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ABSTRACT

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

Study design:

Place and duration of study:Three{3)}-milliliters of venous blood were collected from Gac
patient with some or all clinical features of saimathosis that signed a consent form and transfer
into EDTA bottles. If daily is unavoidable bloodnsples were stored at %. Samples were

analyzed aboth theMedmaLLaboratoresy of the authorSeieneeDepaﬁmem%eheeLeﬁHealth

versity
|aTh|s work

was carned out between May, 2011 and March 2013

Methodology: The blood specimens were culturedoithioglycollate broth and sub-cultured
onto deoxycholate citrate agar (DCAgalmonella-Shigellaagar (SSA) and Brilliant Green agar
followed by confirmation of presumptive coloniesings different biochemical tests and
analytical profile index 20E. Serologic identifitat of Salmonellawas performed by slide
agglutination test using polyvaledfO} and {H} Salmonella antisera. Antibacterial drug
susceptibility studies weregperformed by the disc diffusion method using ampicillin,
chloramphenicol, ciprofloxacin, nalidixic acid afdmethoprim-sulfamethoxazole. Out of one
hundred and fout04) salmonellae isolagd botainedin this study, twenty ong21)Salmenella
seiateswere subjected to DNA extractlomd real- t|me and multlpleaﬁteede{ermwa
g : : polymerase chaln

reactlon (PCR dete v-- iba LG
carried-euiusing various primer setewaneusmbaetena#dmgres&ane&gene&emmmve




technigues-as-described by Asj8d].

Results: Of the 104 isolates96 (92.3%) were resistant to AmpicitirB1 (77.9%) resistetb

Nalidixic acid; 30 (30.8%) resistetb Chloramphenicg} 17 (16.3%) resistedo Cotrimazole

while none (1.0%) resistetb Ciprofloxacine.-Among} the thirteen {£3)-Salmonellaisolates
tested by real-time PCRechnigue—hatbne—orloth-tem-and-gyrB-gends—Tem genehwas

detected witha higher frequencyf(38.5%9 compared tothe gyrB genewith—(30.899. In

addition, four{4)-Salmonellaisolates were found to harbour bddm andgyrB genestogether
with—(30.8%). [Similarly, from the PCR result no amplification @fyrA genewas obtained

(0.0%). | There was significant correlation betwdles presence airy—of-thetwo-geneden _ - { Comment [D1]: Not clear

andor gyrB} and resistance to ampicillend nalidixic acid. Howevein this study, out of the
eight {8)-Salmonellaisolates tested by multiplex PCR techniqeal2 genewas detected in

twohas—a-higherfrequenaf-(25.0%) isolate andempared-tacatP genewas detected in one
with-(12. 5% while the ampl|f|cat|on of these two qenes falled:flve (5}Salmonellasolates

Salmeneuao |solatewas4eund4eharboued both sul2 and CatP genestege{her There is no
significant correlation between the presenceanf—of-the—two—geness(l2 and—-catP} and
resistance to chlorampheniarid cotrimoxazole.

Conclusiont Most Salmonellaserovars isolated from patients in Kano, Nigeesistedio
Ampicillin. They also resistedto Nalidixic acid, Chloramphenicol and Cotrimazole, in
decreasing order. Ciprofloxacine remained effectgainst all th&almonellaisolates tested.
Almost all the genes tested were circulating witKiano metropolis Fhey-includinged tem,
gyrB, sul2and catP genes with exception oflyrA. There was only significant correlation

between the presence @fy-ofthe-two-genesgmand/ot gyrB} and resistance to ampicilland
nalidixic acid.

Key words: Salmonellaserovars; samples from blood; antibacterial rastst; Kano-Nigeria.

1.INTRODUCTION

Salmonella a primary inhabitant of the gastrointestinal tras recognized as one of the most
common causes of food borne infection worldwidesuting 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 andrfloAmerica [3, 4} Latin America, the
Middle East and Africa [3] also in countries such as India [6], Japan [7] er@dUnited States
[8]. Several studies have documented isolationarf-typhoidalSalmonellafrom humans and
poultry in_different parts of Nigeria [9,10,11,12]. Outbreak$ salmonellosis caused by

!SalmoneIIaGaIImarum S.Pullorum,S. TyphimuriumandS. Enterltldls\have also been reported. - | comment [D2]: Are they serovars? Or species?

