to avoid
duplication of isolate.

Ethical consideration

The study was conducted after obtaining ethical
clearance from the Institutional Ethics Committee
with reference to NEIGR/IEC/T37/19/37.

Sample Collection

Various clinical specimens like blood, endotracheal
secretion, urine, exudates, sputum, cerebrospinal
fluid, pleural fluid, etc were obtained from patients
admitted in Intensive Care Unit were cultured on
appropriate routine bacteriological media and
further processed and analysed for the detection of
carbapenem resistant Acinetobacter baumannii.
Morphological and biochemical identification
Biochemical identification was performed according
to the standard laboratory procedures.[?8! Various
samples obtained from the patients were inoculated
and streaked onto the surface of MacConkey agar
(Himedia, India) for isolated colonies. Characteristic
discrete non lactose fermenting colonies produced
after 24 hours of incubation aerobically at 37°C
were streaked onto fresh sterilised Nutrient agar
(Himedia, India) and identified by conventional
biochemical tests such as indole, triple sugar iron
(TSI) , citrate and urease and motility tests. The
isolates that were non-motile, negative to indole and
urease tests giving alkaline/alkaline (K/K) reaction
without gas and hydrogen sulphide production on
TSI but positive to citrate test were identified as A.
baumannii.

Phenotypic methods for detecting carbapenem
resistance

Screening by disc diffusion method

30pug Carbapenem (Imipenem and Meropenem)
discs,?1 were put on the Muller Hinton Agar
(MHA) plate for screening carbapenem resistance
according to Kirby — Bauer’s disc- diffusion method
following standard laboratory protocols.?l A
suspension of each isolate in Mueller- Hinton broth,
adjusted to the density of a 0.5 McFarland standard,
was swabbed in three directions to ensure uniform
growth onto Mueller-Hinton agar plates. Once the
agar surface was completely dry, Carbapenem discs
were applied (25 mm apart) to each plate with sterile
forceps, and the plates were incubated at 35°C for
16 to 20 hours. Zones of inhibition were measured
and interpreted as per CLSI 2019 guidelines.[?"]
Identification and MIC detection by Automated
Bacterial culture system

All the screened isolates were further subjected to
VITEK-2  Identification  system (VITEK-2,
BioMerieux  France). Identification  and
Antimicrobial susceptibility testing (AST) for a
panel of antibiotics including carbapenems was
performed using Gram negative identification (GN

ID) card and AST-N280 card for determination of
resistance pattern and Minimum Inhibitory
Concentration (MIC) respectively. The standard
procedures recommended by the manufacturer were
followed for Identification and  AST.[*
Interpretation of test was done as per CLSI 2019
guidelines.’?l Carbapenem resistance was defined as
MIC  values of (Imipenem>8ug/ml) and
(Meropenem=>8 ng/ml).

Quality control

Quality control of the test was done by standard
ATCC strain Escherichia coli 25922 and
Pseudomonas aeruginosa 27853.1°1

Data analysis

The data on demographic and clinical parameters
were tabulated and graphed using Microsoft Excel
v2007 for Windows. Significance of statistical
association had been calculated from standard
probability (p-value) using Chi-Square test. The
observation was considered statistically significant
if the p-value was less than 0.05. The statistical
analysis was done using MedCalc for Windows
version 19.1 (Ostend, Belgium).

RESULTS

During the study period (March 2019 to February
2020), a total of 215 non-duplicate, consecutive
patient-specific Acinetobacter baumannii isolates
were obtained from different clinical samples of
patients admitted in ICU. All these 215 isolates were
subjected to screening for Carbapenem resistance by
Kirby Bauer’s disc-diffusion method following
which they were further subjected for susceptibility
testing by VITEK-2 system where only 149 (69%)
isolates showed Carbapenem resistance.

Age and Gender distribution

Out of the total 149 carbapenem resistant A.
baumannii (CRAB) isolates, 66% were obtained
from males and 34% from females as shown in
figure 1. Maximum were observed in the age group
of 51 — 60 years (21%) followed by age group of 31-
40 years (18%) as shown in figure 2 and the mean
age of the patients was 45.38 years.

Clinical spectrum of CRAB isolates:

Maximum number of the resistant isolates were
obtained from the patients admitted in ICU due to
Central Nervous System (CNS) manifestations
(45%) followed by sepsis (13.4%) and respiratory
infections (7.4%), renal (6.7%) and Cardiovascular
system (CVS) manifestations (5.4%) as shown in
figure 3.

