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ABSTRACT
Background: Exist of folate pathway inhibitor genes among Acinetobacter spp. isolates are regarded as a significant
mechanism of resistance for sulfa drugs in this pathogen. Objective: This study aimed to investigate genes associated
with sulfa drugs resistance among Acinetobacter spp. using Polymerase Chain Reaction (PCR). Patients and Methods:
This study included 928 specimens from patients who visited the main hospitals and private clinic laboratories of Al-
Najaf City-Irag. All specimens were cultivated and bacterial diagnosis was done according to standard methods.
Antibiotics susceptibility and molecular investigation for sul-1, sul-2, sul-3, dfr-A, dfr-B, dfr-G and dfr-K for all
Acinetobacter spp. isolates were done. Results: The rate of Acinetobacter spp. isolates were 28 (5.4%). Results showed
a high resistance towards antibiotics classes, 28 (100%) of isolates were resistance to piperacillin, cefotaxime,
ceftriaxone, ceftazidime and cefepime, while the lowest resistance rate was against minocycline reached 42.85. PCR
showed 28 (100%) of Acinetobacter spp isolates were harbored sul-1 and drf-G genes. 25 (89.29%) and 21 (75%) of
isolates were positive for sul-2 and drf-A genes respectively, while sul-3, drf-B and drf-K genes were not detected.
Conclusion: There is a great deal of concern about antimicrobial agent resistance and also about the number of drug-
associated resistance genes contained in Acinetobacter spp. isolates especially sul-1, sul-2, dfr-A, and dfr-G, which have
a significant role in sulfa drug resistance.
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INTRODUCTION admitted to the largest hospitals and private clinical
The infection via Acinetobacter genus especially A. laboratories in Najaf City, these samples involved urine
baumannii has caused concern newly. Furthermore, the (412), wound swabs (109), burns swabs (71), ear swabs
expanded resistance of Acinetobacter to a different (63), blood (54), sputum (70), seminal fluid (44),
popularly applied antibacterial agent has resulted in peritoneal fluid (19), pleural fluid (13), throat swab
incapable drugs and elevated mortality subsequent to (41), and wvaginal swab (32). Blood agar and
the infection. Approximately 80% of documented MacConkey agar were used to culture all samples then
Acinetobacter infections are caused by Acinetobacter incubated aerobically at 370C for 24 hours ¢ 9.
baumannii, as reported by the Centers for Disease Morphological characters and biochemical tests were
Control and Prevention @, used to initial diagnose the bacteria and all suspected
Healthcare-associated Gram-negative infections Acinetobacter spp. were verified grounded using the
caused by A. baumannii isolates are more likely to be Vitek-2 system.
fatal and to cause life-threatening infections and septic
shock than those caused by other pathogens ©. Antimicrobial agents susceptibility testing:

In recent years, antibiotic has become a significant The antibacterial agents of all 28 isolates of
and provoking phenomenon with rising costs for Acinetobacter spp. were done according to Kirby-Bauer
healthcare systems. This is in addition to the significant method on Mueller-Hinton agar . The inoculation of
morbidity, mortality, as well as cost increases all isolates were prepared by suspending the overnight
associated with extended therapy and hospitalization®. growth of tested isolates in sterile normal saline

Among the nonclassical antifolates category, the adjusted to a 0.5 McFarland standard tube. Commercial
medication sulfonamide is able to block dihydropteroate antibacterial agent discs were evaluated. The zone
synthase (DHPS) by entering the para-aminobenzoic diameters were interpreted as per Clinical Laboratory
acid (PABA) sac of the enzyme, preventing PABA from Standards Institute (CLSI) recommendations @,
entering the reaction site, and creating an analog that
cannot be used as a substrate in the subsequent step of DNA extraction and PCR assay:
the folate cycle. Therefore, they become competitive All Nucleic acid for 28 clinical isolates of
inhibitors for this enzyme as well as significantly lower Acinetobacter spp. had been amassed through the usage
folate levels as a result. This reduction results in of a genomic DNA extraction mini kit (Favorgen, South
mistakes in DNA synthesis because microorganisms are Korea), based on the guide of a manufacturing
not able to use exogenous folate ®. This study aimed to corporation. Whole DNA was preserved using a deep
investigate genes associated with sulfa drugs resistance freezer at -20°C, then, the PCR procedure was used to
among Acinetobacter spp. using PCR. screening on the genes indicated in the Table 1. The

apparatus of gel document was used to be utilized for
the migration of PCR amplification (bands) at 1%
agarose and subsequent dyeing of ethidium bromide at
0.5 ng/ml was done®.

