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Introduction

Acinetobacter species can be found in 

various areas of the environment, including land, 

fresh water, and food, as well as in the healthcare 

setting, such as ventilation systems, moisturizers, 

catheters, and other surgical equipment [1]. 

Of these species, Acinetobacter baumannii 

(A. baumannii) is the most abundant bacterium found 

in human samples, followed by Acinetobacter luffy, 

Acinetobacter pittii, Acinetobacter nosocomialis, 

Acinetobacter haemolyticus, and Acinetobacter 

johnsonii [2]. 

Prolonged stays in intensive care, 

intubation, surgical procedures, and the wide-ranging 

prescription of antibiotics in hospitals are all potential 

reasons for the appearance and spread of 

Acinetobacter species that do not respond to the 

majority of existing antibiotics [3,4]. Today, A. 

baumannii has emerged as the Gram-negative 

bacterium that is most difficult to manage and treat in 

hospitals [5]. 

Ciprofloxacin is a fluoroquinolone 

medication that is effective against Gram-negative 

bacteria; however, many Gram-negative bacteria, 

such as A. baumannii, are developing resistance to 

these antibiotics [6, 7].  

Resistance mechanisms to fluoroquinolones 

are classified into three categories: Mutations in 
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Background: Acinetobacter baumannii, are involved in hospital- acquired infections and are 

increasingly developing resistance to fluoroquinolones, such as ciprofloxacin. The most common 

method of fluoroquinolone resistance is alteration in genes that encode DNA gyrase (gyrA) and 

topoisomerase IV (parC).Methods: We sought to isolate fluoroquinolone- resistant A. baumannii 

and search for changes in gyrA (Ser83Leu) and parC (Ser80Leu) loci by polymerase chain reaction- 

restriction fragment length polymorphism (PCR- RFLP).Results: We found that all 68 A. baumannii 

isolates that were part of this research were multidrug resistant and harbored gyrA and parC loci. 

Most isolates had ciprofloxacin minimal inhibitory concentrations of >128 μg/mL (50.8%). 

Mutations in gyrA were the most prevalent (47.45%), followed by parC mutations (33.9%) and 

combined mutations in both genes (23.7%).Conclusions: Single mutations in either gyrA 

(Ser83Leu) or parC (Ser80Leu) genes may be attributed to fluroquinolone resistance in A. 

baumannii. 
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gyrase and topoisomerase IV which are examples of 

target-mediated resistance, plasmid-mediated 

resistance and chromosome-mediated resistance [8]. 

Bacterial DNA gyrase and DNA 

topoisomerase IV are enzymes essential for genetic 

material production in bacteria. Fluoroquinolones 

limit the formation of DNA secondary structures in 

the cell, thereby halting DNA synthesis and, as a 

result, cell proliferation [9,10].  

DNA gyrase enzyme is made up of two 

GyrA and two GyrB subunits, and topoisomerase IV 

enzyme is made up of two ParC and two ParE 

subunits. The most common method of 

fluoroquinolone resistance is alteration in the genes 

that encode these subunits [11]. Most of these 

modifications are the result of mutations in the 

quinolone resistance determining regions (QRDRs) 

of the gyrA and parC genomes; the most frequently 

described mutations are at Ser-83 in gyrA and at Ser-

80 in parC. Genetic alterations in the gyrB 

(Ser83Leu) and parE (Ser80Leu) loci, on the other 

hand, are not involved in fluoroquinolone resistance 

[12]. 

The epidemiological features and clinical 

significance of Acinetobacter species are now better 

understood as a result of the development of many 

molecular approaches [13]. DNA profiling is an 

accurate tool for detecting genetic alterations, but it 

is expensive, takes a lot of time, and labor intensive 

in screening for several clinical isolates [14]. The 

restriction fragment length polymorphism (RFLP) 

method of polymerase chain reaction (PCR) is a rapid 

and reproducible alternative approach for identifying 

mutations linked to fluoroquinolone resistance in A. 

baumannii [15]. 

The aim of this study was to detect gyrA 

(Ser83Leu) and parC (Ser80Leu) gene mutations by 

PCR-RFLP among fluoroquinolone- resistant A. 

baumannii isolates in patients with hospital acquired 

infections. 

This work focused on the simultaneous 

occurrence of gyrA (Ser83Leu) and parC (Ser80Leu) 

gene mutations in A. baumannii isolates because they 

are the most frequently described mutations within 

the QRDRs [16]. 