Source of resistant isolates

Most of the carbapenem resistant isolates were
obtained from Minibal (27.5%) followed by tracheal
secretion (19.5%) and blood (18.1%) as shown in
figure 4.

Distribution of MIC values of the CRAB isolates
by VITEK: The MIC values ranged from >8 pg/ml
to >32 ug/ml. 14.8% (for Imipenem) and 12.8% (for
Meropenem) had MIC values of >8pug/ml, 57% (for
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Imipenem) and 58.4% (for Meropenem) had MIC
values of >16pg/ml and 28.2% (for Imipenem) and
28.9% (for Meropenem) had MIC values of
>32ug/ml but < 64 pg/ml as shown in table 1.
Antimicrobial susceptibility profile of CRAB
isolates : The CRAB isolates as detected by MIC
using VITEK were highly resistant to
Cephalosporins including Ceftriaxone (91.9%) and
Ceftazidime (81.2%), Fluoroquinolones like
Ciprofloxacin (79.9%) and B-lactam inhibitors
including Piperacillin-Tazobactam (60.4%) and also
Ampicillin-Sulbactam (59.7%). The isolates showed
maximum  sensitivity  towards  Levofloxacin
(54.4%), Aminoglycosides including Gentamicin
(53.7%) and Amikacin (53%) as shown in figure
5.The resistance to Ceftriaxone was found to be
statistically significant (p=0.0466) as shown in table
2.

Risk factors associated with CRAB isolates

Risk factors for CRAB in the decreasing order of
frequency were as follows: mechanical ventilation
(56.4%), prolonged ICU stay (44.5%), multidrug
resistance (43.6%), presence of indwelling catheter
(16.1%), major surgery (11.4%) and major trauma
(10.1%). In our study, 56.4% of the patients
harbouring CRAB were on mechanical ventilation
in comparison to 25.8% of the patients who had
non-CRAB infections. This was found to be
statistically significant (p=0.0219) as shown in table
3. It was also observed that majority of the study
patients (73.8%) harbouring CRAB infections had a
duration of ICU stay ranging between 24-31 days
(73,8%) followed by 16-23 days (18.1%).
Antibiotic exposure of CRAB isolates: Most of the
CRAB isolates had previous administration of
Piperacillin and Tazobactam (41.6%), Ceftriaxone
(30.2%), Amikacin (13.4%) and Imipenem (6.7%)
as shown in table 4.

-
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Figure 2: Age distribution of the CRAB isolates
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Figure 4: Source of the CRAB isolates

Figure 1: Gender distribution of the CRAB isolates

Table 1: MIC values of the CRAB isolates by VITEK

Imipenem Meropenem

Values(pg/ml) NoS % NoS %

>8to <16 22 14.8 19 12.8

>16 to <32 85 57.0 87 584

>32 to <64 42 28.2 43 28.9
Total 149 100.0 149 100.00
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Table 2: Antibiotic susceptibility profile of the CRAB isolates versus Non-CRAB isolates

SENSITIVE RESISTANT
Antibiotics CRAB Non-CRAB value CRAB Non-CRAB 0 value
Nos % Nos | % | P Nos | % | Nos| % P
Gentamicin 77 51.7 27 40.9 0.5129 72 48.3 39 59.1 0.4518
Amikacin 80 53.7 41 62.1 0.1103 69 46.3 25 37.9 0.1699
Ciprofloxacin 30 20.1 16 24.2 0.7499 119 79.9 50 75.8 0.5537
Levofloxacin 81 54.4 33 50.0 0.6708 68 45.6 33 50.0 0.6793
Ceftazidime 12 8.1 6 9.1 0.9442 137 91.9 60 90.9 0.8164
Ampicillin -Sulbactam 60 40.2 33 50.0 0.7730 89 59.7 33 50.0 0.7772
Piperacillin and Tazobactam 59 39.6 24 36.4 0.7873 90 60.4 42 63.6 0.7260
Ceftriaxone 28 18.8 5 7.6 0.5463 121 81.2 61 924 0.0466
Ceftazidime 12 8.1 6 9.1 0.9442 137 91.9 60 90.9 0.8164
Table 3: Risk factors associated with CRAB isolates versus Non-CRAB isolates
Serial Number Factors CRAB % Non-CRAB % ‘p’ value
1 Major Surgery 17 114 2 3.0 0.7224
2 Major Trauma 15 10.1 3 45 0.7685
3 Length of Stay in ICU
0 -7 days 2 1.3 1 1.5 0.9923
8 - 15 days 10 6.7 6 9.1 0.8663
16 - 23 days 27 18.1 11 16.7 0.9160
24 - 31 days 110 73.8 48 72.7 0.8858
4 Mechanical Ventilation 84 56.4 17 25.8 0.0219
5 Indwelling Catheter 24 16.1 6 9.1 0.6698
6 MDR 65 43.6 23 34.8 0.4649
Table 4: Antibiotic exposure of the CRAB isolates
Antibiotic Nos %
Amikacin 20 134
Amikacin and Ceftriaxone 1 0.7
Amikacin and Imipenem 1 0.7
Amikacin and Levofloxacin 1 0.7
Ceftriaxone 45 30.2
Ceftriaxone and Metronidazole 1 0.7
Ceftriaxone and Moxifloxacin 1 0.7
Ertapenem 1 0.7
Imipenem 10 6.7
Meropenem 3 2.0
Metronidazole 1 0.7
Moxifloxacin 2 1.3
Piperacillin and Tazobactam 62 41.6

