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ABSTRACT

This study was conducted to determine the prevaéemmd antibiotic resistance profile of

aerobic bacterial organisms from environmental sades in veterinary clinics in Enugu State,
Southeast, Nigeria. Surface swabs of some equipnaard floors in some units were collected
from 4 selected veterinary clinics consisting ofgdvernment—owned clinics and a private
clinic. The swabs were cultured and aerobic bac#triorganisms identified by standard

microbiological methods. Antibiogram of the isolatewas determined by disc diffusion
procedure. A total of 56 aerobic bacteria were m@ld from 46 swab samples cultured. The
bacteria belonged to 7 genera namely: Bacillus @%), Staphylococcus (32.5%),
Pseudomonas (8.9%), Klebsiella (5.4%), Eschericluali (3.6%), Citrobacter (3.6%) and

Proteus (1.8%). Sixty percent of the isolates weartained from University of Nigeria

Veterinary Teaching Hospital, 14.3% from Zonal Veteary Clinic Nsukka and 12.5% each

from Enugu State Veterinary Clinic and Eva Veterima Clinic. Out of 43 Gram-positive

isolates, 55.8% were resistant to ampicillin anditegidime, 39.5% to tetracycline, 27.9% to
erythromycin, 20.9% to cefoxitin and streptomyci®.3% to ceftriaxone and 2.3% to

ciprofloxacin and gentamicin. Out of 13 Gram-negag isolates, 84.6% were resistant to
ampicillin, 61.5% to cefoxitin, 53.8% to ceftaziden 46.2% to tetracycline, 38.5% to
ceftriaxone, 30.8% to streptomycin, and 7.7% to pimem and ciprofloxacin. This study has

shown that antibiotic-resistant aerobic bacteriardaminate surfaces in veterinary clinics in

Enugu State, Nigeria.

KEY WORDS Veterinary clinics, Environment, Nosocomial infectj Antibiogram.

INTRODUCTION

Nosocomial infections or hospital associated infest are infections acquired by a patient and/emtl

on visitation to a hospital and/or on hospitaliaati This type of infection is caused by microorgams
harboured by the hospital patients, hospital warleerd those contaminating the environmental susface
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in the hospital [1]. These organisms have beendawnsurvive for long periods on many different
surfaces in the hospital environment and they éhbgtter in hospitals with poor biosecurity measuie

4]. Reports have shown that because these orgaargm®ntinually exposed to antibiotics in the hiadp
environment, they often evolve resistance mechanisgainst these drugs [1,5]. Development of
resistance in these bacteria often results incdiftfy in treating infections caused by these orgausi and
such infections often have fatal outcome [6].

There have been increasing reports of antimicrabisistant aerobic bacteria in animals and vetgrina
professionals which has made these bacteria a t@dteemerging problem in veterinary hospital
environments [7-11]. Sources of these antimicretgalstant environmental surfaces-contaminating
organisms in veterinary hospitals include thosei®awon the body of the clients, veterinary proi@sals

and animals, and those that are shed by anim#heindischarges and faeces [12]. Environmentdhsar
contamination by these antimicrobial-resistant nigias has been implicated as sources of zoonatic an
nosocomial infections in veterinary clinics [3, 1Hnvironmental surfaces from which these resistant
organisms can be contracted include medical equiprsgch as the weighing balance, washing hand
basins, examination table, stethoscope, thermometges and clinic floors [3]. Thus, animal owners,
clients, veterinary professionals, and animals rembtthese potential nosocomial organisms when they
have direct contact with contaminated surfaceblénveterinary clinics [5,13].

Increase in incidence of nosocomial infections imitveterinary settings, has necessitated the cdrafuc
surveillance studies on environmental surface eomations in veterinary hospitals in countries sash
Canada [3], United Kingdom [14], Japan [13], Unitsthtes [9, 15] and Malaysia [5] with a view to
devise control measures. No such study has beesuctad in any veterinary clinics in Nigeria. The
objective of this study was therefore to determiine prevalence and antibiotic resistance profile of
aerobic bacteria isolated from environmental s@g$aof selected veterinary clinics in Enugu State,
Southeast Nigeria.