[10 12 13] For serovar, the right form is “Salmonellaserovars
Gallmarum Pullorum, Typhimuriurand Enteritidis
Increasing antibacterial dregesistance irBalmonellaspecies has been a serious problem for

public health worldwideln Nigeria, the increasing treatment failure witle tempirical therapy

in recent times among patients with salmonellosisessitates the need for frequent assessment
and reporting oantibacterial drugiresistance 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 drigysaggravating the situation. The
circumstances of occurrence and spread of antili@ctieug resistance is complex; however, a
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major cause is the widespread use of antibactérials 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 resistastgdies orSalmonellain the study area are
based on the use of isolates obtained from staupkes of patients wittsalmonellainfection
admitted into hospitalsfrRecent studies indicate that antibacterial drrggsistance genes are a
growing problem indicating the need to pay closterdion on the isolation dbalmonellain
blood and community acquisition of multiple antit@l drug resistance inSalmonella
[17,18].

With the emergence and continual increase in thdtiptes antibacterial drug resistance,
determination of antibiotic resistance along witindly diagnosis ofSalmonellainfection has
become a matter of vital importance. Blood cultisréhe only method that is routinely used for
determination of antibacterial drugs resistanc&aimonellainfection from blood samples of
patients. The results are obtained after nearlywarek; therefore the early detection of disease is
not possible [19,18]. Another major disadvantagéhé its detection rate is only about 30%.
Therefore, these necessitate the need for develtpohsome 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 focuseatment from the onset of disease [20].
Molecular methods can provide a major breakthraungthis regard. Polymerase chain reaction
(PCR) for rapid, sensitive and specific diagnosisSalmonellainfections has already been
developed. Therefore, this necessitate the us®&CE& for targeting specific genes suchggsA,
gyrB, tem sul2 andcatP genes irSalmonellasolates that can provide useful information about
its genetic resistance in the study area and Nigsriarge[21].

2. MATERIALS AND METHODS

(1) Teaching Hospital (Aminu Kano Teaching Hospijtéree (3) specialist hospitals (Murtala ;:Z”r‘r’];‘r‘]’ﬁs"cfic;“a’y' plesstininatetissekionsh
Mohammed Specialist, Mohammed Abdullahi Wase Sgisti@and Sir Sunusi Specialist

Hospital), one (1) General Hospital ( Sheik Wazfiidado General Hospital) and one (1) Private

Hospital (Khadijat Memorial Private HospitaBAll are situated within Kano metropolis. The

selected hospitals are reference hospitals intie where people from various parts of the state

and neighboring states of various occupations @tt€hey gave more than 70% of health care

delivery in the state at large.

2.3 Specimens

_ — | Comment [D5]: The method? How the blood
was sampled? In what kind container? How the
samples were transported to the lab? Were the

o samples directly used for subsequent analysis? If
N not, how thw samples were stored? For how long?
\ \{ Comment [D6]: Why here you need a }
% reference?
- {Comment [D7]: This part is not necessary. ]




2.5 Patients

Patients (in and out) who patronized the six (8gcted hospitals withsome or all clinical
symptoms ofSalmonellainfections (i.e. vomiting, diarrhoea, headachejamhinal pain, body
ache, breathlessness, weight lost, constipatioraandmia) recruited to signed the consent form
were used for the study.

Any patient (in and out) who brought his blood spemn to the laboratory reception of one of
the six (6) selected hospitals for widel test, maldest and other related blood tests recruited t

signed the consent form were used for the study. | - /{

2.5 Isolation and identification of salmonellagn-bloed-specimens

2.5.1; Presumptive isolation ofSalmonella

colonies ofSalmonellabased on cultural and morphological characteristitat is, transparent
colonies with black centre on SSA and pink colosesounded by a red medium on BGA, and
small red translucent and or dome-shaped colombgh may have central black spot due to
hydrogen sulphide production [22].

2.5.2; Purification of isolates

subsequent biochemical characterization.

