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ABSTRACT

Aim: This study was designed to investigate the prevalence and antibiotic resistance profile
of Salmonella serovars from poultry and poultry farm-handlers.
Study Design: Investigative
Place and Duration of Study: Samples were analyzed at the Central Diagnostic
Laboratory, National Veterinary Research Institute Vom and Department of Microbiology,
Ahmadu Bello University, Zaria. This work was carried out between August 2012 and April
2013.
Methodology: Samples were pre-enriched in buffered peptone water followed by selective
enrichment using Selenite Faeces Broth and Rappaport-Vassilidis Broth. Isolation and
identification was made by inoculating the selectively enriched sample on to Salmonella-
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Shigella agar, Xylose Lysine Deoxycholate agar and Brilliant Green agar followed by
confirmation of presumptive colonies using different biochemical tests and analytical profile
index 20 E. Polyvalent (O) and (H) Salmonella antisera were used for serotyping the
Salmonella isolates. The CLSI, 2010 method was used for antimicrobial susceptibility
testing
Results: A prevalence rate of 10.9% was observed from the 450 samples. Serovars of
Salmonella detected were S. Gallinarum 57.2%, S. Typhimurium 8.2%, S. Typhi 20.4%, S.
Pullorum 6.1%, S. Enteritidis 6.1% and S. Paratyphi A 2.0%. Statistically, significant
difference (p<0.05) was observed between isolates and occurrence at different sample
sites. The isolates were 100% resistant to oxacillin, 96.0% to ampicillin, 93.9% tylosin, 83.7
5 ceftazidime and 63.3% oxytetracycline. Five of the isolates were 100% resistant to more
than five different antibiotics. There was statistical significant difference (p<0.01) in
antimicrobial resistance patterns exhibited by the serovars. However, the isolates showed
sensitivity to gentamycin 100%, gendox 83.7%, ciprofloxacin 81.6% and amoxicillin-
clavulanic acid 57.1%.
Conclusion: The study revealed emergence of multiple-drug resistant Salmonella serovars
from poultry and poultry farm handlers. We therefore suggest further epidemiological
studies.

Keywords: Poultry; Salmonella serovar; Nigeria; antibiotic resistance; farm handlers.

1. INTRODUCTION

Salmonella infections in humans and animals have been recognized as a major public
health problem [1]. Salmonella, a primary inhabitant of the gastrointestinal tract, is
recognized as one of the most common causes of food borne infection worldwide, resulting
in millions of infections and significant human death annually [2]. They are common
contaminants of wide range of food, eggs, vegetables, and water. Additionally, they are
carried by wild animals, rodents, pets, birds, reptiles and insects, usually without the display
of any apparent illness [3]. The infections caused by Salmonella are considered one of the
most widely spread food-borne zoonotic infection in developed as well as developing
countries, though incidence varies between countries [4]. Food items such as poultry meat
and other poultry products have been implicated as important sources for outbreaks of
human Salmonella infection, with poultry alone, accounting for up to 50 percent of such
outbreaks [5,6]. Non-typhoidal Salmonellosis is common in most parts of the world [7]. It is
widely spread in Europe and North America [8,9]. Latin America, the middle East and Africa
[10], also in countries such as India [11], Japan [12] and the United States [13]. Several
studies had documented isolation of non-typhoidal Salmonella from humans and poultry in
different parts of Nigeria [14,15,16,17]. Outbreaks of Salmonellosis caused by Salmonella
Gallinarum, S. Pullorum, S. Typhimurium and S. Enteritidis have also been reported
[15,18,17].

Poultry is an essential component of the Nigerian economy, providing income for small-
scale farmers and a good source of high quality protein for the ever-growing population of
Nigeria. In livestock production, poultry occupies a prominent position in the provision of
animal protein and this account for about 25% of local meat production in Nigeria [16]. With
the great expansion of poultry rearing and farming, salmonellosis have become an
important public health problem in Nigeria and other parts of the world, causing heavy
economic loss through substantial morbidity and mortality [14].
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Horizontal and vertical transmissions are both important in the epidemiology of
salmonellosis worldwide, especially fowl typhoid and pullorum disease. Infected breeding
flocks are associated with vertical transmission of Salmonella to their progeny through eggs
and birds can become chronic carriers for both organisms [5,16]. Horizontal transmission
occurs following ingestion of food or water already contaminated with faeces of clinically
infected birds or carriers, presence of dead chickens, poultry farm attendants and
contaminated feeds [18]. Salmonella species can survive in a favorable environment for
many months [9].

