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Abstract 
 

ACB complex, a major concern in hospitals, particularly in intensive care unit (ICU), causes 

nosocomial infections & is multidrug-resistant (MDR), making infection management practices more 

challenging. (Acb) complex consists of four species. Infection with different (Acb) complex species 

may result in different risk factors and clinical consequences because these nosocomial pathogens 

species vary in terms of pathological and biological characteristics and for this accurate identification 

of species is necessary. It is quite challenging to accurately differentiate between various Acinetobacter 

species through biochemical tests and automated techniques like MALDI-TOF MS. A. baumannii is 

the most clinically significant species among the (Acb) complex, accounting for 80% of infections. 

Utilization of blaOXA-51 gene through RT-PCR for molecular identification of A. baumannii proves 

to be significantly more accurate and reliable than conventional and automated methods. A. baumannii 

has emerged as a notorious pathogen in recent decades. It has been associated with a rise in health 

issues and healthcare-associated infections (HAIs) that are difficult to treat with antibiotics. In this 

study, nine different sentinel surveillance sites were selected to collect isolates. Isolates were taken in 

consideration from the year of 2017 to the month of May of 2023 to figure out the prevalence. In total, 

133 clinical (Acb) complex isolates were taken as suspected A. baumannii in which 82 isolates were 

identified as A. baumannii by detecting the blaOXA-51 gene through RT-PCR. Antibiotic susceptibility 

test (AST) was performed for the identified A. baumannii isolates through 12 antibiotics from the 7 

antimicrobial agent groups of Acinetobacter spp. panel of CLSI 2022. Results showed that highest rate 

(79%) of resistant isolates were seen against Ceftazidime & highest rate (84%) of sensitive isolates 

were seen against Tigecycline. Fifty isolates (61%) and fifteen isolates (18%) were found to be MDR 

& suspected XDR. 

 
Keywords: Clinical isolates, (Acb) complex, RT-PCR, A. baumannii, AST, MDR, suspected XDR. 
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Chapter 1 
 
 

Introduction 
 
 

1.1 Background of the study 

(Acb) complex is a major concern in hospitals, particularly in intensive care units (ICU), making 

infection management practices more challenging. The (Acb) complex consists of four species: 

Acinetobacter baumannii, Acinetobacter nosocomialis, Acinetobacter calcoaceticus and 

Acinetobacter pittii while two new species, Acinetobacter seifertii and Acinetobacter 

dijkshoorniae, have been added to the (Acb) complex (Vijayakumar et al., 2019). Infection with 

different (Acb) complex species may result in different risk factors and clinical consequences 

because these nosocomial pathogens species vary in terms of pathological and biological 

characteristics along with colonizing the skin, antimicrobial resistance mechanisms and 

antimicrobial susceptibility and for this accurate identification of species is necessary (Fitzpatrick 

et al., 2015). At present, there are five Acinetobacter species (A. baumannii, A. nosocomialis, A. 

seifertti, A. dijkshoorniae and A. pittii) that are linked to human diseases, as well as one 

Acinetobacter species found in the environment (A. calcoaceticus). These species are highly 

similar and share common biochemical characteristics, making it challenging to differentiate them 

using traditional methods such as biochemical tests. Therefore, identifying Acinetobacter species 

at the individual level based on phenotypic methods has proven to be difficult. Furthermore, clear 

distinguishing between different Acinetobacter species using automated techniques such as 

MALDI-TOF MS also poses challenge because these species share very similar proteins among 

them. Only molecular techniques like PCR can accurately identify the clinically significant 

members of this group because of performing identification on species level. A. baumannii is the 
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most clinically significant species among the (Acb) complex, accounting for 80% of infections 

(Vijayakumar et al., 2019). 

Acinetobacter baumannii, a gram-negative, rod-shaped opportunistic bacterium, that causes 

nosocomial infections such as endocarditis, urinary tract infections (UTI), pneumonia, skin, soft 

tissue and bone infections, bacteremia, wound infections and meningitis (Lowe et al., 2022). 

A. baumannii is one of the “critical priority pathogen” of WHO along with IDSA, ECDC for its 

antimicrobial resistance mechanisms (Tiku, 2022). A. baumannii is one of the ESKAPE group 

pathogen which is a group of gram-negative and gram-positive pathogens where these pathogens 

can evade commonly used antibiotics due to their increasing multi-drug resistance (MDR) for 

which they are the leading cause of life-threatening hospital-acquired infections (HAIs) in 

critically ill and immunocompromised patients around the world (Santajit & Indrawattana, 2016). 

Carbapenem resistant Acinetobacter baumannii is one of the among top five antibiotic resistant 

(ABR) bacteria on the CDC's 2019 “urgent” threat list (Kadri, 2020). A. baumannii is commonly 

found in patients with unfavorable outcomes and higher resistance to antimicrobial agents 

compared to other pathogens in the (Acb) complex. In 2017, Liu et al. published a study on the 

mortality rate of A. baumannii, which was found to be quite high, ranging from 29.8% to 36.9%. 

