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Abstract

The study reports the prevalence of multiple aatib resistance (MAR) and molecular chacterizatimh
resistanceRlaCTX andGyrA) genes irSalmonella recovered from stool samples of diarrhoeal pagientle-Ife,
Osun state, Nigeria.

Salmonella was cultured on molten Salmonella and Shigellar g@xoid, Ltd, Bashingstoke, Hampshire,
England) plate at 3T. Susceptibility of isolates to antibiotics wasndaon Mueller Hinton (Himedia lab Ltd,
Vadhani) by disk diffusion technique. Detectionpddsmid DNA in multiple antibiotic resistant iscat was
carried out by alkali lysis (TENS) method and resise genesB{aCTX and GyrA) were detected by the
polymerase chain reaction. A total of @S&lmonella (STyphimurium(82.6 %), STyphi(10.1 %) and
SParatyphA (7.3 %)) were cultured from 187 diarrhoeal stsaimples analysed. Resistance was mostly to
nitrofurantoin (100%), ceftriazone (97.2 %), anatgenicin (94.2 %) among others. Sixty seven (9%) of the
Salmonella isolates were resistant to at least two diffedasses of antibiotics with 32 antibiotypes. Mukip
plasmids of molecular weights (1.46 - 23.13 kbp)l aesistance gene&yrA-282 bp,blaCTX-480 bp were
detected in the representative MAR isolates. Thevglence of MARSalmonella in diarrhoeal patients’ stool
samples is high in the study area with attendabliphealth and economic loss consequences.
Keywords:Salmonella, diarrhoea, antibiotic resistance, plasmid, rasis¢ genes

1.0 Introduction

Salmonellae are Gram-negative, rod-shaped, noredpaming, and facultative anaerobic bacteria widahse
gastroenteritis characterized by nausea, vomitimdy diarrhoea (CDC, 2008%almonella has been recovered
from the intestinal tract of a wide range of warndaold-blooded animals including fish, reptilegdb, and
mammals (Cox, 1999). Diarrhoeal symptoms incluagensich cramps, fever, loss of appetite, stomachtupse
weight loss, dehydration, bloody stool, mucoid stwrostool with pus (Rimawa al., 2001; Donna and Lindsay,
2002). The most commonly isolated diarrhoegenih@gens includdescherichia coli, Rotavirus,Salmonella
sp., Shigella sp., Campylobacter jejuni, Entamoebahistolytica, and Giardia lamblia.The main sources of
salmonellosis in humans are food animals and fireducts such as raw eggs, poultry meat and paaldétal .,
2003)Salmonella epidemics may occur among infants in pediatricdsaimmune-compromised individuals,
elderly people and others. Socio-demographic fadtage, education, income etc.), environmentalsamitation
factors (poor access to a good water source andgamitation) and climatic factors (rainfall, temgteire and
humidity) are thought to be related to incidencel apatial distribution of diarrhoea (WHO, 2007).eTh
frequency and gravity of these epidemics are aftebly hygienic conditions, malnutrition, and theessive use
of antibiotics that select for multiresistant sia{CDC, 2008). Diarrhoea is one of the most ingrdrtauses of
illness and death all over the World, particulaaimong infants and young children (WHO, 2007).ds been
reported that five million people especially chddrunder the age of five years die of diarrhoeaualtyin
Nigeria (UNICEF/WHO, 2009).

Over the years, misuse of antibiotics has causketts®, emergence and dissemination of antibisgistant
Salmonella sp. with attendant public health and economic tmssequences (WHO, 1998). There are extremely
limited data on the overall health implicationsantibiotic resistance in diarrhoeal treatment @lfe, hence the
probable under-estimation of the disease burdeghdrarea. The study reports antibiotic resistarroéile and
characterization ddalmonella in diarrhoeal patients’ faeces in lle-Ife, Nigeria

