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ABSTRACT

The research study on the biochemical characterization and antibiogram pattern of Proteus mirabilis isolated from
patient suspected with urinary tract infections attending Sickbay hospital Ahmadu Bello University, Zaria was
carried out. A total of 100 urine samples were collected from patients suspected with urinary tract infections, and
screened for Proteus mirabilis using standard microbiological methods, out of which 20(20%) tested positive. The
result shows that Streptomycin 20(100%), Erythromycin 17(85%), Ciprofloxacin 14(70%), and Sparfloxacin
15(75%) have the highest activity against the isolated Proteus mirabilis. While Proteus mirabilis recorded high
resistance to Amoxicillin 20(100%), Tetracycline 19(95%), and Zinnacef 16(80%). The isolated Proteus mirabilis
showed multiple drug resistance ability to the antibiotics used. It is concluded that all the antimicrobial agents that
were found to be active against the test organisms can be used as the first-line drugs of choice for the treatment of
urinary tract infections caused by Proteus mirabilis. Those antimicrobial agents that showed relative inactivity
against the isolated Proteus mirabilis should be discouraged in the treatment of infections caused by the bacterium.
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INTRODUCTION

Among long-term care residents, urinary tract ititets (UTIs) are the second most common infectesponsible
for hospital admission, second only to pneumonidlsltan result in sepsis if not recognised andtécbaapidly.

Failure to treat or delay in treatment can result imortality rate of 20%-50%. Other factors tmaréase infection
rates include; sex, duration of catheterisatiomeuntying iliness, faulty catheter care and laclsygstemic antibiotic
therapy. Infections occur either by migration otesia up to the catheter along the mucosal shaaly migration

up to the catheter lumen from infected urine [1].
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Despite recent advances in the diagnosis and ashnztion of effective antibiotics in the treatmefiturinary tract
infections, yet many microorganisms such Risteus mirabilis are becoming resistant to the commonly used
antibiotics used in the treatment of urinary tradections by virtue of the bacterial ability togoluce beta-
lactamase and acquisition of resistant plasmids. Theref@eriodic determination of the bacterial antibiogram
pattern is imperative to detect any developmeniesistance against previously active drugs. Theares went a
long way to determine the first line drug of choiwebe used in the treatment of diseases causeerdigus
mirabilis[1].

The main aim of this research work is to isolat®cbemically characterize and subject tReoteus mirabilis
isolated from patients attending Sickbay Hospifalria to antibiotics susceptibility test. The resbas based on
the biochemical characterization and antibiogranPratteus mirabilis isolated from patients suspect with urinary
tract infections. Molecular and serological chagagations of the isolates are beyond the scoplei®ttudy.

Proteus mirabilis was first discovered by a German scientist namest& Hauser [2]. Hauser named this genus
Proteus, after the character in Homer’s the odyssey treg good at changing shape and evading being guoedtio
[2], a name that seems apt given this organismnmcability to avoid the host’s immune systePmirabilisis a
gram-negative, rod-shape bacterium that can bedfasrpart of the micro-flora in human intestineistérganism is
not usually a pathogen, but does become a probleem\t comes into the other parts of the bodys lbrie of the
species within th@roteus genus responsible for causing urinary tract indestin thousands of people each year in
hospitals.Proteus mirabilis is the common pathogenic bacteria associated withary infections that occur in
hospital settings and ninety per cent of bactedils involve Proteus infections [3]. Its genome codes for at least
10 adhesion factors making this organism extrerabky and motile Proteus mirabilis tests indole-negative, and
can be easily identifiable in a blood by formingamcentric rings of its swarming movement [2] adH [

Proteus mirabilis causes infections in human only when the bactegase the intestinal tract. They are found in
urinary tract infections and produce bacteremigupmonia and focal lesion in debilitated patientthose receiving
intravenous infusionProteus mirabilis causes urinary tract infections and occasionahgmwinfections.Proteus
mirabilis and other non-fastidious gram-negative rods arstlinencountered significant isolates in many clihi
specimens in all part of the world [5].

