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ABSTRACT: A total of thirty six (36)Pseudomonas aeruginosere isolated from clinical specimens (ear swaime, wound
swab, sputum and semen) in Benin City. Fourteeh $hdws resistance to Ciprofloxacin, seventeen {d Qfloxacin, sixteen
(16) to Perfloxacin and twenty (20) to Sparfloxaatfter the first susceptibility was performed. Tgwst curing antibiogram of
the multidrug resistant clinical isolates were s&td against the FQ®seudomonas aeruginosowed 64% resistance to
Ciprofloxacin, 88% to Ofloxacin, 87.5% to Perfloka@and 85% to Sparfloxacin. Hence FQs resistandkisoorganism is more
likely due to mutation of the target site or alttiBNA gyrase and efflux pump. Also, plasmid anaysias carried out on
clinical isolate that shows significant plasmid DN#ediation with uniform size indicating that sudagmid mediation have a
similar origin and organisms are closely relateds@on this study, resistance rate were low wihofioxacin, thus this drug
remain the rational choice for empirical treatmehserious infection as mutation, efflux pump atigeo factors should be taken
into consideration when manufacturing newer Fluahoglones antimicrobial regimen for the treatmefnfPseudomonas.
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Introduction

The genu®seudomonass non-fermentative but utilizes sugars oxidativahd grows aerobically. The genus
comprises more than 140 species and the most iemiaspecies pathogenic to marPiseudomonas aeruginasa
Other species are saprophytic and occur widelyatune (Kohler, 1997)Pseudomonas aeruginosasemetimes
colonizes humans and is the major human pathogedupes infections in patient with abnormal hodedse and
is an important nosocomial pathogen (Hendersong)198
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Morphologically,Pseudomonas aeruginoda motile, rod shape, measuring about 0.6 x 2Nms Igram
negative and occurs as single bacteria in pairsoandsionally in short chains grow widely in mapges of culture
media at 37C - 42C and its growth widely at 42 helps to differentiate it from other pseudomospscies. It is
oxidase positive (Bodey, 1983).

Active efflux of toxic compound in cells is general mechanism that bacteria have developeprdtect
themselves against the adverse effects of their@mments. Antibiotic that are used in clinicalts®j are among
these toxic compounds and extrusion of them frootesel cells significantly decreases there clihigdity (Jones
et al.,1980).

Antibiotics are expelled from the cells bymtwane transporters proteins, the so called drilgxgbumps and
of particular interest are efflux pumps capableextruding out of the cell a large variety of sturally unrelated
compound with different bacterial modes of actibavirence and Barret, 2004).

Most of the genes encoding these Multi-drigsiBance (MDR) pumps are normal constituents ofelial
chromosomes. Some of these genes have a relatiighylevel of constitutive expression and confercatied
intrinsic resistance to antibiotics. In Gram-negatbacteria, most of the efflux pumps that conteébto both
intrinsic and acquired resistance to clinically fusentibiotics are three components. Structure theerse both
inner membranes and outer membranes. Each tripgstimp contains a transport located in the cytoplas
membrane, an outer membrane channel and a linkeéeipy which is thought to bring the other two caments
into contact. The structural organization allowgresion of substrates directly into the externaiimm by passing
the periplasmic. (Poole, 2002).

Objectives of the study

1. To investigate antimicrobial resistance conférrim isolates of Pseudomonas aeruginoséo some
fluoroquinolones by efflux pump.

2. To attempt curing the vario®seudomonas aeruginosa.

3. To determine the plasmid profile of multi-drugsistantPseudomonas aeruginosiis includes checking the
size of such plasmid.

The resistance d¢fseudomonas aeruginosa these fluoroquinolones under study will be deekif they are
chromosomal or plasmid mediated as a result okfflex pump. So that when new antibiotic are prajuefflux
mechanism should be put into consideration in otdeavoid chemotherapeutic failure of clinical &s@ of
Pseudomonas aeruginosa

Materials and M ethods
Study Area

Samples were collected from Central Hospitainagement Board and some private laboratoriesufimg
Lahor Research Laboratory) within Benin City. Te@nple include specimen of ear swab, wound swatbstréam
urine, sputum and semen.

Sample Size and Collection

One hundred and fifty samples were collectethfthe various specified laboratories, and ouhefl50 samples
36 werePseudomonas spptored on nutrient agar slant of Marcartney bsttle

During the course of this study the followimgiterials were used: Standard wire loop, MacCoragayr, Blood
agar, Nutrient agar, Meuller hinton agar, Nutriagar slants, Automatic pipette, Swab stick, Uniaecontainer,
Autoclave, Incubator, Sodium dodecyl sulphate, Bppef tubes, Antibiotic discs, UV Trans illuminatio0.8%
agarose gel, Microwave, Ethidium bromide, Electamgtic tank, Buffers (1A, 2B & 3C), 70% ethanol, tHar
oven, Pipette, Centrifuge, Weighing balance (etett), UV light. All the media were prepared acdngito the
manufacturer’s specification.