MATERIALSAND METHODS

Sampling

Surface swabs from wash hand basins (WHB), weigbhelgnce (WB), treatment tables (TT), floor of
treatment rooms (FTR), operating table (OT), cagesut-patient units (COPU) and floor in out-patien
units (FOPU) were collected from 4 purposively-stdd veterinary clinics in Enugu State. These céini
consisted of 3 government-owned clinics (UniversityNigeria Nsukka Veterinary Teaching Hospital
[UNVTH], Zonal Veterinary Clinic, Nsukka [ZVCN] anBnugu State Veterinary Clinic [ESVC]) and a
private clinic (Eva Veterinary Clinic, Emene Enuglihe samples were collected between July, 2011 and
November, 2011. Each of the clinics was visitedeottcavoid re-sampling. The samples were collected
using sterile swab sticks moistened with sterilenra saline by rolling over the surfaces. The swabs
were transported aseptically in ice packs to therdtiiology Laboratory of the Department of Veterina
Pathology and Microbiology, University of Nigeridsukka within 2 hours of collection.

I solation and phenotypic identification of aerobic bacteria

The swabs were inoculated into nutrient broth (@Xpand incubated at 3 for 24 hours aerobically. A
loopful of each broth culture was streaked on eatriagar (Oxoil), Mac Conkey agar (Oxof)l and
7.5% salt agar, and incubated af@7or 24 hours. Morphologically distinct colonieeme purified by
sub-culturing on fresh media and incubating &C3for 24 hours. Purified colonies were used forrera
staining and stocked on nutrient agar slant°gt ntil needed for further identification. Colonitisat
were Gram-negative rods were sub-cultured on eusiiylene blue agar (Oxdiy incubated at 3T for

18 hours and observed for greenish metallic shggmeaance. They were further subjected to
biochemical tests such as citrate, urease, oxi@dasktriple sugar iron agar test, while coloniest there
Gram-positive were subjected to catalase test.
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Determination of antibiogram of isolates

This was carried out using disc diffusion metho@][T'he isolates were sub-cultured on nutrient agar
incubated at 3T for 24 hours. Then colonies for each of the tsol@ere adjusted to 0.5 McFarland’s
turbidity standard (equivalent to 1>1€olony forming unit/ml) in sterile phosphate buéfd saline. The
standardized broth culture was used to inocula@etMueller-Hinton agar plate using sterile svatibk.

Ten antibiotics discs (Oxdfdl which included: gentamicin (10ug), streptomyctug), erythromycin
(15uQ), ciprofloxacin (5u9), imipenem (10ug), anipic (10ug), cefoxitin (30ug), ceftazidime (30ug),
ceftrioxone (30pg) and tetracycline (30pg) were@thstrategically on each inoculated Mueller-Hinton
agar plate and the plates were incubated %€ 3@r 18 hours. After incubation, the zone of bition
around each disc was measured with a meter ruleh Est was performed in triplicate and the mean
inhibitory zone diameter (IZD) was calculated fack isolate and each antibiotic to the nearest @vhol
millimetres. The mean IZD was interpreted as resisor susceptible according to the Clinical and
Laboratory Standards Institute (CLSI) [17] criteria

Data presentation

Data generated were analyzed descriptively andesgpd in percentages

RESULTS

I solation rates of aerobic bacteria from veterinary clinicsin Enugu State

A total of 46 surface swabs were collected and gssed for isolation and identification of aerobic
bacteria. From the 46 swab, 56 aerobic bacterddtiss belonging to 7 genera namdgcillus (22/56,
39.3%) Staphylococcus (21/56, 37.5%)Pseudomonas (5/56, 8.9%)Klebsiella (3/56, 5.4%) Escherichia
coli (E. coli) (2/56, 3.6%)Citrobacter (2/56, 3.6%) andProteus (1/56, 1.8%) were isolated (Table 1).
Thirty-four (60.7%) of the isolates were obtaingdni the UNVTH; 8 (14.3%) from ZVCN, and
7(12.5%) from each of ESVC and EVC.

Table 1: Isolation rates of aerobic bacteria from veterinary clinicsin Enugu State

Clinic Number (Percent) of isolates obtained

Staph. Bacillus Pseudo. Kleb. .Eoli Citro. Proteus Total (%)
UNVTH 13 (22.3) 10(17.9) 5(8.9) 3(5.4) 2(3.6) (us) 0(0) 34(60.7)
ZVCN 0 (0) 8 (10.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 8(14.3)
ESVC 4(7.1) 2(3.6) 0 (0) 0 (0) 0 (0) 1(1.8) M ( 7(12.5)
EVC 4(7.1) 2(3.6) 0 (0) 0 (0) 0 (0) 0 (0) 1(L.87(12.5)
Total 21 (37.5) 22(39.3) 5(8.9) 3(5.4) 2(3.6) (3%®) 1(1.8) 6(100)

Keys: UNVTH = University of Nigeria Veterinary Teachirgospital; ZVCN = Zonal Veterinary Clinic Nsukka;
ESVC = Enugu State Veterinary Clinic, Enugu; EVEwa Veterinary Clinic, Enugu®aph = Staphylococcus;
Pseudo = Pseudomonas; Kleb. = Klebsiella; Citro. = Citrobacter.