PATIENTS AND METHODS
Patients and Bacterial Identification: The aggregate
of 928 clinical samples was obtained from patients
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Table (1): Oligo sequence, annealing and product size of primers applied in this research

Gene name | Primer Sequence 5’ to 3’ Annealing | Size of product Reference
(bp)

Sull-F GTGACGGTGTTCGGCATTCT 54.7 921 (10)
Sull-R TCCGAGAAGGTGATTGCGCT
Sul2-F CGGCATCGTCAACATAACCT 51.5 721 (10)
Sul2-R TGTGCGGATGAAGTCAGCTC
Sul3-F CAGATAAGGCAATTGAGCATGCTCTGC | 55 569 (12)
Sul3-R GATTTCCGTGACACTGCAATCATT
dfrA-F CACTTGTAATGGCACGGAAA 57 270 (12)
dfrA-R CGAATGTGTATGGTGGAAAG
dfrB-F AATTGTGTTAAATTAAAGATAACTT 43 572 (12)
dfrB-R TAAGTATTCTTTAGATAAATCGGAT
dfrG-F TGCTGCGATGGATAAGAA 57 405 (12)
dfrG-R TGGGCAAATACCTCATTCC
dfrK-F GCTGCGATGGATAATGAACAG 49 321 12)
dfrK-R GGACGATTTCACAACCATTAAAGC

Ethical approval: RESULTS

An approval of this study was obtained from
University of Kufa Academic and Ethical
Committee.

Informed consent of all the patients was
obtained. This work has been carried out in
accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
studies involving humans.

Statistical analysis

Based on Graphpad-prism V.10, percentages were
used to compare between sex, cases, and antimicrobial
resistance.

Specimens and bacterial identification:

The results of culture growth indicated that
among 928 patients were 522 (56.25%) bacterial growth
compared with 406 (43.75%) no growth. The rate of
Acinetobacter spp. isolates, which were obtained in
current study according to bacterial growth were 28/522
(5.4%), which included 26 isolates with A. baumannii (
9 isolates obtained from wound, while 8 , 5, 3 and 1
isolates obtained from burns, sputum, urine and blood
respectively) and 2 isolates with A. Iwoffii (obtained
from wound and urine), The result showed that the study
included 487 females and 441 males, however, other
details are enrolled in table 2.

Table (2): Distribution the number (percentage) of Acinetobacter spp. according to sex
0) i -
Sex Number (%) The Number (%) Number (%) of Acineto-bacter
case SPp.
Gram positive 77 (15.8%)
Female 487 (52.47%) 13 (-4.4)
. 221 (45.4%)
Gram negative
No 0
growth 189 (30.8%)
. 52
Gram positive (11.8 %)
Male 441 (47.52%) Gram negative 172 (39%) 15 (6.7)
No 0
growth 217 (49.2%)
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Antimicrobial agent's susceptibility test:

It is evident from the results of the current study
listed in table 3 that the bacteria showed a resistance rate
of 100% to all beta-lactam antibiotics represented by
piperacillin, cefotaxime, ceftriaxone, ceftazidime and
cefepime, while the resistance rates of Acinetobacter
spp. were 85.71, 821 and 2857 for
ticarcillin/clavulanic acid, piperacillin/tazobactam and
ampicillin/sulbactam respectively.

Drugs of carbapenems had less effect against
Acinetobacter spp. Isolates, which recorded rate of
resistance reached 82.1 and 78.57 to imipenem and
meropenem antibiotics respectively.

The results of table 3 showed a high resistance of
bacteria towards the aminoglycoside group, where the
resistance ratios reached 82.1, 78.57 and 57.14 for
amikacin, gentamicin and tobramycin respectively.

