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Plasmid profile analysis and curing of multidrug-resistant bacteriaisolated from two
hospital environmentsin Calabar Metropolis, Nigeria.

ABSTRACT
Objective: The objective of this study was to detiee the plasmid profile and curing of
environmental isolates from General and Infecti@isease hospitals showing multi-drug
resistance. Methods: Isolates were obtained framaad surfaces of two hospitals using
standard microbiological techniques. The isolatesewthen subjected to sensitivity using
ofloxacin, reflacine, ciprofloxacin, augmentin, ¢gmycin, streptomycin, ceporex, nalidixic
acid, septrin, amplicin, norfloxacin, amoxyl, emgmycin, chloramphenicol, ampiclox,
levofloxacin, ampicillin, cefoxitin, amoxicillin ahceftazidime. Multi-drug resistant isolates
were then selected for plasmid DNA analysis, qti@ation, electrophoresis and curing.
Result: The isolates that showed resistance te ni@n two antibiotics wer8. aureusk.
aerogenes, C. freundii, K. pneumoni&e aeruginosaSalmonellaspeciesS. marcescens,
Proteus speciesS. marcescensk. coli, and coagulase-negativBtaphylococcus The
extracted plasmid DNA ranged from 1.2 - 80.pthgph quantity and showed the presence of
SHV, CTX-Mand MecA genes in the isolates with sizes of 154, 300 a®@d-1®00bp,
respectively. All isolates ha@HV while a few hadCTX-M genesxceptS. aureusand
coagulase-negativ@ aureuswhich hadmecAgene in addition. Chi-square and Fisher exact
test forSHV gene was significant whilETX-M was not. Treatment with ethidium bromide
showed that at a concentration of 0-20ul, all isslaexhibited very heavy growth (+++), at
50-100ul, onlyP. aeruginosashowed very heavy growth (+++) while other orgarssm
showed heavy to moderate growth. However, at 400a00ul, no growth was observed.
Conclusion: The presence of plasmid-borne multipkstant genes is of great public health
concern and this highlights the need for antibiog@nd molecular typing in the control of
nosocomial infections.
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INTRODUCTION

Healthcare associated infections are a problemadjiofi]. The widespread use of antibiotics
continues to influence this menace giving rise nighéotic-resistant bacteria in the hospital
setting and in the environment [2]. The environmeithe hospital is an obvious important
focus for the selection and spread of multi-resistscteria and a possible direct source of
nosocomial infections [1][3][4]. Studies have shmowhat p-lactam agents including

penicillin and cephalosporins are among the magjuently prescribed antibiotics globally.
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This has led to the development of resistance loyeba species against these agents via
various mechanisms including the acquisition of r&xtiromosomal elements called
plasmids which induces the production of extratdatl enzymes callefi-lactamases. There
are speculations that resistancefttactam agents has influenced resistance of bacteri
other classes of antibiotics such as the quinol@mes aminoglycosides with its attendant
effect more devastating most especially on immuwregromised patients [5]. Therefore, this
study is aimed at evaluating the plasmid profilel @aring of selected multidrug resistant
bacteria isolates recovered from hospital settings.

MATERIALSAND METHODS

Ethical approval and sour ce of isolates

Following approval (RP/REC/2015/338) given by theo$d River State Health Research
Ethics Committee (CRS-HREC), @tal of 240 swabs were obtained from the hospital
environment of two hospitals (General and Infecti®isease Hospitals) in Calabar, Cross
River State, Nigeria and were aseptically manimdausing standard microbiological
techniques as previously reported [6] [7] [8] [9].

Sensitivity testing (disc diffusion method)
Bacteria isolates were subjected to antibioticssisigity test using the Kirby Bauer disc

diffusion method on Muller Hinton agar (Oxoid, Ulg)ates following procedures already
described [10]. The antibiotics used were OFX-&dlin, PEF-Reflacine, CPX-
Ciprofloxacin, AU-Augmentin, CN-Gentamycin, S-Sttemycin, CEP-Ceporex, NA-
Nalidixic acid, SXT-Septrin, PN-Amplicin, NB-Norfi@cin, AML-Amoxyl, E-
Erythromycin, CH-Chloramphenicol, APX-Ampiclox, LEMevofloxacin, AM-Ampicillin,
FOX-Cefoxitin, AMX-Amoxicillin and CAZ-Ceftazidime.

Selected bacteriafor plasmid analysis

Bacteria isolates that were resistant to atleastetlantibiotics were selected for plasmid
analysis. They includefl. aureusk. aerogenes, C. freundii, K. pneumoniBeaeruginosa
Salmonellaspecies,Proteus specigsS. Marcescensk. coli Enterococcus specieand
coagulase-negativetaphylococcus.

Plasmid DNA isolation

Multidrug-resistant bacteria isolates were revivedlood agar and MacConkey agar and
subsequently, thewere respectively grown overnight in Luria-BertghB) broth at 37C
with aeration using an orbital shaker and plasmilADwas extracted from lyzed isolates
using the ZYPPY™ Plasmid Miniprep Kit, (Ingaba Biotech., South A#)c following
alkaline lysis method described previously [11].