286



I. J. Ehiaghe et al.

Culture M ethods

With a grease pencil, the bottom of the vagiplates were divided into 3 parts, then the sasnpkere cultured
on the media and incubated af@7%or 24 to 48hrs depending on the nature of thepba.

I solation and I dentification

The isolates were identified by standard mégnes as described by (Cowan and Steel, 1974)hwhiduded
colonial appearance of the organism on the med@phological characteristics such as size, forrayation,
opacity, colour, odour and edge. Specific biochaitests were performed for identification of theyamisms.
However, prior to this, films were made from théotes and stained by Gram’s techniques, whichdaagea guide
to the possible identity of the organisms. Aftee torimary identification of the Gram-negative origam were
further subjected to specific biochemical testshsas citrate utilization, indole production, uregseduction,
oxidase test, motility test and sugar fermentafgutrose, salicin, lactose, maltose and mannist) t

Treatment of | solates

EachPseudomonas aeruginoseas inoculated into nutrient agar slant and incedbaat 37C for 24hrs, after
which each nutrient agar slant was sub cultured bfacConkey agar plate to get discrete coloniesdgceptibility
test.

Antibiotic Sensitivity Testing

Sensitivity tests were performed on e&sleudomonas aeruginossolate after sub-cultured from the nutrient
agar slant onto MacConkey agar were cultured in IMuéinton agar to determine its susceptibilityttpen to
antibiotic using the disc diffusion method (Clinid¢aboratory Standard Institute, 2007). The sevigjtiof the test
organisms to a particular antibiotic e.g. (Cpx, p8f & spx) was scored by measuring the zone fubition. Zones
of inhibition less than 13mm were regarded as tasisvhile those measuring 15mm and above as sengiPre-
antibiogram).

Thereafter, the multi resistant isolate thegre resistant to all the four antibacterial agei@gprofloxacin,
Ofloxacin, Pefloxacin & Sparfloxacin) were taking fcuring experiment.

Plasmid Curing Experiment

Isolates which proved resistant to the FQarevsubjected to standard plasmid curing experinigofates were
cultivated in graded concentration of the curingrdg (Silharyet al, 1984) and plasmid mediated FQ-resistant
isolates were subjected to plasmid extraction dadacterization.

A typical experimental protocol is as follows:

* Overnight broth culture inoculated into 4.5ml nei broth;

* 0.5ml SDS added as the curing agent.

+  Mixture incubated for 48hrs at 337.

* 0.5ml of the broth added into a freshly preparegtm.nutrient broth and incubated for another 24dtrs
37°C, after which sensitivity test is carried out agai

The reason for this second susceptibility te4o check if the curing agent has removed tsdent plasmid
present in the resistant isolates. And if afterd@esitivity test is done and some of the isolatstill resistant .1t is
due to chromosomal mediated efflux pump but if Bemsit is plasmid mediated, both the chromosoraat
plasmid mediated clinical isolated were furthelinigkfor plasmid profiling.
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Plasmid Analysis

Plasmid DNA was extracted cultured cellsdaling alkaline lysis method of plasmid preparati&ietchoni et
al., 2003. The samples were processed using gel@bdatresis to identify the number of plasmid cogiessent in
different isolates. For this purpose, an agaro$®8.8% was used. Staining of DNA fragments wagied out
using ethidium bromide and they were visualizedWy-Trans illumination. Standard DNA molecular weigh
markers were used to estimate the plasmid size stdrmard DNA molecular weight Markers used in thesent
study were, 1kb ladder, 1kb plus DNA ladder and MW | digest.

The plasmid profiling is carried out by stituring those isolate onto nutrient agar platd arcubated for
24hrs at 37C, there after, the isolate is harvested into Egpdrtube, then about 200l of buffer 1A is added a
vortex for proper mixing. Add 400ul of lysing sdln. Invert the tubes for 20 times at room tempeeat Add
300pl of ice-cold buffer 2B, vortex and keep once BO minutes, centrifuge at 2000xg for 15 minufés.
supernatant, add 700ul of chloroform vortex, céumge at 3000xg for 10mins. To 500ul aqueous lagdd 1ml of
absolute ethanol, keep in ice for 1 hour, centefaf 3000xg or 30mins wash pelle78% ethanol. Decant and dry
pellet add 100ul of buffer C,

After the DNA have been extracted from th# ttee 0.8%agarose gel is prepare for electroph®ri@swhich
above 10u! of 10bp molecular marker mixed in logdityes in the St well. Then load 10pl samples + 2pul loading
Dye in other wells of agarose. Run at 90v for 6G&mMiew under UV Tran illumination for the size @ich band
harboring plasmid.

