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INTRODUCTION 

Acinetobacter baumannii (  A .baumannii ) is a lactose-

nonfermentor gram-negative coccobacillus found in 

abundance in nature and has become endemic in hos-

pitals. Furthermore, A. baumannii has a high environ-

mental adaptability and drug resistance. It is on the 

'ESKAPE' list of the most prevalent and dangerous mul-

tidrug resistance pathogens that are the most common 

source of nosocomial infections in hospitals worldwide 

(Al-Shamiri et al., 2021). A. baumannii cause several 

diseases in different tissues and systems of patients, 

including infections in the bloodstream, urinary tract, 

eye, and bacteremia, especially when the patients stay 

for long periods combined with device use, other infec-

tions as meningitis, intra-abdominal and surgical opera-

tion, the respiratory tract, and the digestive system (Doi 

et al., 2015; Nasr, 2020).  

Bacteria can stay in the intensive care unit (ICU) in hos-

pitals for a month because the organism has several 

virulence factors such as biofilm production, lipopoly-

saccharides (LPS), vesicles and proteins, capsules 

possess phospholipases, proteases enzymes, porins, 

siderophores factor (Lee et al., 2018; Pakharukova et 

al., 2018). The efflux pumps are the newest bacterial 

resistance mechanism considered the leading cause 

for the evolution of antibiotic resistance of A. bau-

mannii, which originated from hospital infection. Be-

cause of the low absorbency of the outer membrane, 

drug efflux systems have become one of the most com-

plex mechanisms of antibiotic resistance and have 

played an essential role in drug resistance, especially 

in A. baumannii (Hood et al., 2010). So, it would be 

helpful to reduce antibiotic resistance by this mecha-

nism. Some substances (chemical or natural) can di-

rectly act on the efflux system to restore antibiotic activ-

ity and are known as efflux pump inhibitors. Due to the 

little research on bloodstream infections by A. bau-

mannii in  ICU of Baqubah Teaching Hospital, this 

study aimed to investigate the prevalence of bacterial 
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isolates among patients in ICU, antibiotic resistance, 

phenotypic and molecular detection of adeF gene, and 

activity of efflux pumps inhibitors ongene expression.    

MATERIALS AND METHODS 

Blood  specimens  collection    

Two hundred and ten blood specimens were collected 

from Baqubah Teaching Hospital from the intensive 

care unit (ICU) from September to December 2022. 

The patients’ information,  including date, name, age, 

gender, and type of infection were recorded. 

 

Ethical approval  

The study was conducted following the ethical princi-

ples. It was carried out with patients' verbal and analyti-

cal approval before subjects were recruited forthe 

study. The study protocol and the subject information 

and consent form were reviewed and approved by Di-

yala  University, College of Sciences, Department of 

Biology  approved this work. Research approval num-

ber 46674 in date: 5/9/2022. 

 

Diagnosis of Acinetobacter baumannii isolates  

Blood culture formed by the BACT\Alert 3D system was 

used (Rovelli 2010 ). Subculture was used by the direct 

streaking method used for inoculation on MacConkey 

agar.The plates were incubated for 24 hours at 37ºC. 

Expected colonies of A. baumanniiwere confirmed by 

culturing on HiChromeTM Acinetobacter agar to inhibit 

most other species of bacteria and to obtain pure iso-

lates of A. baumannii. Morphological investigation of 

bacterial isolates depends on Gram-staining and colony 

characteristics, including colonies shape, texture, color, 

and edges (Constantiniu et al., 2004). Several bio-

chemical tests, including oxidase, urease, imvic test, 

growth at 44ºC, citrate utilization, and hemolysin pro-

duction test, were performed according to Darweesh et 

al. (2021). Identifying A. baumannii isolates was con-

firmed from blood specimens by detection of blaOXA- 

51gene. 

 

Susceptibility of Acinetobacter baumannii isolates 

to antibiotics  

The antibiotic susceptibility of twenty-five isolates of A. 

baumannii was performed using fourteen types of anti-

biotics, including piperacillin-tazobactam, ticarcillin-

clavulanate, cefepime, and cefotaxime. Meropenem, 

Imipenem, ceftriaxone, tobramycin, amikacine, tetracy-

cline, doxycycline, ciprofloxacin, levofloxacin, trime-

thoprim–sulf amethoxazol. This test was achieved by 

the disk diffusion method, according to the Clinical La-

boratories Standards Institute CLSI (2022). The turbidi-

ty of the bacteria was evaluated using the McFarland 

tube (0.5) after pure isolates were revived and trans-

ferred to 5 ml of normal saline. A sterile cotton swab 

was placed with 0.1 ml of bacterial solution on Muller 

Hinton agar. 