2.0 Materials and Methods

2.1Collection and bacteriological analysis of sames

One hundred and eighty seven (187) diarrhoeal stmwmiples were collected from patients (children athalts)
between April, 2011 and March, 2012 at ObafemiAwao University Teaching Hospitals Complex
(OAUTHC) and other Health Institutions in lle-Ifegtitude ? 28 00”N; Longitude 434’ 00”E; Altitude 286
m), Osun State, Nigeria. Stool samples of apparédmthlthy individuals without diarrhoea were ussedtantrol.
Samples were collected in clean universal samflioities and immediately transported to the Departnoé

152



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) 5-'—.i.l
Vol.4, No.24, 2014 IIS E

Microbiology laboratory for bacteriological analysiStool samples were first enriched in Seleniterdth at
37°C and cultured by spreading @almonella and Shigella (SS) agar (Oxoid, Ltd, Bashingstoke, Hampshire,
England) plates using a calibrated inoculating Iotpe plates were then incubated aerobically a€¥aéf 18 to

24 hours.

Colonies with a presumptive Salmonella morphologyS5 agar were identified by biochemical tests twhic
include; determination of glucose and lactose;fgamation and the production of ferrous sulfitenfr@odium
thiosulfate in Kligler agar; the presence of cytmche oxidase; citrate utilization; urea hydrolysis
Christensen's agar; the presence of phenylalagiamihase; the liberation of indole; acid producfiem sugar
fermentation; the decarboxylation of lysine, orimth and arginine; and the utilization of malonagethe sole
carbon source. These were compared to Bergey’'s MafilDeterminative Bacteriology (2001).

2.2Antibiotic susceptibility of isolates

Susceptibility ofSalmonella to antibiotics was carried out using Kirby-Bauettisk diffusion method. The disk
containing the antibiotics (Fondisk, Lagos, NiggriGaugmentin (3@g), amoxicillin (25ug), nitrofurantoin
(200ug) pefloxacin (5ug), tetracycline (3@g), ciprofloxacin (1Qg), ofloxacin (fug), ceftriazone (3Qug),
gentamicin (10 pg) and cotrimoxazole(@$ were firmly placed on Mueller-Hinton agar (HIMEDlab. Ltd
Vadhani) plates previously seeded with standardinedulums (18 CFU/mI). The plates were incubated at
37°C for 24 h and the diameter of the zone of inhiitwas measured to the nearest millimeter with a
transparent ruler, and interpreted according togihieelines of Clinical Laboratory Standards Inggt (CLSI,
2009).

2.3Plasmid Analysis

Plasmid DNA extraction was carried out on the repn¢ative MAR isolates following the alkaline ly$if-ENS-
Tris 25mM, EDTA 10mM, NaOH O.1N and SDS 0.5%) (Sgproducts)) method of Kraét al. (1988) and
separated by 0.8% (w/v) agarose gel in Tris-ac&f&®€A buffer containing ethidium bromide (20 ml 5® X
TAE and 6.0pl of 10 pg/ml ethidium bromide per litre). Hind 1l DNA maek (Biomerx Lab, Hamburg,
Germany) was used as control. Plasmid DNA fragmemse visualized by UV light illuminator and
photographed with a Leicaflex SL-camera.

2.4Detection of resistance genes by polymerase ahagaction

The representativ€almonella isolates that were resistant mostly to beta lactent fluoroquinolones were
screened foBlaCTX (480 bp) an@GyrA (282 bp) genes, respectively using polymerasenatesiction.

DNA extraction inSalmonella was done by suspending a colony from an overrdghtre plate orsalmonella
andShigella agar plate in 20QI of distilled water. After vortexing, the suspemsiwas boiled for 5 min, and 50
ul of the supernatant was collected after centrifggior 10 min at 14,000 rpm. The primeggrA- forward -
CGTTGGTGACGTAATCGG; reverse - CCGTACCGT CAT AGTAT and BlaCTX- forward-
ATGTGCAGYACCAGT AAR GTKATG GC; reverse- TGGGTR AARAR GTSACC AGA AYCAGCGG
were employed for the detection @frA andBlaCTX genes, respectively. Amplification reactions weaeried
outin a volume of 25 ul of a PCR mixture contagniL.5 mM MgC}, 200 uM each of dATP, dCTP, dGTP and
dTTP; 0.2 pl primer 1,0.2 pl primer 2, 1.5 pl ohgenic DNA and 0.1 pl of Tag polymerase..