DISCUSSION

The carbapenem class of antibiotics is largely
considered as an antibiotic of last-resort when
treating A. baumannii infections, however,
incidences of carbapenem-resistant A. baumannii are
rising in several parts of the world.*®) These are
broad-spectrum B-lactams that , for years, have been
the most important agents for the treatment of
infections caused by multidrug (MDR) A.
baumannii. Increasing prevalence of carbapenem
resistance worldwide limits treatment options for A.
baumannii infections. Virulence factors, intrinsic
and acquired resistance mechanisms, together with
laboratory challenges in the detection and antibiotic
susceptibility testing of A. baumannii make this a
truly problematic resistant isolate. Therapeutic
options are exceedingly limited, relying on
polymyxins in combinations with other antibiotics,
with few, if any, new active agents in the pipeline.l*!
This study was an endeavour to characterize and
determine the prevalence of carbapenem resistance
among the various A. baumannii isolates from
various clinical samples of patients admitted in

Intensive Care Unit in a tertiary care hospital in
North-East India.

In this study, 149 (69%) out of 215 CRAB isolates
showed resistance to carbapenem by VITEK MIC.
This is similar to the study by Bali et al in 2013
where prevalence of carbapenem resistance was
60%.54 However, it is in contrast to a study by
Khajuria et al in 2014 where prevalence of
carbapenem (Imipenem) resistance was 42.11%. 1%
Majority of the carbapenem resistant isolates
obtained were from males (65.8%). This is not
statistically significant as higher number of males
were admitted. Maximum number of patients with
CRAB infections were of age group 51 to 60 years,
which could be attributed to weakened immune
system and associated comorbidities with advancing
age. Male preponderance and more risk with
increasing age were also presented in a study by
Huiping Huang et al in 2018.5%%

Maximum (34.2%) CRAB isolates were obtained
from patients presenting with CNS manifestations
who were shifted to ICU from Neurology
department. This may be attributed to the fact that
the patients suffering from diseases involving the
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Central Nervous System usually require intensive
critical care management in majority of the cases
thereby increasing the risk of infection. Most
(27.5%) of the CRAB isolates were obtained from
respiratory (Minibal) samples indicating that the
respiratory tract was the commonest site of infection.
Similar to our study, a predominance of lung
infections (54.7%) was observed in a study by lara
Rossi et al in 2014.3

The MIC values by VITEK for the CRAB isolates
ranged from >8ug/ml to <64pg/ml (for both
Imipenem and Meropenem). Majority of the study
isolates had MIC values of >16pg/ml and <64pg/ml
(85.2% for Imipenem and 87.3% for Meropenem)
which is similar to a study by Khajuria et al in 2014
where 86.8% of the CRAB isolates had MIC values
ranging from >16pg/ml and <64pug/ml for both
Imipenem and Meropenem. %]

In our study, the CRAB isolates as detected by MIC
using VITEK were highly resistant to
Cephalosporins including Ceftazidime (91.9%) and
Ceftriaxone (81.2%). High resistant rates were also
observed against Fluoroguinolones like
Ciprofloxacin (79.9%) and p-lactam inhibitors
including Piperacillin and Tazobactam (60.4%) and
Ampicillin-sulbactam (59.7%) and this could be due
to excessive use of these antibiotics in the hospital.
Similar resistance pattern was presented in a study
by Goel et al in 2011 where resistant rates for 3
generation cephalosorins, fluoroquinolones and f3-
lactam inhibitors were 88% ,86% and 80%
respectively.?*l In our study it was also found that
the CRAB isolates showed significant resistance to
Ceftriaxone (p=0.0466) in comparison to the non-
CRAB isolates.