Then, antibiotic discs were placed in the medium using 

sterilized forceps (7 discs in each plate). Plates were 

incubated at 37ºC for 18 hours. The result was read by 

measuring the diameter of the inhibition zone in( mm) 

and isolates divided into sensitive, resistant, intermedi-

ate comparison with the National Community for Clini-

cal Laboratory Standard (CLSI, 2022) Minimum Inhibi-

tory Concentration (MIC) were determined 0f two anti-

biotics ciprofloxacin and  Doxycycline for twenty-five 

of A.baumannii clinical isolates. The test was done by 

broth dilution method based on CLSI (2022 )and used 

a series of microdilution tubes with concentra-

tions (2,4,8,16 ,32,64 , 128,256, 512, and 1024 ug/ml) 

of each antibiotic, minimum inhibitory concentration 

(MIC) resveratrol was determined for three selected 

resistant bacteria isolates to investigate their activity 

to AdeF gene expression.  

 

Detect of adeF gene belonging to the efflux pump 

Phenotypic detection of efflux pumps in 25 isolates 

of  A.baumannii was studied by (cartwheel pattern) 

agar-EtBr method. Dilutions of bacteria were prepared 

from isolates that reveal antibiotic resistance and can 

biofilm formation after incubating for 24 hours at 24°C 

in the (5 ml) buffer. Their concentration was adjusted 

by comparing to (0.5) of McFarland standard solution, 

then isolates inoculated on tryptic soy agar (TSA) 

plates containing (0.25, 0. 5, 1, 1.5, and 2 mg\ml) of 

ethidium bromide (EB), the plate was divided to sixteen

(16) by radial lines (cartwheel pattern) and the plates 

incubated for 16 hours at 37 °C in the dark place then 

the isolates were tested under ultraviolet (UV) trans 

illuminator to detect the fluorescent (Martins et al., 

2011). 

 

Molecular study  

The molecular study was used firstly to confirm of iden-

tification A.baumannii isolates obtained from blood 

specimens by detection of blaOXA- 51gene, and to 

detect adeF efflux pump gene, secondly, to investigate 

the adeF gene expression in resistance isolates, these 

isolates treated with three treatment to investigate the 

effect antibiotic and natural substances on the expres-

sion of AdeF efflux gene, treatments include first: sub 

mic of ciprofloxacin, second: sub mic of resveratrol, 

third:   combination of ( 0.25× mic) of ciprofloxacin and 

( 0.25× mic ) resveratrol for each isolate, the experi-

ment performed in two replications. 

 

DNA extraction  

DNA bacteria was extracted from the bacteria isolates 

using a genomic DNA purification Kit supplemented by 

a manufactured company (Promga USA) and DNA was 

purified and their purity was measured by using Nano-

drop spectrophotometer.  

 

Polymerase Chain Reaction (PCR)  

PCR  was used to identify the blaOXA-51 gene 
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and adeF efflux pump gene. Proliferation of genes with 

2 primer pairs (Table 1). The amplification of DNA was 

performed at a total  volume of 25µl, and the reaction 

mixture contained (5µl) PCR Premix (Promega USA),

( 3µl) template DNA, (1.5µlF-primer), (1.5µl R-primer) 

and ( 14µl) deionized nuclease-free water. PCR reac-

tion of genes wasperformed in (three steps): first initial 

DNA denaturation at 95°C for five minutes (1 cycle), 

denaturation of DNA template at 95°C for 30 seconds to 

amplify DNA, annealing at 52°C for 30 seconds and 

extension at 72°C for 45 seconds (30 cycles) and final 

extension at 72°C for 5 minutes (1 cycle). 

 

Gel electrophoresis   

After the amplification process in thermocycler PCR 

apparatus, the products were run on(1.5 % agarose gel 

with 5µl of ethidium bromide) in 1x (TBE) buffer using 

DNA ladder (100-2000) bp (Bioneer, Korea ) at 100 

voltsfor 15 minutes. The visualization of PCR products 

was made under 320 nm UV light using a UV trans illu-

minator (Djankpa et al., 2021).  

 

Real-time quantitive reverse transcription  

[qRT-PCR]  

RNA extraction and purification from the sample were 

performed using the TRIzol™ reagent technique. The 

QuantusTM Fluorometer (Promega, USA) was used to 

quantify the concentration of the extracted RNA accord-

ing to the supplier's manual instructions. The Gene 

9600 Quantitative PCR Instrument was used for the real

-time PCR. The primers were created 

for adeF (Kaviani et al., 2020). The solution was put in a 

RT-PCR Cycler for a thermal reaction to determine the 

cycle threshold [CT] value. This  is a method for meas-

uring levels of gene expression. The observed  (CT 

valuesadeF) during the heat reaction were saved to a 

computer, and the variations in gene expression levels 

were computed using the CT technique.  