The PCR reaction was performed in the DNA thermty(Eppendorf Mastercycler, USA) programmed for
optimum conditions as follows: an initial denatimatat 95C for 3 minutes, 30 cycles of denaturation a’@5
for 30 seconds, annealing temperatures olG+rGyrA and 62°C for blaCTX gene for 60 seconds, elongation
at 72°C for 60 seconds and final 10 minutes of extenpieniod at 72C. The amplified PCR products alongside
DNA standard molecular weight size marker (hind 100bp) was subjected to electrophoresis at 86 ol
horizontal gels containing 1.2 % agarose with Dasate buffer (45 mMTris borate, 1mM EDTA). The gels
stained with ethidium bromide and visualized wittrasviolet illumination and photographed. Salmonella
entericaserovarTyphimurium was used as positive control.

2.5 Statistical analysis

Statistical analysis was performed using T-testRedrson correlation index at P < 0.05 with siatisoftware
SPSS Data Editor Version 16. P value of < 0.05 ewensidered statistically significant for all thengparisons.

3.0 Results

Sixty-nine @lmonella (Salmonella Typhimurium(57), Salmonella Typhi(7), Salmonella ParatyphiA (5) were
obtained from 187 diarrhoeal stool samples analysed

Table 1 shows the resistance profile of the isslatevarious antibiotics employed. The isolateswst high
levels of resistance to nitrofurantoin (100 %) tigatone (89.9 %) and augmentin (55.1 %). The msireg order
of occurrence of resistance to the antibiotics B&N <OFL<PFX<CPX< TET < COT <AMX< AUG <CEF<
NIT. There was a significant statistical differeringhe incidence of antibiotic resistance amoregStmonella
isolates (p < 0.05).
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Table 1. Antibiotic resistance profile of theSalmonella isolates

Antibiotics Resistance (%)
Amoxicillin 52.2
Augumentin 55.1
Ceftriazone 89.9
Ciprofloxacin 26.1
Cotrimoxazole 44.9
Gentamicin 23.2
Nitrofurantoin 100
Ofloxacin 24.6
Pefloxacin 26
Tetracycline 37.7

Sixty seven (97.1 %) of thealmonella isolates were multiple antibiotic resistant tdeatst two different classes
of antibiotics with 32 antibiotypes (Table 2). Reance to combinations of four antibiotics (25.0Q %ds the
highest with CRO, NIT featuring predominantly in the antibiotypes (Tab)e
AUG-augmentin,AMX-amoxicillin, NIT-nitrofurantoinPFX- pefloxacin, TET-tetracycline, CPX-ciprofloxac
OFL-ofloxacin, CRO-ceftriazone, GEN- gentamicin, G@otrimoxazoleS. Typhimurium-1, 2, 4, 6, 8-10, 12-
22, 24-28, 30, 31, 33-35, 37-39, 41-45, 47, 4868064-69,STyphi-3, 29, 32, 36, 40, 49, 63; Paratyphi-5, 7,
11, 23, , 46

The estimated molecular weights of plasmid DN/Sahmonellaand their resistance to individual antibiotics
used is presented in table 3. Eight&efmyphimuriumhaboured multiple plasmids with moliecweights of
1.46-23.13kbp an8. Typhi (2) had single plasmid with molecular gl of 23.13kbp.
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Table 2. Multiple antibiotic resistance patterns ofthe Salmonella isolates

Number Total Salmonella isolate Totals

Antibiotic MAR patterns of occurrence code cod

class isolates (%) (%)

