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Introduction 

 Nowadays, Anti microbial resistance in growing problem in 

modern hospitals the increasing severity of illness and 

compromised immunity of patients treated for cancer and other 

leads to frequent use of broad spectrum antibiotic agents. There 

are over 20 species of acinetobacter, though the aciinetobacter 

baumannii accounts for >80% of isolates causing human 

disease. Acinetobacter species are ubiquitous gram negative 

bacteria wide spread in nature. 

 Acinetobacter baumannii has emerged as an important 

nosocomial pathogen (1–5). Hospital outbreaks have been 

described from various geographic areas (6–9), and this 

organism has become endemic in some of them. The role of the 

environmental contamination in the transmission of nosocomial 

infections in general and in A. baumannii infections in particular 

is well recognized (10, 11).  

 A. baumannii does not have fastidious growth requirements 

and is able to grow at various temperatures and pH conditions 

(12). The versatile organism exploits a variety of both carbon 

and energy sources.  

 These properties explain the ability of Acinetobacter species 

to persist in either moist or dry conditions in the hospital 

environment, thereby contributing to transmission (13, 14). This 

hardiness, combined with its intrinsic resistance to many 

antimicrobial agents, contributes to the organism’s fitness and 

enables it to spread in the hospital setting. 

 The nosocomial epidemiology of this organism is complex. 

Villegas and Hartstein reviewed Acinetobacter outbreaks 

occurring from 1977 to 2000 and hypothesized that endemicity, 

increasing rate, and increasing or new resistance to antimicrobial 

drugs in a collection of isolates suggest transmission. These 

authors suggested that transmission should be confirmed by 

using a discriminatory genotyping test (15).  

 The importance of genotyping tests is illustrated by 

outbreaks that were shown by classic epidemiologic methods 

and were thought to be caused by a single isolate transmitted 

between patients; however, when molecular typing of the 

organisms was performed, a more complex situation of multiple 

unrelated strains causing the increasing rates of infections by A. 

baumannii was discovered (16–17). Almost 25 years ago, 

researchers observed acquired resistance of A. baumannii to 

antimicrobial drugs commonly used at that time, among them 

aminopenicillins, ureidopenicillins, first and second-generation 

cephalosporins, cephamycins, most aminoglycosides, 

chloramphenicol, and tetracyclines (19).  

 Since then, strains of A. baumannii have also gained 

resistance to newly developed antimicrobial drugs. Although 

multidrug-resistant (MDR) A. baumannii is rarely found in 

community isolates, it became prevalent in many hospitals( 23). 

MDR A. baumannii has recently been established as a leading 

nosocomial pathogen in several Israeli hospitals, including our 

institution (20,21). Several locally contained small outbreaks of 

MDR A. baumannii occurred in our institution during the late 

1990s. In 1999, however, the incidence of MDR A. baumannii 

isolation had doubled compared to the previous 2 years, and the 

organism became endemic in many wards (unpub. data).  

 The likelihood of isolation of A. baumannii from a 

hospitalized patient is related to temporospatial (extrinsic, 

ecologic characteristics) factors such as colonizationpressure 

(22), nurse-to-patient ratio, and other ward characteristics and to 

individual patient risk factors (characteristics).  The current 

study was designed to examine the occurrence and spread of A. 

baumannii within our institution, as well as to define individual 

risk factors for isolation of this organism. 

Material and methods: 

Collection of organism  

 Eighteen Acinetobacter species were collected from 

different labs located at Chennai. 

Confirmation 

The organism were further confirmed as Acinetobacter by 

performing various biochemical  tests such as Oxidase, Catalase, 

and culturing in  Macconkey agar medium.  
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Characterization of ESBL producing strains using Disk 

Diffusion Method 
      In this study, to evaluate the percentage of β lactamase 

producing organism,18 strains of Acinnetobacter species that 

was isolated from the blood samples of the patients admitted in 

the ICU was chosen. All the organisms were subjected to 

Antibiotic sensitivity tests by Kirby Bauer Disk Diffusion 

method, to assay the susceptibility and resistant pattern. 