The isolates showed maximum sensitivity towards
Levofloxacin (54.4%) and also Aminoglycosides
including Amikacin (53.7%) and Gentamicin
(51.7%) which could be due to controlled use of
these drugs in our hospital. Our findings were
similar to a study by Nashiket D et al.’4 where
sensitivity rate for Amikacin was 30% , however in
contrast, higher resistant rates for Levofloxacin
(89%) and Aminoglycosides (80%) were reported by
Nashiket D et allB¥ and by Goel et al
respectively.?4

The risk factors that predispose individuals to the
acquisition of and infection with A. baumannii are
similar to those that have been identified for other
MDR organisms. These include host factors such as
major surgery, major trauma, exposure related
factors such as length of stay in ICU and factors that
are related to medical treatment such as mechanical
ventilation, the presence of indwelling devices
(intravascular catheters, urinary catheters, drainage
tubes). In our study, the risk factors in the patients
harbouring carbapenem resistant A. baumannii in the
decreasing order of frequency were mechanical
ventilation (56.4%), prolonged ICU stay (44.5%)
multidrug resistance (43.6%), indwelling catheter
(16.1%), major surgery (11.4%) and major trauma
(10.1%). It was also observed that majority of the

study patients (73.8%) harbouring CRAB infections
had a longer duration of ICU stay of approximately
one month which could be due to prolonged
exposure to hospital environment as well as
prolonged use of broad spectrum antibiotics. Similar
risk factors were also reported in a study by Garcia-
Garmendia et al in 2001.51 Only presence of
mechanical ventilation in them was found to be
statistically significant (p=0.0219) in comparison to
those patients having non-CRAB infections. Thus
association of mechanical ventilation with CRAB
infection due to cross contamination and
colonization of respiratory equipment followed by
invasion could be of concern. A similar finding of
mechanical ventilation as a significant risk factor
(p= 0.009) was presented in a study by
Vitkauskiene et al in 2012.581 Our study revealed a
multidrug resistance rate of 43.6% amongst the
CRAB isolates which is similar to a study by by
Huiping Huang et al in 2018 where MDR rate of
39.88% was reported. However a comparatively
higher rate of 91% multidrug resistance was reported
for CRAB isolates in a study by Rynga et al in
2015.137

Majority of them also had a history of previous
exposure to antibiotics such as Piperacillin-
Tazobactam (41.6%) and Ceftriaxone (30.2%) which
could be explained by the fact that use of broad
spectrum antibiotics can increase the risk of
acquiring drug resistant infections due to
Acinetobacter baumannii.

CONCLUSION

The present study highlights an increasing
prevalence of carbapenem resistance amongst
Acinetobacter baumannii isolates especially in the
intensive care unit.The detection and surveillance
of carbapenem resistant Acinetobacter baumannii
infections are matters of major importance for the
selection of appropriate therapeutic schemes and
the implementation of infection control measures.
Interventions such as hand hygiene, contact
precautions, patient and staff cohorting, healthcare
personnel education, minimizing device use are
essential for curbing this menace.Antibiotic
stewardship programmes to reduce the antibiotic
resistance besides improving the patient care with
reduced treatment failure are of utmost importance.
It is essential to conduct a regular survey for
bacterial contamination and to increase worker
awareness and education about hygiene standards.
Financial support and sponsorship: Nil

Conflicts of interest: There are no conflicts of
interest.