Proteus mirabilis is normally found in the human intestine with atlseganisms composing a highly complex in
micro-flora. They also inhabit other external enmiments, and are specially prevented in hospitadsheealthcare
facilities by using disinfectants. Interestingl), mirabilis have been known to inhabit skin & mucous of both
patients and personnel working in these environmetich may be the primary vectors for pathogeyi@i.

Urinary tract infections (UTIs) are very painfuldanan become lethal if the infection spread to lo#lystem in the
body. After pneumonia, urinary tract infections #re most common problem in long-term hospitalgrds. These
infections are becoming more difficult to treat ese forty-eight per cetroteus mirabilis strains are resistant to
amoxicillin, penicillin, flouroquinolones and othdéroad range activity antibiotics. The pH of urirseusually
neutral or slightly acidic, but when a patient waaratheter for extended period of time crystallieposited from
the urine form a crust around the catheter andrettsurine from moving through the urethra. Therasted
crystals on the catheter gitRe mirabilis the opportunity to colonise in large numbers anbytdrolyse the urea, thus
increasing the environmental pH through the prddaatr ammonia [7] [8].

Metabolically,Proteus mirabilis is involved in urease production which is thenwated to ammonia. This may be
one of the reasons the pathogen is so succesgfaldnizing the urinary tract and causes infectrohumans [9].
Mobility in Proteus mirabilisis highly complex as they engage in several diffekinds of movement depending on
the specific environment they are inhabiting. Maisthese movements are directly tied to the difiéed expression
of flagella and other factors. When in liquid eviment, normally movement is facilitated by swamgniHowever,

in more viscous and solid environmerfsmirabilis have the ability to differentiate in elongated,ltimucleated,
highly flagellated cells, which then allow themntmve together over solid surfaces at a very higg [D].

The activity, known as swarming, is a primary fagtosuccess dProteus mirabilis in causing complicated urinary
tract infection and other more serious bladder kigthey infections. Urinary tract infections (UTlglue toP.
mirabilis are usually a secondary result of long-term catigdtion in those who have the urinary structural
abnormalities [11].
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The bacteria’s ability to swarm over surfaces afldivem to ascend up the urethra, eventually ingatlie bladder
and kidney, and lead to more complicated problemsh as bladder/kidney stones. In rare cdesirabilisis able
to enter the bloodstream inducing a systemic infietion response syndrome (SIRS), which has a nitgrtate of
20%-50% [12].

Proteus mirabilisis a common pathogen responsible for complicatadhty tract infection (UTIs) that sometimes it
causes bacteremia. Most casesPofmirabilis bacteremia originated from UTI, however, the rigictor for
bacteremia and mortality rate frof mirabilis UTI have not been determineioteus mirabilis are resistant to
some antibiotics and it has the ability to form -Bims. Therefore, the periodic determination oftibiotic
susceptibility pattern of the bacterium is imparatin order to detect an emergence of resistanpeeigous active
drugs [13].

Under suitable conditiorRroteus mirabilis is an opportunistic pathogen which invades andeaeptic lesion at
other sites of the body. They have been isolatenh finfection of wounds, burns respiratory tractegyears and
throat [14].

Proteus mirabilis causes urinary tract infection primarily througtdivelling catheters. Usually the urinary tract
system can wash out the microbes before they adatenuiut the catheter prevents this from happeringteus
mirabilis can then adhere to the inside and outsides afdtieter, forming bio-film communities. Once esisti®d,
these microbes pass through the urethra via swgrmatility to the bladder. mirabilis binds to bladder epithelial
cells where it eventually colonized [6] [8].

Proteus mirabilis infection can lead to the production of kidney diddder stones. The bacteria colonized the
stones as they form, making them less accessilaetioiotic attack [15].