In 2013, Lee et al. conducted a study that highlights significant differences in the clinical features 

and outcome of pneumonia caused by A. nosocomialis and A. baumannii where the study found 

that patients infected with A. baumannii had more intense illness, higher antimicrobial resistance 

and higher fatality rates compared to those infected with A. nosocomialis. So, these findings 

suggest that the pneumonia caused by A. baumannii and A. nosocomialis should be viewed as 

different clinical conditions. Hence, it is crucial to accurately identify the (Acb) complex at the 
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species level because this information is essential for understanding differences in clinical 

outcomes, antimicrobial resistance patterns and epidemiology (Vijayakumar et al., 2019). 

By following this, the objective of this study was to identify A. baumannii from clinical (Acb) 

complex isolates with the use of traditional, automated and molecular microbiology techniques 

like biochemical tests, MALDI-TOF MS and RT-PCR and observe their distribution and antibiotic 

susceptibility pattern and for this, isolates were taken in consideration from the year of 2017 to the 

month of May of 2023 to assess the prevalence of the organism. A. baumannii isolates were 

analyzed to determine their susceptibility to clinically relevant antibiotics. 

 
 
 
 
 

1.2 Objective of the study 

The study outlines its specific aims and objectives as follows: 

 
• To identify Acinetobacter baumannii from clinical (Acb) complex isolates. 

 
• To find out the accuracy of biochemical tests, MALDI-TOF MS & RT-PCR in the 

detection of A. baumannii. 

• To find out the antibiotic susceptibility pattern of A. baumannii isolates. 
 

• To find out the antibiotic resistance of A. baumannii isolates among OPD, Ward and ICU 

patients. 
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Chapter 2 
 
 

Materials & Methods 
 
 

2.1 Isolate site selection 

Nine different hospitals as sentinel surveillance sites under “AMR surveillance in Bangladesh” 

project was selected to collect isolates to conduct this study. Initially, in total 151 clinical (Acb) 

complex isolates were taken in consideration from the year of 2017 to the month of May of 2023 

for this study. These sentinel surveillance sites identify clinical isolates from clinical specimens 

through following “The National Antimicrobial Resistance (AMR) Surveillance Strategy of 

Bangladesh” protocol based on WHO’s Global Antimicrobial Resistance Surveillance System 

(GLASS) strategy (Sujan et al., 2023). 

 

Hospital Name Hospital Codes 

1) DHAKA MEDICAL COLLEGE & HOSPITAL DMCH 

2) UTTARA ADHUNIK MEDICAL COLLEGE & HOSPITAL UAMCH 

3) MYMENSINGH MEDICAL COLLEGE & HOSPITAL MMCH 

4) RAJSHAHI MEDICAL COLLEGE & HOSPITAL RMCH 

5) RANGPUR MEDICAL COLLEGE & HOSPITAL RpMCH 

6) SYLHET MAG OSMANI MEDICAL COLLEGE & HOSPITAL SOMCH 

7) KHULNA MEDICAL COLLEGE & HOSPITAL KMCH 

8) COX'S BAZAR MEDICAL COLLEGE & HOSPITAL CoxMCH 

9) BANGLADESH INSTITUTE OF TROPICAL AND INFECTIOUS 
DISEASES 

BITID 

 

Table 1: Hospital names & codes 
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Figure 1: Isolates number as per sentinel surveillance sites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2 Isolate processing 
 

Stocked isolates that were at -80 °C temperature refrigerator, was taken out & let in room 

temperature of the laboratory for a while. The screw capped tubes in which isolates were diluted 

& preserved with TSB + glycerol, from there through pipetting 10 μL diluted solution were taken 

for each isolate & streaked on blood agar and nutrient agar media for revival at 37°C for 24 hours. 

Whitish or grayish colonies were selected and streaked on MacConkey agar & incubated under 

aerobic conditions at 37°C for 24 hours (Kian et al., 2018). 
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Figure 2,3,4: A. baumannii’s growth on Blood, Nutrient & MacConkey agar media 
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2.3 Identification through biochemical tests 
 

A series of biochemical tests were performed for the selected isolates to identify Acinetobacter 

baumannii that includes Gram staining, Catalase test, Oxidase test, Citrate utilization test, Triple 

Sugar Iron (TSI) test & Motility Indole Urease (MIU) test (D'Souza et al., 2019). After that, the 

results of those biochemical tests were compared with a reference chart of biochemical results. 