Material and Methods 

Patients 

For this cross-sectional study, we used samples from 

430 patients in the Departments of Pediatrics, Chest 

Medicine, and Internal Medicine and the intensive 

care unit of Tanta University hospital. Hospital-

acquired infections (infections that developed after 

48 hours of admission) had been diagnosed in all 

patients. Samples (wound 153, burn 112, tracheal 

aspirate 61, sputum 52, urine 39 and bed sores 13) 

were collected from June 2020 to June 2021. The 

demographic characteristics of the patients are listed 

in table (1). Inclusion criteria included clinical signs 

of hospital-acquired infections and poor responses to 

antibiotics treatment. 

Ethical consideration 

Tanta University's Faculty of Medicine's Research 

Ethics Committee approved the protocol for the study 

(approval code 35796/9/22).  

Bacterial isolation 

Samples taken from admitted patients, including 

those from sputum, endotracheal tubes, urine, 

infected wounds, and bed sores were transported as 

soon as possible to the laboratory of the 

Microbiology Department for further processing. 

First, the samples were coded, then cultured on 

MacConkey and blood agar media (Oxoid, 

Basingstoke, UK), after 24 hours incubation at 37 °C, 

Gram –stained smears were prepared from isolated 

colonies and then were microscopically examined. 

Colonies were identified as Acinetobacter by routine 

microbiological methods, and identification of the 

genus and species were confirmed by the VITEK2 

system (bioMérieux). 

Antibiotic susceptibility 

The Kirby disc diffusion method was used to conduct 

the antimicrobial susceptibility test on Mueller-

Hinton agar (Oxoid, UK) in accordance with Clinical 

and Laboratory Standards Institute (CLSI) standards 

[17]. We performed the antibiogram test with 

amikacin (30 μg), levofloxacin (5 μg), ciprofloxacin 

(5 μg), ceftazidime (30 μg), piperacillin/tazobactam 

(100 μg/10 μg), imipenem (10 μg), 

ampicillin/sulbactam (10 μg/10 μg), meropenem (10 

μg), cefotaxime (30 μg), cefepime (30 μg), and 

ceftriaxone (30 μg) (Oxoid, UK). As a quality check, 

we used the standard strain of Escherichia coli 

(ATCC 25,92; Mast Group Ltd., Merseyside, 

UK). Multidrug-resistant A. baumannii isolates were 

those that were resistant to at least one compound 

from three or more antimicrobial groups. 

Minimal inhibitory concentrations (MICs) for 

ciprofloxacin 

In accordance with the manufacturer's instructions, 

we assessed the MIC of ciprofloxacin in A. 

baumannii isolates by using the agar diffusion 

method with E-test (bioMérieux, France) on Mueller-
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Hinton agar medium. Tested ciprofloxacin 

concentrations varied from 0.002 to 32 μg/mL. 

A. baumannii bacterial suspension equal to 0.5 McF

arland standard was used to inoculate Mueller-

Hinton agar plates. Next, ciprofloxacin ETEST strip

s were inserted on each plate. After overnight 

incubation at 37ºC, the interpretive MIC 

susceptibility breakpoints of ciprofloxacin against A. 

baumannii according to CLSI standards were used to 

read the MICs and interpret the results: MICs of 1 

μg/mL indicated susceptibility to a drug, MICs of 2 

μg/mL indicated intermediate susceptibility, and 

MICs of 4 μg/mL indicated resistance. 

Molecular study 

DNA extraction 

A mini kit from Qiagen (Hilden, Germany) was used 

to extract the DNA from the isolated bacteria in 

accordance with the kit’s instructions. Then the 

extraction was stored in sterile 1-ml tubes at minus 

20 degrees Celsius until the next step.  

PCR amplification 

We prepared 20 μl of PCR reaction mixtures; each 

reaction contained 2 μl of template DNA, 1 μl of each 

primer, the used primers were summarized in( table 

2) [18] and 10 μl of DreamTaq Green PCR Master

Mix (2X) (K1081, Thermo Fisher, USA), then the 

volume was completed to 20 μl by adding 6 μl of 

nuclease free water. The Creacon thermal cycler 

(Holland, Inc) was used and programmed as follows: 

initial denaturation at 95°C for 5 minutes, then 30 

cycles of denaturation at 95°C for 30 seconds, 

annealing at 47°C for 30 seconds for parC and 53°C 

for gyrA, and extension at 72°C for 45 seconds, 

followed by a final extension at 72°C for 7 minutes. 