Quantification of plasmid DNA



The Nanodrop 1000 spectrophotometer (Thermo Stinimgaba BiotecH” South Africa)
was used to quantify the amount of plasmid DNAaoted from each isolate.

Polymer ase Chain Reaction (PCR)

Quantified plasmids DNA of resistant isolates weamplified by standard PCR
(Thermocycler, 9700). The forward and reverse primsequences oBHV were F-5'-
CGCCTGTGTATTATCTCCCT-3’, R-3'CGAGTAGTCCACCACCAGATCGYS', CTX-M
F-5-CGCTTTGCGATGTGCAG-3', R-3-ACCGCGATATCGTTGGT:5 MecA F-5'-
TAGAAATGACTGAACGTCCG-3'and R-3-TTGCGATCAAATGTTTACGTAG-5'.
They were subjected to 35, 25, 30 cyclesSblv, CTX-MandMecAgenes, respectively.
Electrophoresis

Following PCR, electrophoresis was carried out imosizontal gel apparatus (Scie-Plas
Limited, Southern, Warwichshire, UK). Electropésis was conducted in 1.5% agarose gel
(Ingaba Biotech., South Africa) and stained inditimn bromide. The appropriate molecular
masses of plasmids were determined by comparing lainbda DNA Hind III digest
(Promega —USA) as a standard marker.

Plasmid Curing

This was carried out following methods describedvimusly [12]. Briefly, 10ml of each
bacterial culture inoculated into peptone water imedbated for 24hrs was introduced into a
set of 20 test tubes, respectively. Ethidium braniid various concentrations of 0, 20, 50,
100, 150, 200, 250, 300, 350, 400, 450, 500, 560,650, 700, 750 and 8MdmI| were then
introduced accordingly into the test tubes and lvated for 24 hrs at 37°C to determine the
sub-lethal concentrations of ethidium bromide. Afdhrs of incubation, 1ml aliquot from
each test tube was inoculated onto nutrient plgdes and incubated, after which colonies
were selected and inoculated onto freshly prepavedler Hinton agar plates. Then,
antibiotic discs of prior resistance were aseggcatroduced into the plates, ensuring that
the discs made appropriate contact with the surtdate agar. These were incubated for
24hrs at 37C after which plates were examined for cured celsni

Data Analysis

Data generated were managed and analysed withpteacstatistics, Chi-square and Fisher

exact tests using SPSS version 21 while the levabaificance was set at 0.05 (95%).

RESULTS

Antibiotic resistance pattern of selected bacteriafor plasmid analysis
S. aureusk. aerogenes, C. freundii, K. pneumoniBe aeruginosaand Salmonellaspecies

were each resistant to seven antibiotics, respaygtivhile Proteus speciewere resistant to

eight antibiotics. FurthermoreS. marcescenand E. coli strains were resistant to five
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antibiotics each whil€enterococcus specieand coagulase-negativi&aphylococcusvere

each resistant to three antibiotics as shown ineTab

Table 1: Antibiotic resistance pattern of selediadteria for plasmid analysis
Bacteria isolates Antibiotics resistance

E. coli (4) AM, AMX, CAZ, PN, CEP
P. aeruginosa (3) AM, AMX, CAZ, PEF, AU, SXT, PN
Salmonella species (2)AM, AMX, CEP, PN, CAZ, PEF, SXT
Proteus species (3)AM, AMX, CAZ, OFX, AU, PEF, CEP, PN
Serratia marcescensAM, AMX, CAZ, PN, CEP
Citrobacter freundii AM, AMX, CAZ, CEP, PN, CN, S
Staphylococcus aureus (11)AML, CH, APX, FOX, AM, E
Streptococcus species (1C P X C H , L E V
Enterobacter aerogenes(1)PEF, AU, CEP, PN, AM, AMX, CAZ
Coagulase-negativBtaphylococcus(l) A M F O X , A P X

KEY: OFX-Ofloxacin, PEF-Reflacine, CPX-CiprofloxacAU-Augmentin,CN-Gentamycin, S-
Streptomycin, CEP-Ceporex, NA-Nalidixic acid, S¥€ptrin, PN-Amplicin, NB-Norfloxacin, AML-
Amoxyl, E-Erythromycin,CH-Chloramphenicol, APX-Angiox, LEV-Levofloxacin, AM-Ampicillin,
FOX-Cefoxitin, AMX-Amoxicillin, CAZ-Ceftazidime.