2 AMX,NIT 1(1.5) 16 (23.5) Sal 40 16

(23.5)
AUG, NIT 1(1.5) Sal 29
CRO, NIT 14 Sal 5, 7, 8, 13, 38,
(20.9) 39, 41, 4, 44, 43,44,
47, 49, 53, 54, 65
3 AMX, CRO, NIT 6(8.9) 14 (20.6) Sal 2, 3,17,48,56, 14
66 (20.6)
AUG, CRO, NIT 5 (7.5)
Sal 6, 30, 45, 58, 61
AUG, NIT, COT 1(1.5)
Sal 11
CRO, NIT, TET 1(1.5)
Sal 12
AUG, NIT, GEN 1(1.5)
Sal 25

4 CRO,NIT,COT,TET 1(1.5) 17 (25.0) Sal 9 17
CRO,NIT,AMX, TET 1(1.5) Sal 15 (25.0)
CRO,NIT,COT,AMX 1(1.5) Sal 18
AUG,CRO,NIT,COT 5(7.5) Sal 19, 24, 35, 60,
CRO,NIT,GEN,COT 1(1.5) 63
CRO,NIT,AMX,PFX 1(15 Sal 26

Sal 34
CRO,NIT,AMX,0OFL 2 (2.9
AUG,NIT,COT,TET 1(1.5) Sal 46, 55
AUG, CRO,COT,TET 1(1.5) Sal 28
AUG,NIT,GEN,COT 2 (2.9 Sal 23
AUG,CRO,NIT,TET 1(1.5) Sal 42,43
Sal 67

5 AUG,CRO,NIT,COT,TET 1(1.5 4(5.9) Sal 37 4 (5.9)
AUG,CRO,NIT,COT,OFL 1(1.5) Sal 50
AUG, CRO,NIT,TET,CPX 1(1.5) Sal 57
AUG,CRO,NIT,TET,OFL 1(1.5) Sal 52

6 AUG,CRO,NIT,GEN,COT,TET 1(15) 5(7.4) Sal 36,42, 69, 16,4 5(7.4)
AUG,CRO,NIT,GEN,COT,OFL 1(1.5) Sal 20

Sal 51, 31, 21
AUG,CRO,NIT,COT,TET,OFL 3(4.5)

7 CRO,NIT,GEN,COT,TET,AMX, 1(1.5 12(17.6) Sal 59 12
OFL (17.6)
AUG,CRO,NIT,GEN,TET,COT,OFL 1 (1.5) Sal 44

Sal 36, 32, 10, 1, 14,
AUG,CRO,NIT,GEN,COT,TET,OFL 10 22, 27,33,64, 68
(14.9)
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Table 3. Estimated molecular weights of plasmid DiIN&almonella

Salmonella  Number of Estimated Resistance to general antibiotics employed

species Plasmid molecular sizes of

isolate code plasmid (kb)

Sal 1 3 23.13,1.60,1.46 AUGRCRONITRGENRCOTROFLRAMX RCPXRTETRPEXR
Sal 9 3 23.13, 1.60, 1.46 CRROITRCOTRTETR

Sal 10 3 23.13,1.60,1.46 AUGRCRONITRGENCOTROFLRAMX RCPXRTETRPEXR
Sal 19 3 23.13,1.60,1.46 AUGRCROFNITRCOTR

Sal 20 3 23.13,1.60, 1.46 AUGRCRONITRGENCOTROFLRAMX RCPXRPEXR

Sal 22 3 23.13,1.60, 1.46 AUGRCRONITRGENCOTROFLRAMX RCPXRTETRPEXR
Sal 25 3 23.13,1.60,1.46 AUGRCRONITRCOT?