Distribution of aer obic bacteria from various surfacesin veterinary clinicsin Enugu State

In the UNVTH, out of the 8 surface swabs culturalti(100%) gave positive culture of aerobic baeteri
Of the 34 aerobic bacterial isolates obtained,higéest isolation (9/56, 16.1%) was obtained frow t
floor of operating unit (FOPU), while the least5&/ 3.6%) was obtained from the operating table)(OT
and cages in out-patient units (COPU) (Table 2)thiem ZVCN, out of the 8 surface swabs cultured,
3(37.5%) gave positive culture of aerobic bactefiae highest (4/56, 7.1%) and the least (1/56, 1.8%
number of isolates was obtained from wash handnb@&HB) and floor of treatment room (FTR),
respectively (Table 2). In ESVC, out of the 8 sogfawabs cultured, 3(37.5%) yielded positive celtoir
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aerobic bacteria. The highest (4/56, 7.1%) andl¢het (1/56, 1.8%) number of isolates was obtained
from the FTR and WHB, respectively (Table 2). In&\ut of the 8 surface swabs cultured, 3(37.5%)
yielded positive growth of aerobic bacteria. Thgheist (4/56, 7.1%) and least (1/56, 1.8%) number of
aerobic bacteria isolates were obtained from the &id WHB, respectively (Table 2).

Table 2: Distribution of aerobic bacteriaisolated from surfaces of veterinary clinicsin Enugu State

Site  Number of isolates obtained

Staph  Bacillus  Pseudo Kleb. .Eoli Citro. Proteus Total (%)
Univerdsity of Nigeria Veterinary Teaching Hospital
WHB 1 1 1 0 0 0 0 3(5.4)
WB 2 1 0 0 0 0 0 3(5.4)
TT 2 0 1 0 0 1 0 4(7.1)
FTR 2 0 3 0 1 0 0 6(10.7)
oT 1 1 0 0 0 0 0 2(3.6)
FOR 1 4 0 0 0 0 0 5(8.9)
FOPU 4 2 0 2 1 0 0 9(16.1)
COPU 0 1 0 1 0 0 0 2(3.6)

Total (%) 13(22.3) 10(17.9) 5(8.9)  3(5.4) 2(3.6) 18] 0(0)  34(60.7)

Zonal Veterinary Clinic Nsukka
WHB 0 1 0

0 0 0 0 1(1.8)
TT 0 3 0 0 0 0 0 3(5.4)
FTR 0 4 0 0 0 0 0 4(7.1)
Total 0(0) 8(10.7) 0(0) 0(0) 0(0) 0(0) 0(0) 8(10.7
Enugu State Veterinary Clinic
WHB 0 0 0 0 0 1 0 1(1.8)
TT 1 1 0 0 0 0 0 2(3.6)
FTR 3 1 0 0 0 0 0 4(7.1)
Total (%) 4(7.1) 2(3.6) 0(0) 0(0) 0(0) 1(1.8) 0(0) 7(12.5)
Eva Veterinary Clinic, Enugu
WHB 1 0 0 0 0 0 0 1(1.8)
TT 1 1 0 0 0 0 0 2(3.6)
FTR 2 1 0 0 0 0 1 4(7.1)
Total (%) 4(7.1) 2(3.6) 0(0) 0(0) 0(0) 0(0) 1(1.8) 7(12.5)

Keys: % = percent; UNVTH = University of Nigeriagtérinary Teaching Hospital; ESVC = Enugu State
Veterinary Clinics; ZVCN = Zonal Veterinary Clinicbisukka; EVC = Eva Veterinary Clinic, Enugu;
WHB = wash hand basin; WB = Weighing balance; Tifeatment table; FTR = floor in treatment room;
OT = operating table; FOR = floor in operating rqdf®PU = floor in out-patient units, COPU = cage in
out-patient unitsStaph = Staphylococcus; Pseudo = Pseudomonas.
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Antibiogram of aerobic bacterial isolatesfrom surfacesin veterinary clinicsin Enugu State

All (100%) the Gram-positive aerobic bacteria iseéawere susceptible to imipinem. Twenty-four
(55.8%) of the isolates were resistant to ampiciind ceftazidime, 17 (39.5%) to tetracycline, 12
(27.9%) to erythromycin, 9 (20.9%) to cefoxitin astceptomycin, 4 (9.3%) to ceftriaxone and 1(2.380)
ciprofloxacin and gentamicin (Table 3).