Penicillin antibiotic of concentration 30μg which is used today 

for the treatment of β- latamases containing bacterial infection 

was chosen for the multidrug resistance study. The above 

mentioned antibiotic disc was placed in the plates containing 

organisms and incubated for 24hours to view the zone of 

inhibition. 

Qualitative assay for the biofilm formation 
 The qualitative assay was performed for each species by the 

tube method.  

Quantitative assay for the biofilm formation 
 The quantitative assay was performed for each species by 

the microtiter plate method. 

Plasmid isolation  

 The species resistant to ceftazidime (CAZ) 30μg was used 

to isolate the plasmid by alkalin lysis method. 

Determination of molecular weight by agarose gel 

electrophoresis 

 The purified plasmid, taken in duplicate, was loaded in lane 

number 2-6.Amarker DNA of 1Kb ladder was loaded in lane 

number 1 and it was used to determine the molecular weight of 

the purified plasmid DNA. The separated plasmid was 

visualized under UV transilluminator.  

Result and Discussion 

 Acinetobacter species has rapidly become the most common 

ESBL producing organism, making it difficult to eradicate this 

organism from the high risk wards such as Intensive Care Units. 

It is considered to be dangerous species due to its multidrug 

resistance capacity. 

Isolation of Acinetobacter Species: 

 The Organism which was received from different hospital 

laboratories located in Chennai was further confirmed by the 

observation of growth  in Maconkey Agar Medium and various 

Biochemical assays(Table No:  1 ). The organisms were  Gram 

negative, rod shaped bacteria, Hence the organisms were 

confirmed to be Acinetobacter species. by referring Bergeys 

Manual of Bacteriology. 

Biochemical identification tests for Acinetobacter 

Characterization of ESBL producing Strains using Disc 

Diffusion Method 

 Table No.2 and 3 depicts the data of disc diffusion 

technique. From the data it is evident that three strains (species 

No.1, 11, 15) were resistance to Ceftazidime (CAZ) and 

sensitive to Ceftazimide/ Clavulinic acid (CAC) combinations. 

Hence these strains are referred to be ESBL strains. These 

strains has produced the enzyme β lactamases, cleaved the β 

lactam ring antibiotic CAC, but when the drug was taken in 

combination the enzyme was not able to cleave the drug and 

hence no growth of the organism was noticed to certain extent. 

This finding is consistent with reports of other tertiary care 

hospitals, giving the evidence of β lactamases (ESBL), can 

rapidly emerge and establish a condition of endemicity in certain 

epidemiological settings. 

 Also, from the result, it is able to view that species No.6 

was completely resistant (N Z) to the antibiotic Imipenum 

(IPM).  And the strains (12, 14, and 16) were also considered to 

be resistant even though little zone formation was seen. This is 

predicted that, the carbapenase enzyme produced by the 

organism has inactivated the Antibiotic Imipenum. Similar 

findings were reported by Patrice Nordamn et al, 2008.  

Figures No.1-4 Antimicrobial zones of each Acinetobacter 

species against 8 antibiotics 

 
Species No.4(a)  (CPM,AT,CAC,CTX) 

Species No.4 (b) (IPM,CX,CAZ,CTR) 

 
Species No.5 (a) (CPM,AT,CAC,CTX               

Species No. 5(b) (IPM,CX,CAZ,CTR) 

 
Species No. 7 (a) (IPM,CX,CAZ,CTR             

SpeciesNo.7(b)(CTX,CAC,AT,CPM) 

 
Species No. 8 (a) (IPM,CX,CAZ,CTR)             

Species No. 5(b) (IPM,CX,CAZ,CTR)          

 By analyzing the percentage of susceptibility and resistance 

to the antibiotics which is used presently for the treatment of 

Acinetobacterenlightens the idea of prevalence of the infectious 

strains today in India. 