 

Real time qRT-PCR analysis 

DCT (test) = CT gene of interest (target, test) – CT 

internal control (adeF) Eq. 1 

DD CT=DCT (test)- DCT (calibrator), 2 -DDCt = 

Normalized expression ratio Eq. 2 

 

Statistical analysis 

The data in this study were analyzed using the statisti-

cal analysis application (SPSS version 23). The Chi-

square test was utilized for the comparison of categori-

cal data. The data were expressed as Means±SD and 

statistical significance was determined using a p-value 

of ≤ 0.05. These analytical techniques provided valua-

ble insights and helped draw meaningful conclusions 

from the data. 

RESULTS AND DISCUSSION 

Growth result of blood specimen culture 

The result of growth showed not all clinical speci-

mensgave growth after culturing and incubation.Only 

25 (12%) isolates of A.baumannii  showed growth on 

media from 210 specimens.  
 

Distribution  of Acinetobacter baumannii according 

to the source 

The percentages of A. baumannii  among different clin-

ical specimens distribute between 4 (16 %) forburn 

infections and respiratory tracts, 5 ( 20%)  for surgical 

wounds, 6 (24%)  for Diabetes foot (gas gangrene ), 

and 3(12%)  for Brain Bleedingand Renal failure. 
  

Isolation and bacteriological identification  

All the samples were cultured on MacConkey agar. 

Table 1.  Primers   of  blaOXA-51  and  adeF efflux genes 

Primer Name Sequence 5`-3` 
Annealing Temp. 

(°C) 

Product size 

(bp) 
Reference 

AdeF-F GGTGTCGACCAAGATAAACG 
56 207 

(Kaviani et al. 2020) 
AdeF-R GTGAATTTGGCATAGGGACG 

Oxa-51-like-F TAATGCTTTGATCGGCCTT 58 

  

342 

  Oxa-51-like-R TGGATTGCACTTCATCTTGG 

Table 2. Percentages of Acinetobacter baumannii  among 

different clinical specimens 

Disease 
Specimens 

number 

Isolates 

number 
Percentage 

Burns 35 4 16 
20 

surgical 

wounds 61 5 
Renal  Failure 36 3 12 

Diabetes foot 25 6 24 
Brain Bleeding 11 3 12 

Respiratory  
tract 44 4 16 

Total 210 25 100 
Fig. 1. Showing A. baumannii colonies on MacConkey agar 
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The colonies have appeared as pale, small, pink, and 

non-lactose fermenters on MacConkey agar 

(Havenga et al., 2022). Blood agar colonies showed 

non-pigmented creamy, convex mucoid with a smooth 

surface in diameter 0.5-2 mm, and the colonies pro-

ductive hem lysine as shown in (Fig 1). 

The results of biochemical tests reveal that all the iso-

lates of A. baumannii showed positive results for the 

catalase test because the bacteria can produce the 

catalase enzyme, and all isolates gave a negative re-

action for the oxidase test, Lactose fermentation, indol 

production, and methyl red. Voges-Proskauer. The 

positive results for the test appeared in simmons cit-

rate, while the urease test gave variable results. All 

isolates were identified as A.baumannii, which 

can grow at 44ºC. Gram-stain showed that A. bau-

mannii isolates shape differently according to the 

growth phase from bacilli to cocco-bacilli (Asifetal ., 

2018). 

The results of molecular identification of  A. bau-

mannii showed that all eighteen isolates gave a posi-

tive result for the bla- OXA51 gene, indicating that the 

isolates (100%) were diagnosed as A. bau-

mannii (Fig.2 ) . The current study is consistent with 

the results of studies (Bajpai et al., 2016; Ridha et-

al.,2019; Kadhom and Ali, 2022).  

 

Antibioticresistance of Acinetobacter baumannii  

isolates  

The results of the current study (Fig.3 ) showed that 

high resistance to cefotaxime with a ratio (100%), ti-

carcillin-clavulante, and ceftriaxone with a ratio of 

96% . The resistance ratio to piperacillin-tazobactam,   

cefepime, and tobramycin was (92%), and all these 

results agreed with (AL-Dahlaki, 2020). A. bau-

mannii shows resistance to fluoroquinolones class 

(ciprofloxacin, levofloxacin ) with a percentage of 72%. 