The amplified products were evaluated with 2 % 

agarose gel electrophoresis and photographed with 

ultraviolet illumination. 

Detection of genetic changes in gyrA (Ser83Leu) 

and parC (Ser80Leu) loci by PCR RFLP 

The amplification products were subjected to 

restriction analysis with the HinfI restriction enzyme 

(provided by Thermo SCIENTIFIC® cat no. # 

ER0801). The reaction mixture contained 2 μl  of 

HinfI enzyme, 10 μl of PCR products, 2 μl of 10X 

Buffer Tango, and 18 μl  of Nuclease free water. The 

restriction digested DNA fragments were examined 

with 2 % agarose gel electrophoresis and imaged 

under ultraviolet light. To size the products, we used 

100-bp DNA ladder (Thermo Scientific, Waltham, 

MA, USA). 

The band size of gyrA gene was 343 bp, after HinfI 

enzyme digestion, the existence of two bands, one 

291 bp and one 52 bp in size, suggested that the 

QRDR of the gyrA locus was unchanged. 

The band size of parC gene is 327bp, after HinfI 

enzyme digestion, the existence of two bands, one 

206 and one 121 bp in size, suggested that the QRDR 

of the gyrA locus was unchanged. 

Table 1. Characteristics of patients infected by isolated Acinetobacter baumannii. 

Characteristics    N =68 

Age (years) 
Range 1.5-75 

Mean (± standard deviation) 33.46 (±19.4) 

Gender 
Male 44 (64.7%) 

Female 24 (35.3%) 

Sample 

type 

Wound (153) 28 (41.2%) 

Burn (112) 21(30.9%) 

Tracheal aspirate (61) 9 (13.2%) 

Sputum (52) 6 (8.8%) 

Urine (39) 3 (4.4%) 

Bed sores (13) 1(1.5%) 

Table 2. Primer sequences and the expected size of the products of PCR. 

Target gene Primer sequence (5ʹ-3ʹ) 
Expected 

size, bp 

GyrA 
Forward AAATCTGCCCGTGTCGTTGGT 

Reverse GCCATACCTACGGCGATACC  
343 

ParC 
Forward AAACCTGTTCAGCGCCGCATT 

Reverse AAAGTTGTCTTGCCATTCACT 

327 
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Results 

Patient characteristics and distribution of A. 

baumannii isolates from clinical samples 

A. baumannii was recovered from 68 of 430 samples 

taken from patients. The 68 nonduplicate isolates of 

A. baumannii were recovered from diverse 

departments over a 1-year period. The ages and 

genders of the patients infected with isolated A. 

baumannii and the sample types are listed in (table 

1). 

Antimicrobial susceptibility pattern of A. 

baumannii isolates  

All 68 A. baumannii isolates that were evaluated in 

this investigation were multidrug resistant as they did 

not respond to piperacillin - tazobactam, ampicillin - 

sulbactam, trimethoprim - sulfamethoxazole, 

ceftriaxone, cefotaxime, or ceftazidime. 59 (86.7%) 

were resistant to amikacin; 66 (97%), to cefepime; 60 

(91.1%), to meropenem; 61 (89.7 %), to 

ciprofloxacin; 61 (89.7%), to levofloxacin; and 62 

(91.1%), to Imipenem (Table 3).  

Minimal inhibitory concentration for 

ciprofloxacin 

Out of 68 A. baumanni isolated, 59 was resistant for 

ciprofloxacin & showed MICs of <4 g/mL. Most 

isolates (50.8%) had MICs of > 128 g/mL (Table 4). 

PCR was used to confirm the presence of gyrA and 

ParC alleles 

gyrA and parC gene domains were successfully 

amplified in the included A. baumannii isolates 

(Figures 1 and 2). 

HinfI restriction analysis detects genetic changes 

in the gyrA (Ser83Leu) and parC (Ser80Leu) loci 

Variation in the gyrA (Ser83Leu) and parC 

(Ser80Leu) alleles are indicated by failure of 

digestion of the PCR products (Figures 3 and 4). The 

QRDR of both gyrA (Ser83Leu) and parC 

(Ser80Leu) showed a single mutation in isolates with 

ciprofloxacin MICs of 16, 32, 64, 128, and >128 

μg/mL, whereas isolates with MIC of >128 μg/mL 

had double mutations in QRDRs of both genes. 