Bosco Dhanaseeli.P et al./ Elixir Biochem. 69 (2014) 23245-23250 
 

23247 

 Susceptibility represents that the antibiotic are active and 

inhibits the growth of the organism, hence different size 

formations are seen and the standard limit of zone formation if 

14mm. hence, if the zone formation is greater than 14mm it is 

considered to be susceptibility. 

 Intermediate resistance is categorized as if the zone 

formation is in the border line i.e,12-14mm size. 

 Resistance represents endangered it means that the 

antibiotics losses its ability to kill the organism, and hence these 

organisms grow till very closer to the antibiotic disk, and the 

standard of resistance is considered to be no zone formation or 

below 12mm size.   

 
 Table No: 3 and Fig No: 2 depict the Percentage of 

Susceptibility, Intermediate resistance and Resistance to 

different antibiotics. From the data, it is clear that 61.1% of the 

strains was highly resistant to the antibiotic CAZ, AT which is  

one of the antibiotics used today for the treatment  of infectious 

Acinetobacter. If this situation prevales, it is difficult to treat the 

infections and hence new antibiotics has to be discovered.Also, 

it is evident that 77.7% of the strains were sensitive to the 

antibiotic Imipenum, one of the   antibiotic used  in the 

treatment of species producing carbapenase  ,which is difficult 

to treat. 

Biofilm formation: 

 A bio film is a key pathogenic feature in Acinetobacter 

infections. A bio film is a congregation of microbial cells 

surrounded by extracellular polymeric substance matrix. It has 

two important properties- increased synthesis of Exo 

polysaccharide (EPS) and development of Antibiotic resistance. 

The increased production of Exo polysaccharide creates a 

protective environment that leads to difficulty in Antibiotic 

penetration. This develops resistance. 

Qualitative assay: 

       Qualitative assay gives the preliminary idea, whether the 

strains are capable of producing biofilm are not. 

 Figure No. 5(a),5(b) shows the visualized picture of 

qualitative tube method of biofilm. In the qualitative assay for 

bio film production, the isolates were classified as strong bio 

film producing, moderately biofilm producing and weekly 

biofilm producing (non bio film producing).  

 
Figure No.5(a) shows the biofilm formation by the tube 

method. (Control, species-1, Species-2, Species-3, Species-4, 

Species-5, Species-6, Species-8, Species-9, Species-10) 

 
Figure No.5(b) Shows the biofilm formation by the tube 

method (control,species-7,species-12,species-13,species-

15,species-16,species-17,species-18, species-19) 

 Of the eighteen  isolates (Species  No. 3,7,8,9,10,), 27.7% 

of the organisms were categorized under strong biofilm 

producers since they show a thick blue ring at the liquid air 

interface. 

 (Species No.2, 6, 11, 14, 16,) 27.5% were categorized under 

moderately biofilm producers since the blue ring which was 

formed was likely thin comparative to the strong producers. 

 (Species No. 1, 4,5,12, 13, 15, 17, 18) 44.4% were 

categorized under non bio film producers since a very light tinch 

of blue appearance was seen in the tube. The present 

investigation correlates with the findings of SrinivasaRao et al . 

Quantitative Assay: 

 Figure No.4 and table No.5 postulates the picture and the 

data of the confirmatory test for the bio film production. The 

readings which were gained strongly correlates with the 

Qualitative assay. These observations were confirmed when cell 

attachment to plastic was quantified by relating the total cell 

mass to the stain retained by the attached cells as described in 

Methods. It is interesting to note that theAcinetobacter cells 

form denser aggregates at the liquid–air interface than on the 

side and bottom surfaces of the tubes and plates. Furthermore, 

the biofilm grows upwards from the liquid–air interface onto the 

walls of the plate , a phenomenon that is not caused by the 

movement of the broth, When the biofilm formation of the 

organisms was correlated with the resistant capacity, it is seen 

that, ESBL producing strains such as (1, 11, 15) were weak and 

moderate biofilm producers. 

