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DETECTION OF BIOFILM FORMATION AND SOME
VIRULENCE FACTORS IN PSEUDOMONAS AERUGINOSA,
AND THE EFFECT OF SOME ANTIBIOTICS

Objective. Pseudomonas aeruginosa (P. aeruginosa) is a present everywhere and opportunistic bacterium pathogen.
The existence of numerous virulence factors i.e. exo-toxin, exo-enzyme genes, and biofilm may be contributed in the
pathogenesis and pathogenicity of the bacterium. The goals of the present work were to detect biofilm formation, some
biofilm genes, and the effect of antibiotics against P. aeruginosa. Methods. All isolates were identified using API 20E
and 168 rRNA techniques. The microtiter plate method (MTPM) was used to detect biofilm formation. The polymerase
chain reaction (PCR) was used to find some virulence genes e.g. pelA, pslA. Results. A total of 64 P. aeruginosa isolates
were identified as P. aeruginosa. The majority of infection belonged to burn infections — 27 (42.2%), followed by ear —
17 (26.5%), and urine — 20 (31.3%). The results of biofilm detection using MTPM showed that all P. aeruginosa isolates
were able to produce biofilm but at different levels. PCR technique was used to detect biofilm genes. Studies showed that
61 (95.30%) and 63 (99.32%) isolates carried pelA and pslA genes, respectively. Moreover, a susceptibility test was used
to select 10 antibiotics. P. aeruginosa isolates were resistant to cefotaxime — 61 (95.3%), carbenicillin — 59 (92.2%), am-
picillin — 38 (59.4%), piperacilin/tazobactam — 29 (45.3%), streptomycin — 28 (43.8%), moxifloxacin — 27 (42.4%),
ticarcilin — 26 (40.6%), ciprofloxacin — 24 (37.5%), gentamicin — 20 (31.3%), and neomycin — 13 (20.3%). Conclu-
sions. Biofilm is produced by P. aeruginosa at different levels. The molecular technique showed that the pelA and pslA
genes are associated with the form of biofilm in P. aeruginosa isolates. The susceptibility tests showed that the most active
antibiotics against P. aeruginosa were neomycin, gentamycin, and ciprofloxacin, respectively.
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Pseudomonas aeruginosa plays an important | sistant to a wide range of anti-microbial agents,
role in hospital-acquired and life-threatening | i.e. antibiotics [1].

infections. Furthermore, it is one of the leading The ability of P. aeruginosa to form biofilms is
hospital- acquired infection pathogens affecting | considered the main reason for the pathogenesis
humans hospitalized while being essentially re- | of chronic P. aeruginosa infections, which form
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communities of the causative agents in a self-pro-
ducing polymeric matrix during different stages
of the disease [2]. There is a relationship between
P aeruginosa and susceptibility to antibiotics,
which demonstrates real resistance to numerous
anti-microbial agents, such as antibiotics [3]. In
addition, Schulzeet al. [4] clarified that biofilm is
a microorganism population of microbes, which
are enclosed by the self-produced slime or ma-
trix of extracellular polysaccharide (EPS). EPS
is considered a major matrix component of bio-
film and can be significant in the development
of biofilm. Motta, et al. [5] stated that the form
of biofilm represents a complex group of sessile
cells, structured organized bacterial cells, which
are attached to surfaces that grow and interact as
a community. Also, Colvin, et al. [6] mentioned
that several isolates P. aeruginosa are proficient at
forming biofilms, have the capability to produce
many kinds of sugars, and produce at least 3 types
of EPS, alginate (alg). EPS contains glucose, and
rich polysaccharide, which different cellulose, as
known psl, and exopolysaccharides containing
D-mannose rhamnosus, and D-glucose known
as pel. Moreover, in mucoid strains of P. aerugi-
nosa, alg is the prevalent EPS of the matrix. In ad-
dition, non-mucoid strains of P. aeruginosa pro-
duce mostly pel and psl polysaccharides to form
vital membranes [7]. There are different stages
of biofilm formation by P. aeruginosa mediated
by EPS i.e. pili and flagella. These structures play

Table 1. Primers tested for P. aeruginosa
and selected primer to biofilm genes

Size of
Gene Primer sequence product
(bp.)
168 F | TCACGCTATCAGATGAGCC
rRNA R | TAACTTACTGCCCTTCCTCCC | 250
Pel]A  F | CAGCAAGAAAGGAATCGCC
R | TGCTCTTTCAGATACCCGAC 258
PsIA F | GGTCCCGGAGAACTACAACT
R | GGCATAAGATCGCATCCAGG 159
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an important role in adherence [8]. Strateva and
Yordanov [9] and Breidenstein, et al. [10] ob-
served the resistance for many anti-microbial
agents via permeability of the outer membrane.