Antibiotics have been successfully used in humans and veterinary medicine as food animal
growth promoting agents, prophylaxis or therapeutics. However, their indiscriminate use has
created enormous pressure for selection of antimicrobial resistance among bacterial
pathogens worldwide, mainly in Salmonella strains isolated from poultry and poultry
environment [19]. Nowadays, there is increasing concern about the development of
multidrug resistance in bacterial species causing zoonosis and having an important animal
reservoir such as Salmonella strains [10]. Furthermore, poultry feeds have been presumed
to have a high content of microorganism sequel to the manufacturing and distribution
processes to adversely affect the growth and reproduction of poultry. This has therefore,
necessitated the incorporation of antimicrobial agents into poultry feeds which reduces the
microbial load in the field and in the gastrointestinal tracts of the poultry, kill or inhabit
infectious organisms or reduces the intensity of antibiotic resistance, thereby improving the
gross growth and quality of poultry [20].

The underlying assumption is that poultry feeds are sterile with the incorporation of
antimicrobial agents. However, this incorporation poses the emergence or variability of
some resistant bacteria either through genetic or non-genetic mechanisms [21]. These
drugs (or congeners) are also used in poultry production. The husbandry practice used in
the poultry industry and the wide spread use of medicated feeds in broiler and layer
operations made poultry a major reservoir of antimicrobial resistant Salmonella [22].
However, according to Abdellah et al. [23], the extensive use of those in human and animals
has led to an increase in bacterial multidrug resistant among several bacterial strains
including Salmonella. The effectiveness of currently available antibiotics is decreasing due
to the increasing number of resistant strains causing infections [24].

The reservoir of resistant bacteria in food animals implies a potential risk for transfer of
resistant bacteria, or resistant genes from food animals to humans [25]. In developed
countries, stringent control of antibiotic use coupled with effective surveillance of antibiotic
resistance patterns in the population, have successfully reduced the prevalence of antibiotic
resistance to these agents [26]. The situation in the developing countries like Nigeria is
however different, where antimicrobial agents are readily available to people in local drug
stores without prescription [27]. Such practice has led to misuse of antibiotic resistance
among isolates from animal and food sources [15].

Hence, this study is aimed at ascertaining the current prevalence rate of Salmonella isolates
from poultry and poultry farm handlers in Jos, Plateau State, Nigeria and their treatability to
common antibiotics. The information here will also aid in mapping out preventive strategies
against Salmonella infections.
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2. MATERIALS AND METHODS

2.1 Study Area

The study was conducted in eighteen registered commercial poultry farms, six each, located
in three local government areas (Jos North, Jos South and Jos East) of Plateau State (Fig.
1.).

Fig. 1. Map of Plateau State, Nigeria, showing the study areas (Jos North, Jos South
and Jos East)

2.2 Sample Collection

A total number of 450 samples were collected using simple random sampling. The samples
include: Poultry droppings. Poultry feeds, faeces and hand swabs from poultry farm workers
(the workers in this case are those responsible for casual routine works such as feeding of
birds, picking and arrangement of eggs into crates, packing and disposing poultry dung) and
swabs from surfaces of intact eggshells.

Prior to the enrolment, voluntary and informed consents were obtained from poultry owners
and poultry farm handlers. Ethical approval was also obtained. Stool samples were
collected aseptically into sterile universal bottles from the poultry farm-handlers. Poultry
droppings and poultry feeds were collected in sterile plastic bags while swabs from farm-
handlers and surfaces of eggshell were collected in buffered peptone water (BPW)
(Oxoid,UK). The samples were transported immediately to Microbiology Laboratory at the
National Veterinary Research Institute, Vom, Plateau State, Nigeria using cold pack.
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2.3 Sample Processing

2.3.1 Poultry droppings

Twenty five gram of poultry droppings was pre-enriched in 225 ml of selective enrichment
broth (Selenite Faeces (SF) broth), incubated at 37ºC for 24 hour and sub cultured by
streaking unto Salmonella-Shigella agar (SSA) (Oxoid, UK), Brilliant Green agar (BGA)
(Oxoid, UK) plates and Xylose Lysine Desoxycholate (XLD) agar (Oxoid, UK) .The cultured
plates were incubated at 37ºC for 24-48 hour [18,28,29].