 
Figure No 6. Quantitve biofilm formation by microtitre 

method  

 Hence, even though these strains are considered to be the 

resistant strains and ESBL producers their capability of 

producing biofilm is less and hence the spread of these strains 

can be controlled. Also species No.6, which is considered to be 

Imipenum resistant, is also found to be a Moderate biofilm 

producer. The present study go hand in hand with Maria 

A.Mussi et.al., 2010. 
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 Table 1. 

Species 

No 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

GRAM STRIN -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

GLUCOSE +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve 

LACTOSE +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve 

SUCROSE +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve 

CAESIN -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

UREASE -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

STARCH -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

MR -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

VP -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

INDOLE -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

CITRATE +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve 

OXIDASE -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

GELATIN +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve 

CATALASE +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve 

 
Table 2:(a)&(b) Antibiotic Zone for each Acinetobacter species using Disc Diffusion Technique 

Antibiotic Species1 Species2 Species3 Species4 Species5 Species6 Species7 Species8 

CX N Z 12mm 6 mm 7mm 12mm 15mm 10mm 25mm 

CTR N Z 34mm N Z 12mm 15mm 7mm N Z 20mm 

CAZ 10mm 28mm N Z N Z 14mm N Z N Z 20mm 

IPM 26mm 14mm 22mm 16mm 25mm N Z 15mm 29mm 

AT 18mm 32mm N Z N Z N Z N Z 10mm 20mm 

CAC 14mm 12mm 12mm N Z N Z N Z 10mm 20mm 

CTX 10mm 32mm 12mm N Z 16mm N Z 25mm 20mm 

CPM 12mm 20mm N Z N Z N Z N Z 15mm 22mm 

 
Antibiotic Species 9 Species 10 Species 11 Species 12 Species 13 Species 14 Species 15 Species 16 Species 17 Species 18 

Cx N Z 17mm 17mm N Z 12mm N Z N Z N Z N Z 24mm 

CTR 13mm 9mm 17mm 12mm 12mm N Z N Z N Z N Z N Z 

CAZ 9mm N Z N Z N Z 9mm N Z 10mm N Z N Z N Z 

IPM 37mm 17mm 25mm 8mm 22mm 9mm 26mm 12mm 16mm 28mm 

AT 17mm N Z N Z N Z 12mm N Z 18mm N Z N Z N Z 

CAC N Z N Z 24mm 8mm N Z N Z 14mm 9mm 9mm 8mm 

CTX N Z 24mm 12mm 24mm 8mm N Z 10mm 9mm N Z 8mm 

CPM N Z N Z 28mm 9mm N Z N Z 12mm 9mm N Z N Z 

Table No.3: Percentage of Susceptability, Intermediate and Resistance to different antibiotics 
ANTIBIOTICS SUSCEPTIBLE STRAINS(%) INTERMEDIATE STRAINS RESISTANT STRAINS 

CX 27.7% 33.3% 38.8% 

CTR 22.2% 33.3% 44.4% 

CAZ 16.6% 22.2% 61.11% 

IPM 77.7% 16.6% 5.5% 

AT 27.7% 11.1% 61.1% 

CAC 22.2% 38.8% 38.8% 

CTX 33.3% 38.8% 27.7% 

CPM 22.2% 22.2% 55.5% 

Table No.5: Presence of bio films rated as Weak, Moderate and Strong 

Species No. 1 Weak 

Species No.2 Moderate 

Species No.3 Strong 

Species No.4 Weak 

Species No.5 Weak 

Species No.6 Moderate 

Species No.7 Strong 

Species No.8 Strong 

Species No.9 Strong 

Species No.10 Strong 

Species No.11 Moderate 

Species No.12 Weak 

Species No.13 Weak 

Species No.14 Moderate 

Species No.15 Weak 

Species No.16 Moderate 

Species No.17 Weak 

Species No.18. Weak 
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Plasmid isolation and determination of its molecular weight: 

Fig No:7  picturizes  the documented gel for the plasmid 

isolated and separated. The organism which was considered to 

be the ESBL producers was subjected for plasmid isolation and 

separated using Agarose Gel Electrophoresis. 