The goals of the present work were to detect
biofilm and some biofilm genes, and to investi-
gate the effect of antibiotics on P, aeruginosa.

Materials and methods. A total of 250 clinical
samples were collected from different sites of in-
fection as swabs from different regions i.e. burn,
ear, and urine from patients hospitalized in four
different health centers: Al-Zahraa and Al-Kara-
ma teaching hospitals, Al-Kut hospital for gyne-
cology, public health laboratory in Al-Kut city/
Wasit province in Iraq. The samples were grown
on several traditional and rich media. Initially,
bacteria were cultured on the blood agar, then
on a selective media such as Pseudomonas agar,
which was used to detect P. aeruginosa isolates,
and bacteria cultures were incubated at 37 °C for
18-20 hr. conventional and molecular techniques
were used to diagnose several isolates of P. aeru-
ginosa. Several microbiological techniques were
used for the detection of P. aeruginosa isolates,
such as the Analytical Profile Index (API) and
polymerase chain reaction (PCR) as a molecular
technique Mueller Hinton’s agar was used to as-
sess the sensitivity of different P. aeruginosa iso-
lates to antibiotics.

DNA in several isolates of P. aeruginosa was
diagnosed using the Geneaid Genomic DNA ex-
traction Kit (USA). DNA was extracted accord-
ing to the instructions of the manufacturer . The
specified primers, e.g. 16S rRNA, were used to
detect P. aeruginosa isolates, pelA, and psIA syn-
thesized using Eurofins MWG Operon (MWG,
Germany) as follows: 16S rRNA (FJ972538.1),
PelA (CBYA010000077.1), PsIA (JQ794873.1), as
an accessing number (Table 1).

Preparation of PCR master mix. PCR mas-
ter mix was prepared using GoTag Green Mas-
ter Mix Kit (Promega, USA), according to the
instructions of the manufacturer, as outlined in
Table 2.
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Thermocycler program for PCR PCR ther-
mocycler conditions for P. aeruginosa were
achieved by PCR thermocycler system and the
same for each gene except for annealing temper-
ature (At), as summarized in Table 3.

Also, susceptibility tests were conducted by
the disc technique for isolates P. aeruginosa us-
ing various antimicrobial agents. The follow-
ing antibiotics were used: moxifloxacin (MFX)
10pg, ciprofloxacin (CIP) 5upg, cefotaxime
(CTX) 30ug, piperacilin/tazobactam (PTZ)
100pg, ticarcilin (TC) 75ug, ampicillin (AMP)
30ug, carbenicillin (PY) 100ug, gentamicin
(GMN) 15pg, streptomycin (RX) 15pg, and
neomycin (NMN) 10ug.

The analysis of data and variance was used for
all tests with P < 0.01.

Results. A total of 250 different clinical sam-
ples were collected, which include various sites
of human, i.e. burns, urine, and ear (Table 4).

A total of 64 (25.6%) P. aeruginosa isolates
were obtained from different clinical samples.
They were identified according to the conven-
tional and molecular techniques including the
culture and microscopic examination, biochem-
ical tests, API 20E Kkit, Vitek2 system, and PCR.
Then all the results were confirmed by molecular
techniques, such as 16S rRNA.

The biofilm produced in isolates of P. aerugi-
nosa was estimated as complex communities of
bacterial cells with adhesion capability to differ-
ent surfaces i.e. plastics, metals, medical implant
materials, and tissues. Biofilm formation en-
hances the survival of microorganisms such as
bacteria, making all of them difficult to damage
[11]. In the current study, in total 64 isolates of P
aeruginosa were evaluated by the microtitre plate
method (MTPM).