There are four possible mechanisms by wHchmirabilis can used to evade the host defences. The fittbteis
production of an IgA-degrading protease which fiort to cleave the secretory immunoglobulin A (IgRA is
released by the host in an initial response tcciida [16].

The second immune system evasion mechanism isghrthree unique flagellin genes, which have bé&emws to
recombine and form novel flagella capable of tmckthe host’s defence [17].

The third is through expression of MR/P fimbria&ey go through the process called phase variatonhich the
expression of flagella is found in some cells bott in others of the same population [16]. The fartachanism is
the urease-mediated stone formation. Producticermofionia by the action of urease result in stonm#tion, and
these stones in turn help to protect the bact&fh [

Proteus mirabilis is a primary pathogen in urinary tract, and cawsgary tract infections. Infection by. mirabilis
occurs more commonly in patients with irregularynétioning urinary tract or in patients requiringng-term
urethra catheterization [6].

As an opportunistic pathogen, urinary tract infeet caused by this bacterium are more common irelidherly
individuals [18].

The pathway for infection begins whé&n mirabilis enters the urethra. The bacterium’s motile abditieen allow
movement and colonisation of the bladder and tHadys. After colonising the bladdét, mirabilis then produces
fimbriae and adhesions that bind specifically tinary tract mucosal surfaceBroteus mirabilis also produce
urease, which hydrolyses urea to ammonia, causingplication such as cystitis, acute pyelonephaitid formation
of kidney and bladder stones [6] [8].

Current biotechnological research has focused eBldping methods to prevent urinary tract infecti@maused by
P. mirabilis. Several studies have tasted vaccines that usddbieria’'s outer membrane, which the humoral
immune system responds again. Future researchdshddless ways to extend such methods of vaccimagainst
other causes of urinary tract infection [19].
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The bacteria can be found throughout the kidnegestpand this bacteria lurking in the kidney stoae reinitiate
infection after antibiotic treatment. Once the s®rdevelop, over time they may grow large enouglcaiose
obstruction and renal failur@roteus species can also cause wound infections, septiaaamd pneumonia, mostly
on the hospitalized patierroteus mirabilis in an alkaline urine sample can easily be diaghdsehe laboratory
due to its characteristic swarming motility andhitigy to metabolise lactose on MacConkey agargdatilsoP.
mirabilis produces a very distinct fishy odour [6] [20].

Proteus mirabilis makes several different fimbriae that promote attireto the mucosal surfaces. One of these
fimbriae, called the mannose resistafteteus-like fimbriae, has been highly present in patiessociated with
urinary tract infections [11].

A mannose resistan¢®oteus-like gene (MrpH) present in thrarp operon ofMrp fimbriae has been recently shown
to be essential for functional adhesion of MR/ptfitae [21].

Proteus mirabilis can be commonly present in healthy individual agt pf the normal mucosa. The bacterium
becomes a significant problem mostly in individtlaat have vulnerable immune system and are in daofye
nosocomial transmission, such as hospital pat[@2is

Current study shows that there are a number obiatitis that were once effective agaiRsimirabilis that are now
useless due to the extended spectrum beta lactarftaBSBLs). These are enzymes that pass throughmidssnd
are found in the most of the faminterobacteriaceae. These plasmids are found within abscesses, btaiteter
tips, lungs, peritoneal fluid, sputum and throaltture. Detected in the 1980’s Klebsiella and Esherichia coli,
these enzymes were found to hydrolyse antibiotghatsporin thus making it ineffective. The ESBbscome
highly dangerous when produced in copious amowatsyeying resistance to a large number of antidsotised.
The spread of these plasmids is primarily prevaletie healthcare facilities where patients haxtereded hospital
stays, are using catheters, are within the intensare unit (ICU), have had recent surgery or @miaistered
consistently with antibiotic [22] [23].

MATERIALSAND METHODS

Collection of Specimen

Total of 100 early-morning, mid-stream urine speas and urinary catheter swabs were randomly ¢etleitom
patients attending Sickbay Hospital, Ahmadu Belluvdrsity, Zaria and transported immediately to Mhbology
laboratory, Nigerian Institute of Leather and Scieifechnology, Zaria for processing.