2.3.2 Poultry feeds

Twenty five gram of representative samples of poultry feeds was pre-enriched in 225 ml of
BPW, incubated 37ºC for 24hour. One milliliter was transferred into 9 ml of Rappaport
Vasiliadis Broth (RVB) (Oxoid, UK), incubated at 37ºC for 24 hours. A loop-full of culture
from RVB was sub cultured by streaking onto BGA, SSA and XLD agar. The sub cultured
plates were incubated at 37ºC for 24 hour [30]

2.3.3 Faeces from farm-handlers

Twenty five grams of faeces from farm-handlers was pre-enriched in 225 ml of selective
enrichment broth (Selenite Faeces (SF) broth) (Oxoid, UK), incubated at 37ºC for 24 hour
and sub cultured by streaking onto SSA, BGA and XLD agar plates. The sub cultured plates
were incubated at 37ºC for 24-48 hour [31,18, 29].

2.3.4 Hand Swab

Swabs from the hands of poultry farm handlers were collected and cut with sterile scalpel
blade into 10 ml BPW in screw capped bottles, incubated at 37ºC for 24 hour for pre-
enrichment. One milliliter of this pre-enrichment broth was transferred into tubes containing
9 ml RVB, incubated at 37ºC for 24 hour. A loopful of culture from RVB was sub cultured by
streaking unto SSA, BGA and XLD agar. The sub cultured plates were incubated at 37ºC for
24-48 hour [29].

2.3.5 Swabs from shell surface of intact eggs

Surface swabs from egg shells were collected and cut with sterile scalpel blade into 10 ml
buffered peptone water (BPW) in screw capped bottles, incubated at 37ºC for 24 hour for
pre-enrichment. One milliliter of this pre-enrichment broth was transferred into tubes
containing 9 ml RVB, incubated at 37ºC for 24 hour. A loopful of culture from RVB was sub
cultured by streaking onto SSA, BGA and XLD agar. The sub cultured plates were
incubated at 37ºC for 24-48 hour [32,29].

2.4 Isolation and identification of Salmonella

2.4.1 Presumptive isolation of Salmonella

The cultured plates, SSA, BGA and XLD agar were examined for the presence of typical
colonies of Salmonella based on cultural and morphological characteristics, that is,
transparent colonies with black centre on SSA and pink colonies surrounded by a red
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medium on BGA, and small red translucent and or dome-shaped colonies, which may have
central black spot due to hydrogen sulphide production [29].

2.4.2 Purification of isolates

The isolates were sub cultured onto SSA and nutrient agar for isolation of pure culture and
subsequent biochemical characterization.

2.4.3 Biochemical characterization of Salmonella

Isolation and identification of organisms was carried out as described by ISO [28]; Habtamu
et al. [18]; OIE [29]. A 24 h pure culture of each isolate was used to determine their gram
stain reaction. The following biochemical tests were carried out: Indole test, triple sugar iron
test, citrate test, methyl-red test, Voges-Proskauer test, lysine decarboxylase test, ornithine
decarboxylase test, urease test, sugar (trehalose, sucrose, inositol, glucose, dulcitol,
maltose, mannitol, melibiose, salicin, rhamnose and arabinose) fermentation test and
motility test. Isolates were further characterized using commercially available identification
system-Analytical Profile Index (API) 20 E test kit (Biomerieux, France).

2.5 Serotyping of isolates

Biochemically identified Salmonella isolates were further tested for somatic (O) and flagella
(H) antigens with polyvalent Salmonella antisera (Oxoid, UK) according to Kauffmann White
Scheme [33] by slide agglutination test.

2.5.1 Antimicrobial susceptibility test

In-vitro susceptibility of Salmonella isolates to various routine antimicrobial drugs was tested
by the standard disc diffusion technique using guidelines established by NCCLS [34].

2.5.2 Standardization of inoculum

This was done as documented by CLSI [35]. Pure culture of identified Salmonella isolate (s)
from an 18-hour plate culture was selected. Sterile wire loop was used to pick 2 to 3
colonies of each Salmonella serotype and emulsified in 5 ml of sterile normal saline. The
tube containing the bacterial suspension was inserted into a sensititre nephelometer (TREK
Diagnostic systems, UK) after calibration. Adjustment was made with extra inoculum or
diluents, if necessary, until 0.5 McFarland standards were obtained. Fifty microliter of the
broth was further transferred into 5 ml of Mueller-Hinton broth (Oxoid, UK) in a tube.