Quantification of Plasmid DNA

Various quantities of plasmid DNA ranging from 1g2ml- 80.5ng/pl were extracted from
selected resistant isolates recovered from bothitats. Of the thirty plasmid DNA samples
obtained, eighteen were from Gram negative bactehde twelve were Gram positive
bacteria. Isolates with serial numbers 1-12, 13226 28 were obtained from General
hospital while isolates with serial humbers 14-28, and 29-30 were obtained from
Infectious Disease Hospital (table 2). Out of tl8eGram negative bacteria, 4 wete coli
strains, 3 werd®. aeruginosaand 3 weréK. Pneumoniasatrains, 2 wer&almonella species
1 wasS. marcescens8 wereProteus specigd C. freundiiand 1E. aerogenesFurthermore,
of the 12 Gram positive bacteria employed, 10 w8reaureusstrains while one was
Streptococcus speciesd the other Coagulase-negatiaphylococcus In addition, higher
quantities of plasmid DNA were recovered from Grpasitive bacteria§. aureusstrains)
while moderate to low quantities were observed @madantly in Gram negative bacteria
(table 2).



Table 2: Nanodrop quantified plasmidAd

Sinc Organism Quantity (nggl) S/nc Organism Quantity (ngjl) of Plasmid

of Plasmid DNA DNA

1 E. coli 27.7 16 E. coli 8.C

2 P. aeruginosa 20.5 17 Proteus species 12.8

3 K. pneumoniae 22.6 18 Salmonella species 1.2

4 P.aeruginosi 8.4 19 Staphylococcu 74.C
aureus

5 Salmonella species 10.5 20 ” 5.6

6 K. pneumonia 13.2 21 ” 4.3

7 Serratia marcesce 11.C 22 ” 6.C

8 Proteus specit 7.1 23 ” 10.5

9 Enterobacter 5.5 24 ” 80.t

aerogenes

10 E. coli 7.0 25 ” 10.7

11 K. pneumonia 67.C 26 ” 6.6

12 E. coli 9.¢ 27 ” 22.:

13 Citrobacter freund 5.2 28 Streptococcus 6.5
species

14 Proteus species 5.0 29 Staphylococcus 5.8
aureus

15 P. aeruginos 18.¢ 30 Coagulas-negative 53.¢

Staphylococcus

Distribution of SHV, CTX-M and MecA genes among test isolates

The extracted plasmid DNA samples when tested mbaooation with appropriate specific
primers for the genes of interest respectively @RPand subjected to electrophoresis
exhibited varying bands on the trans-illuminataticating the presence 8HV, CTX-Mand
MecAgenes, respectively. The entire test isolatgsl@yad in this analysis possess@idV
genes while only 2(50%) d@&. coli strains possess&ilr’X-M genes. All the 3(100%) isolates
of P. aeruginosastudied possesse&tiTX-M genes while 2(66%) isolates Kf pneumoniae
species and a speciesBf aerogenestudied possessdlil X-M genes. Furthermore, of the
two Salmonella speciestudied, only 1(50%) possesggdX -MgenesS. marcescensndC.
freundii species showed no genes @FX-M However, out of the 10 isolates $f aureus
screened, 1(10.0%) and 10(100%) posse$SBE¥-M, SHV and mecAgenes, respectively.
Furthermore, a strain of Coagulase-nega8t@phylococcupossessed thmecAgene (table
3).

A representation of the bands corresponding tovéit®us genes is shown in figure 1. Chi
square and Fischer exact tests were employed tpam@rthe observed with the expected
genes and it showed that tB&1V genewas significant at 95% (p =0.001 and <0.0001, for

Chi and fisher exact test, respectively). X-M gene was not significant (p > 0.05).
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(CTX-M) 600-1000bp
(SHV) 300bp
(Mec A) 154bp

Fig 1: Agarose gel electrophoresis demonstratimgatmplified SHV, CTX-Mand MecAfrom both Gram
negative and positive bacteria.

KEY: Lanes 1-10 represent t8#{Vbands, Lanes 12, 13, 16-18 representdh®-M bands, 14 and 15 are
negative folCTX-M Lane 19 represents tMec Agene while Lane 20 represents the negative. Coltiis|
the 100bp ladder.

Table 3: Distribution o6HV, CTX-MandmecAgenes among test isolates

Organisms No SHVgene CTX-Mgene MecAgene
examined
(n-30) a(n -26, 86.7%) b(n -12, 40%) (n-11, 91.7%)
E. coli 4(13.3) 4(100) 2(50¥ NA
P. aeruginosa 3(10.0) 3(100) 3(100) NA
K. pneumoniae 3(10.0) 3(100) 2(66.7) NA
Salmonella species 2(6.7) 2(100) 1(50) NA
Proteus species 3(10.0) 3(100) 1(33.3) NA
Serratia marcescens 1(3.3) 0(0.0) 1(100) NA
Citrobacter freundii 1(3.3) 1(100) 0(0.0) NA
Staphylococcus aureus  10(33.3) 10(100) 1(10.0) 10 (100)
Streptococcus species 1(3.3) 0(0.0) 0 (0.0) 0(0.0)
Enterobacter aerogenes  1(3.3) 0(0.0) 1(100) NA
Coagulas-negative 1(3.3) 0 (0.0) 0(0.0) 1 (100)
Staphylococcus

*Represents significant Chi square and Fisher €pa€t.0001) while b represent non-significant Chiag and
Fischer (P > 0.05). NA-Not applicable.