All (100%) the Gram-negative aerobic bacterial asetl were susceptible to gentamicin. Eleven (84.6)
were resistant to ampicillin, 8 (61.5%) to cefaxiéind erythromycin, 7 (53.8%) to ceftazidime, 6.246)

to tetracycline, 5 (38.5%) to ceftriaxone, 4 (30)8& streptomycin, and 1 (7.7%) to imipinem and
ciprofloxacin (Table 3).

Table 3: Antibiogram of Gram-positive and Gram-negative aer obic bacteriaisolated from
veterinary clinicsin Enugu State

Antimicrobial agent Number (Percentage) of aerobic bacteria

Gram-positive (n =43 Gram-negative (n = 13

Resistant Susceptible Resistant Susceptible
Ampicillin 24(55.8) 19(44.2) 11(84.6) 2(15.4)
Imipinem 0(0) 43(100) 1(7.7) 12(92.3)
Ciprofloxacin 1(2.3) 42(97.7) 1(7.7) 12(92.3)
Cefoxitin 9(20.9) 34(79.1) 8(61.5) 5(38.5)
Ceftazidime 24(55.8) 19(44.2) 7(53.8) 6(46.2)
Ceftriaxone 4(9.3) 39(90.7) 5(38.5) 8(61.5)
Erythromycin 12(27.9) 31(72.1) NT NT
Gentamicin 1(2.3) 42(100) 0(0) 13(100)
Streptomycin 9(20.9) 34(79.1) 4(30.8) 9(69.2)
Tetracycline 17(39.5) 26(60.5) 6(46.2) 7(53.8)

NT = Not Tested

DISCUSSION

In the present study, 56 aerobic bacteria belonging genera were isolated from various surfacelédn
veterinary clinics indicating gross contaminatidrsorfaces in veterinary clinics in Enugu Statecd&g
studies showed that the environment in veterinénycs may be potential source of aerobic bactfja
11]. Isolation of both Gram-positive and Gram-negatbacteria suggests that both types of bacteria
constitute environmental surface contaminants tenimary settings. Muhammaatl al. [18] also reported
isolation of both types of bacteria from human Hi@de in northern Nigeria. The two Gram-positive
bacteria genera isolated had the highest isolgtieavalence of 39.3% foBacillus and 37.5% for
Saphylococcus. This finding agrees with the report of Inweregdbal. [1] that Gram-positive organisms
are the most frequently isolated organisms fronptialsenvironmental surfaces. The ability of these
Gram-positive bacteria to survive longer than ti&iam-negative counterparts on environmental sesfac
has been related to their ability to tolerate aslwernvironmental conditions [1®acillus species form
spores in the environment aBthphyl ococcus species are resistant to desiccation [19, 20]. élaw the
two organisms are established environmental cont@mé$ and may not be pathogenic. The 37.5%
Saphylococcus isolation rate in this study is higher than thécl@nd 27% respectively reported by Hoet
et al. [11] and Hamiltoret al. [15] from veterinary hospital environment in USA.

Pseudomonas which was isolated at the rate of 8.9 % in thiglgthas been reported by Yetlehal. [21]
to be an established nosocomial pathogen. Thettiattall the Gram-negative organisms (Ee.cali,
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Klebsiella, Citrobacter andProteus) isolated belonged to the family Enterobacteriaceaplies that the
organisms survived on the dry habitats. Report® l&nown that enteric organisms can survive on dry
hospital surfaces for very long periods up to 16ths [22, 23]. Presence of the enteric organismhen
sampled surfaces could have been as a result ebpapcleaning of faecal materials discharged lgy th
animals within the clinics. It could also be thhetorganisms were carried on the foot of animals or
clients into the clinics. Moreover, isolation ok#e enteric organisms from other surfaces apanrt the
floors indicates that the hands of the veterinargfgssionals were inadequately cleaned following
contamination by faecal material. Also cross-cottation by wind, cloth of the veterinary professitm
and animals are possible sources of the organisms.