This resulted in an agreement with (Muhammad et 

al.,2023). The choice drug of treatment, imipenem, and 

meropenem, showed resistance with a percentage 

(72% - 76% ) respectively the resulting agreement with 

(Kadom, 2020). But the results disagree with ( AL-

Dahlaki, 2020). Doxycycline showed low resistance, 

with a percentage of 64 % . These results were near  

to the study on A.baumannii by Subramanian et al.,

(2020). The tetracycline and trimethoprim sulfometha-

zol showed resistance with a ratio of 80 %. This result 

agreed withstudy on A. baumannii  by AL Hadeedy and 

AL Jebory, 2019).  

Table  3  shows the value of minimum inhibitory con-

centration (mic) for ciprofloxacin for all A. bau-

mannii isolates ranging from 8- 512 mg/ml.This is ac-

ceptable with Muhammad et al. (2023) were consid-

ered highly resistant. While the MIC value of doxycy-

cline ranged from (4 – 128 mg /ml ) this result agreed 

with the result by (Wang et al., 2023). Who reported in 

their study the mic value of doxycycline between (1≥ 

128), while the result disagreed with (Kim et al ., 2022). 

They found the mic value of doxycycline in their study 

between (16 to 32 mg/ml ).  
 

Efflux pumps detection  

All twenty five (100%) isolates of A. baumannii  under 

study showed a positive fluorescence at the EtBr con-

centration ( 5 ,10 ,15 , 20 .25 mg /ml), except two iso-

lates include ( A .b1 and A .b 3 ), which showed nega-

tive fluorescence only at the lowest EtBr concentrations 

tested ( 20,25 mg /ml) because they do not have phe-

notypically efflux pumps that enable them to extrude 

EtBr.  

The results of this study were acceptable to the local 

studies performed during different years such as 

Wareth et al. (2021),Ali and Mahmood (2022), who both 

reported in their studies that all isolates 

of A. baumannii have efflux pumps in the strains with 

percentage (99-100%) by the EtBr-agar cartwheel 

method, One of many reasons which made these bac-

teria to become resistant to almost all antibiotics, is the 

presence of efflux pump families (Monem et al., 2020). 

These groups of bacteria can effectively resist antibiot-

ics, heavy metals, and various other substances. A. 

baumannii possesses multiple families of efflux pumps, 

with the Resistance Nodulation Cell Division (RND) 

family being particularly significant. This family is further 

categorized into three distinct types, each of which 

plays a crucial role in conferring resistance against spe-

cific classes of antibiotics (Salimizand et al., 2018). The 

results of molecular detection indicate that all isolates 

carried adeF genes, as shown in Fig. 4. A total of 18 

bacterial isolates underwent DNA extraction in order to 

detect the presence of Ade F  gene of Efflux pump in A. 

baumannii and the correlation of these genes with re-

sistance .  

The results of genes In this experiment showed that 

the Ade F gene belong to RND super family efflux pump 

in A. baumannii  was distributed worldwide and was 

Fig. 2. Representing results of the amplification of bla- 

OXA51 gene of Acinetobacter baumannii samples were 

fractionated on 1.5% agarose gel electrophoresis stained 

with Eth.Br. M: 100bp ladder marker. Lanes 1-24 resemble 

342bp PCR products 
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found in approximately 100% of the clinical strains. 

These results are acceptable with Wareth et al. (2021; 

Ali and Mahmood (2022), who both found that super-

family RND (adeFGH, adeIJ) was most frequent and 

found in almost all isolates with percentage (100%).This 

result is similar likely withXu, Bilyaet al. 2019; Kaviani et 

al.2020). 

 

Activity of ciprofloxacin andresveratrol onadeFgene 

expression  

The minimum inhibitory concentration of three MDR 

resistance A. baumannii isolates that were used in the 

gene expression study were ciprofloxacin (256 mg/ ml) 

and resveratrol (64, 32, 256 mg/ ml). The results pre-

sented in Table  4  showed that the folding mean de-

creased adeF gene expression after treatment with 

Ciprofloxacin and Resveratrol. The combination of both 

alone for each three resistant A. baumannii isolates 

wasequal to ( 0.76, 0.50, 0.93), with significant differ-

ences between the control and treatment isolates (p-

value 0.045). 

The system of efflux pump transporters significantly 

influences the process. These membrane proteins, 

expressed continuously, are responsible for maintain-

ing a sufficiently low internal concentration of antibiot-

ics.This enables bacteria to implement more sustaina-

ble defensive strategies against antibiotics, such as 

altering gene expression levels or acquiring mutations 

(Shuster et al., 2016).  About 99% of clinical isolates 

possess the AdeF gene with the high expression is 

responsible forhigh levels of resistance tochloramphen-

icol, clindamycin, fluoroquinolones, and trimethoprim 

(Fernando, 2015). 