2.5.3 Inoculation of test plates

This was carried out as described by NCCLS [34]. Optimally, within 5 to 10 minutes after
adjusting the turbidity of the inoculum suspension, a sterile cotton swab was dipped into the
standardized suspension in Mueller-Hinton broth. The dried surface of a 20 ml Mueller-
Hinton agar plate in a 100 mm disposable plate (STERILIN, UK) was inoculated by
streaking with the cotton swab over the entire sterile agar surface. The inoculated plates
were air dried at 37ºC to allow for any excess surface moisture to be absorbed before
applying the antibiotic discs.
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2.5.4 Application of discs to inoculated agar plates

The antibiotic discs (Oxoid, UK) were evenly dispensed unto the surface of the inoculated
agar plate using a disc dispenser and were gently pressed down to ensure complete contact
with the agar surface. The plates were inverted and incubated at 37ºC for 18 hour. The
following 16 antibiotic discs were used; amoxicillin-clavulanic acid (AMC) 30 μg,
sulphamethoxazole-trimethoprim (SXT) 25 μg, ciprofloxacin (CIP) 10 μg, chloramphenicol
(C) 10 μg, ceftazidime (CAZ) 30 μg,ceftriaxone (CRO) 30 μg, gentamycin (CN) 10 μg, oxy
tetracycline (OTC) 30 μg, oxacillin (OX) 5 μg, streptomycin (S) 10 μg, anicillin (AN) 10 μg,
furasol (FL) 10 μg, tylosin (TN) 10 μg, conflox (CX) 10 μg, gendox (GX) 10 μg and ampicillin
(AMP) 10 μg were applied in the test. The plates were inverted and incubated at 37ºC for 18
to 24 h. the diameters of the zone of inhibition were measured with a ruler and compared
with a zone interpretation chart [36]. Staphylococcus aureus (ATCC 6538) was used as
control [34].

2.6 Data Management and Analysis

Data management, entry and analysis were done using Epi Info (version 7.0), program
excel (Microsoft(R) office excel 2010, professional edition) and SAS software (version 9.0).
Analysis of variance (ANOVA) was used to compare isolates from the three local
government areas. While Duncan multiple range test was used to separate the mean.
Descriptive statistics was used to describe the result of prevalence analysis. Prevalence
was estimated as the number of samples detected positive to Salmonella isolation from the
total sample analyzed.

3. RESULTS

Of the 450 samples collected from human faeces/hand swabs, poultry droppings, swabs
from shells of intact eggs and feeds tested, 49(10.9%) were found positive for various
serovars of Salmonella in the three local government areas (LGA).There was statistical
significant difference (p≤0.05) in the distribution of Salmonella isolates in the three LGA with
S. Paratyphi A and S. Gallinarum showing high significant difference (p<0.01) while S.
Pullorum and S. Enteritidis showed no significant difference (p>0.05).(Table 1).

Table 1. Distribution of Salmonella serovars in the three LGAs

LGA Salmonella
a

Serovars
b

/(%)
c d e f

Total

Jos North 7 (14.3) 0 (0.0) 6 (12.2) 1 (2.0) 1 (2.0) 0 (0.0) 15 30.6)
Jos South 16 (32.7) 4 (8.2) 3 (6.1) 2 (4.1) 2 (4.1) 0 (0.0) 26(51.1)
Jos East 5 (10.2) 0 (0.0) 1 (2.0) 0 (0.0) 0 (0.0) 1 (2.0) 8 (17.0)
Total 28 (57.2) 4 (8.2) 10 (20.4) 3 (6.1) 3 (6.1) 1 (2.0) 49(100.0)
F-value 34.33 16.00 9.45 2.97 2.97 2.97
P-value 0.008 0.025 0.050 0.194 0.194 0.01
LOS: * * * NS NS *

LGA: Local Government Area
LOS: Level of significance

*: significant at 5 % level of probability
NS: Not significant

a:S. Gallinarum, b: S.Typhimurium, c: S. Typhi, d: S. Pullorum, e: S. Enteritidis, f: S. Paratyphi A
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Out of the positive samples, S. Gallinarum was found 28, S. Typhimurium 4, S. Typhi (10),
S. Pullorum 3, S. Enteritidis 3 and S. Paratyphi A1. The distribution of various serovars of
Salmonella in all the different samples is shown in Table 2. There was statistical significant
difference (p ≤ 0.01) in the distribution of Salmonella isolates in the various samples. There
was no significant difference (p>0.05) in the distribution of S.Typhimurium in the various
samples.