Effect of Treatment with Ethidium Bromide on Growth of Bacteria I solates

Resistant bacteria isolates found to possess aasiptasmids when subjected to treatment
with ethidium bromide exhibited various degreegwth as presented on table 4. At O-
20ul concentration, all the test organisms emplagetis study exhibited very heavy growth

but at 50-100ul, onl¥?. aeruginosahad very heavy growth whilg. marcescens, C. freundii,
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S. aureus, Enterococcus species, E. aerogeBesoli, K. pneumonigeésalmonella species
Proteus speciesCoagulase-negativé&taphylococcus ab0ul exhibited heavy growth.
Meanwhile,S. marcescen<C. freundij S. aureusEnterococcus specieend E. aerogenes
exhibited moderate growth at 100ul while Coagulasgative Staphylococcusand
Salmonella speciesxhibited slight growth at the same concentratigkt. 200ul, onlyP.
aeruginosahad heavy growth whil&. coli andProteus speciesxhibited moderate growth.
At 250ul, only P. aeruginosaexhibited moderate growtle. coli and Proteus species
exhibited slight growth while the rest showed novgh. Furthermore, at 300ul, onR.
aeruginosaexhibited slight growth while the rest showed movgh. Consistently at 400-

1000ul, none of the isolates exhibited growth @s@nted in Table 4.

TABLE 4: Effect of ethidium bromide on growth ofsistant bacteria isolates

Test isolates OpL 20pL 50pL 100pL 200pL 250pL 300pL 400pL 800OpL 2000pL

E. coli (4) +++ +++ + + + + o+

I+

I+
1

P. aeruginosa(3) +++ +++ +++ + + + + + +

K. pneumoniag3) +++ +++ + + + + + - - - - -

Salmonella specief2) +++ +++ + +

+
1
1
1
1
1
1

Proteus specieg3) +++ +++ + + + + o+

I+
1
1
1

Serratia marcescenél) +++ +++ + + +

+
1
1
1
1
1

Citrobacter freundii(1) +++ +++ + + +

I+
1
1
1
1
1

Staphylococcus aureudl) +++ + ++ + + +

+
1
1
1
1
1

Streptococcus specigés) +++ +++ + + +

+
1
1
1
1
1

Enterobacter aerogengs) +++ +++ + + +

I+
1
1
1
1
1

Coagulase negativtaphylococci +++ + + + + + & - - - -

KEY: +++ --Very heavy growth (100%j)-+ --Heavy growth (70-90%), +--Moderate growth B0¥%), + --
Slight growth (20 — 25%) and (-) -- No growth (Q%)

Susceptibility pattern of cured isolatesto antibiotics

The susceptibility pattern of cured isolates whelnjected to antibiotics was determined. All
the curecE. coli, Streptococcus, Salmonella, Proteus, Sexr&. freundiiandE. aerogenes
speciesshowed susceptibility to all the antibiotics theyerev previously resistant to.

Interestingly, one of the curd®l aeruginosastrains showed resistance to Ampicillin whereas



the rest were susceptible to amoxicillin, ceftanidj reflacine, agmentin, septrin, amplicin
and ampicillin. In addition, alb. aureusstrains showed susceptibility to all the antitusti
previously resistant to except one isolate whiabwsdd moderate resistance to Penicillin and

Cefoxitin.

DISCUSSION

Plasmids have been described as extra chromosolexaleets capable of independent
replications. These DNA molecules are differertnirthe chromosomal DNA and are
present in bacteria [12]. The relationship betwemiitiple antibiotic resistance patterns and
plasmid profiles observed generally suggests tlgnifgtant role of plasmids in the
development of multidrug resistance in bacteriacig®e[13].As revealed byPattnaiket al
[14] plasmid profile analysis is a method used in deit@ing the presence, type, size and
number of plasmids in bacterial isolates. Furtl@anthe presence of resistant genes in the
plasmids of bacteria explains to a large extentlting resistance among these isolates.
Agarose gel electrophoresis of plasmid DNA showsat but of the four strains @&. coli
subjected to analysis, all of them harboured $i#&/ genes while only two possessed the
CTX-M genes.CTX-M gene in recent years has been implicated in egtersghectrunp-
lactamasesHSBL) production inE. coli due to its wide spread use which is usually via
plasmid transmission between unrelated straite finding of CTX-M in these isolates is
consistent with reports of Otex al[15] and Amayeet al [5] who revealed that 30.8%
and 26% ofE. coli strains observed in their studies respectivelysessedlactxm enzymes
which hydrolyse mainly cefotaxime but weakly actagainst Ceftazidime. Though, Oteb

al [15] observed that a fe®@TX-M enzymes especiallgTX-M-15and CTX-M-32exhibited
increased hydrolytic activities against Ceftazidime