Results

The results obtained are shown in Tables4l Fable 1 shows the clinical isolate of Pseudoreaeruginosa
characterized from the different sites. Table 2nghthe susceptibility pattern of pseudomonas aeosgi isolate to
some fluoroquinolones such as Ciprofloxacin (61.1@foxacin (52.8%), Pefloxacin (56.3%) and Spadion
(44.4%) at the pre-antibiogram stage.

While Table 3 shows the post-antibiogram R$eudomonas aeruginosafter curing to the same
fluoroquinolones above with Ciprofloxacin (5(31%)floxacin (2(12%), Pefloxacin 2 (12.5%) and Spagoin (3
(15%) other were still resistance to the FQs.

Table 4, also the number of clinical isolstisceptible to the four FQs at the pre-antibiogifaigs. 1 and 2 show
the bar-chart of the clinical isolate Bseudomonas aeruginosd pre and post antibiogram and while figure 1lI
show the frequencies &seudomonas aeruginogathe sample sources.

Table 1: Isolate characterized from the variouscesi

Source/site Number of Biochemical reaction/profile
isolate

Citrate oxidase Urea Lactose Motility GrowthGram
42°C Reaction

Ear swab 2 + + + - + + -
Urine 7 + + + - + + -
Wound swab 20 + + + - + + -
Sputum 3 + + + - + + -
Catheter 0 + + + - + + -
Semen 4 + + + - + + -
Total 36
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Table 2: Pre Antibiogram d?seudomonas aeruginosa

Population Cpx Ofx Pef Spx

Sensitive Resistant 22 (61.1%)

N =36 14 (39.0%)

Sensitive 19 (52.8%)

Resistant 17 (47.0%)

N =36

Sensitive 20 (56.0%)

Resistant 16 (44.4%)

N =36

Sensitive 16 (44.4%)
Resistant 20 (56.0%)
N =36

Table 3: Post Antibiogram ¢fseudomonas aeruginosa

Population Cpx Ofx Pef Spx

Sensitive Resistant 5 (36.0%)

N=14 9(64.3%)

Sensitive 2 (12%)

Resistant 15 (88%)

N=17

Sensitive 2 (12.5%)

Resistant 14 (87.5%)

N =16

Sensitive 3 (15%)
Resistant 17 (85%)
N =20

Note: N = Number of Isolate
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Table 4: Shows serial number of individual isolstisceptible to the 4 FQs at pre-antibiogram

SN Cip Ofx Pef Spx
5 S S S S
10 S S S S
13 S S S S
30 S S S S
138 S S S S
142 S S S S
111 S S S S

Note: S = Sensitive

25

20

15

m Seriesl
10

TOTAL NUMBER OF ISOLATE
TESTED

CPX OFX PEF SP.
DRUG

FIGURE 1: BAR CHART SHOWING THE PRECURING ANTIBIOGRAM FOR PSEUDOMONAS
AERUGINOSA AMONG THE FOUR ANTINBIOTIC USED
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TOTAL NUMBER OF ISOLATES
TESTED
w

CPX OFX PEF SPX pg DRUG

FIGURE 2: BAR CHART SHOWING POST CURRING ANHTIBIOGRAM AND MOST EFFECTIVE
ANTIBIOTIC FOR PSEUDOMONAS AERUGINOSA.

FREQUENCY

ES U WS S C
SAMPLE SOURCE

FIGURE3: BAR-CHART SHOWING THE FREQUENCY OF PSEUDOMONAS IN THE SAMPLED
SOURCES.

Key:
ES= EAR SWAB, U= URINE, WS= WOUND SWAB, S=SPUTUMCATHETER, S= SEMEN
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Discussion

This study was performed to investigate @mstance of clinical isolates of Pseudomonas a&evsg to some
FQs due to efflux mechanism expressed by thesenizrga or its plasmid mediation.

Thirty six (36) species of Pseudomonas aenggi were isolated from clinical specimen (Ear swaine,
wound swab, semen and catheter specimen etc), amvbigh wound swab shows the highest Pseudomonas
aeruginosa implication (See Table 1 and Fig 3i).