REFERENCES

1. Peleg AY, Seifert H, Paterson DL. Acinetobacter baumannii:
emergence of a successful pathogen. Clin Microbiol Rev.
2008; 21:538-82

345

International Journal of Medicine and Public Health, Vol 14, Issue 1, Jan-Mar, 2024 (www.ijmedph.org)


https://www.tandfonline.com/author/Vitkauskiene%2C+Astra

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

McDonald LC, Banerjee SN, Jarvis WR. Seasonal variation
of Acinetobacter infections: 1987-1996. Nosocomial
Infections Surveillance System. Clin Infect Dis. 1999;
29:1133-1137

Spellberg B, Bonomo RA. “Airborne assault”: a new
dimension in Acinetobacter baumannii transmission. Crit
Care Med. 2013; 41:2042-2044

Whitman TJ, Qasba SS, Timpone JG et al. Occupational
transmission of Acinetobacter baumannii from a United
States serviceman wounded in Iraq to a health care worker.
Clin Infect Dis. 2008; 47:439-443

Glew RH, Moellering RC, Jr, Kunz LJ. Infections with
Acinetobacter calcoaceticus (Herellea vaginicola): clinical
and laboratory studies. Medicine (Baltimore). 1977; 56:79—
97

Daly AK, Postic B, Kass EH. Infections due to organisms of
the genus Herellea. BSW and B anitratum. Arch Intern Med.
1962; 110:580-591. Maragakis LL, Perl TM. Acinetobacter
baumannii: epidemiology, antimicrobial resistance, and
treatment options. Clin Infect Dis.2008; 46: 1254-1263
Maragakis LL, Perl TM. Acinetobacter baumannii:
epidemiology, antimicrobial resistance, and treatment
options. Clin Infect Dis.2008; 46: 1254-1263

Joly-Guillou ML. Clinical impact and pathogenicity of
Acinetobacter. Clin Microbiol Infect. 2005; 11:868-873
Freire MP, de Oliveira Garcia D, Garcia CP et al.
Bloodstream infection caused by extensively drug-resistant
Acinetobacter baumannii in cancer patients: high mortality
associated with delayed treatment rather than with the degree
of neutropenia. Clin Microbiol Infect. 2016; 22:352-358
Perez F. Global challenge of multidrug-resistant
Acinetobacter baumannii. Antimicrob Agents Chemother.
2007; 51: 3471-3484. State-of-the-art review on MDR A.
baumannii

Vila J. In vitro antimicrobial production of b-lactamases,
aminoglycoside-modifying enzymes, and chloramphenicol
acetyltransferase by and susceptibility of clinical isolates of
Acinetobacter baumannii. Antimicrob Agents Chemother.
1993; 37: 138-141

Seifert H, Baginski R, Schulze A et al. Antimicrobial
susceptibility of Acinetobacter species. Antimicrob Agents
Chemother. 1993; 37: 750-753

Bergogne-Bérézin E & Towner K. J. Acinetobacter spp. as
nosocomial pathogens: microbiological, clinical, and
epidemiological features. Clin Microbiol Rev.1996; 9: 148—
165

Tankovic J. Characterization of a hospital outbreak of
imipenem-resistant Acinetobacter baumannii by phenotypic
and genotypic typing methods. J Clin Microbiol. 1994;
32:2677-2681

Khajuria A, Praharaj A. K, Kumar M et al.Molecular
Characterization of Carbapenem Resistant Isolates of
Acinetobacter baumannii in An Intensive Care Unit of A
Tertiary Care Centre at Central India. Journal of Clinical and
Diagnostic Research. 2014;8(5): 38-40

Cornaglia G, Riccio ML, Mazzariol A, et al. Appearance of
IMP-1 metallo-b-lactamase in Europe. Lancet. 1999; 353:
899-900

Yum JH, Yi K, Lee H, et al. Molecular characterization of
metallo-b-lactamase-producing Acinetobacter baumannii and
Acinetobacter genomospecies 3 from Korea: identification of
two new integrons carrying the blaVIM-2 gene cassettes. J
Antimicrob Chemother. 2002; 49: 837840

Lee K, Yum JH, Yong D, et al. Novel acquired metallo-
blactamase gene, bla (SIM-1), in a class 1 integron from
Acinetobacter baumannii clinical isolates from Korea.
Antimicrob Agents Chemother. 2005; 49: 4485-4491

Sato K, Nakae T. Outer membrane permeability of
Acinetobacter calcoaceticus and its implication in antibiotic
resistance. J Antimicrob Chemother. 1991; 28:35-45

Peleg AY, Seifert H, Paterson DL. Acinetobacter baumannii:
emergence of a successful pathogen. Clin Microbiol Rev.
2008; 21: 538-582