The finding of theSHVin E. coli strains is in accordance with report of Hosoglwal [16]
who reportedSHVmediated resistance in 28.6%kafcoli strains. In addition, Kayet al[17]
reportedampCtype of extended spectrufnlactamase gene iB. coli strains employed in
their studies. As revealed by David [18] aeruginosaspecies possess unique characteristics
including its ability to acquire resistance eithéea mutation or extra-chromosomal elements
as well as efflux pump mechanisms. Interestinglythe P. aeruginosastrains analysed for
plasmid in this study possessed both &V and CTX-M genes. According to Picaat al
[19] the presence & TX-Mgene inP. aeruginosaonfirms the assertion that this gene is not
exclusive toEnterobacteriaciadamily. As revealed by Odumost al [20]. The finding of
SHVandCTX-M genes inP. aeruginosasolates is consistent with reports of Bual [21]

and these further confirm the isolation@fX-MandSHVESBLSs from isolates in this study.



The three isolates d€. pneumoniaesubjected to plasmid analysis all possesSidy
gene while only two possessed tG&X-M gene Studies have shown that these strains of
microorganisms constitutively express chromosonha$sc A 3-lactamases includinHV,
CTXandTEM and are wide spread globally [22]. The findingtloése genes in the plasmid
DNA harboured bK. pneumoniaén this study rather suggest that the productiotheSHV
and CTX-M B-lactamases in these organisms is both chromosamdhlplasmid encoded.
Which could have resulted from environmental intéoas with other plasmid harbouring
members of th&nterobacteriaceaéamily probably due to the selection pressure extiag
from the massive prescription and misuse of brgaettsum antibiotics [22].These ESBL
(CTX-M) encoding genes as reported serve as additiormbtance determinants to
aminoglycosides and fluoroquinolones since they aften co-transferred on the same
plasmid [23][24][22].

Furthermore, of the tw8almonella speciesubjected to plasmid profilinggHV andCTX-M
genes were recovered from two and one isolate casply. This is consistent with previous
report which revealed that the four classef-dactamases including A, B, C and D of which
SHV and CTX-M are parts; known to confer resistance to antibiotiesluding -lactam
drugs are plasmid mediated [25]. This is becausturiser revealed by theng§almonella
specieslack chromosomally encoded elements responsible Bftactamase production
compared to other gram negative bacilli. In additElumalaiet al [26] reportedblargy
genes encodin@EM-1 B-lactamase as the gene that conferred resistan@&almonella
speciesto penicillins and early cephalosporons observedheir study.Rayamajhi [25]
further reported thaBHV enzymes of Class f-lactamases often derived by one or more
amino acid substitution around the active siteshef enzyme and responsible for ESBLS

phenotypes are generally found in Gram negativéebac

Meanwhile, of the threBroteus specieprofiled for plasmids in this study, all possestesl
SHV gene while one isolate possessed@hi&X-M gene. This observation is consistent with
that of Aragonet al [27] who confirmed thaProteus speciefack intrinsic chromosomally
encodedf-lactamase genes and as such, depend entirely quisgion of various[3-
lactamase genes to expresB-Ectamase mediated resistance phenotype. It mrtexpthat
the prevalence oblactxuw and blasyy amongProteus speciesvith CTX-M present either
alone or in combination with oth@rlactamase genes [28]. Furthermore, CTX-M B-
lactamase has been shown to be responsible forrebistance ofProteus speciedo

antibiotics including Aminoglycosides [27].



CTX-M gene was discovered . marcescenm this study is consistent with the
report of Yanget al[29] who noted that these strains harbB&BLgenes includin@€TX-M
and SHV with CTX-M-3 being the most common. Wai al [30] further reported that strains
of S. marcescensvho concurrently harboure@TX-M-3 and SHV-5 conferred high level
resistance to cephalosporins including cefotaxim @eftazidime. Thus, the high resistance
exhibited by this organism may have been due toOh¥-M genes observed in this study.
However,Yatsuyanaget al [31] noted tha. marcescensossessed chromosomally encoded
ampC and blarem genes forB-lactamases respectively. Thus, ability ®f marcescens to
encode extended spectrufitlactamases both chromosomally as well as via pthsm
acquisition coupled with its array of virulence amesistance mechanisms mak8s

marcescenan organism of public health importance.

C. freundiiprofiled in this study harboured only tB&1\VVgene. This confirms reports
of Pepperelkt al [32] who revealed that this strain of organismebbar extended spectrum
B-lactamase gene that encdldVenzymes; specificallgHV-5andSHV-12 Since there is a
general believe thgt-lactamases do not only confer resistancp-kactam drugs but also to
other groups of antibiotics, the resistance of sipiscies to other antibiotics may have been as
a result of this. Studies have shown that multigdresistance ifEnterobacteriacaecabas
been strongly linked with the carriage of integrogesnetic elements capable of assimilating
antibiotic resistant genes as cassettes via sg@eifSprecombination catalysed by a specific
integrase enzyme [33].