 

Biochemical Tests Properties 

Gram staining Gram-negative coccobacilli 

Catalase Positive (+) 

Oxidase Negative (-) 

Citrate Positive (+) 

TSI Slant Butt H2S Gas 

K 

Alkaline(red) 

K 

Alkaline(red) 

Negative (-)  
Negative (-) 

MIU Motility Indole Urease 

Negative (-) Negative (-) Negative (-) 

 
 

Table 2: Biochemical properties of Acinetobacter baumannii 
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2.4 Identification through MALDI-TOF MS 
 
 

Matrix Assisted Laser Desorption Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF 

MS) method was applied to the selected isolates to identify Acinetobacter baumannii. For this, at 

first on sheep blood agar media plate each bacterial pure culture was grown overnight at 37°C for 

24hrs to obtain isolated colony. In the next step, from bacterial pure culture small fraction of 

isolated single colony for each bacterial isolate were taken manually & spread carefully in parallel 

manner to spot on MALDI target plate through toothpick, which at room temperature were air 

dried. After that, saturated 1 μL of CHCA (alpha-cyano-4-hydroxy-cinnamic acid) matrix solution 

were added to the MALDI target plates by pipetting, that overlaid with spot platted isolated single 

colonies, and at room temperature were air dried (Marí-Almirall et al., 2017). VITEK® MS 

(bioMerieux) instrument was used to conduct MALDI-TOF MS for this study. Afterwards, 

MALDI target plates were inserted in VITEK® MS instrument. 
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Figure 5,6: Identification of Acinetobacter baumannii through VITEK® MS 
 
 
 
 
 
 

2.5 DNA extraction 
 
 

Boiling method as instructed by (Barbosa et al., 2016) was used for this study to extract DNA. 

Firstly, in 4 ml Luria Bertani (LB) broth’s each screw capped tube, overnight culture of each 

selected isolate was mixed briefly through vortex machine. Then, bacterial culture containing 700 

µL Luria Bertani (LB) broth was transferred into micro centrifuge tube (MCT) and the tubes were 

centrifuged for 10 minutes at 13,000 rpm. After centrifugation the supernatant was discarded. 
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Afterwards, at room temperature 300 µL (PBS) phosphate buffered saline was added in the broth 

containing bacterial culture, which was re-suspended through gently pipetting. Again, for 5 

minutes at 14,000 rpm the tubes were centrifuged & the supernatant were discarded. After that, in 

each tube 200 µL TE buffer was added. Now, for 15 minutes at 100°C temperature through dry 

heater the tubes were heated. To provide cold shock to the tubes, immediately the tubes were taken 

off from dry heater & transferred to ice for 10 minutes. Again, for 5 minutes at 14,000 rpm the 

tubes were centrifuged and in a new labelled micro centrifuge tube the supernatant was transferred. 

Finally, at -20°C temperature, supernatant containing labelled micro centrifuge tubes were stored. 

 
 
 

2.6 Identification through RT-PCR 
 

Real time polymerase chain reaction (RT-PCR) was applied in this study for identification of 
 

Acinetobacter baumannii from the selected isolates. 

 
A total volume of 15 µL reaction was made for each isolate that includes 8 µL Luna® Universal 

RT-PCR Master Mix (BioLabsInc, NEW ENGLAND), 0.5 µL forward & reverse primer each, 1 µL 

DNA template, 5 µL nuclease free water to amplify blaOXA-51 gene. 

In thermocycler (QuantStudio™ 3 and 5 Real‑Time PCR Systems, USA) the RT-PCR protocol 

was set up as: 95 ºC for 5 min, 40 cycles at 95 ºC for 15 s, 58 ºC for 20 s and for final extension 

72 ºC for 15 s. Afterwards, the melt curve protocol was added at 95 ºC for 5 s and at 60 ºC for 1 

min (Depka et al., 2022). 

RT-PCR products (10 µL) mixture for each reaction were transferred and placed on a 1% agarose 

gel in TBE buffer (40mM Tris, 20mM boric acid, 1mM EDTA, pH 8.3), which was examined by 

agarose gel electrophoresis at 80 V for 45 min. A gel image analysis system visualized gels under 
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ultraviolet light. The isolate was positive for A. baumannii because of the visualization of bands at 

the expected size for blaOXA-51 (Falah et al., 2019). 

 
 
 
 

Primer Sequence Amplicon size 
(bp) 

Reference 

 
blaOXA-51 

F: 5’-TAATGCTTTGATCGGCCTTG-3’ 
 

R: 5’-TGGATTGCACTTCATCTTGG-3’ 

 
353 

 
(Niranjan et al., 2013) 

 
 
 

Table 3: Primer sequence of blaOXA-51 gene 
 
 
 
 