Sample processing

The collected urine samples were centrifuged atsgreed of 1500 rpm for five minutes. The superratarere
discarded, and the residues left (and the colleatigdhry catheters) were collected using non-pynagewab sticks
that were previously moistened with physiologicaliree, and aseptically inoculated on the surfaceCgétein
Lactose Electrolyte Deficient (CLED) agar, and ipated at the temperature of @7for 24 hours under aerobic
condition. The culture plates were then examineer afvernight incubation for the presence of swagrgrowth
characteristic of the organism. A portion of thdtuned colonies with swarming growth was picked aut-
cultured on the blood agar and incubated at thg@éeature of 3T for 24 hours so as to obtain a pure culture. The
suspected colonies were Gram stained and obsexedhé preliminary identification ofProteus mirabilis.
SuspectedProteus mirabilis colonies were isolated and characterized biochatyiasing Citrate, Urease, Motility
and Methyl Red, Indole and Voges-Proskauer testsyedl as triple sugar iron utilization test as ptgol by Baker
[24].

Biochemical identification of the isolated Proteus mirabilis
All isolates suspected to Weroteus mirabilis on the basis of their cultural appearance, prelimyi microscopic
identification and morphological characteristicsaviglentified biochemically using various tests.

a. Triple Sugar Iron (TSI) Test

The triple sugar iron was prepared in such a waytthere is slant and the butt. With a sterilizedight inoculating
needle, the isolated colony was picked from thé&swmledia and stabbed the TSI medium up to the dudt then
streaked the surface of the agar slant. The caplefiaosely and incubated at temperature of23for 24hours.

4
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After the incubation, black precipitates were obedron the TSI and also a reddish or yellowish wation to
signify acidic or basic utilization. The appeararudeblacked butt indicates hydrogen sulphide préidac(H,S)
[25].

b.Citrate Test

The agar was prepared in a slant form. A colonthefisolated bacteria was picked and inoculate@iommon's
citrate agar slightly on the slant surface by tanghhe tip of the media and then incubated a€3or 24hours in
such a way that after incubation, a blue precipitdiserved as the positive result [25].

C. Urease Test

The urease agar slants were inoculated with aguoadi the bacterial colony, and the slant was iated at 37C for
24 hours. If the organism produced urease enzythes;olour of the slant changes from light orargenagenta.
But if the organisms did not produce urease, taptsind the butt remains orange in colouration.[25]

d. Indole Utilization Test

This is used to determine the ability of an orgamts split amino acid tryptophan to form compoumdled indole.
The tryptophan was inoculated with emulsified isatdiacolony of the test organism in the tryptonelordhe set up
was incubated at the temperature oiG3%r 24hrs, after which a 0.5ml of Kovac's reageas added to the broth
culture. The Indole reagent retained its yellowooolindicating a negative test. While a positivacteon was
determined by the development of a red coloureg oim the reagent layer floating on the broth withite minute
[25] [26].

e. Methyl Red and Voges Proskauer (MR-VP) Tests

About 5ml of glucose broth was inoculated and irtat for 48 hours at 32, after the period of incubation, 1ml of
the broth was transferred to a small serologicstl tigbe, and 2 drops of methyl red was added. Wollp addition
of the indicator, a red colour precipitate sigrsfgositive methyl red test. While a yellow colovegpitate signifies
a negative test. A heavy inoculum of the test cisjarwas inoculated into Voges-Proskauer mediumaioet in
different test tubes. The tubes were incubated& 8r 48 hours. After which 0.5ml of alpha-naphthals added
followed by 0.5ml of 40% KOH. It was then agitatedd allowed to stand for 30 minutes; a red to malour
signifies a positive test [25] [26].

f. Motility Test

The motility medium in a test tube was inoculatgdstabbing to a depth of 2mm. The tubes were inteabat 37C
for 24 hours. A positive result was indicated bglaudy and distinct line of inoculation. A negativesult was
identified with sharp indistinct inoculation lingg] [26].