Table 2. Distribution of Salmonella serovars from Poultry andPoultry farm-handlers

Sources No. of
Isolates

Salmonella
a

Serovars
b

/(%)
c d e f Total

Faeces 90 0(0.0) 2 (2.2) 10
(11.1)

0(0.0) 0(0.0) 1 (1.1) 13(14.4)

Hand
swab

90 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Poultry 90 21 (23.3) 1 (1.1) 0(0.0) 3
(3.3)

3
(3.3)

0(0.0) 28
(31.1)

Eggshell 90 7 (7.8) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 7(7.8)
Feed 90 0(0.0) 1 (1.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(1.1)
F-value 208.00 3.43 100.00 9.00 9.00 100.00
P-value 0.0001 0.104 0.001 0.017 0.017 0.001
LOS * NS * * * *

LOS: Level of significance
*: significant at 5 % level of probability

NS: Not significant
a: S. Gallinarum, b: S.Typhimurium, c: S. Typhi, d: S. Pullorum, e: S. Enteritidis, f: S. Paratyphi A

The overall results of antimicrobial susceptibility tests revealed significant difference (p <
0.01) in the resistance of Salmonella serovars to all the antibiotics at different levels, except
gentamycin (Table 3). All the Salmonella serovars were 100% resistant to oxacillin, 96.0%
to ampicillin, 93.9% to tylosin, 83.75 to ceftazidime, 69.4% ceftriaxone, 63.3%
oxytetracycline and 16.3% gendox (Table 3). Five of the serovars revealed 100% resistance
to more than five different antibiotics (Table 4).
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Table 3. Antibiotic Resistance Profile of Salmonella isolates

Antibiotic Concentration (μg) Number tested Number resistant
AMC 30 49 21 (42.9)
SXT 25 49 27 (55.1)
CIP 10 49 9 (18.4)
C 10 49 21 (42.9)
CAZ 30 49 41 (83.7)
CRO 30 49 34 (69.4)
CN 10 49 0 (0.0)
OTC 30 49 31 (63.3)
OX 5 49 49 (100.0)
S 10 49 28 (57.1)
AN 10 49 33 (67.3)
FL 10 49 27 (55.1)
TN 10 49 46 (93.9)
CX 10 49 22 (44.9)
GX 10 49 8 (16.3)
AMP 10 49 47 (96.0)

F-value -216.53
P-value- 0.001

LOS: *
LOS: Level of significance

*: Significant at 5 % level of probability
AMC: Amoxycillin-clavulanic acid, SXT: Sulphamethoxazole-trimethoprim, CIP: Ciprofloxacin, C:

Chloramphenicol, CAZ: Ceftazidime, CRO: Ceftriaxone, CN: Gentamycin, OTC: Oxytetracycline, OX:
Oxacillin, S: Streptomycin, AN: Anicillin, FL: Furasol, TN: Tylosin, CX: Conflox, GX: Gendox, AMP:

Ampicillin

Table 4. Antibiotic Resistance Profile of Salmonella serovars isolated from the
various samples

Antibiotics a
(n=28)

b
(n=4)

c
(n=10)

d
(n=3)

e
(n=3)

f
(n=1)

AMC (%) 10 (35.7) 4 (100.0) 2 (20.0) 2 (66.7) 3 (100.0) 0 (0.0)
SXT (%) 12 (42.9) 3 (75.0) 6 (60.0) 3 (100.0) 2 (66.7) 1 (100.0)
CIP (%) 4 (14.3) 3 (75.0) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0)
C (%) 10 (35.7) 4 (100.0) 3 (30.0) 2 (66.7) 2 (66.7) 0 (0.0)
CAZ (%) 22 (78.6) 3 (75.0) 10 (100.0) 3 (100.0) 2 (66.7) 1 (100.0)
CRO (%) 23 (82.1) 4 (100.0) 1 (10.0) 3 (100.0) 3 (100.0) 0 (0.0)
CN (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
OTC (%) 13 (46.4) 4 (100.0) 9 (90.0) 1 (33.3) 3 (100.0) 1 (0.0)
OX (%) 28 (100.0) 4 (100.0) 10 (100.0) 3 (100.0) 3 (100.0) 1 (100.0)
S (%) 11 (39.3) 3 (75.0) 9 (90.0) 2 (66.7) 3 (100.0) 0 (0.0)
AN (%) 14 (50.0) 4 (100.0) 10 (100.0) 1 (33.3) 3 (100.0) 1 (100.0)
FL (%) 8 (28.6) 4 (100.0) 10 (100.0) 1 (33.3) 3 (100.0) 1 (100.0)
TN (%) 25 (89.3) 4 (100.0) 10 (100.0) 3 (100.0) 3 (100.0) 1 (100.0)
CX (%) 4 (14.3) 4 (100.0) 10 (100.0) 0 (0.0) 3 (100.0) 1 (100.0)
GX (%) 2 (7.1) 2 (50.0) 2 (20.0) 0 (0.0) 2 (66.7) 0 (0.0)
AMP (%) 26 (92.9) 4 (100.0) 10 (100.0) 3 (100.0) 3 (100.0) 1 (100.0)
a: S. Gallinarum, b: S. Typhimurium, c: S. Typhi, d: S. Pullorum, e: S. Enteritidis, f: S. Paratyphi A
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4. DISCUSSION