2.5.3; Biochemical characterization ofSalmonella

Isolation and identification of organismsas-were carried out as described by ISO [23]
Habtamuet al [13];, andOIE [24]. A 24 h pure culture of each isolate waed to determine
their gGram stain reaction. The following biochemical testre carried out: Indole test, triple
sugar iron test, citrate test, methyl-red test, &oBroskauer test, lysine decarboxylase test,
ornithine decarboxylase test, urease test, sugehalbse, sucrose, inositol, glucose, dulcitol,
maltose, mannitol, melibiose, salicin, rhamnose arabinose) fermentation test and maotility

Analytical Profile Index (API) 20 E test kit (Biomieux, FranceYollowing the manufacturer’s
guideline

2.6 Sero-typing ofthe isolates

Biochemically identifiedSalmonellasolates were further tested for somatic (O) anddlla (H) -

antigens with polyvalenSalmonellaantisera (Oxoid, UK) according to Kauffmann White
Scheme [25] by slide agglutination test.

Comment [D8]: This part should be combined
with the section of Specimens

Comment [D9]: How did you inoculated and
incubated the plates? Time and temperature?
Aerobically or anaerobically? Did you inoculate
directly with the blood sample? How many mL you
used for inoculation? By spread or by striking?

Comment [D10]: What methods you used for
getting pure culture? In plates or tube?
Temperature and time for incubation? How do you
know a isolate is pure? After purification, how did
you store your isolates?

Comment [D11]: Please give the medium,
incubation temperature and time.

Comment [D12]: Please give the preparation
procedure, including incubation condition and time,
medium, etc. How the cells were collected? Did you
wash the cells? Did you justified the cell
concentration? How did you observed the results?




2.7 Test of antibacterial sensitivity of theSalmonella isolates

In-vitro susceptibility ofSalmonellasolates to various routine antimicrobial drugs wested by

the standard disc diffusion technique|[1]. _ - { Comment [D13]: Please give the medium,
77777777777777777777777777777777777777 incubation temperature and time. How did you read
the results or define a isolate is resistant?

2.7.1 Standardization of inoculum

This was done as described by CLSI [26]. Pure ceilod identifiedSalmonellaisolate (s) from
an 18-hour plate culture was selected. Sterile Woiop was used to pick 2 toc®lonies of each
Salmonellaserotype and emulsified in 5 ml of sterile normaliree. The tube containing the
bacterial suspension was inserted into a sensit#ptelometer (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.

2.7.2 Inoculation of test plates

Optimally, within 5 to 10 minutes after adjustingetturbidity of the inoculum suspension, a
sterile cotton swab was dipped into the standadd&espension in Mueller-Hinton broth. The
dried surface of a 20 ml Mueller-Hinton agar platea 100 mm disposable plate (STERILIN,
UK) was inoculated by streaking with the cotton Bvever the entire sterile agar surface. The
inoculated plates were air dried at 37°C to allowdny excess surface moisture to be absorbed
before applying the antibacterial drug discs [26].

2.7.3 Application of discs to inoculated agar plae

All positive cultures ofSalmonellaspecies isolated from blood samples were teistattro for
susceptibility to different antibacterial drugs dgar diffusion technique as described by Kirby-
Bauer [27] and WHO [28]. This was carried out adomy to WHO protocol [29]. The
susceptibility testing oBalmonellasolates were carried out using Mueller Hintonrasyad were
testedin vitro for susceptibility to five (5) different antibaci@ drugs namely; ampicillin (25u),
chloramphenicol (30p), ciprofloxacin (25u), nalidix acid (30p) and Trimethoprim-
sulfamethoxazole (30u) [39].

2.8lsolation of genomic DNA of Salmonellae

Out of one hundred and four (104) salmonellae tedl@n this study, twenty one (28aimonella
isolates were subjected to DNA extraction afteredaining their antibacterial drug resistance
using disc diffusion test using standard protodd®,[21]. The twenty one (21) isolates used
comprises of seven (7%almonellaTyphimurium, six (6) SalmonellaTyphi A, three (3)
SalmonellaParatyphB and C each and two (SgalmonellaParatyphiA.