Antimicrobial Susceptibility Test

Susceptibility to antibiotic agents was determitgdusing disk-diffusion method. From the Nutriegar plate,
bacterial colonies were transferred into McCartbetfles containing sterile normal saline to obtaéwterial density
of 3x1¢ organisms per milliter as determined by McFarlatghdard scale number 1. The culture was streaked
uniformly onto freshly prepared Nutrient agar ptatesing disposable sterile swabs. The plates wensea to dry
briefly, and then discs of multiple antimicrobiagre mounted on the surface of the streaked inawulThe plates
were incubated at 3Z for 24 hours. Following overnight incubation, thelture plates were examined for the
evidence of inhibition. A meter rule was used tcaswge the zones of growth inhibition [25] [26] [2The isolates
were recorded as slightly sensitive, moderatelysisier, highly sensitive or resistant to the copa@wding
antibiotics by comparing the values obtained wite tecommended standard charts given by NCCLS [ZH]
Antibiotic susceptibility patterns of the isolatedganisms were therefore tested against some coljnused
antibiotics, which include; Streptomycin (S), Spat&cin (SP), Ciprofloxacin (CPX), Gentamicin (CNgeptrin
(SXT), Tarvid (OFX), Pefloxacin (PEF), Zinnacef (ZRocephin (R), Ampiclox (APX), Augumentin (AU),
Amoxicillin (AM), Erythromycin (E) and Tetracyclin€lET).

RESULTSAND DISCUSSION

TABLE 1: shows the prevalence Bfoteus mirabilis in the study area. The total prevalence of thddvecwas
found to be 20% out of the total 100 samples arealyz
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TABLE 2: shows the biochemical characterizationtloé isolatedProteus mirabilis. The predominant of the
suspected isolates following preliminary culturaldamicroscopic analysis were found to Beoteus mirabilis
species.

TABLE 3: Shows the antibiotic susceptibility pattesf the isolatedProteus mirabilis. Streptomycin, Sparfloxacin,
Ciprofloxacin, Pefloxacin and Erythromycin recordbijh activity against the bacterium. While, thelaed
bacteria were found to be relatively resistantrttibéotics such as: Gentamicin, Augumentin, Amalitj Zinnacef,
Rocephin and Ampiclox.

Table 1: Prevalence of Proteus mirabilisin the study area.

Isolates POSITIVE NEGATIVE Prevalence (%)
Presence dProteus mirabilis 20 80 20%
Absence oProteus mirabilis 80 20 80%

Total 10C 10C 100

Table 2: Biochemical characterization of the isolated Proteus mirabilis.

ISOLATE TSI CITRATE UREASE MOTILITY MR VP INDOLE INFERENCE

SP.13 R.-"IIJ'"'HZS . . i i - - P. mirabilis was isolated
SP.20 R.-"IIJ'"'HZS " " + + - - P. mirabilis was isolated
SP.25 R.-'II}""'HZS " " " " - - P. mirabilis was isolated
SP.27 R.-"IIJ'"'HZS " " " " - - P. mirabilis was isolated
SP.37 R.-"Iy"'HzS " " " " - - P. mirabilis was isolated
SP.41 R.-"IIJ'"'HZS . . i i - - P. mirabilis was isolated

Key: MR= methyl Red; VP= Voges Proskauer; R=Red; Y=Yellow; H,S=hydrogen sulfide; TS= Triple Iron Sugar

Table 3: Antibiotic susceptibility trends of the isolated Proteus mirabilis.