Salmonella is an important zoonotic pathogen and its prevalence in animals poses a
continuous threat to man [37]. In this study, 49 (10.9%) Salmonella isolates comprises 6
serovars: Salmonella Gallinarum 28 (57.2%), S. Typhimurium 4 (8.2%), S. Typhi 10 (20.4
%), S. Pullorum 3(6.1%), S. Enteritidis 3 (6.1%) and S. Paratyphi A1(2.0%) were isolated.
Isolation of Salmonella from poultry is higher compared to the isolation from other sources.
Therefore, poultry and their products are widely acknowledged as the major sources of
food-borne salmonellosis to humans. The overall prevalence in this study is slightly higher
than that of Muhammed et al. [14] who recorded 9% prevalence rate of Salmonella
associated with chick mortality at hatching in Jos, Plateau State. The increased prevalence
rate in this study might be attributed to lack of knowledge on the transmission of Salmonella
infection, improper orientation on biosecurity measures among poultry farmers and lack of
good hygienic practice among poultry farm-handlers and most importantly, there was no
consistent follow-up program put in place by regulatory agencies to educate poultry farmers
on how to prevent and control Salmonellosis in the farm. It also confirm the report of
Anyanwu et al. [38] who observed a pattern of Salmonella infection that appears to be
spreading among poultry farms in Nigeria, in the form of epizootics. The prevalence is of
economic and public health significance for Plateau State and Nigeria. The result of this
study showed that the isolates in the three local government areas were significantly
different (p<0.05). The isolates in Jos South are significantly higher (p< 0.05) compared to
Jos North and Jos East. The observed number of isolates in Jos North was statistically
similar to Jos East (p>0.05). It is important to state that one of the characteristic features
observed during the study was that human as well as the poultry and feed samples shared
S. Typhimurium serovar, though there was no significant difference (p>0.05) between this
isolate in the various sources. This result is not surprising as S. Typhimuriumhas been
reported to have a broad host range and can infect both human and animals [39]. Several
reports have implicated S. Typhimurium and S. Enteritidis as the most prevalent Salmonella
serovars isolated from both human and animal nontyphoid salmonellosis [3]. Salmonella
Typhimurium is mostly prevalent in Europe and America and is of growing importance in the
South Asian and Western Pacific [40]. In African countries such as Kenya, Zaire and
Rwanda, both invasive and non-invasive S. Typhimuriumis common [10]. In Nigeria, S.
Typhimurium and S. Enteritidisare increasingly isolated [1]. The distribution of the isolates
could be attributed to socio-demographic and farm-based risk factors that were observed
during the investigation, this includes: biosecurity practices, movement of farm-workers from
one pen to the other, constant contact between feed, poultry birds and faecal droppings,
improper hand washing, indiscriminate eating in animal facilities as also reported by
Vellinga and Van-loock, [40]. In addition, supplies of contaminated feeds, the presence of
rodents in the farm and farm-to-farm service are some of the factors that could be
responsible for the spread and circulation of Salmonella agents in poultry farms [9]. This
indicates the potential hazard of interspecies sharing of these organisms.

Salmonella Enteritidis was only isolated from poultry droppings (3.3%).This report is lower
compared to the report of Shah and Korejo [41] who reported 48.7% isolation rate from
poultry house environment. Though, no S. Enteritidis was isolated from eggshell, Guard [42]
reports that eggs can be contaminated with droppings from chickens excreting Salmonella.
In such cases Salmonella in droppings are believed to penetrate eggshell pores as egg
cools and before the establishment of the proteinaceous cuticular barrier [43]. In view of
this, S. enteritidis is able to persist on the surface of the eggshell and potentially cross-
contaminate the liquid portion of the egg when eggs are broken for preparation of food,
which could pose a potential health risk to the society as also reported by Charles [44].
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The isolation rate of Salmonella in feed observed in this study is lower compared to the
report of Okoli et al. [45] and Okonkwo et al. [46] who reported an incidence rate of 15.0 %
and 22.2 % respectively, from different sample feeds in Nigeria. The lower rate could be
attributed to increased concentration of antibiotics in the feeds, number of samples collected
as well as proper feed storage, which perhaps has minimized the incursion of rodents that
serve as vehicle for introducing Salmonella into poultry feeds as reported by Hurst and
Ward [47].

