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ABSTRACT

Aim: The aim of the study was to determine the antilbedteesistance profile and detect the
presence of antibacterial resistance genesSamonellaisolates recovered from the blood
samples of hospitalized subjects in Kano metropolis

Study design:

Place and duration of study:One milliliter of venous blood was collected froracha patient
with some or all clinical features of salmonellothat signed a consent form and transfer into
EDTA bottles. If daily is unavoidable blood samplesre stored at 2. Samples were analyzed
at the both Laboratories of the authoihis work was carried out between May, 2011 and
March, 2013.

Methodology: The blood specimens were cultured in thioglydelllaroth and sub-cultured onto
deoxycholate citrate agar (DCAjalmonellaShigella agar (SSA) and Brilliant Green agar
followed by confirmation of presumptive coloniesings different biochemical tests and
analytical profile index 20E. Serologic identifizat of Salmonellawas performed by slide
agglutination test using polyvalent O andsHImonellaantisera. Antibacterial drug susceptibility
studies wereperformed by the disc diffusion method using ampicillin, afdmphenicol,
ciprofloxacin, nalidixic acid and Trimethoprim-sathethoxazole. Out of one hundred and four
salmonellae isolatesbtainedin this study, twenty one were subjectedtdA extraction, real-
time and multiplex polymerase chain reaction (P@RnNg various primer sets targeting the
speciic sequences of the resistance genes.

Results: Of the 104 isolates 96 (92.3%) were resistant topisitin; 81 (77.9%) resistedo
Nalidixic acid; 30 (30.8%) resisted Chloramphenicol, 17(16.3%) resistedCotrimazole while
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none (1.0%) resistetb Ciprofloxacine. Among the thirteenSalmonellaisolates tested by real-
time PCR,Temgene was detected with a higher frequency (38 &8)pared to thgyrB gene
(30.8%). In addition, fouSalmonellaisolates were found to harbour bddm andgyrB genes
together with 30.8%.In this study, nogyrA gene amplicon was obtained, although one
SalmonellaTyphi strain was resistant to ciprofloxacin phempatglly. There was significant
correlation between the presencet@&n and/orgyrB and resistance to ampicillend nalidixic
acid. However,in this study, out of the eighbalmonellaisolates tested by multiplex PCR
technique sul2 gene was detected in two (25.0%) isolates caté gene was detected in one
(12.5%); while the amplification of these two gerffieted in five Salmonellaisolates (62.5%)
and noisolate harboured botsul2 andcatP genes. There is no significant correlation between
the presence @&ul2/catP and resistance to chlorampheniaald cotrimoxazole.

Conclusiont Most Salmonellaserovars isolated from patients in Kano, Nigemsistedto
Ampicillin. They also resistedo Nalidixic acid, Chloramphenicol and Cotrimazoley i
decreasing order. Ciprofloxacine remained effectigainst all th&almonellaisolates tested.
Almost all the genes tested were circulating witkeno metropolis, includingem, gyrB, sul2
and catP genes with exception ofyrA. There was only significant correlation between the
presence afemand/orgyrB and resistance to ampicilland nalidixic acid.

Key words: Salmonellaserovars; samples from blood; antibacterial rasst; Kano-Nigeria.
1.INTRODUCTION

Salmonella a primary inhabitant of the gastrointestinal tras recognized as one of the most
common causes of food borne infection worldwidesuleng in millions of infections and
significant human death annually [1]. Non-typhoidalmonellosis is common in most parts of
the world [2]. It is widely spread in Europe andriioAmerica [3, 4], Latin America, the Middle
East and Africa [5]; also in countries such as dnfi], Japan [7] and the United States [8].
Several studies have documented isolation of npheigal Salmonellafrom humans and
poultry in different parts of Nigeria [9,10,11,12Dutbreaks of salmonellosis caused by
SalmonellaserovargGallinarum,Pullorum, Typhimuriumand Enteritididhave also been reported
[10,12,13].