The 0.93 value of expression of the adeF gene after 

treatment with the combination of two agents indicated 

these isolates might be induced by the presence of 

antibiotics, resulting in a change in expression levels 

that, in turn, improves the ability of these isolates to 

expel a large number of antibiotics, thereby allowing 

them to confer more resistance to ciprofloxacin. After 

treatment with resveratrol at level 0.50, the decreased 

expression was because resveratrol can increase the 

sensitivity of multi-drug resistant A.baumannii and en-

hance the bactericidal activity. This suppression of the 

synthesis of the efflux pump protein may be an essen-

tial mechanism by which resveratrol could restore the 

sensitivity of the bacteria to efflux pump inhibitors 

(Liu et al., 2020). 

Conclusion 

The present study showed twelve A. baumannii isolate 

prevalence among ICU patients percentage of antibi-

otic resistance in A. baumannii. Molecular detection 

showed that all isolates contained  bla OXA -51 

and adeF genes efflux pump. There were significant 

differences between the gene expression 

of adeF genes in selected isolates before and after 

Fig. 3. Percentage of antibiotics resistance of A. baumannii  

isolates (PTZ= Piperacillin- tazobactam; TCC= Ticarcillin– 

clavulanic ,FEP=Cefepime,CTX=  Cefotaxime, 

CRO=Ceftriaxone , IMI=Imipenem , MEM =Meropenem , 

TOB = Tobramycin , AK= Amikacin , TE=Tetracycline , 

DOX = Doxycycline , CIP=Ciprofloxacin , LEV= Levofloxa-

cin, STX= Trimethoprim –sulfa methoxazole  

Table 3. MIC values of ciprofloxacin, and doxycycline of A.baumannii 

Isolates 

Series 

MIC  of Cip 

ug/ml 

MIC of Dox 

ug/ml 

Isolates 

Series 

MIC of Cip 

ug/ml 

MIC  of Dox 

ug/ml 
Breakpoint ≤1(S)/ ≥ 4(R) 4(S)/ ≥ 16(R) Breakpoint ≤1(S)/ ≥ 4(R) 4(S)/ ≥ 16(R) 

A.b1 

A.b2 

128 8 A.b 14 256 128 

8 32 A.b 15 256 128 

64 

4 

A.b3 16 4 A.b 16 64 

A.b4 16 16 A.b 17 512 

A.b5 32 64 A.b 18 128 32 

128 A.b6 32 16 A.b 19 64 

A.b7 

A.b8 

64 8 A.b 20 64 16 

128 16 A.b 21 256 64 

A.b9 256 64 A.b 22 32 64 

64 A.b10 128 128 A.b 23 16 

A.b11 8 32 A.b 24 256 128 

A.b12 64 16 A.b 25 16 64 

A.b13 512 4 p.value     =     0.09 
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treatment with ciprofloxacin, resveratrol, and a combi-

nation of both ciprofloxacin and resveratrol and signifi-

cant effect of resveratrol as inhibitors and reduction of 

gene expression.  
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Isolate 16srRNA adeF ΔCT ΔΔCT Folding Mean P –value 

A .b  14 13.95 12.05 -1.91 0.00 1.00   

1 

  

  

  

  

 

  

0.045 

A .b  15 18.57 17.11 -1.47 0.00 1.00 

A .b  24 13.59 12. 7 -1.52 0.00 1.00 

A .b  14 (CIP) 15.73 15.67 -0.06 1.85 0.28   

0.76 A .b  15 (CIP) 18.22 16.19 -2.03 -0.57 1.48 

A .b  24  (CIP) 16.62 16.03 -0.59 0.93 0.52 

A .b 14 (R) 15.60 15.35 -0.25 1.65 0.32   

0.50 A .b 15 (R) 16.02 15.48 -0.54 0.92 0.53 
A .b  24 (R) 18.72 18.23 -0.42 -0.95 0.67 

A.b14(CIP +R) 15.73 14.28 -1.45 0.46 0.73  0.93 

A.b15(CIP+ R) 18.22 16.94 -1.28 0.18 0.88 

A.b24(CIP+ R) 16.62 14.84 -1.79 -0.26 1.20 

A .b =  A. baumannii; (CIP ) =    Ciprofloxacin;,  R =   Resveratrol; ( CIP + R ) = ciprofloxacin + Resveratrol 
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