Furthermore, two decades ago, outbreaks of Salmonellosis caused by S. gallinarum and S.
pullorum has been reported in poultry animals and food products. The prevalence rate of S.
gallinarumin this study (23.3%) is higher compared to the report of Mbuko et al. [48] who
reported prevalence rate of 18.4%. There was significant difference (p< 0.01) in the isolation
rate of S. gallinarum from poultry droppings. Salmonella gallinarum and S. pullorum
serovars are highly adapted to host range, though they are known to pose a minimal
zoonotic risk, they cause fowl typhoid and pullorum disease in birds, respectively. The
genome is continually evolving, which could theoretically widen the host range in future [49].
The disease usually follows the ingestion of food or water contaminated by the faecal
material. Meanwhile, the clinically infected birds could be carriers of fowl typhoid, which can
be transmitted by poultry farm-workers through hands, feet, clothing and rodents as also
documented by Aiello [50]. However, in this study there was no isolate from hand swabs. It
is important to state that the outbreak of fowl typhoid and pullorum disease are expected to
incur heavy economic losses to the poultry industry, as it is the case in other African
countries [51] and the impact on the farmers could be burdensome.

Salmonella typhi and S. paratyphi have been implicated in human typhoid and paratyphoid
infection, though not associated with poultry environment [52,17]. Salmonella paratyphi A
was not isolated from poultry droppings in this study, Orji et al. [53] documented 12.5%
isolation rate of S. paratyphi A from poultry droppings. The isolation rate of S. typhi 11.1%
and S. Paratyphi A 1.1% from human faeces indicates that poultry farm-handlers are always
exposed to some risk factors that could predispose them to Salmonella infection. The high
isolation rate noticed with S. typhi may be due to poor hygienic practice in their residential
areas as observed during the study. There is a need to create environmental and personal
hygiene awareness among the Nigerian populace, especially poultry farm-handlers.

A similar study conducted in Egypt by Ibrahim et al. [54] reported 8 of 90 hand swabs were
found positive for S. Kentucky whereas all stool samples were negative to all Salmonella
species. Though contrary to our findings in this study, his study showed that Salmonella
serovars isolated from chicken were frequently isolated from hand swabs of poultry farm-
handlers. This provided evidence that direct contact with poultry or poultry environment may
pose health hazards for humans.

Basically, in the livestock industry, antibiotics have been used successfully in human and
veterinary medicine in the past sixty years to turn many of life threatening bacterial
infections into treatable conditions. However, in recent times, antibiotic resistance has
become an important health and food safety issue with emergence of many drug-resistance
species of microbial pathogens in humans [55]. The use of several antibiotics for therapeutic
or prophylactic administration or for growth enhancement, especially in the poultry
operations is particularly worrisome in view of the potential to extend such drug into the
human food chain or the possibility of reduce efficacy of such drugs sometimes
administered by non-qualified personal  [56].
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The result of antimicrobial susceptibility testing in this study, revealed that all the Salmonella
servers were 100% resistant to oxacillin, 96.0% to ampicillin, 93.9% to tylosin, 83.7% to
ceftazidime, 69.4% to ceftriaxone, 67.3% to anicillin, 63.3% to oxytetracycline and 55.1% to
sulphamethoxazole-trimethoprim (Table 3). There was statistical significant difference at
(p<0.01) in antimicrobial resistance patterns exhibited among the Salmonella serovars. A
similar trend in resistance was recorded for non-typhoidal Salmonellae (p<0.05) by
Akinyemi et al. [1], with a least susceptibility to both ciprofloxacin and oflaxacin. While
ciprofloxacin and gendox, showed low frequencies of resistance in human and animal
isolates, as also reported by Okoli et al. [45]. Quite worrisome is the fact that five of the
Salmonella serovars that are incriminated in both human and animal salmonellosis were
100 % resistant to more than five different antibiotics (Table 4). Similar report in USA shows
that 18.0% isolates from all sources were also found resistant to two or more antimicrobials.
Resistance to sulphamethoxazole-trimethoprim, ox tetracycline, and streptomycin was most,
whereas resistance to ciprofloxacin was the least. Resistances to sulphamethoxazole-
trimethoprim among poultry isolates are reported from Senegal [57], Mexico [58] and USA
[59]. However, sulphamethoxazole-trimethoprim resistance was comparatively lower in this
study. Among the fluoroquinolones, resistance to ciprofloxacin was found comparatively
lower in the present study as compared to 35% resistance in USA [60], 10.2 to 16.8% in
Germany [61] and higher compared to 9.6% in Austria [62]. Ciprofloxacin is a
fluoroquinolones antimicrobial that is increasingly and successfully used for the treatment of
septicaemic salmonellosis in human, worldwide.