Increasing antibacterial drug resistanceSmimonellaspecies has been a serious problem for
public health worldwideln Nigeria, the increasing treatment failure wiktle tempirical therapy

in recent times among patients with salmonellosisessitates the need for frequent assessment
and reporting ofintibacterial drugesistance patterns 8almonellaserovar in our environment
[14,15,16] The high rate of resistance is hampering the usmo¥entional antibacterial drugs,
and growing resistance to newer antibacterial driggsaggravating the situation. The
circumstances of occurrence and spread of antibalctEug resistance is complex; however, a
major cause is the widespread use of antibactérigs in food animals, particularly in animal
feed. Genetic analysis has indicated that the soafcresistance is frequently a transferable
plasmid [15,11].




However, majority of antibacterial drugs resistastedies orSalmonellain the study area are
based on the use of isolates obtained from stoupkss of patients wittsalmonellainfection
admitted into hospitals. Recent studies indicatd #imtibacterial drug resistance genes are a
growing problem indicating the need to pay closéerdion on the isolation dbalmonellain
blood and community acquisition of multiple antitea@l drug resistance fBalmonellg17,18].

With the emergence and continual increase in thdtipteu antibacterial drug resistance,
determination of antibiotic resistance along witlhely diagnosis ofSalmonellainfection has
become a matter of vital importance. Blood cultisréhe only method that is routinely used for
determination of antibacterial drugs resistanc&atmonellainfection from blood samples of
patients. The results are obtained after nearlywarek; therefore the early detection of disease is
not possible [19,18]. Another major disadvantagéhat its detection rate is only about 30%.
Therefore, these necessitate the need for develtppheome effective method that cannot only
diagnose typhoid fever and oth&almonellainfection at an early stage but also provide
information to enable the physician to start focLliseatment from the onset of disease [20].
Molecular methods can provide a major breakthromgthis regard. Polymerase chain reaction
(PCR) for rapid, sensitive and specific diagnodisSalmonellainfections has already been
developed. Therefore, this necessitate the us&LC8f for targeting specific genes suclggsA,
gyrB, tem sul2 andcatP genes irSalmonellasolates that can provide useful information about
its genetic resistance in the study area and Nigariarge[21].

2. MATERIALS AND METHODS

2.1 Hospitals

The six most patronized hospitals were randomlgdet including one Teaching Hospital
(Aminu Kano Teaching Hospital), three specialisspitals (Murtala Mohammed Specialist,
Mohammed Abdullahi Wase Specialist and Sir Sunpsictalist Hospital), one General Hospital

( Sheik Waziru Gidado General Hospital) and oned®ei Hospital (Khadijat Memorial Private
Hospital). All are situated within Kano metropolighe selected hospitals are reference hospitals
in the state where people from various parts of dtate and neighboring states of various
occupations attend. They gave more than 70% oftheate delivery in the state at large.

2.2 Patients and Specimens

Patients (in and out) who patronized the six setkétiospitals with some or all clinical symptoms
of Salmonellainfections (i.e. vomiting, diarrhoea, headachegambinal pain, body ache,
breathlessness, weight lost, constipation and alesctruited to signed the consent form were
used for the study.

Any patient (in and out) who brought his blood spem to the laboratory reception of one of
the six selected hospitals for widel test, malai@st and other related blood tests recruited to
signed the consent form were used for the study.

Blood (1ml) collected from each patient diagnoseslifive for salmonellosis was used as sample
for the study.



2.3 Collection and Handling of Specimens

One milliliter of venous blood was obtained usirigride syringe from an antecubital vein of
each patient recruited for the study and dispemsedediately into 10ml thioglycollate broth.
Sterile bijou bottle that contained blood and 1@mobglycollate broth was then labeled with
specimen number, type of medium and date of dispgn22].