2.9 Polymerase-ChainReaction{PCRDetection of Antibacterial drug Resistance Genesf
in the
— Salmonella Isolatesby Polymerase Chain Reaction (PCR)
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Polymerase chain reaction (PC# {
isolates-wergvascarried out using various prlmer SBIsdetect thtBF vaneusannbacterlal drug

resistance gen@—agamst tothe five (5)—seleete<hnt|bactenal drugwanous—pnmepse%s—were

singl he real time and

include; sul F 5 --TCA ACA TAA CCT CGG ACA G'F-3’ and su|216R 5_-GAT GAA GTC __ - { Comment [D14]: What is the meaning of the

AGC TCC ACC T-3' for trimethoprim-sulfamethoxazolesistant gengtent ° F 5-GCA CGA | 'etter insuperscriptin this case and alo other cases

in the same paragraph?

GTG GGT TAC ATC GA-3' andtenm® R 5--GGT CCT CCG ATC GTT GTC AG3 for
ampicillin resistant genera:neLcatP4 F 5--CCT GCC ACT CAT CGC AGT3 andcatPR 5--
CCA CCG TTG ATA TAT CCG3’ for chloramphenicotesistant genegyrA™ F 5-TAC CGT
CAT AGT TAT CCA CGA-3' and gyrAllR 5-GTA CTT TAC GCC ATG AAC GT-3 for
ciprofloxacinresistant geneandgyrB™F 5--GCGCTGTCCGAACTGTACCT-3-andgyrB*R
5'-TGATCAGCGTCGCCACTTCC-3or nalidixic acidresistant genf30, 21]£

- {Comment [D15]: Please give the full gene name‘}

2.10 Statistical analysis of results

Statistical Package for Social Science (SPSS) aers# was used [31]. Descriptive statistics
were used to categorical (frequency percentagegblas. Chi-square test analysis was use to
determined association between the resistant feBalmonellasolates and antibiotics activities.

3. RESULTS

Bacterial isolation. Please add the isolation results: how many specnare samples from
each hospital? How many bacterial isolates weraiobt from each hospital? The % of
Salmonella positive specimens, etc.

Salmonella identification by biochemical characterization. Please give the results of
biochemical characterization and identificatiorutesbased upon these characters.

Serotyping of theSalmonella isolates.Please move the serotyping results here!

The result ofin vitro —antibacterial drug susceptibility testiegSalmonellaselates—using-disc
diffusion-testdemonstrated that of the five (5) antibacterialgdrtested, most of tH4 isolates

(92.3%) was significantlyR > 0.05) resistant to ampicillin. They were alssistant to nalidixic
acid, chloramphenicol, and cotrimozaxole in dedreperder with 77.9%, 30.8%, and 16.3%
resistance rate respectively. Ciprofloxacin remaiaffective against all thBalmonellaisolates
tested with exception of one ($aImonellasolate representing 1.0% resistance%ﬁ&ble—% B - ‘{Comment [D16]: This table can be deleted ,

because all the data have been presented in text.
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From the result of disc diffusiotest ©out of 104 Salmonellaisolates tested, 36almonella
Typhi, 33 SalmonellaTyphimurium 13 SalmonellaParatyphi C and SalmonellaParatyphi A
were found to display a high resistant to ampitilln contrast, albalmonellaParatyphi Bested
isolateswere resistant to nalidixic acigith—(11 resistantisolatestrainsrepresenting 100%
followed by ampicillin with—(10 resistantstrainsisolatesrepresenting 90.9%resistance—rate
respectively However, only oneSalmonellaTyphi isolate was feund—te—beresistant to
ciprofloxacin. The relationship betwe&almonellaserovars and antibacterial drugs tested was
not statistically significantR > 0.05) (Table 2).

o

Table 2: Antibacterial drugs resistance profile ofSalmonella serovars isolated from blood
of patients presented to hospitals Kano Nigeria.

o )

Antibacterial drugs / Salmonella serovar (No. tested)
Disc potency (ug) S—————— S S s— s __— { Formatted: Spanish (Mexico)
Paratyphi A Paratyphi B Paratyphi C Typh Typhimurium
(n=5) (n=11) (n=14) (n=39) (n=35)
-“ - - — W W WM W  V 0 0 - - ‘{Formatted: Font: (Default) Times New
N AMP(25) 5(100) 10(9p.  13(92.9)  36(92.3) 33(94.3) . fomen Spansh (lexco
"~ _ | Formatted: Spanish (Mexico)
CH(30) 2(40.0) 3(27.3)  4(286)  14(35.9 9(25.7) | Gormatd: ront: (Oefut) Times New
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(82.0) 21(60.0)