2.7 Antibiotic Susceptibility Test 
 

Manually antibiotic susceptibility test (AST) through Kirby-Bauer disk diffusion method was 

performed for this study to see the sensitivity or resistance of desired bacterial isolates towards the 

given antibiotics (Sharma et al., 2023). To inoculate, colonies were selected using a sterile loop 

from an overnight pure culture on nutrient agar and suspended in sterile saline (0.85% NaCl w/v 

in water) until they reached the density of a McFarland 0.5 standard (Kittinger et al., 2017). Then, 

using sterile cotton swabs, the suspension was lawned on Muller Hinton agar (MHA). For 16–20 

hours, the plates were incubated at 37ºC. Zones of inhibition were measured in millimeters 

following incubation. 12 different antimicrobial agents from Acinetobacter spp. panel of CLSI 

were taken & customized into 3 groups as Group-1, 2 & 3 where every group is composed of 4 

antibiotics. Group-1 consists of amikacin (30 µg), cefepime (30 µg), imipenem (10 µg), 

ciprofloxacin (5 µg). Group-2 consists of gentamycin (10 µg), doxycycline (30 µg), meropenem 

(10 µg), trimethoprim-sulfamethoxazole (1.25/23.75 µg). Group-3 consists of ceftazidime (30 µg), 
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tigecycline (15 µg), ceftriaxone (30 µg), piperacillin-tazobactam (100/10 µg). All these 

antimicrobial agents represent 7 groups of Acinetobacter spp. panel of CLSI & these antimicrobial 

agents were tested at mentioned concentrations for each disk & by following CLSI 2022 guidelines 

the results were then interpreted (Syal et al., 2017). 



13  

Chapter 3 
 
 

Results 
 

3.1 A. baumannii identification on Blood, Nutrient & MacConkey agar 
 

A total of 151 clinical (Acb) complex isolates were streaked on blood, nutrient & MacConkey agar 

plates in order to identify A. baumannii where 18 isolates didn't revive. After incubation period at 

37ºC for 24 hours Acinetobacter baumannii isolates has shown grayish-white color colonies. On 

blood agar, gray color, opaque, circular, nonhemolytic colonies were observed whereas on nutrient 

agar, opaque, non-mucoid, circular colonies were observed & on MacConkey agar, circular, 

opaque, non-lactose fermenting colonies were observed (Aryal, 2022). 

 
 
 
 
 
 
 

3.2 Biochemical tests result 
 

Through biochemical tests 73 isolates as 55% were identified as suspected Acinetobacter 

baumannii. 

 

Microorganism Number Percentage 

Suspected Acinetobacter baumannii 73 55% 

 
 

Table 4: Suspected Acinetobacter baumannii from biochemical tests 
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3.3 MALDI-TOF MS result 
 

Through MALDI-TOF MS (VITEK® MS, bioMerieux) 71 isolates as 53% were identified as 
 

Acinetobacter baumannii. 
 
 

Microorganism Number Percentage 

Acinetobacter baumannii 71 53% 

 
 

Table 5: Acinetobacter baumannii from MALDI-TOF MS 
 
 
 

3.4 RT-PCR result 
 

Through thermocycler (QuantStudio™ 3 and 5 Real‑Time PCR Systems, USA) 82 isolates as 62% 

were identified as Acinetobacter baumannii through identifying their blaOXA-51 gene. 

 
Microorganism Number Percentage 

Acinetobacter baumannii 82 62% 

 
 
 

Table 6: Acinetobacter baumannii from RT-PCR 
 
 
 
 
 

Amplification curves in red color above baseline are positive results for blaOXA-51 gene 

indicating A. baumannii and amplification curves in green color equal to or below baseline are 

negative results for blaOXA-51 gene indicating not A. baumannii. 
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Figure 7: Logarithmic view of amplification plot of blaOXA-51 gene 
 

 
Figure 8: Linear view of amplification plot of blaOXA-51 gene 

 
 

Melting curves at same position & almost same temperature are positive results for blaOXA-51 

gene indicating A. baumannii and melting curves at different position & different temperature are 

negative results for blaOXA-51 gene indicating not A. baumannii. 
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Figure 9: Melt curve plot of blaOXA-51 gene 
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Figure 10: RT-PCR amplification of blaOXA-51 gene of A. baumannii. Lanes 1-9, 11-18: clinical 

isolates (1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18) show amplified DNA bands at 353bp; 

Lane 10: 1000 bp size marker; Lane 19: Positive control A. baumannii NCTC12156. 

 
 
 
 
 

3.5 Comparison of identification methods 
 

Three methods named as biochemical tests, MALDI-TOF MS and RT-PCR were applied on the 

selected isolates for accurate identification of Acinetobacter baumannii. Among them biochemical 

tests identify bacteria on genus or group level through assessing the presence or absence of specific 

molecules and enzymes that is involved in metabolism of bacteria and for this reason species level 

accurate identification of bacteria is challenging by this method. MALDI-TOF MS (Matrix 

Assisted Laser Desorption Ionization-Time Of Flight Mass Spectrometry) identify bacteria on 

species level through analyzing and comparing the bacterial protein profile with the known 

database but some bacterial species share very similar proteins among them which makes this 

method difficult for the accurate identification of the species of the bacteria. RT-PCR (Real Time- 