2.4 Isolation and identification of salmonellae

2.4.1: Presumptive isolation oSalmonella

One milliliter of venous blood specimen dispensetb i10ml thioglycollate broth and sub-
cultured onto SSA, BGA and XLD agar everyday antlibated aerobically at 32 for 7 days
[22]. The cultured plates, SSA, BGA and XLD agar werengrad for the presence of typical
colonies ofSalmonellabased on cultural and morphological characteristltst is, transparent
colonies with black centre on SSA and pink colosegounded by a red medium on BGA, and
small red translucent and or dome-shaped colomiegsh may have central black spot due to
hydrogen sulphide production [22].

Bacterial isolates obtained were further sub-celiuny stabbing into prepared and dried nutrient
agar slants and stored aC4after aerobic incubation 32 for 24 hours for subsequent analysis.

2.4.2: Purification of isolates

Presumptive culture oSalmonellastored in nutrient agar slant was sub-cultureco d8EA
aerobic incubation 3T for 24 hours to observe for the colonial chanmasties of Salmonella
and isolation of pure culture for subsequent biaulkeal characterizations.

2.4.3: Biochemical characterization oSalmonella

Isolation and identification of organisms were @atrout as described by ISO [23], Habtaetu

al. [13], and OIE [24]. A 24 h pure culture of easblate was used to determine their gram stain
reaction. The following biochemical tests were iemrout: Indole test, triple sugar iron test,
citrate test, methyl-red test, Voges-Proskauer, tégdine decarboxylase test, ornithine
decarboxylase test, urease test, sugar (trehasoeepse, inositol, glucose, dulcitol, maltose,
mannitol, melibiose, salicin, rhamnose and aralEpéermentation test and motility test. Isolates
were further characterized using commercially add identification system-Analytical Profile
Index (API) 20 E test kit (Biomerieux, France) @lling the manufacturer’s guideling

2.5 Sero-typing of the isolates

Serological identifications of presumpti®almonellavere performed by slide agglutination test.
Presumptive isolates &almonellaobtained from the series of biochemical tests veereened
serologically with somatic GalmonellaParatyphiA, B, C;, SalmonellaTyphimurium G and
Salmonellal'yphi D.



An agglutination test was performed on a cleansgdisle. The slide was divided into sections
with a wax pencil and one small drop of physioladjisaline was placed in each test section on
the slide. By using a sterile inoculating loop atm of growth from the surface of TSI agar
was removed and emulsified in each drop of phygiold saline on the slide. It was then mixed
thoroughly to create a moderately milky suspensfobent inoculating loop was used to pick a
small drop of antiserum and transferred to onénefduspensions; the second suspension served
as the control (usually approximately equal voluofieantiserum and growth suspension was
mixed). The suspension and antiserum were mixeg weil and then the slide was tilted back
and forth to observe for auto-agglutination (aggktion is more visible if the slides is observed
under a bright light and over a black backgrour2d).[

If clumping appeared within 30 to 60 seconds thectien is positive, the saline suspension
(control) was examined carefully to ensure that #ven and does not show clumping resulting
from auto agglutination. If auto-agglutination ocguthe culture is termed “rough” and cannot
be serotype. When positive agglutination reacticas vobtained in one of the antisera, the
SalmonellaserovardParatyphi A, B, @ Typhimurium G or Typhi D subgroup was confirmed,
and no further testing with antisera needed todmelacted [25].

2.6 Test of antibacterial sensitivity of theSalmonella isolates

In-vitro susceptibility ofSalmonellasolates to various routine antimicrobial drugs wested by
the standard disc diffusion technique [1].

2.6.1 Standardization of inoculum

This was done as described by CLSI [26]. Pure cailltd identifiedSalmonellaisolate (s) from
an 18-hour plate culture was selected. Sterile Wop was used to pick 3 colonies of each
Salmonellaserotype and emulsified in 5 ml of sterile normaliree. The tube containing the
bacterial suspension was inserted into a sensit@phelometer (TREK Diagnostic systems, UK)
after calibration. Adjustment was made with extraculum or diluents, if necessary, until 0.5
McFarland standards were obtained. Fifty microldéthe broth was further transferred into 5
ml of Mueller-Hinton broth (Oxoid, UK) in a tube 2

2.6.2 Inoculation of test plates

Optimally, within 10 minutes after adjusting theltdity of the inoculum suspension, a sterile
cotton swab was dipped into the standardized ssgpenn Mueller-Hinton broth. The dried
surface of a 20 ml Mueller-Hinton agar plate in0® Inm disposable plate (STERILIN, UK) was
inoculated by streaking with the cotton swab oWwer éntire sterile agar surface. The inoculated
plates were air dried at 37°C to allow for any esceurface moisture to be absorbed before
applying the antibacterial drug discs [26].