Mutations of gyrA(Ser83Leu)  were the most 

prevalent mutations (47.45%), followed by parC 

(Ser80Leu) mutations (33.9%), and the combination 

of mutations in both genes (23.7%).  After HinfI 

enzyme digestion, the existence of two bands, one 

291 bp and one 52 bp in size, suggested that the 

QRDR of the gyrA locus was unchanged, as 

demonstrated in nine isolates with MICs of 4 μg/mL, 

seven isolates with MICs of 8 μg/mL, one isolate with 

a MIC of 32 μg/mL, one isolate with a MIC of 64 

μg/mL, and four isolates with MICs of 128 μg/mL, 

and nine isolates with MICs of <128 μg/mL. The 

QRDR of the parC locus was also intact, as 

evidenced by the presence of two bands, 206 and 121 

bp in size, after HinfI enzyme digestion, and as 

demonstrated in nine isolates with MICs of 4 μg/mL, 

seven isolates with MICs of 8 μg/mL, one isolate with 

a MIC of 16 μg/mL, two isolates with MICs of 32 

μg/mL, two isolates with MICs of 64 μg/mL, four 

isolates with MICs of  128 μg/mL and 14 isolates 

with MICs of  >128 μg/mL (Table 5) and (figure 3 

and 4). 

Table 3. Antibiotics resistance among isolates of Acinetobacter baumannii 

Antimicrobial agent Disc content Rate of resistance among isolates 

Ampicillin-sulbactam (10 μg/10 μg) 100% 

Amikacin (30 μg) 86.7% 

Ciprofloxacin (5 μg) 89.7% 

Ceftazidime (30 μg) 100% 

Cefotaxime (30 μg) 100% 

Cefepime (30 μg) 97% 

Ceftriaxone (30 μg) 100% 

Imipenem (10 μg) 91.1% 

Levofloxacin (5 μg) 89.7% 

Meropenem (10 μg) 91.1% 

piperacillin-tazobactam (100 μg/10 μg) 100% 

Trimethoprim- 

sulfamethoxazole 
(1.25/23.75μg) 100% 
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Table 4. Antibiotics resistance by MIC among isolates of Acinetobacter baumannii 

MIC 

(μg/mL) 

4 8 16 32 64 128 >128 

A.baumannii 

isolate 

No. % No. % No. % No. % No. % No. % No. % 

9 16.3 7 3.11 1 1.6 2 3.2 3 4.9 6 9.8 31 50.8 

 MIC: minimal inhibitory concentration. 

Table 5: Distribution of gyrA and parC mutations among resistant Acinetobacter baumannii in relation to MIC. 

Characteristic

s  

MIC 

(μg/mL) 

Total 

4 8 16 32 64 128 >128 

A.baumannii 

isolate 

No. No. No. No. No. No. No. No. 

9 7 1 2 3 6 31 59 

gyrA mutation -ve (9) 

-ve (7) +ve (1) 

-ve (0) 

+ve (1) 

-ve (1) 

+ve (2) 

-ve (1) 

+ve (2) 

 -ve (4) 

+ve (22) 

 -ve (9) 

+ve (28) 

(47.45) 

parC mutation -ve (9) 

-ve (7) -ve (1)  -ve (2) +ve (1) 

 -ve (2) 

+ve (2) 

 -ve (4) 

+ve (17) 

-ve (14) 

+ve (20) 

(33.9%) 

Combined 

mutations 
-ve 

-ve -ve -ve -ve -ve +ve (14) 

-ve (17) 

+ve (14) 

(23.7%) 

MIC, minimal inhibitory concentration. 

Figure 1. Polymerase chain reaction (PCR) product for the gyrA gene. The band size is 343 bp. 

Figure 2. Polymerase chain reaction (PCR) product the parC gene. The band size 327bp. 
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Figure 3. Restriction fragment length polymorphism (RFLP) polymerase chain reaction (PCR) for detection of 

mutations in gyrA genes. Nondigestion of PCR products indicates the presence of mutations in the quinolone 

resistance-determining region (QRDR) of this gene, whereas digestion of PCR products indicates the absence of 

such mutations. 

Figure 4. Restriction fragment length polymorphism (RFLP) polymerase chain reaction (PCR) for detection of 

mutations in parC genes. Nondigestion of PCR products indicates the presence of mutations in the quinolone 

resistance-determining region (QRDR) of this gene, whereas digestion of PCR products indicates the absence of 

such mutations. 