Polymerase Chain Reaction) identify bacteria on species level through amplifying specific DNA 

sequence of the bacteria that is highly specific to the species of the bacteria and gives result in real 

time where RT-PCR provides a higher level of specificity when compared to MALDI-TOF MS 

particularly in distinguishing closely related (Acb) complex species and for this reason among 

these three methods this is the only reliable method that can accurately identify the species of the 

bacteria and for this study identified Acinetobacter baumannii isolates from RT-PCR has been 

taken in consideration for subsequent test. 
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3.6 Distribution of Acinetobacter baumannii 
 

In total 82 Acinetobacter baumannii isolates were identified from 133 isolates from nine different 

hospitals as sentinel surveillance sites. In between these sentinel surveillance sites; highest rate of 

isolates (22%) with 29 isolates was from Mymensingh medical college & hospital whereas lowest 

rate of isolates (1%) with 1 isolate was from both Sylhet Mag Osmani medical college & hospital 

and Cox's bazar medical college & hospital. 

 

Hospitals as sentinel surveillance sites Number of A. 
baumannii isolates 

DHAKA MEDICAL COLLEGE & HOSPITAL 13 

KHULNA MEDICAL COLLEGE & HOSPITAL 18 

MYMENSINGH MEDICAL COLLEGE & HOSPITAL 29 

RAJSHAHI MEDICAL COLLEGE & HOSPITAL 12 

SYLHET MAG OSMANI MEDICAL COLLEGE & HOSPITAL 1 

UTTARA ADHUNIK MEDICAL COLLEGE & HOSPITAL 8 

COX'S BAZAR MEDICAL COLLEGE & HOSPITAL 1 
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Table 7: Acinetobacter baumannii isolates as per sentinel surveillance sites 
 
 
 
 
 
 

 
 

Figure 11: Percentage of Acinetobacter baumannii isolates as per sentinel surveillance sites 
 
 
 

Among these A. baumannii isolates highest rate of specimen type (50%) was endotracheal aspirate 

& lowest rate of specimen type (5%) was sputum. 

 

 
Figure 12: Specimen type of A. baumannii isolates (n=82) 
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Number of Acinetobacter baumannii isolates were counted in consideration from the year of 2017 

to the month of May of 2023 to observe the prevalence of A. baumannii isolates according to year 

trend. Highest number of A. baumannii with 25 isolates were from the year of 2023 whereas second 

highest with 19 isolates were from the year of 2022 & the lowest number of A. baumannii with 1 

isolate were from the year of 2017. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Acinetobacter baumannii isolates as per year (n=82) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Among 82 A. baumannii isolates 74 isolates as 90% were from indoor (IPD) patients and 8 isolates 

as 10% were from outdoor (OPD) patients. 
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Figure 14, 15: Patients distribution (n=82) 
 
 
 
 

Highest number of indoor patients with 49 A. baumannii isolates were from ICU ward patients, 

contributing highest proportion as 66% whereas surgery unit as second highest with 15 isolates 

contributed 20% and lowest number of indoor patients with 1 isolate contributing 1% were from 

burn unit. 
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Figure 16: Patients distribution within the ward (n=74) 
 
 

Among 82 A. baumannii isolates 49 isolates were from male patients and 33 isolates were from 

female patients. Highest number with 14 patients were from 21-30 and 61-70 age group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: Patients distribution based on gender and age (n=82) 

Surgery 
20% 

Burn 
1% 

Medicine 
10% 

 
Orthopedic 

3% 

Burn 
ICU 
Orthopedic 
Medicine 
Surgery 

ICU 
66% 

16 
 

14 

2 
12 
 

10 

2 9 7 5 

8 4 

6 12 

4 8 7 
2 5 6 6 3 

   1  

0    1  

0-10 11-20 21-30 31-40 41-50 
Age (Years) 

2 

51-60 61-70 71-80 Above 80 

Male Female 

2 

N
um

be
r 



23 
 

3.7 Antibiotic susceptibility profile of Acinetobacter baumannii isolates 
 

Antibiotic susceptibility test was performed for all the 82 A. baumannii isolates through 12 

antibiotics from the 7 antimicrobial agent groups of Acinetobacter spp. panel as: aminoglycosides, 

cephems, carbapenems, fluoroquinolones, tetracyclines, folate pathway antagonists and β-lactam 

combination agents. In this study the antibiotics were customized into 3 groups as Group-1, 2 & 

3. The highest rate (79%) of resistant isolates were seen for Ceftazidime & the lowest rate (0%) of 

resistant isolates were seen for Tigecycline. Resistance from group-1 antibiotics were observed as 

Amikacin (72%), Cefepime (76%), Imipenem (77%), Ciprofloxacin (76%). Resistance from 

group-2 antibiotics were observed as Gentamycin (63%), Doxycycline (38%), Meropenem (77%), 

Trimethoprim-Sulfamethoxazole (56%). Resistance from group-3 antibiotics were observed as 