2.6.3 Application of discs to inoculated agar plate

All positive cultures ofSalmonellaserovars isolated from blood samples were testedro for
susceptibility to different antibacterial drugs &gar diffusion technique as described by Kirby-
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Bauer [27] and WHO [28]. This was carried out adaogy to WHO protocol [29]. The
susceptibility testing oBalmonellasolates were carried out using Mueller Hintonraayad were
testedin vitro for susceptibility to five different antibacteridrugs namely; ampicillin (25u),
chloramphenicol (30u), ciprofloxacin (25u), nalidix acid (30u) and Trimethoprim-
sulfamethoxazole (30u) [39].

The inoculated plates were air dried at 37°C, Istéorceps were used to place the antibacterial
discs on the inoculated plates. Within 30 minutésr applying the disc, the plate was inverted
and incubated at 86 for 18 hours. Meter ruler was then used on theetside of plate to
measure the diameter of each zone of inhibitiomitimeter. Zone diameter for ATCC 25922
was compared with NCCLS Published Limits; Interptiee chart was then used to interpret the
zone sizes of Inhibition [39].

Results were recorded as susceptible, intermedisgeeptible or resistant based on the zones
size of each antibacterial disc used [29, 39].

2.7 Isolation of genomic DNA of Salmonellae

Out of one hundred and four salmonellae isolatethis study, twenty on&almonellaisolates
were subjected to DNA extraction after determintingir antibacterial drug resistance using disc
diffusion test using standard protocol [19, 21]eTiwenty one isolates used comprise of seven
Salmonellalryphimurium, sixSalmonellalyphi A, threeSalmonellaParatyphiB and C each and
two SalmonellaParatyphiA.

2.8 Polymerase Chain Reaction (PCR) Detection of Aibacterial drug Resistance Genes
Salmonella Isolates

Polymerase chain reaction (PCR) was carried outgus@arious primer sets to detect the
antibacterial drug resistance genes against tofileeantibacterial drugs. The real-time and
multiplex polymerase chain reaction (PCR) technsquere employed as described by Asma
[21]. The primers used in the study include: Sulpaul2 F 5° TCA ACA TAA CCT CGG
ACA GT 3" and Sulphurqul2) R 5-GAT GAA GTC AGC TCC ACC T-3' for trimethopm-
sulfamethoxazole resistant gene; Temonitga)(F 5-GCA CGA GTG GGT TAC ATC GA-3
and Temonierat¢m R 5-GGT CCT CCG ATC GTT GTC AG-3 for ampicilliresistant gene;
Captain ¢atP) F 5-CCT GCC ACT CAT CGC AGT-3 andCaptain ¢atP) R 5-CCA CCG
TTG ATA TAT CCC-3 for chloramphenicol resistantrge GyrasedyrA) F 5-TAC CGT CAT
AGT TAT CCA CGA-3' and Gyrase @yrA) R 5-GTA CTT TAC GCC ATG AAC GT-3' for
ciprofloxacin resistant gene, and GyraggrB) F 5-GCGCTGTCCGAACTGTACCT-3and
Gyrase §yrB)’R 5-TGATCAGCGTCGCCACTTCC-Zor nalidixic acid resistant gene [30, 21]

2.9 Statistical analysis of results
Statistical Package for Social Science (SPSS) mer$#t was used [31]. Descriptive statistics

were used to categorical (frequency percentagegbles. Chi-square test analysis was use to
determined association between the resistant fe&dalmonellasolates and antibiotics activities.