The biofilm production was detected using
MTPM, and the results demonstrated that all P
aeruginosa isolates produce biofilms of different
quality as follows: 10 (15.60%), 13 (20.30%), and
41 (64.10%) isolates produce weak, moderate,
and strong biofilms, respectively (Fig. 1).
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Fig. 1. Different results of using MTP method to detect
the production of biofilm in P. aeruginosa

Table 2. Master mix of PCR

Master mix of PCR Volume
(uL)
Master mix 12.5
Primer forward (10p/mol) 1
Primer reverse (10p/mol) 1
Nuclease free water 8.5
Template of DNA (20-40 ng/pL) 2
Total 25
Table 3. PCR thermocycler system
of 16S rRNA, pelA, pslA for P. aeruginosa
Temperature | Time | Repeat
PCR Stage (°C) (min) | (cycles)
Initial Denaturation 95 5 1
Denaturation 95 0.5
Annealing 531,522,583 | 0.5
Extension 72 0.5 30
Final extension 72 7 1
Hold 10 10

Note: For 16S rRNA, pelA?, psIA3

Table 4. Number and percentage (No. (%))
of P. aeruginosa isolates from different
sites of human

Source of isolate No. (%)
Burn 27 (42.2)
Ear 17 (26.5)
Urine 20 (31.3)
Total 64 (100)
Note: P < 0.05
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Fig. 2. Agarose gel electropho-
resis results for different genes

I ————— X g —250bp

159bp

Fig. 3. Agarose gel electrophoresis and genomic DNA isolated from P. aeruginosa observed by PCR product analysis
for the pslIA gene in different isolates of P. aeruginosa by specified primer, with M: Marker (100—1500bp). All lines
were (1—10) positive PCR amplification for P. aeruginosa isolates at the 159bp PCR size of the product.

As for agarose gel electrophoresis results for
different genes, they are presented in the follow-
ing figure.

As summarized in Fig. 2, identification of
P. aeruginosa and biofilm-producing genes by
PCR technique, various P. aeruginosa isolates
were identified by 16S rRNA as PCR+ve.

Likewise, PCR was used to detect the existence
of different genes that form biofilm, such as pelA
and pslA, in various isolates of P. aeruginosa.

The pelA gene was detected in 57 (89.10%) iso-
lates from all isolates of P. aeruginosa as PCR+ve,
and 7 (10.90%) isolates as PCR-ve. In addition,

36

the psIA gene was detected in 61 (95.30%) iso-
lates as PCR+ve, and 3(4.70%) isolates for each
as PCR-ve, as shown in Fig. 3.

Also, susceptibility and resistivity in vitro to
different antibiotics against P. aeruginosa isolates
were studied (Table 4). All isolates of P. aerugi-
nosa were resistant to cefotaxime, carbenicil-
lin, and ampicillin: 61 (95.3%), 59 (92.2%), and
39 (59.4%) respectively. The isolates of P. aeru-
ginosa demonstrated a different degree of re-
sistance to each antibiotic, and their number
and percentage were: piperacilin/tazobactam
29 (45.3), streptomycin 28 (43.8), moxifloxacin
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27 (42.4%), ticarcilin 26 (40.6%), ciprofloxacin
24 (37.5%), gentamicin 20 (31.3%), and neomy-
cin 13 (20.3), as listed in Table 5.

Discussion. The production of biofilm/al-
ginate has been evaluated as a remarkable de-
terminant of the pathogenicity of P. aeruginosa
infections [12]. Also, Nasirmoghadas et al. [13]
mentioned that several mucoid P. aeruginosa iso-
lates produce vast levels of alginate, and this was
considered an essential component of biofilm.

Moreover, there are two different studies by
Prince et al. [14] and Oncel et al. [15] who have
observed the ability to form biofilm in 28.6% and
65.2% of different clinical isolates of chronic ill-
ness in the upper respiratory tract patients, re-
spectively. On the other hand, Nasirmoghadas
et al. [13] have found that P. aeruginosa isolates
(23.3%) from clinical samples were positive
for biofilm formation. In the present study, the
predominance of strong biofilm formation was
found in 41 (64.10%) P. aeruginosa clinical iso-
lates. The difference in the demonstration of bio-
film formation between the present and previous
studies may be due to the variation in the sites
of clinical isolates and conditions of the studies.