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

Detection of resistant genesThe resuls of the determination of antibacterial dsugsistance

by targeting specific genes iBalmonellaserovars tested by real-time PCR technique were

shown inFig. lplatesiaIb-andlc.-The conditions were optimized for-amplification girA,

gyrBandtem-genes In this study,no gyrA gene amplicon was obtained, althousfidy-one

SalmonellaTyphi strain was resistant to ciprofloxacin phempitglly. Howeverfrom-the-PCR
Meanwhile,

result-there-was ngyrA gene-amplicon-obtaingglatela). Meanwhile
Fromplatetb-gyrB genes (315bp) were amplifiedit-of-thirteen-{3)-Salmonellasolatestested,
elght—és}ampheeﬂs—efgyrB genes (315bp) were amplifigcbm 8 of the 13Salmonellaisolates

(Fig. Ib), and:
(311bp) were amplifieffom 9 of the 13 isolat’e(glatdiig Ic).

ahgenes

ENL

313bp

_ - ‘[ Comment [D17]: This figure can be deleted.
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Comment [D18]: You can reduce the size of
photo by cutting off the margin
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) ‘[ Comment [D19]: The quality of this figure is

low.

KEY : M= 1000bp DNA marker (A, E, J and N)? € Positive control; G= Negative control

45 6 7 8 9 10 112 113 C C
WELL

bp = Base pair.
M 1 2 3

311bp

Plate Ic: 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. o
Fig. 2 presentdelate-H revealedthe resuls of multiple PCRdetermination-obntibacteriakdrug

resistance-byargetingto th spemﬂcresstancagenes wSaImoneIIaserovar&esteeby—mainlex

RCRiechriaqe
the elght(8)§a+meneuasolates testedwe—eza—ampheens—efsuIZ genes (707bpn two isolates
andene{Hamplicen-ofatP (623bp)in onewere amplified.




Comment [D20]: You can reducing the size of
L the photo by cutting off the margin

| PlateHFig. 2: Gel electrophoresis ofatP 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.

PGR—teehque—had—ene—er—bamn and gyrB gends were detected in some of tﬁalmonella
isolates Temgene has a higher frequenafy(5 isolates38.5%9 compared t@yrB genewith-(4
isolates,30. 8°/§ In addition,all the four {4)-Salmonellaisolateswerefound-tcharboumg beth ,Tomment [D21]: These two sentences are }

7777777777777777777777777777777777777777777777777777777 contradictory. 58.5% and 30.5% and not “all the

temandhe gyrB gene also presented thiem genetegetherwith30-8% Similarly-there-was o
e0nly one SalmonellaTyphi strainwasresistant to ciprofloxacin phenotypicallyut ;- frem-the :

PGR—Fesuk—ne—amplmeanen—of the corresponqu germyrA genrewas not detectedbtained

~ - Comment [D22]: When you say “significant
correlation”, you should give the data.
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Ot T T

- -| Comment [D23]: All the data are presented in
text and this table can be deleted.

In this study, out of the eight (§almonellasolates tested by multipted®CR techniquderthe
deteetion—efantibiotic resistance gesesul2 gere—fwas detected in two isolates—higher

frequeney—of(25.09% and eempared-tecatP genewas detected in another isolatt: (12.5%).
Five {5)-Salmonellaisolates(62. 5%)wer—e—feund|d not gresenﬁe—ha#bewanyeneof the two

genegepresenting2.5% N
togetherThere |§ no S|gn|f|cant correlatlon betvveen thespree of any of the two genele
andcatP) \and resistance to chlorampheniaol cotrimoxazol€Table 4). __ | Comment [D24]: If this results are true, why you
77777777777777777777777777777777777777777777777777777777777 think these two genes are specific for the resistance
of these antibiotics? This should be discussed latter.

(4]

&
0Y)
no
o
an
©

D

o
=
=
(\S)
an

1))
D
()
n
[(»]
(=]
(]

[}
D
()
an
[02]
(S
a1

__ - | Comment [D25]: This table should be deleted
77777777777777777777777777777777777777777777777777777777777777777 and all the results have been presented in text.