In the figure Lane 1 represents the marker of molecular 

weight ranging from14000kb-67000kb .In the lanes 2,4 and 6the 

plasmid which was isolated from strains 1,11,15 was separated. 

The molecular weight which corresponding to the marker was 

calculated to be14000kb. The present findings is supported by 

Karishma R. Pardesi et.al.,2007 

 
Bibliography 

1. Manikal VM, Landman D, Saurina G, Oydna E, Lal H, Quale 

J.Endemic carbapenem-resistant Acinetobacter species in 

Brooklyn, New York: citywide prevalence, interinstitutional 

spread, and relation to antibiotic usage. Clin Infect Dis. 

2000;31:101–6. 

2. El Shafie SS, Alishaq M, Leni Garcia M. Investigation of an 

outbreak of multidrug-resistant Acinetobacter baumannii in 

trauma intensive care unit. J Hosp Infect. 2004 Feb;56:101-5. 

3. Corbella X, Montero A, Pujol M, Dominguez MA, Ayats J, 

Argerich MJ. Emergence and rapid spread of carbapenem 

resistance during a large and sustained hospital outbreak of 

multiresistant Acinetobacter 

baumannii. J Clin Microbiol. 2000; 38:4086–95. 

4. Gales AC, Jones RN, Forward KR, Linares J, Sader SH, 

Verhoef J. Emerging importance of multidrug-resistant 

Acinetobacter species and Stentrophomonas maltophilia as 

pathogens in seriously ill patients: geographic patterns, 

epidemiological features and trends in the 

SENTRYAntimicrobial Surveillance Program (1997–1999). 

Clin Infect Dis. 2001;32(Suppl 2):104–13. 

5. Go ES, Urban C, Burns J, Kreiswirth B, Eisner W, Mariano 

N, et al. Clinical and molecular epidemiology of Acinetobacter 

infections sensitive only to polymyxin B and sulbactam. Lancet 

North Am Ed. 1994; 344:1329–32. 

6. Acar JF. Consequences of bacterial resistance to antibiotics in 

medical practice. Clin Infect Dis. 1997;24(Suppl):S17–8. 

7. Ayan M, Durmaz R, Aktas E, Durmaz B. Bacteriological, 

clinical and epidemiological characteristics of hospital-acquired 

Acinetobacter baumannii infection in a teaching hospital. J Hosp 

Infect. 2003;54:39–45. 

8. Bergogne B, Berezin E, Towner KJ. Acinetobacter spp. as 

nosocomial pathogens: microbiological, clinical, and 

epidemiological features. Clin Microbiol Rev. 1996;9:148–65. 

9. Landman D, Quale JM, Mayorga D, Adedeji A, Vangala K, 

Ravishankar J, et al. Citywide clonal outbreak of multiresistant 

Acinetobacter baumannii and Pseudomonas aeruginosa in 

Brooklyn, NY. Arch Intern Med. 2002;162:1515–20. 

10. Aygun G, Demirkiran O, Utku T, Mete B, Urkmez S, 

Yilmaz M, et al. Environmental contamination during a 

carbapenem-resistant Acinetobacter baumannii outbreak in an 

intensive care unit. J Hosp Infect. 2002; 52:259–62. 

11. Quinn JP. Clinical problems posed by multiresistant 

nonfermenting gram-negative pathogens. Clin Infect Dis. 

1998;27(Suppl 1):S117–24. 

12. Bergogne-Berezin E, Towner KJ. Acinetobacter spp. as 

nosocomial pathogens: microbiological, clinical, and 

epidemiological features. Clin Microbiol Rev. 1996; 9:148–65. 