The fact that isolation rate of aerobic bacteriss ighest (60.7%) in the UNVTH, suggests that the
environmental surfaces in the teaching hospitakveentaminated more than the other veterinaryadini
This is further supported by the fact that all sweface swabs cultured yielded positive growthesbhic
bacteria. This heavy contamination in UNVTH may bdecause it is a tertiary veterinary hospital and
therefore records more human and animal traffio tihe other clinics. Thus, with these individuatsl a
animals serving as possible vehicles for bactdrahsmission, the hospital surfaces become more
contaminated than the others. The highest isoldtemuency from FOPU in the UNVTH may be related
to the fact that attending personnel and animaadtron the floors thereby introducing organisms. It
might also be attributed to the fact that admitéedmals defecate and urinate on the FOPU, thereby
contaminating the surfaces. There is thereforené®sl to improve biosecurity measures in the hdgpita
order to reduce the level of contamination of stefa

The low prevalence of aerobic bacteria from ther®@8y be because the OT is usually disinfected after
each surgical procedure with the operating roorhtliigclosed. In ZVCN, the highest prevalence of
aerobic bacteria from the WHB may suggest that &iiher disinfectant is not added in the watethia
WHB or that the dilution used is not effective agsithe contaminating organisms. The reverse nhight
the case in ESVC and EVC where the least prevalaseobtained from the WHB. The least prevalence
from the FTR suggests low contamination. This IoiRFcontamination may be as a result of minimal
visit by clients and animals to the clinic. It migiiso be that the biosecurity measures takendrclinic

was able to reduce the contamination. The revergbtrbe the case in ESVC and EVC where the highest
prevalence was from the FTR.

The high rate (55.8%) of resistance to ampicillmoag the Gram-positive isolates, suggest that the
organisms have developed resistance to the drugettr, among the Gram-negative bacteria, resistance
rate to ampicillin was high (84.6%). This high anillin resistance in both types of bacteria mayéhav
been mediated by the production of beta-lactamdsehws the commonest mechanism of beta-lactam
resistance [24]. The 55.8% and 53.8% resistancss rat ceftazidime among the Gram-positive and
Gram-negative bacteria, respectively, suggest ttimtisolates could have produced extended spectrum
beta-lactamases (ESBLS). This resistance to cditagiin this study may have resulted due to actijsi

of ESBLs genes. The resistance rates of 61.5%38¥% resistance to cefoxitin and ceftriaxone,
respectively, among the Gram-negative bacteria vagyber than 20.9% and 9.3% rates, respectively,
among their Gram-positive counterparts. This vemiain cefoxitin and ceftriaxone resistances inthisa
that the Gram-negative bacteria isolated may haeelyzed ESBLs more than the Gram-positives.
Ceftazidime, cefoxitin and ceftriaxone are thirdvgeation oxyimino-cephalosporin produced to counter
the high level resistance of bacterial organismBrsp- and second-generation beta-lactams [25gS€Eh
organisms resistant to extended spectrum antibiatauld be contracted by humans and/or animals,
thereby transferring the ESBLs resistance genestiter organisms in the individual - this would
consequently confer resistance to many other aitisithus, portending health risks.

The low rates of resistance to imipenem (0% an#@boy.@mong the Gram-positives and Gram-negative
bacteria respectively, suggest that the organismase whighly susceptible to the drug. This high

41



susceptibility may be because imipenem is not ansonty used drug in both human and veterinary
medicine in Enugu State. This low usage of imipeneay have resulted to low selection pressure
exerted against it by the bacterial isolates. Sirtyi] low resistance rates to ciprofloxacin by btyghes of
bacteria may be related to low usage of fluorogoimes in Enugu State.

The low rates of resistance to gentamicin by bgpes of bacteria may not be unconnected to the fact
that gentamicin is a banned drug and therefore moalpnger be in use in Enugu State. This could have
resulted to minimal exposure of the isolates tatgymitin and hence low selection pressure. The highe
rate of resistance to erythromycin among the Gragatives (61.5%) indicates that the Gram-negative
isolates exerted selection pressure to the drug i@n the Gram-positive isolates (27.9%). This may
also explain the higher rate of resistances tgo&imycin and tetracycline among the Gram-negative
bacteria than among their Gram-positive countespart

In conclusion, this study has shown that antibiotisistant Gram-positive and Gram-negative aerobic
bacteria contaminate environmental surfaces inrivetiey clinics in Enugu State, Nigeria. This heavy
bacterial surface contamination is probably dupdor biosecurity measures. Therefore, there is teed
step up biosecurity measures in these veterinanycslin order to minimize the risk of nosocomial
infections and cross-contaminations.
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