11



Discussion

In this studyeu%e#%—ﬁve—é)a%bae@ﬁddmgs&es&e@ﬂn@ﬁedﬁas@n—testmost ofthe

(P< 0.05) with 96 resistant strains representing @28 theSaImoneIIalsoIateséBplawngJehe SuRROTEEn
highestlevel-ofresistanee followed by nalidixic acid with 81 resistant stra representing
77.9%. SalmonellaTyphi, SalmonellaTyphimurium SalmonellaParatyphi C andgalmonella
Paratyphi A were found to display a high resist@anampicillin. In contrast, alSalmonella
Paratyphi B tested were resistant to nalidixic agith 11 resistant strains representing 100%.
Ciprofloxacin remained effective against all tBalmonellaisolates tested with exception of one
(1) SalmonellaTyphi isolate representing 1.0% resistance rate. Howetver, relationship
betweenSalmonellaserovars and antibacterial drugs tested was ntstgtally significant p >

0.05). This work is in consonance with the findimgsAsmaet al.[21], Hemalatheet al.[32], - { Formatted: French (France)

Malla et al.[33]; Gautumet al.[34] and Abdullahi3s].

The highest significant resistande € 0.05) of Salmonellaisolates to ampicillin and nalidixic
acid could probably be due the usage oéntibacterial drugsisagein the study area which is
possibly the most important factor that promotes ¢lmergence, selection and dissemination of
antibiotic-resistant microorganisms in both vetennand human medicine [32, 10]. However,
the rate of development of resistance appearsue hecelerated in the past decade and today
multiple resistantSalmonellaconstitute a global problem [36]. It has been oles that
antibacterial drug susceptibility ofSalmonellaisolates is not constant but dynamic and varies
with time and environment. This therefore demarmasrteed for periodic screening of common
bacterial pathogens for their antibacterial drugcsptibility profiles in different communities.
There is strong evidence that the use of antibattdrugs can lead to the emergence and
dissemination of resistant salmonellae, which t@mte passed onto people via food or through
direct contact with animals. During recent yeaeswhde spread use of antibacterial drugs in the
field of veterinary medicine have resulted in tlevelopment of increasing number of bacterial
strains possessing resistance to many antibactitigk. The property of multiple antibacterial
drugs resistance could be transferred through gatippn from resistant strains of salmonellae,
to another by means of plasmid, which occur in ghgem of the donor bacterium and multiply
independently of the chromosomal DNA. Thus a neetdraum with resistance factor emerges
that is resistant to one or more antibacterial slrdg another instant the high resistance of
Salmonellaisolates to commonly used antibacterial drugs rebably due to some factors
ranging from the use of fake antibacterial drugsjs@ and misuse of those antibacterial drugs
found commonly in circulation amona the generalulace and health resources centers [36,
34]. Stz eatk BOTHGENES  NO GENE

Abdullahi; [35] reported thatacquired antibacterial drugs resistance is a grgwiorldwide
problem due to the increasing use of antibioticshiimans, animals, and agriculture. In
developing countries the situation is particulasirious for the following reasons: In many
countries, antibacterial drugs can be obtainedideitsf recognized treatment centres, and taken
without medical authorization or supervision. Thesds to inappropriate use of antibacterial
drugs and their being taken at sub-optimal dosagdsfor an insufficient length of time. Often
the high cost of an antibacterial drug, resultarinncomplete 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 act#veal drugs sold in local markets are sub-
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standard or expired antibiotics. Guidelines regagydhe selection of antibacterial drugs, correct
prescription, and information about antibacterialgdresistance and how to minimize its spread
are not communicated to those purchasing the artimials. Antibacterial drugs are often
prescribed when they are not needed or for selfiiginfections, e.g. diarrhoeal disease and
viral respiratory infections [22, 35].

Other overlapping problems are worsening the sdoategarding typhoid fever and other
Salmonellainfections within Africa: the failure to controhe¢ spread of th&almonellaspecies
involved, due to unclean water, poor sanitation)noigition, the failure to control resistant
organisms and resistance genes so that, when iorfecoccur, they produce more adverse
consequences. It is perhaps obvious, if unaddresisadpoor 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 fawk need to be strengthened to protect the poor
[37].