The E. aerogenestrain employed in this study revealed the presaic€CTX-M gene. This
observation is consistent with the report of DaRiegli and Pages [34] who noted that
mobile genetic elements (plasmid) encodi@d X-M and TEM enzymes have greatly
influenced the resistance of these species of ngento antibiotics globally [33]. However,
in addition to plasmid encodedSBL production capability of this organism, it posssss
efflux pumping mechanisms and chromosomally encaale@C gene which express low
level resistance coupled with its ability to regdihdergo mutation. These combined features

enhance the resistance of this organism to alnticst@biotics commonly used [34].

ConsistentlyS. aureusstrains subjected to plasmid analysis revealed #ila
possessed th8BHV andmecAgenes while only one strain possessedGhX-M gene. The
finding of SHVandCTX-M genes irS. aureusstrains seem to be an amazing discovery but
since these genes are mostly associated with Gegatime organisms thus, herald more
research in this area. Meanwhile, the findingnefcAgene inS. aureusstrains employed in

this study is consistent with report of Pantegtial [35] who revealed that methicillin
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resistance irs. aureuss due to decrease affinity felactam drugs mediated by low-affinity
specific penicillin-binding proteins PBP-2A. lyet al [36] added that all methicilllin-
resistant strains ofs. aureuspossessednecA gene carried by staphylococcal-cassette
chromosome mec” (SCCmelorated in the bacterial cell wall; which encod@PP2A. The
possession of tiBCCmedas enabled the resistanceSofaureusot only to methicillin of3-
lactam drugs but to other groups of antimicrobigérats. In addition, Akcanet al [37]
reported thatFem factors FemA, FemBand FemX in this species could contribute to
methicillin resistance. In addition, Coagulaseate/e Staphylococcustrain employed in
this study was found to possesscAgene. The finding omnecAgene in Coagulase negative

Staphylococcuis consistent with reports of Khadri and AlzohdBy]

According to Spengleet al [39] curing agents including ethidium bromide act plasmid
either via inhibition of plasmid efflux pumps oretplasmid membrane or inhibition of DNA
gyrase responsible for plasmid DNA replication. YHerther added that this curing agent
have a better activity compared to other physical ahemical agents including sodium
dodecyl sulphate and acridine orange. The effigiexicuring has also been reported to vary
depending on the type of plasmid and the bactkast harbouring it [40]. The bacteria
isolates when subjected to curing agent at vargomgentrations, exhibited different pattern
of growth especially at low concentrations and higimcentrations. Lack of growth of the
isolates at higher concentrations of ethidium boemnay be as a result of the toxic nature of
this agent. The elimination of bacterial plasmidirfleg) from culture is considered a
significant procedure to substantiate the relahgméetween a genetic trait and carriage of
specific plasmids by the isolates as the phenotgharacters which are associated with the
plasmid are not expressed in cured derivativese€wells were achieved at 50-300ul of
ethidium bromide. When rejuvenated in an all puepm®dium and exposed to antimicrobial
agents to which they were previously resistanthese isolates showed susceptibility to all
antibiotics of prior resistance excéhtaeruginosavhich showed resistance to ampicillin and

S. aureugo Penicillin and cefoxitin.

The susceptibility of most of the isolates to emd¢robial agents previously resistant
to may be due to the curing action of ethidium bo®ragainst these isolates and as reported
by Raghadat al[12] this further confirms the fact that the résig genes were harboured on
the plasmids. However, resistancePofaeruginosao ampicillin andS. aureudo penicillin
and cefoxitin may be an indication that resistaotéhese organisms against antimicrobial
agents are not only plasmid encoded. This confithes assertion of most researchers
including Spengleret al [39], Zamanet al [40] and Raghadeet al [12] that most

microorganisms possess intrinsic resistance mesmasnivhich enable them to deactivate
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drug. Regardless of whether these organisms anmmabocor opportunistic pathogens and
possess resistance mechanisms or not, infectiolrotgrocedures should be priotized in
healthcare settings taking into consideration #wt that this environment house individuals

seen to be more vulnerable to these pathogens.
CONCLUSION

The findings of the beta lactamase genes from enniental isolates in this study is of great
public health concerns and could have consideraidein the dissemination of multidrug
resistant bacteria among hospitalized patients. thiéeefore recommend antibiogram and
molecular typing in the control and managementasfacomial infections in our hospitals. In
addition, a review of hospital infection controbptices will ensure that these infections are

reduced drastically.

REFERENCES

Mbim EN, Mboto CI, Agborn BE. A Review of Nosomial Infections in Sub-Saharan
Africa. British Microbiology Research Journal. Z015:1-11.

Bereket W, Hemalatha K, Getenet B, Wondwos$, Solomon A, Zeynudin S, Kannan
S. Update on bacterial nosocomial infectioriSsuropean Review for Medical and
Pharmacological Science. 2012; 16:1039-1044

Betteridge T, Merlino J., Natoli J, Cheong ESottlieb T, Stokes HW. (2013). Plasmid and
bacterial strains mediating multidrug-resistantgitad-acquired infections are co-residents
of the hospital environment. Microbial Drug Resmta. 2013; 19:104-9.