Ceftazidime (79%), Tigecycline (0%), Ceftriaxone (77%), Piperacillin-Tazobactam (73%). Also, 

the highest rate (84%) of sensitive isolates were seen for Tigecycline whereas the lowest rate of 

sensitive isolates (79%) was seen for Ceftazidime. Meanwhile, 77% isolates were assumed to be 

suspected carbapenemase enzyme producer because of their high resistance to Imipenem & 

Meropenem. Additionally, the highest rate (17%) of intermediate isolates were seen for 

Trimethoprim-Sulfamethoxazole where the lowest rate of intermediate isolates (0%) was seen for 

Imipenem, Ciprofloxacin, Meropenem & Ceftazidime. All isolates zone of inhibition (ZOI) was 

measured in millimeter (mm) as: Sensitive (S), Intermediate (I), Resistant (R) according to the 

guidelines of CLSI 2022 (Weinstein & Lewis, 2020). 
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Figure 18: Number of Sensitive, Intermediate and Resistant isolates for 12 antibiotics (n=82) 
 
 

 
 

Figure 19: Susceptibility pattern of Acinetobacter baumannii isolates (n=82) 
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Figure 20: Percentage of Sensitive, Intermediate, Resistant isolates for 12 antibiotics (n=82) 
 
 

The majority among 12 antibiotics showed notable difference in resistance among OPD, ward and 

ICU patients isolates, regardless of samples. Antibiotic resistance was highest in intensive care 

unit (ICU) patients isolates, followed by the ward and the outpatient department (OPD) patients 

isolates. 

 

Antibiotic Resistance 

Antibiotics name 
OPD Ward ICU 

% % % 
Amikacin 46 57 70 
Cefepime 52 43 73 
Imipenem 39 62 75 
Ciprofloxacin 27 65 72 
Gentamycin 35 49 60 
Doxycycline 38 45 48 
Meropenem 32 56 72 
Trimethoprim-Sulfamethoxazole 49 33 58 
Ceftazidime 61 65 76 
Tigecycline 0 0 0 
Ceftriaxone 50 34 71 
Piperacillin-Tazobactam 22 36 69 

29% 

64% 7% 

Sensitive Intermediate Resistant 
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Table 8: Antibiotic resistance among OPD, Ward and ICU patients (n=82) 
 
 
 
 
 
 

3.8 Multiple Antibiotic Resistance (MAR) Index 
 

The multiple antibiotic resistance (MAR) index was calculated for each isolate using the formula 

MAR = a/b, where a represents the number of antibiotics to which the test isolate has demonstrated 

resistance and b represents the total number of antibiotics to which the test isolate was exposed 

(Sandhu et al., 2016). MAR index value (>0.2) implies that the test isolate came from a high-risk 

source of contamination where multiple antibiotics uses are practiced. A MAR index value of 

(≤0.2) indicates that the test isolate came from sources where antibiotics are never or rarely used 

(Anane A et al., 2019). Except for 9 isolates, the MAR index of 73 isolates among 82 Acinetobacter 

baumannii isolates was significantly higher than 0.2. 

 
 
 
 

A. baumannii 
isolates number 

 
Resistant antibiotics=a 

 
Total antibiotics tested=b 

 
MAR index 

1 10 12 0.83 

2 9 12 0.75 

3 0 12 0 

4 8 12 0.67 

5 11 12 0.92 

6 10 12 0.83 

7 10 12 0.83 

8 5 12 0.42 

9 9 12 0.75 

10 10 12 0.83 

11 10 12 0.83 

12 11 12 0.92 

13 9 12 0.75 

14 11 12 0.92 

15 11 12 0.92 

16 4 12 0.33 

17 8 12 0.67 
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18 0 12 0 

19 11 12 0.92 

20 0 12 0 

21 9 12 0.75 

22 11 12 0.92 

23 10 12 0.83 

24 10 12 0.83 

25 10 12 0.83 

26 11 12 0.92 

27 11 12 0.92 

28 9 12 0.75 

29 10 12 0.83 

30 11 12 0.92 

31 10 12 0.83 

32 11 12 0.92 

33 8 12 0.67 

34 9 12 0.75 

35 8 12 0.67 

36 11 12 0.92 

37 9 12 0.75 

38 9 12 0.75 

39 9 12 0.75 

40 11 12 0.92 

41 8 12 0.67 

42 0 12 0 

43 9 12 0.75 

44 10 12 0.83 

45 0 12 0 

46 10 12 0.83 

47 10 12 0.83 

48 10 12 0.83 

49 0 12 0 

50 9 12 0.75 

51 11 12 0.92 

52 10 12 0.83 

53 10 12 0.83 

54 10 12 0.83 

55 10 12 0.83 

56 0 12 0 

57 7 12 0.58 
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58 9 12 0.75 

59 0 12 0 

60 9 12 0.75 

61 9 12 0.75 

62 9 12 0.75 

63 0 12 0 

64 10 12 0.83 

65 10 12 0.83 

66 9 12 0.75 

67 10 12 0.83 

68 7 12 0.58 

69 10 12 0.83 

70 6 12 0.5 

71 8 12 0.67 

72 10 12 0.83 

73 9 12 0.75 

74 9 12 0.75 

75 10 12 0.83 

76 7 12 0.58 

77 11 12 0.92 

78 9 12 0.75 

79 8 12 0.67 

80 8 12 0.67 

81 7 12 0.58 

82 11 12 0.92 
 
 