3. RESULTS
3.1 Bacterial isolation.

Of the five hundred blood specimens sampled framssiected hospitals studied, total of 126
bacterial isolates and 1@almonellgpositive specimens were recorded: 110 were celieftbm
Aminu Kano Teaching Hospital (35 bacterial isolatesl 5.8%Salmonellapositive specimens
were obtained), Murtala Mohammed Specialist Hobp{b bacterial isolates and 4.4%
Salmonellapositive specimens were obtained), Mohammed AbHulWase Specialist Hospital
(20 bacterial isolates and 3.4%almonellapositive specimens were obtained), Sir Sunusi
Specialist Hospital (17 bacterial isolates and 2.8#Imonella positive specimens were
obtained), Sheik Waziru Gidado General Hospital fSterial isolates and 2.2%almonella
positive specimens were obtained) and Khadijat M@h®rivate Hospital (14 bacterial isolates
and 2.4%Salmonellgpositive specimens were obtained).

3.2 Salmonélla identification by biochemical characterization.

Out of one hundred and twenty six (25.2%) bactés@lhtes obtained from six selected hospitals
studied, One hundred and eighteen (23.6%) presua®éaimonellaisolates were obtained from
various biochemical characterization and identifaatest.

3.3 Sero-typing of theSalmonella isolates.

One hundred and four (20.8%plmonellaisolates were obtained after serologic identifmagi
of presumptivesalmonellasolates were performed by slide agglutination tes

3.4 Antibacterial sensitivity of the Salmonella isolates

The result ofin vitro -antibacterial drug susceptibility testing demostgtd that of the five (5)
antibacterial drugs tested, most of the 104 isslé®2.3%) was significantlyP(> 0.05) resistant
to ampicillin. They were also resistant to nalidigcid, chloramphenicol, and cotrimozaxole in
decreasing order with 77.9%, 30.8%, and 16.3% teesis rate respectively. Ciprofloxacin
remained effective against all tBalmonellasolates tested with exception of one $8lmonella
isolate representing 1.0% resistance rate.

From the result of disc diffusiaest out of 104Salmonellasolates tested, 36almonellalyphi,

33 SalmonellaTyphimurium 13 SalmonellaParatyphi C and SalmonellaParatyphi A were
found to display a high resistant to ampicillin. dantrast, allSalmonellaParatyphi B isolates
were resistant to nalidixic acid (11 resistantases representing 100%) followed by ampicillin
(10 resistant isolates representing 90.9ptgwever, only oneSalmonellaTyphi isolate was
resistant to ciprofloxacin. The relationship betw&almonellaserovars and antibacterial drugs
tested was not statistically significaf ¥ 0.05) (Table 1).



Table 1: Antibacterial drugs resistance profile ofSalmonella serovars isolated from blood
of patients presented to hospitals Kano Nigeria.

Antibacterial drugs / Salmonella serovars (No. tested)
Disc potency (ug) Paratyphi A Paratyphi B Paatyphi C Typhi  Typhimurium
(n=5) (n=11) (n=14) (n=39) (n=35)
AMP(25) 5(100) 10(90.9) 13(92.9) 36(92.3) 33(94.3)
CH(30) 2(40.0) 3(27.3) 4(28.6) 14(35.9(25.7)
COT(25) 1(20.0)  3(27.3) 1(7.1) 5(12.8)7(20.0)
CPX(30) 0(0.0) 0(0.0) 0(0.0) 1(2.6 0(0.0)
NA(30) 4(80.0) 11(100) 12(85.8) 32(82.01(60.0)

No. = Number; n= Number of isolates tested; Salmonella; % = Percent; g = microgram;
AMP = Ampicillin; CH = Chloramphenicol; CPX = Cipftoxacin; COT = Cotrimoxazole;
NA = Nalidixic Acid; % = Percentage of total numbafreach Salmonella serovar tested.