High level of ampicillin and oxacillin resistance (90 to 100%) was observed in almost all the
isolates, which is in agreement with the findings of Suresh et al. (32). They also observed a
higher proportion of ampicillin-resistant Salmonella from eggs.

The resistance from oxytetracycline was observed in 63.3% of the isolates, which is higher
than that reported in different studies: 46% in Senegal [57] and 36% in Portugal [63].
Oxytetracycline has been one of the most commonly used antibiotics for production
animals; from day-old chicks to broiler chickens, they are exposed to antimicrobial drugs
during their growth phase. Therefore, resistance to drugs such as oxytetracycline could be
expected since the members of this class (tetracycline and chlortetracycline) are approved
for use in broiler feeds for the purpose of growth promotion [64].

Resistance to streptomycin (57.1%) was also higher and is in conformity with other findings
[65]. This resistance to oxytetracycline and streptomycin commonly observed among the
Salmonella isolates has been frequently reported; this elevated resistance may be
explained by the possible diffusion of the TetA (the protein that pumps tetracycline antibiotic
out of the cell) resistance gene, observed in an epidemiological study with Salmonella
strains isolated from animals [66].

The salmonellae revealed resistance to tylosin (93.9%), anicillin (67.3 %) and furasol (55.1
%). Recently some authors have reported an increased resistance to these drugs [67],
which are commonly administered to chicken by poultry farmers for prophylaxis, as
observed during our investigation. Increased resistance to other antibiotics has led to
increased interest in furasol, which is a nitrofuran derivative. It is highly used in poultry feed
as an additive in Vietnam, China, Brazil and Thailand [68].

Our findings regarding cephalosporins resistance (60-80%) are almost in agreement with
the 59.5% found in Salmonella species and Salmonella Typhi isolated from humans in
United Arab Emirates[69] as well as the report of Arlet et al.[70] who documented
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Salmonella Typhimurium and S. Enteritidis been the most common serovars associated
with extended-spectrum cephalosporin resistance in human and animal infections, with
poultry as primary food source, suggesting that humans are often infected by these routes.
This is not surprising, in view of the high level of resistance observed against almost all the
Salmonella serovars in this study. Cephalosporins are major antimicrobials used to treat
serious Salmonella infections. However, their effectiveness is being compromised by the
emergence of extended-spectrum bête-lactamases (ESBLs) and plasmid mediated
cephalosporinases  and recently a class A carbapenemase as also reported by Vincent et
al. [69]. Akinlabi and Steve [71] in Nigeria reported the presence of TEM genes present in
four Nigerian-origin Salmonella isolates exhibiting resistance to third generation
cephalosporins. The isolates included four strains isolated from poultry (two strains of S.
Kentucky and two strains of presumptive S. Pullorum). Resistance to third generation bête-
lactams in Salmonella which often results from production of plasmid mediated
cephalosporinases has been reported to be a major public health problem worldwide
[72,73]. In Nigeria however, there are paucity of such reports both in Salmonella serotypes
from human and food animal origin.

In Nigeria, Salmonella serotypes with less than 20% reduced susceptibility to
fluoroquinolones (F) and cephalosporins (C) from humans and poultry has been
documented  [1,14]. However, the emergence of FC-resistant S. Typhimurium strains from
both poultry and humans in this study calls for serious concern. The implication of this is
increasing emergence strains of FC-resistant pathogen. Our fear is that if urgent steps are
not taken, the efficacy of these preferred groups of antibiotics for the treatment of
Salmonella-associated diseases will be doubtful thereby increasing the mortality rate, thus
put the problem into national and international perspective.

5. CONCLUSION

This study revealed the prevalence of various Salmonella serovars and emergence of
multiple drug resistant Salmonella serovars from poultry and poultry farm-handlers. Prudent
use of antibiotic is essential and its continuous use as a growth promoter might need to be
re-examined. Therefore, vigilance against the rise in resistance of Salmonellae to antibiotics
is important and the poultry farm-handlers should strictly adhere to protective guidelines.
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