Sal 26 3 23.13,1.60,1.46 CRONITRGENFCOT®

Sal 27 3 23.13,1.60,1.46 AUGRCRONITRGENRCOTROFLRAMX RCPXRTETRPEXR
Sal 31 3 23.13,1.60,1.46 AUGRCRONITRCOTRAMX RTETR

Sal 32 1 23.13 AUGRCRONITRCOTROFLRAMX RCPXRTETRPEXR

Sal 33 3 23.13,1.60, 1.46 AUGRCRONITRGENCOTROFLRAMX RCPXRTETRPEXR
Sal 35 3 23.13,1.60,1.46 AUGRCROCOTRAMX RTETR

Sal 36 1 23.13 CRONITRGENCOTROFLRAMX RCPXRTETRPEXR

Sal 42 3 23.13,1.60,1.46 AUG"NITRGEN*COTRAMXR

Sal 50 3 23.13,1.60,1.46 AUGRCRONITRCOTROFLRAMX RCPXRTETRPEXR

Sal 62 3 23.13,1.60,1.46 AUGRCRONITRAMXRTETR

Sal 64 3 23.13,1.60,1.46 AUGRCRONITRGENRCOTROFLRAMX RCPXRTETRPEXR
Sal 66 3 23.13,1.60, 1.46 AUGRCRONITRGENCOTROFLRAMX RCPXRTETRPEXR
Sal 69 3 23.13,1.60, 1.46 AUGRCRONITRGENCOTROFLRAMX RTETRPEXR

AUG-augmentin,AMX-amoxicillin, NIT-nitrofurantoinPFX- pefloxacin, TET-tetracycline, CPX-ciprofloxac
OFL-ofloxacin, CRO-ceftriazone, GEN- gentamicin, GEotrimoxazoleS. Typhimurium-1, 9, 10, 19, 20, 22,
25, 26, 27, 31, 33, 35, 42, 50, 62, 64, 66,BByphi - 32, 36
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Figure 1 shows the agarose gel electrophoresishef viarious plasmid DNA bands isolated from the
representatives MARalmonella isolates and their molecular weights.

Figure 1. Agarose gel electrophoresis of plasmidADh multiple antibiotic resistarfsalmonella isolates. Lane
M= DNA marker (HIND Ill digest); Lane 1 = Sal 1; ha 2 = Sal 42; Lane 3 = Sal 33; Lane 4 = Sal 64pla=
Sal 36; Lane 6 = Sal 27; Lane 7 = Sal 10; LaneShaF20; Lane 9 = Sal 62; Lane 10 = Sal 31; Lane §hl 69;
Lane 12 = Sal 32; Lane 13 = Sal 22; Lane 14 = SalLane 15 = Sal 66; Lane 16 = Sal 9; Lane 17 =28al
Lane 18 = Sal 19; Lane 19 = Sal 25; Lane 20 = 8al 5

The molecular detection &aCTX(480 bp) andsSyrA (282 bp) genes in 20 representati$abnonella profiled
is shown in Table 3. ThBlaCTX(480 bp) gene was haboured $imonella Typhimurium (18),S. Typhi (1)
andS. Paratyphi A (1). Meanwhile, all the representisolates hatyrA (282 bp) gene.

The agarose gel electrophoreses showing the aogtidn of resistanceGyrA and BlaCTX) genes in the
representatives MARSalmonella isolates are depicted by figures 2 and 3, respalgti All the representative
isolates hadbyrA gene (282 bp) (Fig 2) while 4 h&taCTX gene (480 bp) (Fig. 3).
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Table 4. Molecular detection oBlaCTX and GyrA resistance genes iSalmonella isolates

Lanes / Isolates BlaCTX gene GyrA gene
(480 bp) (282 bp)

M — Marker
L, SalmonelaTyphimurium -

L, SalmonellaTyphimurium +
L; SalmonellaTyphimurium -
L, SalmonellaTyphimurium -
Ls SalmonellaTyphi +
Le SalmonellaTyphimurium -
L; SalmonellaTyphimurium -
Lg SalmonellaTyphimurium -
Lo SalmonellaTyphimurium -
Lo SalmonellaTyphimurium -
L1 SalmonellaParatyphi A +
L1, SalmonellaTyphimurium -
L,z SalmonellaTyphimurium -
L4 SalmonellaTyphimurium -
L,s SalmonellaTyphimurium +
Lie SalmonellaTyphimurium -
Li7; SalmonellaTyphimurium -
L1s SalmonellaTyphimurium -
L9 SalmonellaTyphimurium -
Lo SalmonellaTyphimurium -

e T Tk Tk T T T S o R R AR R

Key: - = absent; + = present

Figure 2. PCR amipéfion gel ofGyrA (282 bp) gene ialmonella isolates
Lane M=100bp markend Ill); -ve = negative control without DNA; +ve
Salmonella entericaserovarTyphimurium (positive control).
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Figure 3. Polymerase chain reaction amplificatienaj BlaCTX (480 bp) gene