Table 9: All 82 Acinetobacter baumannii isolates MAR index 
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39% 
 
 

 
61% 

 
 
 
 

MDR Non-MDR 

3.9 MDR Acinetobacter baumannii 
 

The term "multi drug resistant"(MDR) refers to a species of microorganism that exhibits resistance 

to at least one antimicrobial drug in three or more categories of antimicrobial drugs (Magiorakos 

et al., 2012). In between 82 isolates 50 isolates (61%) have shown resistance to at least one 

antimicrobial drug in three or more antibiotic categories indicating them as MDR isolates. 

 
 
 
 

 
 

Figure 21: Percentage of MDR Acinetobacter baumannii isolates (n=50) 
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18% 

82% 

Suspected XDR Non-XDR 

3.10 Suspected XDR Acinetobacter baumannii 
 

The term "extensively drug resistant"(XDR) refers to a species of microorganism that exhibits 

resistance to at least one agent in all but two or fewer antimicrobial categories of antimicrobial 

agents. XDR microorganisms remain effective against only one or two categories of antimicrobial 

agents (Magiorakos et al., 2012). Among 82 isolates 15 isolates (18%) have shown resistance to at 

least one agent in all but two or fewer antimicrobial categories indicating them as suspected XDR 

isolates. 

 

 
 

Figure 22: Percentage of suspected XDR Acinetobacter baumannii isolates (n=15) 
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Chapter 4 
 
 

Discussion 
 

The objective of this study was to identify Acinetobacter baumannii from clinical (Acb) complex 

isolates and observe their distribution and antibiotic susceptibility pattern. To conduct this study, 

nine different hospitals as sentinel surveillance sites under “AMR surveillance in Bangladesh” 

project was selected to collect isolates. Isolates were taken in consideration from the year of 2017 

to the month of May of 2023 to figure out the prevalence of Acinetobacter baumannii. In total, 

133 isolates were taken as suspected Acinetobacter baumannii in which 82 isolates were identified 

as Acinetobacter baumannii. In a study it is reported that biochemical tests have the sensitivity and 

specificity range from 70% to 90% and 75% to 95% in identification of A. baumannii (Visca et al., 

2016). In comparison to that study, this study reported 55% specificity which is somewhat almost 

close compared to that study in identification of A. baumannii by biochemical tests but biochemical 

tests identify bacteria on genus or group level through assessing the presence or absence of specific 

molecules and enzymes that is involved in metabolism of bacteria and for this reason species level 

accurate identification of bacteria is challenging by this method. Studies have shown that MALDI- 

TOF MS is highly accurate in identification of A. baumannii with sensitivities and specificities 

ranging from 93% to 100% and 94% to 99% (Bou et al., 2010). In comparison to those studies, 

this study reported 53% specificity which is way below compared to that study in identification of 

A. baumannii by MALDI-TOF MS and behind this one possible reason could be that as some 

bacterial species share very similar proteins among them so it makes this method difficult for the 

accurate identification of the species of the bacteria. RT-PCR studies show sensitivity ranging 

from 75% to 95% and high specificity, often over 99% which minimizes the risk of misidentifying 
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other (Acb) complex species as A. baumannii (Lai et al., 2016). Additionally, RT-PCR provides a 

higher level of specificity when compared to MALDI-TOF MS particularly in distinguishing 

closely related species of (Acb) complex. In comparison to those studies, this study reported 62% 

specificity in identification of A. baumannii by RT-PCR which is the highest compared to other 

two methods of the study because RT-PCR identify bacteria on species level through amplifying 

specific DNA sequence of the bacteria that is highly specific to the species of the bacteria and 

gives result in real time and for these reason among these three methods this is the only reliable 

method that can accurately identify the species of the bacteria and for this study identified 

Acinetobacter baumannii isolates from RT-PCR has been taken in consideration for subsequent 

test. 