3.5 Detection of resistant genes.
The results of the determination of antibacterialgdresistance by targeting specific genes in

Salmonellaserovars tested by real-time PCR technique werershio Fig. 1. In this study, no
gyrA gene amplicon was obtained, although @smonellaTyphi strain was resistant to
ciprofloxacin phenotypically. MeanwhilgyrB genes (315bp) were amplified from 8 of the 13
Salmonellaisolates (Fig. 1a), angtm genes (311bp) were amplified from 9 of the 13ated

(Fig. 1b.
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Figure 1a: Gel electrophoresis oflyrB gene after Real-time PCR test.

KEY : M= 1000bp DNA marker (A, E, J and N)? € Positive control; G= Negative control;
bp = Base pair.
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Figure 1b: Gel electrophoresis ofem gene after Real-time PCR test.

KEY : M= 1000bp DNA marker (A, E, J and N)"€Positive control; C= Negative control;
bp = Base pair.

Fig. 2 presented the results of multiple PCR tangeto the specific resistance genes in
Salmonellaserovars. Out of the eight isolates tested? genes (707bp) in two isolates aratP
(623bp) in one were amplified.
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Figure 2: Gel electrophoresis otatP and sul2 genes after Multiplex PCR test.

KEY : M= 1000bp DNA marker (A, E, J and N);€Positive control; C= Negative control;
bp = Base pair.



Summarily,temandgyrB genes were detected in some of 8&monellasolates.Temgene has

a higher frequency (5 isolates, 38.5%) comparegl/tB gene (4 isolates, 30.8%) In addition, all
the four Salmonellaisolates harbouring thgyrB gene also presented them gene.Only one
SalmonellaTyphi strain was resistant to ciprofloxacin phempatglly, but of the corresponding
genegyrA was not detected. There was significant correlaion 0.259) between the presence
of the genesemand/orgyrB and resistance to ampicilland nalidixic acid.

In this study, out of the eight (§almonellaisolates tested by multiple PCR technique, the
antibiotic resistance gersell2 was detected in two isolates (25.0%) aatP gene was detected
in another isolate (12.5%). Fiv®almonellaisolates (62.5%) did not present any of the two
genes. There is no significant correlation betwibenpresence of any of the two geradZ and
catP) and resistance to chlorampheniaald cotrimoxazole.

4. DISCUSSION

In this study, most of th8almonellasolates from patients in Kano were significantk (1.03,

P value= 0.001) resistant to ampicillirP& 0.05) with 96 resistant strains representing @2a3
the Salmonellaisolates, followed by nalidixic acid with 81 resist strains representing 77.9%.
SalmonellaTyphi, Salmonellalyphimurium SalmonellaParatyphi C an&almonellaParatyphi
A were found to display a high resistant to ampitil In contrast, allSalmonellaParatyphi B
tested were resistant to nalidixic acid with 1ligtest strains representing 100%. Ciprofloxacin
remained effective against all tBalmonellasolates tested with exception of one $8lmonella
Typhi isolate representing 1.0% resistance rate. Howekierrelationship betwee®almonella
serovars and antibacterial drugs tested was nitgtally significant p > 0.05). This work is in
consonance with the findings of Asned al. [21], Hemalathaet al. [32], Malla et al. [33],
Gautumet al.[34] and Abdullahiet al.[35].