Lanes 1-20:Salmonella isolates, Lane M=100bp marker; Lane 2, 5, 11 and/de positive foBlaCTX.
DISCUSSION

The importance ofSalmonella in public health is very significant. In this s{yd82.6 % of theSalmonella
recovered wer&lmonella Typhimurium. This result confirmSalmonellaTyphimurium as one of the important
causal agents of diarrhoea in lle-Ife. The incigené Salmonella in diarrhoea had been previously reported
(Grabow, 1996; Scudetial., 1996). Of recent, Casmit al. (2014) reported the isolation &lmonella in
children with acute gastroenteritis in Abuja, NigerMajor outbreaks of human salmonellosis had been
attributed to the consumption of contaminated foiodsestaurants and institutional kitchen. Undeksabfood,
slow freezing, and keeping foods for many hourseurmb refrigeration are considered contributingdes for
the emergence of this disease in humans (Costé&)18®wever, the incidence of cases and deathstalue
diarrhoea has been greatly increased by a combimafipoor sanitation and hygiene, unavailabilityaccines
and high cost of effective antimicrobial chemotipgra

The resistance of tHgalmonella isolates to the antibiotics tested in this studyscfor great concern, as some of
the isolates were resistant to beta-lactam antiisiofaugmentin and amoxicillin) and other antilasti
(tetracycline, gentamycin, ciprofloxacin)typicaliged for the treatment of diarhoea and a numberfettious
diseases. Ehinmidu (2003) previously reported tasi® bySalmonella to beta-lactam antibiotics. In 2001,
detection of quinolone resistant isolates was teplofrom Austria (17 %), France (9 %), Greece (3R e
Netherlands (6 %) and Portugal (60 %) (EC, 2003).

Resistance, particularly to the commonly availabigibiotics poses a major health concern, as altiee
therapeutic choices are either unavailable or tgueesive to be affordable by most patients. Mosthef
diarrhoeal patients employed in this study firsgaged in self-medication before seeking physiciattention.
This act may be responsible for the large numbehefmultiple antibiotic resistance patterns obsdramong
the isolates in this study. Some of tBamonella isolates were still susceptible to expensive &otiits like
ofloxacin (62.3 %), pefloxacin (60.9 %) and cipmdécin (58 %) because these antibiotics are vepgrsive
and not readily available.

The multiple antibiotic resistance commonly obsérin most strains in this study may be plasmidiated as
plasmid DNA of large molecular weights were isatht&he first case of diarrhoea dueSaimonella carrying
plasmid-encoded resistance to chloramphenicol, @hipiand cotrimoxazole was reported from East &adith
Asia (Mirzaet al., 2000). In the present study, all the®®monella isolates were resistant to nitrofurantoin and a
greater percentage to tetracycline. Murugkal. (2005) previously reported the resistance of
SalmonellaTyphimurium to quinolones, gentamicin, chloramplehitetracycline etc.

The report of this study corroborates the findin§#\deshinat al. (2010) who reported that multiple antibiotic
resistantSalmonella isolates haboured plasmid sizes of 23.13 kbp afAd50kbp conferring resistance to
antibiotics. The detection @byrA gene in all the isolates depicts resistance tordiguinolones whildlaCTX
gene denotes resistance to beta-lactam antibidthus. could be due to the wide and varying useiffiérnt
antibiotics by human patients with simultaneous lavan of newer antibiotics that have precipitatiedio
pathogens of multiple antibiotic resistance.

Conclusion: Salmonella recovered from the study are multiple antibiotésistant, harbouringgCTX and
gyrAgenes.
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