Minocycline, recorded resistance ratio reached 42.85
while 10.71 and 46.42 of isolates were intermediate and
sensitive to this drug respectively, the rate of resistance
in tetracycline and doxycycline were 92.85 and 71.42
respectively.

The percentage of resistance of this pathogen were
85.7 and 82.1 for levofloxacin and ciprofloxacin drugs
respectively.

Additionally, the current study included evaluating
the efficacy of trimethoprim-sulfamethoxazole for
inhibiting folate pathway antagonisms, with the bacteria
recording 78.57, 3.57, and 17.85 relative resistance
ratios.

Table (3): Antimicrobial agent's susceptibility of
Acinetobacter spp. isolates

sulfamethoxazole

Antimicrobial agents | Resistance | Intermediate| Sensitive
N (%) N (%) N (%)

Piperacillin 28 (100) 0(0) 0 (0)
Ticarcillin with 24(85.71) 0(0) 4(14.28)
clavulanic acid

Piperacillin/tazobactam | 23(82.1) 0(0) 5(17.85)
Ampicillin/sulbactam 28.57 11(39.28) 9(32.14)
Cefotaxime 28(100) 0(0) 0(0)
Ceftriaxone 28(100) 0(0) 0(0)
Ceftazidime 28(100) 0(0) 0(0)
Cefepime. 28(100) 0(0) 0(0)
Gentamicin 22(78.57) 3(10.71) 3(10.71)
Amikacin 23(82.1) 2(7.14) 3(10.71)
Tobramycin 16(57.14) 1(3.57) 11(39.28)
Minocycline 12(42.85) 3(10.71) 13(46.42)
Doxycycline 20(71.42) 0(0) 8(28.57)
Tetracycline 26(92.85) 2(7.14) 0(0)
IPM 23(82.1) 0(0) 5(17.85)
MEM 22(78.57) 0(0) 6(21.42)
Levofloxacin 24(85.71) 0(0) 4(14.28)
Ciprofloxacin 23(82.1) 1(3.57) 4(14.28)
Trimethoprim- 22(78.57) 1(3.57) 5(17.85)

Molecular detection of folate pathway inhibitors

genes:

The molecular results of the current research showed
that 28 (100%) of Acinetobacter spp isolates were
harbored positive bands at correct position for Sul-1 and
drf-G genes (Figure 1 2). At same respect, data of PCR
showed 25 (89.29%) of and 21(75%) isolates were
positive for sul-2 and drf-A genes respectively (Figure 3
and 4), while sul-3, drf-B and drf-K genes were not
obtained or observed in the present study.
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Figure (1): PCR amplification of sul-1gene among 28 clinical A. baumannii isolates (all isolates were positive)
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Figure (2): PCR amplification of Dfr-G gene among 28 clinical A. baumannii isolates (all isolates were positive)

Figure (3): PCR amplification of sI-dene among 28 clinical A. baumannii isolates (isolates number, 18, 21 and 23

were negative).
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Figure (4): PCR amplification of Dfr-A gene among 28 clinical A. baumannii isolates (isolates number, 6, 8, 11, 15,

19, 24 and 28 were negative).

DISCUSSION

There have been numerous reports indicating
that A. baumannii is a pathogen associated with
healthcare such as urinary tract infections (UTISs),
bacteremia, burn and wound sepsis and several other
infections 3. There are several studies that indicates
ability of Acinetobacter spp. to cause human infections
and correspond with results of current works. In a local
study in the Hospital of Al-Kafeel / Kerbala City, done
by Mohammed et al. @, they observed the rate of
Acinetobacter spp. isolated from different clinical
specimens were 52/568 (9.2%). At same respect, 111
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(3.36%) of 3298 samples infected with Acinetobacter
were found by Gupta et al. . Blood samples were the
most commonly isolated Acinetobacter species (41%),
followed by pus in 25 samples (22.5%), respiratory
samples in 16 samples (14.4%), urine in 13 samples
(11.7%), other body fluids in 10 samples (9%) and
various catheter tips in 6 samples (5.4%).