Among 82 A. baumannii isolates 74 isolates as 90% were from indoor (IPD) patients and 8 isolates 

as 10% were from outdoor (OPD) patients. During a study conducted in Tehran, a total of 100 

samples were collected from the ICU of Rasoul Akram hospital and out of these samples highest 

rate with 21% were found to be A. baumannii (Moghim et al., 2015). In comparison to that study, 

this study reported that highest number of indoor patients with 49 A. baumannii isolates were from 

ICU ward patients, contributing highest proportion as 66%. However, surgery unit as second 

highest with 15 isolates contributed 20% and lowest number of indoor patients with 1 isolate 

contributing 1% were from burn unit. A study conducted by Tsakris, et al., (2008) revealed that 

the age range of the patients varied from 22 to 83 years, with a higher number of males than females 

(Moghim et al., 2015). In comparison to that study, this study reported that among 82 A. baumannii 

isolates 49 isolates were from male patients and 33 isolates were from female patients which 

implies that males outnumbered females where highest number with 14 patients were from 21-30 

and 61-70 age group. In a study conducted by Amudhan, et al. (2011), it was discovered that the 
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respiratory secretions had the highest isolation percentage with 53.49% (Moghim et al., 2015). In 

comparison to that study, this study reported that highest rate of specimen type (50%) was 

endotracheal aspirate. 

Antibiotic Susceptibility Test (AST) was performed on the A. baumannii isolates through 12 

antibiotics from the 7 antimicrobial agent groups of Acinetobacter spp. panel as: aminoglycosides, 

cephems, carbapenems, fluoroquinolones, tetracyclines, folate pathway antagonists and β-lactam 

combination agents where the antibiotics were customized into 3 groups as Group-1, 2 & 3 for this 

study. According to antibiotic susceptibility test result among the A. baumannii isolates 29% were 

sensitive, 7% were intermediate & 64% were resistant to the selected 12 antibiotics. Besides, the 

clinical isolates of this study showed promising results to Tigecycline, a reserved member of the 

Tetracyclines class of antibiotics, where it was found that 84% of the isolates were sensitive to this 

antibiotic. On the other hand, it is worth noting that 79% of isolates showed resistance to 

Ceftazidime, which suggests that the effectiveness of this antibiotic against clinical A. baumannii 

isolates may be limited. The majority among 12 antibiotics showed notable difference in resistance 

among OPD, ward and ICU patients isolates, regardless of samples. Antibiotic resistance was 

highest in intensive care unit (ICU) patients isolates, followed by the ward and the outpatient 

department (OPD) patients isolates. Throughout a comprehensive study conducted in Croatia a 

total of 19 isolates were identified from patients where it is noteworthy that all of these isolates 

were found to be extensively drug-resistant (XDR) (Musić et al., 2017). In comparison to that 

study, this study reported that 50 isolates (61%) among 82 Acinetobacter baumannii isolates have 

shown resistance to at least one antimicrobial drug in three or more antibiotic categories which 

indicates that they are MDR isolates and 15 isolates (18%) have shown resistance to at least one 

agent in all but two or fewer antimicrobial categories which indicates that they are suspected XDR 
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isolates which denotes that a higher percentage of resistant isolates are showing multi drug 

resistant (MDR) pattern and these resistant isolates are emerging to evolve as extensively drug 

resistant (XDR). 

Identifying Acinetobacter species within the (Acb) complex remains a difficult task. Currently, the 

existing phenotypic methods are inadequate. Despite the widespread use of commercially available 

automated identification systems in clinical laboratories, these systems still lack effectiveness in 

accurate identification. Expanding the range of mass spectra from various species in the (Acb) 

complex will enhance the MALDI-TOF MS database, leading to more precise identification of the 

(Acb) complex at the species level. When it comes to molecular characterization, relying on just 

one gene target as a biomarker is not enough to ensure accurate identification of the species of 

(Acb) complex. Besides, genetic identification of acquired antibiotic-resistant genes is crucial for 

understanding resistance mechanisms and developing targeted strategies to combat the growing 

threat of antibiotic resistance. However, whole-genome sequencing shows potential as a valuable 

tool, but its application is restricted in settings with limited resources. In addition, conducting 

comparative genomic studies will enable us to pinpoint species-specific targets that can serve as 

reliable markers for molecular identification. 



35  

 
 
 

Conclusion 
 

In conclusion, it is challenging to differentiate between species within the (Acb) complex. Species- 

level identification is necessary due to the differences in clinical relevance of the (Acb) complex 

and their antimicrobial susceptibility profile. Traditional phenotypic methods, such as culture and 

biochemical tests, have limitations in terms of speed, reliability and efficiency when it comes to 

distinguishing the most clinically significant A. baumannii within the (Acb) complex. RT-PCR 

method focuses on specific targets, such as the blaOXA-51 gene, which is widely recognized as a 

reliable marker for identifying Acinetobacter baumannii species. MALDI-TOF MS can prove to 

be quite valuable in identification at a species level if equipped with a precise database. Utilization 

of blaOXA-51 gene through RT-PCR for molecular identification proves to be significantly more 

accurate than conventional and automated methods in identifying Acinetobacter baumannii 

species within the (Acb) complex. However, the findings of this study indicates that A. baumannii, 

which is highly resistant to antibiotics, is potentially evolving into its more dangerous forms known 

as MDR, XDR, and PDR. So, it is crucial to consistently enhance the effectiveness of new and 

innovative methods in order to address the global issue of antimicrobial resistance. 
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