Broad spectrum antibacterial drugs are frequentgduprophylactically, e.g. tetracycline.
Laboratory facilities for accurate diagnosis analation of pathogens are often not available,
resulting in an overuse and inappropriate use tbacterial drugs [38]. Many countries do not
have effective surveillance of important antibaielerdrug-resistant bacteria. Training and
facilities for performing standardized antibacteriiugs sensitivity tests are often lacking.
Developing countries are often unable to affordtlgosecond-line antibacterial drugs to treat
infections due to resistant organisms. This regultprolonged illness 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 ciprofloracialidixic acid, ampicillin,
cotrimoxazoleand chloramphenicolusing the disc diffusion tesThe genes responsible for
antibacterial drug resistance were identified totdra (ampicillin), gyrB (nalidixic acid),catP
(chloramphenicol), andul2 (co-trimoxazole). It is noticeable thanly 1(1.0%) Salmonella
isolate was found resistant to ciprofloxacin; no pdoon of specific gene dyrA) for
ciprofloxacin resistance was obtained. In additifmur (4) Salmonellaisolates were found to
harbour bothtem and gyrB genes together. There was a significant correlatietween the
presence of any of the two genes and resistanamgicillin and nalidixic acid These findings
are in line with thevorks of Asmaet al.[21] and Haquet al.[19].

Among the clinically and economically importeemtibacterial drugsesistance genes are those
of temandgyrB producing high level resistance to ampicillin aradidixic acid, the most widely
used antibacterial drugs in clinical and veterinangctices. The reservoir of resistant bacteria in
food animals implies a potential risk for transéérresistant bacteria, or resistance genes from
food animals to humans [39, 40]. Howewvelnserved in this study diverse point mutationshim t
tem gene have contributed to the emergenceeoftype 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 accessabdixic 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 figainolones [42,15].
This fact is possible since to acquire new propsrbacteria must undergo a genetic change.
Such a genetic change may occur by mutation obyatquisition of new genetic materials
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acquired by the transfer of resistance genes ldcateplasmids or transposons from one
bacterium to another [22].

Five (5) of isolates did not contain any onesaf2 or catP. Guerraet al [43] also had similar
experience with this study. Resistance to cotrimoleawas exclusively mediated lsyl2 [43].
Very few catP genes have been detected previouslgatmonellaisolates, butatP genes are
also widespread among other Gram-negative bag#3]a

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

5. Conclusion and Recommendation

The result ofin vitro — antibacterial drug susceptibility testing@dilmonellaisolates using disc
diffusion test demonstrated thet-the—five(5)antibacterialdrugstested;most of the isolates
(92.3%) was significantly { > 0.05) resistant to ampicillin followed by nakd acid,
chloramphenicol, and cotrimozaxole in decreasingleor Salmonella Typhi, Salmonella
Typhimurium SalmonelleParatyphi C an&almonellaParatyphi A were found to display a high
resistant to ampicillin. In contrast, &lalmonellaParatyphi B tested were resistant to nalidixic
acid with 11 resistant strains representing 100%wéVer, ciprofloxacin remained effective
against all theSalmonella isolates tested with exception of one ($almonella Typhi
representing 1.0% resistance ratelowever, the relationship betwe&almonellaserovars and
antibiotics tested was not statistically significéh> 0.05).

Wmost 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 gengang, gyrB and resistance to ampicilland nalidixic acid;\l.f - ‘{Comment [D27]: Then, why you believe that

these genes are related to the resistance?

7777777777777777777777777777777777777 _ _ - 7| Comment [D28]: This conclusion has no
relationship with your results

To reduce this antimicrobial resistance, publiclthegeference laboratory with a tool to produce
standardized antimicrobial susceptibility test Hsswf antimicrobial susceptibility tests are
important for clinical treatment plans; adequaterimation 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),rdemf susceptibility of organism can assist in

14



determining the length of therapy (but not the dialgtor) and choice of cheaper antimicrobial

agents with less side effects [45, 6] _ - 7| Comment [D29]: These are not conclusion
777777777777777777777777777777777777777777 related to your results. Also, no references are
needed for conclusion.
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