While in Egypt a study done by Nageeb et al. @9,
they obtained 10 (2.9%) isolates of A. baumannii from
350 patients suffering different diseases. Another
previous work reported that rates
of Acinetobacter isolates  from  whole infected
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specimens were 4.8%. There were 76 cases of urinary
tract infection (39.64%), 38 cases of wound infection
(29.55%), and (29.84%) were found in the intensive
care unit. The dominant species was A. baumannii 47,

Acinetobacter spp. has possession of various
virulent factors that help it adhere to and invade, as well
as its ability to form biofilm and its great resistance to
antibiotics, which makes it a dangerous pathogen that
exists for a long time, challenging difficult conditions in
a hospital environment, and this may be one of the main
reasons that justify its spread and caused it for various
diseases 1),

Results of present study observed that the
males were infected with Acinetobacter spp. isolates
more than females. However, a recent work done by
Mohammed et al.®¥, found a significant difference in
distribution of A. baumannii isolates according to sex,
they found ratio of male to female was 3:1. Another
study done in Pakistan by Khurshid et al. ® on 160
isolates of A. baumannii, which were isolated from
different clinical sources, found that 64% of the infected
patients were males and 36% were females. Current
study recorded elevation of antibiotics resistance among
Acinetobacter spp. isolates and this results were closer
to a previous study conducted by Al-Tamimi et al. @9
on A. baumannii isolates in Jordan. It was noted that
most carbapenems, cephalosporins, and
fluoroquinolones had high resistance rates among
patients from whom A. baumannii was isolated,
whereas tetracyclines and aminoglycosides had low
resistance rates, while trimethoprim/sulfamethoxazole
had middle resistance levels as well as the majority of
isolates were recorded as multi-drug-resistant (MDR)
(76.8%) was observed.

Another recent study done by Kadhom and Ali
@9 reported that A. baumannii isolates recorded
resistance rate reached 74%, for piperacillin,
ceftazidime and ciprofloxacin, while 32%, 70%, 88%,
and 98% for imipenem, meropenem, cefotaxime and
ceftriaxone respectively, as well as 62%, 68%, and 76%
of isolates were resistance to levofloxacin, amikacin and
gentamicin respectively and finally 98% of isolates
were observed resistance to sulfa drug.

In the past decade, antibiotic resistance among
Acinetobacter species has increased significantly, and
various mechanisms are employed by the pathogen to
combat antibiotic effects, including the production of
enzymes that cleavage drugs structure. The organism's
relatively impermeable outer membrane may be partly
responsible for this, and multidrug efflux pumps @23,
It is important to understand mechanisms of antibiotic
resistance and develop new agents to overcome it since
antibiotic resistance is a rapidly evolving health
concern. Trimethoprim (TMP), an oral inhibitor of
dihydrofolate reductase (DHFR), continues to be one of
the most important antibiotics used today ©@¥. A study
done by Khurshid et al. ®® found that frequency of sul-
1 and sul-2 genes among 131 isolates of SXT-resistant
A. baumannii were 10.7% and 72.5% respectively,
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while 16% of isolates have been both sul-1 and sul-2.
However, this result were closer to a local study done
by Muhammed et al. @ in Al-Najaf City, they
observed high spreading of sul-1 and sul-2 but sul-3 was
not detected among SXT-resistant E. coli isolates.

Trimethoprim and sulfamethoxazole (SXT) are
antifolates that act synergistically to inhibit different
steps of bacterial folic acid synthesis. The SXT drug is
recommended for the treatment of uncomplicated
infections of the skin, infections of the urinary tract, soft
tissues, and also respiratory infections @2,  The
existence of SXT-resistant Acinetobacter spp. isolates
can pose a serious threat to the development of new
antifolate drugs. A study done in Malaysia by Al-
Marzooq et al. ?® observed that the presence of sull
and dfrA genes were 53.8% and 59.1% respectively,
and in 93 isolates of MDR K. pneumoniae was
documented.

While another study by Torkan et al., ¢ found
rate of dfr (Al) gene was 35.7%. At same respect, the
DfrG gene was responsible for 92% of trimethoprim-
resistant Staphylococcus aureus @9,

CONCLUSION

There is a great deal of concern about
antimicrobial agent resistance and also about the
number of drug-associated resistance genes contained in
Acinetobacter spp. isolates especially sul-1, sul-2, dfr-
A, and dfr-G, which have a significant role in sulfa drug
resistance.
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