As mentioned above, biofilms are complex
microbial communities characterized by ad-
hesion capability for different surfaces such as
metals, plastics, medical implant materials, and
various tissues. The important role in biofilm for-
mation of such factors as alginate, pelA, psIA in
the establishment and persistence of infections
has highlighted in the majority of the prior stud-
ies conducted by Patankar et al. [16]. These fac-
tors play a significant role in the surface attach-
ment for more isolates of P. aeruginosa in spite
of different contribution of PelA and PsIA to the
structure of biofilm. In addition, they are three
EPS that form essential structures of the biofilm
matrix and numerous biological functions, par-
ticularly concerning protection of the bacteria
cells from anti-microbial factors and responses
of the immune system [17, 18]. Franklin et al.
[19] mentioned that the biofilm components in
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P, aeruginosa include at least three specific EPS,
namely Pel, Psl, and alginate.

The current results are close to the ones ob-
tained by Hisham, et al. [20] who found that
16 (80%) isolates produced a strong biofilm,
2 (10%) isolates — a moderate biofilm, and
2 (10%) isolates — a weak biofilm. Also, Abd
El-Galil et al. [21] demonstrated that 42 (84%)
isolates produced a strong biofilm, 4 (8%) iso-
lates — a moderate biofilm, and 4 (8%) iso-
lates — a weak biofilm .

As for our antibiotic tests, P. aeruginosa iso-
lates were resistant to cefotaxime (95.3%) and
carbencilin (92.2%), although, the majority of
them were sensitive to many antibiotics, such as
neomycin (79.7%), gentamicin (69.7%), and cip-
rofloxacin (62.5%) (Table 5). The resistance may
be attributed to gene cassettes, plasmids, and
transposons as well as to the widespread use of
antibiotics and increased resistance in different
pathogenic bacteria [22]. Furthermore, Toukam
et al. [23] stated the improper use of antibiotics
by professionals of health care and/or non-skilled
practitioners as well as by common people, along
with adequate surveillance due to the lack of in-
formation outgoing from routine antimicrobial

Table 5. Antibiotic susceptibility and resistivity
for different isolates of P. aeruginosa

Resistant | Sensitive Inte.r—
Antibiotics mediate
No. | (%) | No. | (%) | No. | (%)
Moxifloxacin 27 |42.2| 36 [56.3] 1 |1.5
Ciprofloxacin 24 |37.5|40 |62.5| 0 |0.0
Ticarcilin 26 [40.6| 37 |57.8] 1 | 1.6
Piperacilin/Tazobactam | 29 [45.3| 31 |48.4| 3 |6.3
Cefotaxime 61 (953 3| 47| 0 |0.0
Ampicillin 38 159.4|24 |375| 1 |3.1
Carbenicillin 59 (922166 |78 | 0 |0.0
Gentamicin 20 [31.3| 44 |169.7| 0 [0.0
Streptomycin 28 [43.8| 31 [48.4| 5 |7.8
Neomycin 13 {20.3| 51 {79.7| 0 |0.0

Note: P < 0.01
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susceptibility and resistivity tests, including ro-
tating reports from developing countries. Our
results for the sensitivity and resistivity profile
are compatible with those obtained by Al-Zaidi
[24], Hwang and Yoon [3], and Kamali et al. [25].

Conclusions. In the current study, produc-
tion of strong biofilms was detected in P. aerugi-
nosa isolates, and a high number of data on their
formation and susceptibility to antibiotics were
obtained and compared with the literature. In

particular, the molecular technique showed that
the pelA and psIA genes are associated with the
form of biofilm in different isolates of P. aeru-
ginosa. The results of the susceptibility and re-
sistivity tests of antibiotics demonstrate that the
most active compounds against P. aeruginosa are
neomycin, gentamycin, and ciprofloxacin.
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Kadenpa meguanoi Mikpob6ionorii, Megyanuit Gakynbret, YHiBepcutet BaciT, Ipak
YuiBepcutercbke Micto/Xeii-anb-Pa6i, Anb-KyT, nposinnis Bacit, IPAK/P.O.BOX.97