13. Getchell-White SI, Donowitz LG, Groschel DH. The 

inanimate environment of an intensive care unit as a potential 

source of nosocomial bacteria: evidence for long survival of 

Acinetobacter calcoaceticus. Infect Control Hosp Epidemiol. 

1989;10:402–7. 

14. Wendt C, Dietze B, Dietz E, Ruden H. Survival of 

Acinetobacter baumannii on dry surfaces. J Clin Microbiol. 

1997;35:1394–7. 

15. Villegas MV, Hartstein AI. Acinetobacter outbreaks1977–

2000. Infect Control Hosp Epidemiol. 2003;24:284–95. 

16. Hsueh PR, Teng LJ, Chen CY, Chen WH, Yu CJ, Ho SW, et 

al. Pandrug-resistant Acinetobacter baumannii causing 

Table No.5: Quantitative bio film formation by microtitre method 

Acinetobacter Strains O.D 640nm 

Control 0.051 

Species 1 0.1925 

Species 2 0.107 

Species 3 0.5015 

Species 4 0.062 

Species5 0.115 

Species 6 0.1852 

Species 7 0.3485 

Species 8 0.5415 

Species 9 0.3385 

Species10 0.5825 

Species11 0.192 

Species12 0.0623 

Species13 0.0825 

Species14 0.1905 

Species15 0.062 

Species16 0.115 

Species17 0.1925 

Species18 0.250 

 

 



Bosco Dhanaseeli.P et al./ Elixir Biochem. 69 (2014) 23245-23250 
 

23250 

nosocomial infections in a university hospital, Taiwan. Emerg 

Infect Dis. 2002;8:827–32. 

18. Biendo M, Laurans G, Lefebvre JF, Daoudi F, Eb F. 

Epidemiological study of an Acinetobacter baumannii outbreak 

by using a combination of antibiotyping and ribotyping. J Clin 

Microbiol. 1999;37:2170–75. 

19. Murray BE, Moellering RC Jr. Aminoglycoside-modifying 

enzymes among clinical isolates of Acinetobacter calcoaceticus 

subsp. anitratus: explanation for high-level aminoglycoside 

resistance. Antimicrob Agents Chemother. 1979;15:190–9. 

20. Melamed R, Greenberg D, Porat N, Karplus M, Zmora E, 

Golan A, et al. Successful control of an Acinetobacter 

baumannii outbreak in a neonatal intensive care unit. J Hosp 

Infect. 2003;53:31–8. 

21. Simhon A, Rahav G, Shazberg G, Block C, Bercovier H, 

Shapiro M. Acinetobacter baumannii at a tertiary-care teaching 

hospital in Jerusalem, Israel. J Clin Microbiol. 2001;39:389–91. 

22. Bonten MJ, Slaughter S, Ambergen AW, Hayden MK, Van 

Voorhis J, Nathan C, et al. The role of “colonization pressure” 

in the spread of vancomycin-resistant enterococci: an important 

infection control variable. Arch Intern Med. 1998;158:1127–32. 

23. Zeana C, Larson E, Sahni J, Bayuga SJ, Wu F, Della-Latta 

P. The epidemiology of multidrug-resistant Acinetobacter 

baumannii: does the community represent a reservoir? Infect 

Control Hosp Epidemiol. 2003;24:275–9. 

24.Karishma R. Pardesi, Supriya P.Yavankar and Balu A. 

Chopade plasmid distribution and anti microbial susceptibility 

pattern of Acinetobacter genospecies from healthy skin of a 

tribal population in western india. Indian J Med Res125, January 

2007, PP 79- 88. 

25.Maria A. Mussi, Jenifer A, Gaddy, et.al., The Oppurtinistic 

Human Pathogen Acinetobacter baumannii Senses and response 

to light, J Bacteriology. Dec. 2010. P.6336-6345. 

 