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Mendes RE, Farrell DJ, Sader HS, Jones RN.
Comprehensive assessment of tigecycline activity tested
against a worldwide collection of Acinetobacter spp. (2005—
2009). Diagn Microbiol Infect Dis. 2010;68 (3): 307-311
Hsu Li-Yang, Apisarnthanarak Anucha, Khan Erum,
Suwantarat Nuntra, Ghafur Abdul, Paul Anantharajah
Tambyahb.CARBAPENEM-Resistant Acinetobacter
baumannii and Enterobacteriaceae in South and Southeast
Asia. cmr.asm.org .2017;30 (1)

Prashanth K, Bhadrinath S. Nosocomial infections due to
Acinetobacter species: clinical findings, risks and prognostic
factors. Indian J Med Microbiol. 2006; 24:39—44

Goel N, Wattal C, Oberoi JK, Raveendran R, Datta S, Prasad
KJ. Trend analysis of antimicrobial consumption and
development of resistance in non-fermenters in a tertiary care
hospital in Delhi, India. J Antimcrob Chemother. 2011,
66:1625-1630

Rajenderan S, Balaji V, Anandan S, Sahni RD, Tansarli GS,
et al. Determination of MIC Distribution of Arbekacin,
Cefminox, Fosfomycin, Biapenem and Other Antibiotics
against Gram-Negative Clinical Isolates in South India: A
Prospective Study. PLoS ONE.2014; 9(7): 103253

Mackie TJ, Collee JG, McCartney JE. Mackie and
McCartney practical medical microbiology. New Delhi
(India): Elsevier;2007

Weinstein ~ MP.  M100-Performance  standards  for
antimicrobial susceptibility testing, 28™ edition.S.1: Clinical
and Laboratory; 2019

Ling TK, Tam PC, Liu ZK, Cheng AF. Evaluation of
VITEK-2 rapid identification and susceptibility testing
system against gram- negative clinical isolates. J Clin
Microbiol. 2001 Aug;39(8):2964-6

Nordmann P, Poirel L, Dortet L. Rapid Detection of
Carbapenemase-producing Enterobacteriaceae. Emerg Infect
Dis. 2012;18(9):1503-7

Abbott lain, Cerqueira Gustavo M, Bhuiyan Saruar, Peleg
Anton Y, et al. Carbapenem Resistance in Acinetobacter
baumannii, Laboratory Challenges, Mechanistic Insights and
Therapeutic Strategies. Expert Rev Anti Infect Ther. 2013;11
(4):395-409

Bali NK, Fomda BA, Bashir H, Zahoor D, Lone S, Koul PA.
Emergence of carbapenem-resistant Acinetobacter in a
temperate north Indian state. Br J Biomed Sci. 2013; 70:156
-160

Huiping Huang, Borong Chen, Gang Liu et al. A multi-center
study on the risk factors of infection caused by multi-drug
resistant Acinetobacter baumannii. BMC Infectious Diseases
(2018); 18:2932-2935

Rossi lara Royer Sabrina, Lorraine Melina et.al. Incidence of
infections caused by carbapenem-resistant Acinetobacter
baumannii. American journal of infection control.2019: 47
(12): 1431-1435

Nachiket D. Vaze, Christopher L. Emery, Richard J et al.
Patient Demographics and Characteristics of Infection with
Carbapenem-Resistant ~ Acinetobacter baumannii in a
Teaching hospital in the United States.Advances in
Infectious Diseases. 2013; 3: 10-16
http://dx.doi.org/10.4236/aid.2013.31002 Published Online
March 2013 (http://www.scirp.org/journal/aid) Surgical &
Nosocomial Infection Research and Bacterial Pathogenesis
Program, Drexel University College of

Garcia-Garmendia J. L, et al. Risk factors for Acinetobacter
baumannii nosocomial bacteremia in critically ill patients: a
cohort study. Clin Infect Dis. 2001; 33: 939-946
Vitkauskiene Astra, Dambrauskiene Asta, Cerniauskiene
Kristina et al. Risk factors and outcomes in patients with
carbapenem-resistant Acinetobacter infection Scandinavian
journal of infectious disease. 2013: 45(3): 213-218

Rynga Dabet, Shariff Malini, Deb Monorama. Phenotypic
and molecular characterization of clinical isolates of
Acinetobacter baumannii isolated from Delhi, India. Ann
Clin Microbiol Antimicrob. 2015; 14:40.

346

International Journal of Medicine and Public Health, Vol 14, Issue 1, Jan-Mar, 2024 (www.ijmedph.org)