OLIHKA 3OJATHOCTI JO ®OPMYBAHHA BIOIUIIBKM TA JEAKMNX GAKTOPIB BIPYJIEHTHOCTI
PSEUDOMONAS AERUGINOSA TA O14 JEAKMX AHTMBIOTUKIB

CunborHilina mammuka (Pseudomonas aeruginosa) — IOBCeMICHO IIOLIMpeHa YMOBHO-IIATOT€HHA OakTepis.
IcHyBaHHA 4Mc/IeHHNX (PaKTOPIB BipyJIEHTHOCTI, TAKUX AK €K30TOKCYH, TeHN eK30()epMEeHTIB, a TAKOXK 34ATHICTD 10
yTBOpeHHsI 6IOIUIIBKY, MOYKe CIIPMATY IMiJBUIIEHHIO [IATOT€HHOCTI Iiiel 6akrepii. MeTa manoi po6otu monmsrama y
BISIBJICHHI 3[IaTHOCTI 1O YTBOPEHH:I OiOIITIBKY Ta [iesKMX TeHiB, sIKi BiAMOBifaoTh 3a popMyBaHHs 610IUIIBKY, a Ta-
KOXX y BUSHAUeHHI BIUIMBY Ta [iil aHTH6i0THKIB Ha i307TH P. aeruginosa. Metopgu. Yci isonsatn 6ymu inentudikoBaHi
metomamu API 20E, Vitek2 ta 16S pPHK. 5151 BusiB/IeHHsI 3[aTHOCTI K0 GOpMYBaHH: 6iOIITiBKM BUKOPICTOBYBAIN
MeTof MikpoTuTpaniiinux mianmetis (MTII). [l BUsBIeHHA TeHiB Bipy/TeHTHOCTI pelA Ta ps/A BUKOPUCTOBYBaIN
noniMepasHy naniorosy peaxuito (ITJIP). PesymbraT. Beboro 64 isomatu 6ynu inentudikoBati Ak P, aeruginosa.
HarryacTinre neit MikpoopraHisM BUABJIAIN Y IAL[ieHTIB 3 micnsgonikoBumu indekuiamu — 27 (42,2%), Ha Apyromy
micui 6ymu ingekuii ceqoBoro mixypa 20 (31,3%) i Ha TpetpomMy — iHGexuil Byxa — 17 (26,5%). 3a gomomoroo
MTPM BCTaHOBJ/ICHO 3JaTHICTh yTBOpPIOBAaTH 61OIUIBKY y BCiX is0nATiB P. aeruginosa, aje iHTeHCUBHICTD IO yTBO-
peHHs 6iomiBKu Oyra pisHoo. [l BusiB/IeHHs TeHiB 6iommiBku 6yma Bukopuctana Metonuka ITJIP, sika mokasana,
mo 61 (95,30%) i 63 (99,32%) isonATiB HecyTh BinmoBigHO rern pelA ta pslA. Kpim Toro, BUsHa4eHO 4y TIMBOCTI
i3omaTiB go 10 antubioruxis. [Tokasano, 1o i3omatu P deruginosa pesuctenTHi fo neporakcumy — 61 (95,3%),
KapbeHinyainy — 59 (92,2%), amminuiny — 38 (59,4%), ninepaunniny/rasobaxramy — 29 (45,3%), crpenrominu-
HY — 28 (43,8%), Mokcudnokcanyny — 27 (42,4%), tuxapunniny — 26 (40,6%), nunpodnoxcaunny — 24 (37,5%),
rerraminuuy — 20 (31,3%) ta Heomiumuy — 13 (20,3%). BucHoBKM. MOJIEKYy/IAPHI METOAM TOCTII)KEHHS IIOKa-
3ajy, o re’u pelA ta psIA mos>sa3ani 3 nmpouecoM popmyBaHHA 6iomniBky i3onaramu P. aeruginosa. 3a pesyib-
TaTaMM TeCTy Ha YYTIMBICTb BCTAHOBJIEHO, 110 HalaKTUBHIIIMMY PeYOBMHaMM NpoTu P. aeruginosa € HeoMiluH,
TeHTaMil[VH Ta IUIPOGIOKCALIH.

Kntouosi cnosa: Pseudomonas aeruginosa, 6ionniska, pakTopy BipylTeHTHOCTI, aHTUOIOTHKIL.
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