The highest significant resistande € 0.05) of Salmonellaisolates to ampicillin and nalidixic
acid could probably be due to the usage of antedttdrugs in the study area which is possibly
the most important factor that promotes the emeaxgieselection and dissemination of antibiotic-
resistant microorganisms in both veterinary and &umedicine [32, 10]. However, the rate of
development of resistance appears to have accalenatthe past decade and today multiple
resistantSalmonellaconstitute a global problem [36]. It has been olee that antibacterial drug
susceptibility of Salmonellaisolates is not constant but dynamic and varieth wime and
environment. This therefore demands the need fooglie screening of common pathogens for
their antibacterial drug susceptibility profilesdifferent communities. There is strong evidence
that the use of antibacterial drugs can lead todamergence and dissemination of resistant
salmonellae, which can then be passed onto peogldéoad or through direct contact with
animals. During recent years the wide spread usaiibacterial drugs in the field of veterinary
medicine have resulted in the development of irenganumber of bacterial strains possessing
resistance to many antibacterial drugs. The prgpefrtmultiple antibacterial drugs resistance
could be transferred through conjugation from tasisstrains of salmonellae, to another by
means of plasmid, which occur in cytoplasm of tbaat bacterium and multiply independently
of the chromosomal DNA. Thus a new bacterium wasistance factor emerges that is resistant
to one or more antibacterial drugs. In anotheraimsthe high resistance 8almonellasolates to
commonly used antibacterial drugs is probably @ugsoime factors ranging from the use of fake
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antibacterial drugs, abuse and misuse of thosbatérial drugs found commonly in circulation
among the general populace and health resourcexs¢86, 34].

Abdullahi [35] reported that, acquired antibactedaugs resistance is a growing worldwide
problem due to the increasing use of antibioticshimans, animals, and agriculture. In
developing countries the situation is particulasrious for the following reasons: In many
countries, antibacterial drugs can be obtainedidritsf recognized treatment centres, and taken
without medical authorization or supervision. Theads to inappropriate use of antibacterial
drugs and their being taken at sub-optimal dosagedsfor an insufficient length of time. Often
the high cost of an antibacterial drug, resultannncomplete course being purchased, sufficient
only to alleviate symptoms. Patients are not sigffity informed about antibacterial drugs and
their use [22, 35]. Problems also arise when aat#seal drugs sold in local markets are sub-
standard or expired antibiotics. Guidelines regaydhe selection of antibacterial drugs, correct
prescription, and information about antibacterialgdresistance and how to minimize its spread
are not communicated to those purchasing the arimials. Antibacterial drugs are often
prescribed when they are not needed or for seltihg infections, e.g. diarrhoeal disease and
viral respiratory infections [22, 35].

Other overlapping problems are worsening the sdonategarding typhoid fever and other
Salmonellainfections within Africa: the failure to controhé spread of th&almonellaspecies
involved, due to unclean water, poor sanitation)notation, the failure to control resistant
organisms and resistance genes so that, when iorfecoccur, they produce more adverse
consequences. It is perhaps obvious, if unaddresisatipoor and displaced persons in Africa
are least likely to be able to access potable watde sanitation, and other factors to prevent
faecal-oral infection and that public health fdamk need to be strengthened to protect the poor
[37].

Broad spectrum antibacterial drugs are frequensgdu prophylactically, e.g. tetracycline.
Laboratory facilities for accurate diagnosis anolason of pathogens are often not available,
resulting in an overuse and inappropriate use bbacterial drugs [38]. Many countries do not
have effective surveillance of important antibaeledrug-resistant bacteria. Training and
facilities for performing standardized antibacterthiugs sensitivity tests are often lacking.
Developing countries are often unable to affordtlgosecond-line antibacterial drugs to treat
infections due to resistant organisms. This resualtprolonged iliness with longer periods of
infectivity and to the further spread of resistsinains [22].

The study presents genotypic identificationggfA, gyrB, tem, sulandcatP genes among the
21 Salmonellaisolates that were mostly resistant to ciprofloraaialidixic acid, ampicillin,
cotrimoxazoleand chloramphenicolusing the disc diffusion teshe genes responsible for
antibacterial drug resistance were identified totdya (ampicillin), gyrB (nalidixic acid), catP
(chloramphenicol), andul2 (co-trimoxazole). It is noticeable thanly 1(1.0%) Salmonella
isolate was found resistant to ciprofloxacin; no pldoon of specific gene dyrA) for
ciprofloxacin resistance was obtained. In additifmyr (4) Salmonellaisolates were found to
harbour bothtem and gyrB genes together. There was a significant correlabietween the
presence of any of the two genes and resistanampicillin and nalidixic acid These findings
are in line with thevorks of Asmaet al.[21] and Haquet al.[19].
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Among the clinically and economically importaamtibacterial drugsesistance genes are those
of temandgyrB producing high level resistance to ampicillin aradidixic acid, the most widely
used antibacterial drugs in clinical and veterinamgctices. The reservoir of resistant bacteria in
food animals implies a potential risk for transtérresistant bacteria, or resistance genes from
food animals to humans [39, 40]. Howewaloserved in this study diverse point mutationshin t
tem gene have contributed to the emergenceewitype Salmonellaresulting in simultaneous
high resistance to ampicillin [17]Even though, nalidixic acidnd ciprofloxacin are from the
same group (quinolones$almonellaisolates showed higher frequency of resistance to
commonly use antibacterial drugs (nalidixic actiBriciprofloxacin This is presumably due to
the readily available of and easy public accesshabdixic acid without proper medical
prescription [41].