Russotto V, Cortegiani A, Raineri SM, Giarratan@ctrial contamination of inanimate
surfaces and equipment in the intensive care uxitJournal of Intensive Care. 2015;
10(3):54. Doi: 10.1186/s40560

Amaya E, Reyes D, Paniagua M, Calderon&hii MU, Colque P, Kuhn |, Mollby R.,
Weintraub A, Nord CE. Antibiotic resistance patterof Escherichia coliisolates from
different aquatic environment sources in leon, Nigaa. Clinical Microbiological Infections.
2012; 18:347-54.

John GH, Noel RK, Peter HAS, James TS, Stanldy Bergrey’s Manual of
Determinative Bacteriology.%Edition, Williams and Wilkins BaltimoréViaryland, 21202
(USA); 1995.

Cheesbrough M. District laboratory practiceropical countries, part 2. Cambridge
University Press, Cambridge UK. 2000; Pp. 137-150

Murray P R, Baron E J, Pfaller M A, TenovEC, Yolken RH. (Eds.). Manual of Clinical
Microbiology (8th edition). Washington DC: Americ&ociety for Microbiology Press.
2003; pp. 384 - 404.

12



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Centers for Disease Control and Prevention (FDGuidelines for environmental infection
control in health-care facilities: recommendatioh€DC and the Healthcare Infection
Control Practices Advisory Committee (HICPAC). MMV\2R03; 52: 89-94.

Clinical and Laboratory Standards Institute L8L). Performance Standards for
Antimicrobial Susceptibility Testing; Twenty-Fourthformational Supplement, M100-S24.
PA, USA, Wayne; 2014.

Rohde C, Henze. Plasmid isolation from bactenmesfast step by step procedures tried out
at the DSMZ, GmbH; 2011.

Raghada S M, Munera CIl, Ayad MAF. Detectmnplasmid DNA profile in bacterial and
fungal isolates from catheterizeds patients andratation with antibiotic susceptibility.
Journal of Biotechnology Research Center. 20181760.

Christopher AF, Hora S, Ali Z. Investigatiorf plasmid profile, antibiotic susceptibility
pattern, and multiple antibiotic resistance inde{culation of Escherichia coliisolates
obtained from different human clinical specimengeatiary care hospital in Bareilly-India.
Annals of Tropical Medicine and Public Health. 2063285-9.

Pattnaik S, Pradhan M, Narayani M. Resistdpatern acquired by nosocomial pathogens: a
plasmid profile study. Journal of Applied Pharmaa=u Science2013;3: 057-059.

Oteo J, Navarro C, Cercenado E, Delgado-IrdrarA, Wilhelmi I, Orden B, Garcia C,
Miguelanez S, Perezvazquez M, Garcia-Cobos S, ABadautista V, Campos J. Spread of
Escherichia colistrains with High —level Cefotaxime and Ceftaze&dResistance between the
community, long-term care facilities and Hospitaistitutions. Journal of Clinical
Microbiology. 2006; 44:2359-2366.

Hosoglu S, Gundes S, Kalayi F, Karadenizli Bemirdag K, Gunaydin M, Altindis M,
Caylan R, Ucmak H. Extended-spectrum beeta-lactamas Ceftazidime-resistant
Escherichia coliandKlebsiella pneumoniaésolates in Turkish hospitals. Indian Journal of
Medical Microbiology. 2007;25:346-50.

Kaye K, Gold HS, Schwaber MJ, VenkataramanQi,Y, Girolami PC, Samore MH,
Anderson G, Rasheed JK, Tenover FC, Variety-tdctamases produced by Amoxicillin-
Clavulanate-ResistanEscherichia coli isolated in the North-Eastern United States.
Antimicrobial Agents and Chemotherapy. 2004; 480:3325.

David ML. Multiple mechanism of antimicrobiedsistance ifPseudomonas aeruginasaur
worst nightmare? Clinical Infectious Diseas2302;34.635-640.

Picao RC, Poirel L, Gales AC, Nordmann P..DsWy of (-lactamases produced by
Ceftazidime-ResistarfPseudomonas aeruginossolates causing blood stream infections in
Brazil. Antimicrobial Agents and Chemothera@®09;53:3908-3913.

Odumosu BT, Adeniyi BA, Chandra R. Analysisimtiegrons and associated gene cassettes in
clinical isolates of multidrug resistaftseudomonas aeruginogeom Southwest Nigeria.
Annals of Clinical Microbiology and Antimicrobial2013;12:29.

13



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Du SJ, Kuo HC, Cheng CH, Fei ACY, Wei HW, G@iga SK. Molecular mechanisms of
Ceffzidime resistance inPseudomonas aeruginoseolates from canine and human
infections. Veterinani Medicin2010;55:172-182.