ISOLATES ANTIBIOTICS DISC RESISTANCE SLIGHTLY MODERATE HIGHLY
POTENCY SENSITIVE SENSITIVE SENSITIVE
1 Streptomycin 30 ng 0(0%) 0(0%) 0(0%) 20(100%)
2 Sparfloxacin 10 ug 2(10%) 1(5%) 2(10%) 15(75%)
3 Ciprofloxacir 10 e 0(0%; 3(15% 3(15% 14(70%
4 Chloramphenicol 30 pug 6(30%) 10(50%) 3(15%) 1(5%)
5 Septrin 30 ug 10(50%) 4(20%) 3(15%) 3(15%)
6 Tarvid 10 pe 2(10% 10(50% 4(20% 4(20%,
7 Pefloxacin 30 ug 2(10%) 1(5%) 3(15%) 14(70%)
8 Gentamicin 10 ug 8(40%) 8(40%) 4(20%) 0(0%)
9 Augumentin 30 ug 17(85%) 2(10%) 1(5%) 0(0%)
10 Amoxicillin 30 ug 20(100%) 0(0%) 0(0%) 0(0%)
11 Zinnacef 20 ug 16(80%) 4(20%) 0(0%) 0(0%)
12 Rocephin 25 ug 8(40%) 11(55%) 1(5%) 0(0%)
13 Ampiclox 30 ug 18(90%) 2(10%) 0(0%) 0(0%)
14 Erythromycin 10 ug 0(0%) 0(0%) 3(15%) 17(85%)
15 Tetracycline 15 pg 19(95%) 1(5%) 0(0%) 0(0%)

Based on the findings of the research study, ouheftotal of 100 samples analysed, 20 samplesdedathe

occurrence oProteus mirabilis which accounted for the prevalence of 20% (tablelhis agrees with the findings
of Cokeret al., [6] who reported that some believed tiRabteus mirabilis has access to bladder by infecting the
peri-urethral area. But, the findings deviated fridrat of Gonzales [3], who reported that the preweé ofProteus
mirabilis infections is 90%. This may be due to the immuagus, environmental factors or genotypic factdrthe
various populations studied.

Based on the biochemical characterizations, thiats® that showed positive reaction to Citrate,adeg Motility,
Methyl Red and Triple Sugar Iron, but negative tieacto Indole and Voges-Proskauer were identiieéProteus
mirabilis. This confirmation was done following preliminangentification using cultural appearance and
microscopy (Table 2).
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Based on the antibiotic susceptibility patternhad tsolatedProteus mirabilis, the bacterium was found to be highly
sensitive to Streptomycin 20 (100%); Erythromycih(85%); Ciprofloxacin 14 (70%) and Sparfloxacin (¥5%).
But, it was found to be resistant to Amoxicillin 2I00%); Tetracycline 19 (95%) and Zinnacef 16 (3@%able 3).
This conforms with the work of Luzzae al., [20], Isenberg [30] and Lyoet al., [30], who reported tha®roteus
mirabilis species are resistant to Tetracycline and betartaantibiotics such as Penicillin and Amoxicillin.

CONCLUSION

The prevalence d®roteus mirabilisin the study area was found to be 20%. About 204rioary tract infections in
the study area are causedrrpteus mirabilis.

Based on the findings of the research, the bacte(®roteus mirabilis) was found to be sensitive to Streptomycin,
Erythromycin, Sparfloxacin and Pefloxacin, all dfiieh can be used as first line drugs of choicénentteatment of
infections caused biyroteus mirabilis. The organism is resistant to Tetracycline, Amoxénd Ampiclox.

From the work done, multiple drug resistance straifiProteus mirabilis are the common causative agents of
urinary tract infections. It is recommended thabhtowous surveillance of antimicrobial susceptiilof clinical
isolates ofProteus species is of importance to keep in check theraatobial pattern of such isolates.

Proper hygiene needs to be adopted seriously ithhieatitutions like clinics and hospitals, sineeoteus mirabilis
is highly nosocomial that can spread from resesvimirhealthy persons.

Also, regular researches have to be maintainedetermline the emergence of antibiotic resistancePtnyeus
mirabilis as soon as it is in existence.
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