595



Taha et al.  / Microbes and Infectious Diseases 2023; 4(2): 590-600 

Discussion 

As a nosocomial bacterium that causes 

infections and outbreaks in adults and newborns, 

A.baumannii continues to be the subject of intensive 

research [19]. Furthermore, due to widespread 

antibiotic resistance, therapeutic measures are 

limited; which includes fluoroquinolone [20]. The 

profiles of antimicrobial resistance vary widely 

between countries, among hospitals within the same 

country, and even over time within the same country 

and the same institution [21]. Therefore, nosocomial 

infections must be monitored regularly, especially in 

underdeveloped countries such as Egypt, for 

antimicrobial susceptibility patterns. The findings 

will guide the choice for empirical therapy [22]. Our 

aim was to search for the flouroquinolone-resistant 

A.baumannii organisms that cause health care-

associated infections in our tertiary care hospital and 

to detect of the presence of mutations in gyrA 

(Ser83Leu) and parC (Ser80Leu) genes. 

In this study, most of the A.baumannii 

isolates were obtained from wounds and the fewest 

were recovered from bed sore samples 1 (1.4%). 

These results are in accordance with those of Zaki 

et al. [23], who found that blood cultures (50.35%), 

urine cultures (30.21%), and wound cultures 

(60.42%) produced the majority of the A. baumannii 

isolates. Also, Aljindan, et al. [24] noticed that 

wound swabs demonstrated the largest number of A. 

baumannii isolation (140 of 59 strains of A. 

baumannii were isolated from inpatient specimens), 

whereas nasal swabs, skin swabs and abscess 

specimens yielded the fewest (1 each).

In contrast to our findings, Papa et al. [25] 

found that 15% of isolates were added from 

catheters, 17% from blood cultures, and 20% from 

tracheal aspirates. Abbo et al. [26] found that 32% 

of isolates were recovered from the respiratory 

specimens, 17% from catheters, 16% from blood, 

19% from wounds, and 32% from urine.

Furthermore, Ferreira et al. [27] noted that samples 

of sputum and tracheal aspirate were the primary 

sources of Acinetobacter organism. Differences in 

the types of samples and cases used, the 

circumstances under which the samples were taken, 

the various time periods, regional variations in 

prevalence, and patient situations in general, may 

account for this inconsistency in these findings [28]. 

In our study, all isolates were resistant to 

piperacillin/tazobactam, ampicillin/sulbactam, 

trimethoprim/sulfamethoxazole, ceftriaxone, 

cefotaxime, and ceftazidime. Rates of resistance to 

ciprofloxacin and levofloxacin were the same (89.7 

%), as were those to imipenem and meropenem 

(91.1 %). These findings were consistent with 

those of ELshahhat et al. [29] who reported that 

100 % of A. baumannii organisms were resistant to 

ampicillin/sulbactam, amoxicillin/clavulinate, 

trimethoprim/sulfamethoxazole, cefazolin and 

cefuroxime, whereas the most effective antibiotics 

were imipenem (resistance rate of 88%), 

ciprofloxacin (33%), ceftriaxone (11%), ofloxacin 

(8 %), cefepime (7%) and amikacin (2%). 

Our findings with regard to resistance were 

consistent with those of Zaki et al. [23], who 

discovered that 100% of A. baumannii isolates were 

resistant to ampicillin, ampicillin/sulbactam & 

imipenem; rates of resistance to ceftazidime 

(99.3%) and to cefepime (96.4%) were somewhat 

lower. This pattern of antibiotics resistance is 

similar to those reported previously by Newire et al. 

[30] and Nowroozi et al. [31] 

In contrast to our findings, Srinivasan et 

al. [32] demonstrated that A. baumannii was 

resistant to imipenem, ceftazidime, amikacin, and 

ciprofloxacin, as well as streptomycin, gentamicin, 

kanamycin, tetracycline, and nalidixic acid. In 

addition, Adams-Haduch et al. [33] found that 

95.9% of bacteria were resistant to ciprofloxacin; 

87.7%, to ceftazidime, 40.8%, to cefepime and 

ampicillin /sulbactam; 18.4%, to imipenem; 22.4%, 

to meropenem; and 36.7%, to amikacin. 