In addition, Reports have indicated that mutationthe QRDRs of the DNA gyrase genes can
be found inSalmonellaisolates expressing reduced susceptibility to figormolones [42,15].
This fact is possible since to acquire new propsrbacteria must undergo a genetic change.
Such a genetic change may occur by mutation orbyatquisition of new genetic materials
acquired by the transfer of resistance genes ldcateplasmids or transposons from one
bacterium to another [22].

Five of isolates did not contain any one sufi2 or catP. Guerraet al [43] also had similar
experience with this study. Resistance to cotrimoleawas exclusively mediated Isyl2 [43].
Very few catP genes have been detected previouslgatmonellaisolates, butatP genes are
also widespread among other Gram-negative badts]a

However, as observed in this study, the presen@bsgnce of gene is related to the resistance,
since the specific primers were designed and usddrget specific resistance genes. If any of
the targeted specific resistance genes is preseatmplicon will be obtained after running the
PCR or vice visa [41].

The study also revealed that, some phenotypictaesis observed by disc method was seen to be
genetically confirmed by the PCR. While some issdashowedantibacterial drugesistance
phenotypically but not genetically. The discordabetween phenotypes and genotypes in this
study is not surprising, since several genes mafec@ given phenotype and some isolates must
have contained other genes that were not testeith this study. Other reasons could dige to
inoculum effect and substrate specificity which nadfect the enzyme in an un-induced state at
the time of testing with disc diffusion test. Thueates a major challenge in laboratory routine
susceptibility[19, 44].

5. CONCLUSION

The result ofin vitro — antibacterial drug susceptibility testing@®dlmonellaisolates using disc
diffusion test demonstrated that most of the isslaf92.3%) was significantlyP(> 0.05)
resistant to ampicillin followed by nalidixic acicchloramphenicol, and cotrimozaxole in
decreasing orderSalmonellaTyphi, SalmonellaTyphimurium SalmonellaParatyphi C and
SalmonellaParatyphi A were found to display a high resistemtampicillin. In contrast, all
Salmonella Paratyphi B tested were resistant to nalidixic awidh 11 resistant strains
representing 100%. However, ciprofloxacin remaireftective against all theSalmonella
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isolates tested with exception of orsalmonellaTyphi representing 1.0% resistance rate.
However, the relationship betweeBalmonella serovars and antibiotics tested was not
statistically significant® > 0.05).

Almost all the genes tested were circulating witkeno metropolis. They includeem, gyrB,
sul2 andcatP genes with exception @yrA. There was only significant correlation between the
presence of any of the two gentang, gyrB and resistance to ampicilland nalidixic acid.

6. RECOMMENDATION

To reduce this antimicrobial resistance, publiclthesference laboratory with a tool to produce
standardized antimicrobial susceptibility test Hsswf antimicrobial susceptibility tests are

important for clinical treatment plans; adequatenmation must be provided to the health care
providers. In addition, susceptibility testing hetm providing guidance and monitor of

treatment, narrower the spectrum of its antimiablihe more proffered is it's use when one
knows specifically the organism being treated),rdegf susceptibility of organism can assist in
determining the length of therapy (but not the dialgtor) and choice of cheaper antimicrobial
agents with less side effects.
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