The susceptibility pattern of clinical isa@atofPseudomonas aeruginogaciprofloxacin, Ofloxacin, Pefloxacin
and Sparfloxacin was investigated and the resuwtvshthat 39% of the organism was found to be r@sisto
Ciprofloxacin, 47% to Pefloxacin, 44% to Pefloxaeimd 56% to Sparfloxacin. This result agrees witlatWPaulsen
et al, (1999). This stated that Pseudomonas aerugipossesses EmrE efflux pump of the sub family oflsma
multidrug resistance family which, play an impottaole in the intrinsic resistance of the organismd-Qs and
other antibiotics. And this is in Table 2, ciprofaxrin was the most active against the organisnoviat by
pefloxacin, ofloxacin and least sparfloxacin likesgvafter the resistant clinical isolate have begrosed to curing
agent for 24hrs. Ciprofloxacin was still the mostive drugs, followed by Pefloxacin with 20% Spaxtcin 15%
and Ofloxacin 12%; then other still resistant te fame FQs such as Cip (64%), Ofx (88%), Pef (8y &% Sparf
(85%), this also agree with the work of (Chetnal., 1995) that some were chromosomally mediated wdtiers
were plasmid mediated.

Table 4 shows the susceptibility pattern afhe individual clinical isolate dPseudomonas aeruginoseeen
sensitive to the four FQs used in this study atgmibiogram phase. This agree with the work ofmRhtis 2000
that these clinical isolates &seudomonas aeruginosimes not hyper expressed one of the efflux systach as
MexAB-OprM that confer intrinsic resistancegeeudomonas aeruginogsad other antibiotic.

This hyper expression of MexAB-OprM effluxmpp merely found irPseudomonas aeruginoses not found
in any of theséseudomonas aeruginogolate hence they are susceptible to the drud, ki is an indication that
in the mist of the multidrug resistafseudomonas aeruginossolates, there are some isolates that are as well
sensitive to the drugs used in the study.

Ciprofloxacin was also reported to be of kigleffectively among the FQs tested. See table ® ZanThis
effectively was not absolute, reflecting a declinghe once considered to be susceptible amongotigignism to
FQs. Also FQs resistance is more likely due to timneof the target state for the various drugsroaliered DNA
gyrase.

After the curing process, the post-curingtaogram shows about 79% of resistance to FQs ubedresistance
is most likely due to a stepwise chromosomal matedf the drugs (FQ) target site or an altered Ddyfase. This
is also in accordance with Ruiz (2003) work.

The result obtain from this work also shove tthree components active efflux systemHseudomonas
aeruginosawhich are responsible for multidrug resistances¢hare MexA, MexC, Mex E and Mex X which are
located in the periplasmic space and links Mexex A — OprM and Mex X — Mex Y — OprM efflux systesnof
the first and second components, participated $amabusly in intrinsic (natural/chromosomal) andjuiced
antimicrobial resistance common Rseudomonas aeruginosested. This was previously reported by (Lawrence
and Barret, 2004; Poole 2002; Kohétral.,1999).

It is also of pertinent to note that somehef pseudomonas aeruginosested are not exhibiting their wild type
nature; the result in table iii indicates that thisr high resistance in all FQs used compare o shisceptibility.

The plasmid profile of most multidrug resista isolates were also analyzed which shows théé 88 the
resistant isolates are plasmid-mediated as repdayeRobicseket al, (2006), Lawrence and Barret, (2004) and
Zyanget al., (2008). Such plasmid with size greater than 1.5&plshown in Table IV after plasmid DNA was
electrophoresed. Significant plasmid DNA moleculee suniformity was also observed, which indicatest tsuch
plasmid mediation has a similar origin and orgasisme closely related.

The overall resistance rates in this studsevi@west with ciprofloxacin thus, this drug remaational choice for
empirical treatment of serious infection as welhasnagement of hospitalized patients infected Wgbudomonas
aeruginosa

Conclusion

The characteristic intrinsic antimicrobiakistance of Pseudomonas aeruginosa owns much farésence of
tripartite MDR efflux system in this organism asedahe acquired fluoroquinolones, efflux substeatiend well
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beyond clinically relevant agents, signifying tlaatimicrobial efflux and resistance is not the mated function of
these systems.

Recommendations

The curing agent acts on the antibiogram and chdrgeature of the susceptibility of Micro-organism

Efflux proteins were also observed as gene presartlee plasmid DNA (Extra-chromosomal DNA) of noer
organism as the post curing results indicates egehgince plasmid DNA has been removed.

There is need for a further study on an invivo testheck in some patient that have micro-organisat

express efflux mechanism, and how such patientdddmimanaged in the hospital (medical environment)
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