The unchecked widespread use of 

antibiotics in hospitals and the abuse of empirical 

treatment without guidance from culture and 

sensitivity testing are to blame for the high rate of 

resistance in our study. Furthermore, because most 

of the isolates were from patients with nosocomial 

infections, the high rates of drug resistance are 

understandable. The disparity in sensitivity patterns 

between the studies mentioned previously may be 

attributed to various antibiotic policies, the 

emergence of resistant strains because of 

indiscriminate antimicrobial therapy, patient's 

immune status, various infection control strategies, 

or frequent hospitalization. 

Regarding the MIC of ciprofloxacin, 59 of 

isolates were resistant according to results of the E-

test (bioMérieux, Marcy-1’Étoile, France). Thirty-

one isolates (50.8%) showed ciprofloxacin MICs of 

> 128 μg/mL, which indicate high resistance to 

ciprofloxacin. Our results were consistent with those 

of Elshahhat et al. [29], who reported that of 72 A. 

baumannii isolates resistant to ciprofloxacin, 44 

(61.1%) showed ciprofloxacin MICs of > 128 

μg/mL. In contrast to our findings Zaki et al. [23] 

found that all isolates of A. baumannii that showed 

resistance in the disc diffusion method also showed 

resistance in the MIC method.  
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According to our PCR data, all 68 A. 

baumannii isolates had the gyrA and parC alleles. 

PCR RFLP analysis revealed that of the 59 A. 

baumanii isolates, 28 (47.5%) had a mutation at the 

gyrA (Ser83Leu) locus, 20 (33.9%) had a mutation 

at the parC (Ser80Leu) locus, and 14 (23.7%) had 

mutations at both loci. These results were consistent 

with those of Tawfick and El-Borhamy [21], who 

discovered single mutations in either parC or gyrA 

in 11 isolates and dual changes in the QRDRs of 

both genes in 38 isolates. 

Our findings, however, conflicted with 

those of Tantawy et al. [34], who discovered that in 

all recovered isolates subjected to PCR RFLP, 

mutations were present in both gyrA (Ser83Leu) and 

parC (Ser80Leu). Also, according to Zaki et al. [23] 

all A. baumannii strains resistant to ciprofloxacin 

possessed gyrA (Ser83Leu) or parC (Ser80Leu) 

mutations, or both. Concurrent mutations in both 

genes were the most common changes (85.5%); 5% 

of mutations were in either the gyrA (Ser83Leu) or 

parC (Ser80Leu) locus [23]. 

The HinfI enzyme used in the PCR-RFLP 

approach helps detect mutations only in codon 83 of 

gyrA and codons 80 of parC; it cannot help detecting 

mutations in the Glu-87 codon in gyrA and the Glu-

84 codon in parC. Kakuta N et al. [14] developed 

a mismatched PCR RFLP assay to identify changes 

in codons 83 and 87 of the gyrA locus and codons 

80 and 84 of the parC locus, which are linked to 

fluoroquinolone resistance in A. baumannii; this 

technique accurately identified all fluoroquinolone-

resistant and fluoroquinolone-susceptible strains of 

A. baumannii and specifically identified important 

genetic alterations associated with decreased 

response to fluoroquinolones. 

Many studies have demonstrated that 

concurrent changes in both gyrA and parC alleles 

are necessary for A. baumannii resistance to 

ciprofloxacin [31]; however, in our study, of the 59 

ciprofloxacin-resistant A. baumanii isolates, 14 had 

single mutations in gyrA (Ser83Leu), 10 of which 

had MICs of ≥ 128 µg/mL, and 6 had single 

mutations in parC (Ser80Leu), 5 of which had MICs 

of ≥ 128 µg/mL. This finding suggests that single 

mutations in either gyrA or parC may play a role in 

ciprofloxacin resistance. This result was consistent 

with that of Elshahat et al. [29]. Ardebili et al. [35] 

discovered that isolates with combined genetic 

alterations at gyrA and parC loci had higher 

ciprofloxacin resistance than did isolates with 

changes in only the gyrA or parC locus.  Zaki et al. 

[23] reported that 42.3% of isolates with concurrent 

mutations had MICs of >128 µg/mL. 

Conclusion 

The troubling fluoroquinolone resistance 

observed in A. baumannii isolates from Egypt may 

be related to a single mutation in either gyrA 

(Ser83Leu) or parC (Ser80Leu) genes. Because the 

majority of isolates had MICs of >128 µg/mL, the 

available therapeutic options were limited. A 

governmental policy for appropriate prescribing and 

judicious usage of antimicrobial agents is required. 

Further investigation of resistance among a larger 

number of isolates across Egypt is recommended.  
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