EL-Bouamri MC, Arsalane L, El-Kamouni Y, ZouhaS. Antimicrobial susceptibility of
urinary Klebsiella pneumoniaeand the emergence of Carbapenem-resistant s#ains.
retrospective study from a University hospital irofdcco, North Africa. African Journal of
Urology. 2014; 21:36-40.

Do-Carmo FJR, Silva, RM, Castanheira M, Togr&, Gales AC, Sader HS. Prevalence
and genetic characterization ldhCTX-MamongKlebsiella pneumoniaesolates collected in
an intensive care unit in Brazil. Journal of Antinaibial chemotherapy. 2008; 39:155-162.

Maina D, Makau P, Nyerere A, Revathi G. Antmubial resistance pattern in extended-
spectrump-lactamase producingscherichia coliand Klebsiella pneumoniaésolates in a
private tertiary hospital, Kenya. Microbiology Dsery,2013 1:5.

Rayamajhi N, Jung, BY, Cha, S.B., Shin, MK, Kim Kang MS, Lee KM, Yoo HS.
Antibiotic resistance patterns and detectiomM@DHA-1in Salmonella isolatefom chicken
farms in South Korea. Applied and Environmental idiology. 2010; 6:4760-4764.

Elumalai S, Mathu G, Selvam EM, Ramesh S. Bxaa of TEM, SHVand CTX-M type 3-
lactamase production among clinical isolatesSaimonella specieslournal of Medical
Microbiology 2014; 63:962-967.

Aragon LM, Mirelis B, Miro B, Mata C, Gomez IRivera A, Coll P, Navarro F. Increase in
B-lactam resistant proteus mirabilis strains du€ETX-M andCMY-type as well as neWEB
and Inhibitor resistanTEM-type B-lactamasesJournal of Antimicrobial Chemotherapy,
2008;61:1029-1032.

Wang P, Hu F, Xiong Z, Ye X, Zhu D, Wang YF,a\y M. Susceptibility of extended
spectrum -lactamase producing breakpointdournal of Clinical Microbiology.2011;
49:3127-3131.

Yang H, Chung J, Hu L, Zhu Y, Li J. Mechaniswisantimicrobial resistance iSerratia
marcescengAfrican Journal of Microbiology Researc2012;6:4427-4437.

Wu LT, Tsou, MF, Wu, HJ, Chen HE, Chuang YQy WL. Survey of CTX-M-3 extended
spectrum beta-lactamase (ESBL) among cefotaxinmista@$ Serratia marcescenst a
medical center in Middle Taiwan. Diagnostic Microloigy and Infectious Diseases, 2004,
49:125-129.

Yatsuyanagi J, Saio S, Konno T, Harata S, Buliu Kato J, Amano K. (2006). Nosocomial
outbreak of Ceftazidime-resistaSerratia marcescenstrains that produce a chromosomal
AMPC variant with N235K substitution. Japan Jouroflnfectious Diseases, 20069:153-

9.

14



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Pepperell C, Kus JV, Gardem MA, Humar A, BuvsoLL. Low Virulence Citrobacter
species Encode Resistance to Multiple Antimicrobials. Awmtrobial Agents and
Chemotherapy. 2002; 46: 3555-3560.

David-Regli, A, Pages JMEnterobacter aerogeneand Enterobacter cloacgeversatile
bacterial pathogens confronting antibiotic treattmErontiers in Microbiology2015; 6392.

Maina D, Ravathi G, Kariuki S, Ozwara H..Geums and Cephalosporin.Susceptibility in
extended-spectrum beta-lactamase produEimigrobacteriaceaén the community. Journal
of Infections of Developing Countries, 201&8:470-7.

Pantosti A, Sanchini A, Monaco M.. Mechanisaisantibiotic resistance iBtaphylococcus
aureusFuture Microbiology20072:323-334.

lyer AP, Baghallab I, Albaik M, Kumosani T. Nosociaminfections in Saudi Arabia Caused
by Methicillin Resistancétaphylococcus aureyMRSA).Clinical Microbiology. 2014 3:
146.

Akcam FZ, Tinaz GB, Kaya O, Tigli A, Ture EHosoglu S.. Evaluation of methicillin
resistance by cefoxitin disc diffusion and PBP2Aedxaagglutination test imecApositive
Staphylococcus aureuand comparison ofnecA with femA, FemB FemMpositivities.
Microbiological Researct2009;164.400-403.

Khadri H, Alzohairy M. Prevalence and AntihotSusceptibility pattern of methicillin-
resistant and coagulase-negati®&aphylococciin a tertiary care hospital in India.
International Journal of Medicine and Medical Sces2010; 2:116-120.

Spengler G, Molnar A, Schelz Z, Amaral L, Shlas D, Molnar J. Mechanism of plasmid
curing in bacteria. Research Gate. 20063-19.

Zaman MA, Pasha MH, Akhter MZ. Plasmid cgriof E. coli cells with Ethidium Bromide,

Sodium Dodecyl sulphate and Acridine Orange. Bategh Journal of Microbiology; 2010;
27:28-31.

15



