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Introduction

Since its first recognition as a common human
pathogen in 1970s the public health importance of

has increased and is now considered to
be one of the most frequent bacterial causes of human
enteritis in many developing and developed countries
[1-4]. The most commonly isolated agents in human
infections are and

The former is the most frequently isolated species
in the genus, causing over 80% of cases of human
campylobacteriosis [5]. The species mainly colonizes
in cecal and cloacal crypts in chickens [6] without
invading the intestinal epithelium, unlike the
colonization in mammals (such as mice, swine, rabbits,
monkeys, and humans) where the organism commonly
invades the host intestinal epithelial cells [7]. Other
species include

, , and
. Members of the genus

naturally colonize a wide range of hosts, particularly

warm-blooded animals (both domesticated and wild)
and more so in birds [8-12]. They are frequently found in
contaminated food products thereby constituting a risk
of zoonotic transmission to humans [13]. The primary
route of transmission of these bacteria to humans is the
ingestion of contaminated chicken or cross-contaminated
food products associated with raw/undercooked chicken
[14]. Other risk factors for the spread of campylo-
bacteriosis include raw and inadequately pasteurized
milk, contaminated water supplies, pets with diarrhoea,
and occupation exposure when processing poultry in
abattoirs [15].

While most animal infections with
are asymptomatic, the typical symptoms of

in humans include profuse watery to
bloody diarrhoea, abdominal pain and cramps, fever,
and presence of leukocytes and red blood cells in faeces
[16]. infections can also develop into
Guillain-Barre´ syndrome (GBS), an autoimmune-
mediated neurodegenerative disorder which causes
acute neuromuscular paralysis [17]. Most cases of

enteritis do not require antibiotic
treatment because they are of short duration, clinically
mild and self-limiting but antibiotic treatment is
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To determine the carriage and antimicrobial resistance of Thermophilic species in the gastrointestinal
tracts of farm and laboratory animals in Morogoro, Tanzania

Faecal samples were collected from farm (n=244) and laboratory (n=466) animals and were
subjected to the Cape Town protocol for isolation of . Isolates were preliminarily identified based on
potassium hydroxide string and hippurate hydrolysis tests. Polymerase chain reaction (PCR) was employed for confirmation
of isolates.Antimicrobial resistance testing was done using disc diffusion method.

Of the laboratory animals, 26.7% of guinea pigs (n=30) and 1.2% of rats (n=242) were colonized with
. Four isolates from guinea pigs were and the other four were From

rats, two isolates were and one was . In farm animals thermophilic were detected from 31.6%
of sheep (n=57) and 60% horses (n=5). Of the isolates 12 (57%) were (10 from sheep and 2 from horses) and the
remaining were (8 from sheep and 1 from a horse). The isolates were frequently resistant to erythromycin, norfloxacin,
colistin sulphate and nalidixic acid; whereas low levels of resistance were observed for ciprofloxacin and gentamicin.

Our study reveals carriage of antimicrobial resistant thermophilic in the intestines of the study
animals. This highlights possibilities in involvement of these animals in the epidemiology of infections. Thus,
there is a need to consider these animal species when planning control measures for this zoonotic bacterium.
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indicated for systemic infections and
for severe or chronic cases of Campylobacteriosis [18].
However, a number of studies in different parts of the
world have addressed the issue of antimicrobial
resistance in the organisms isolated from both humans
and different animal species. The development of
optimal isolation protocols has increased the interest in
studies on in different hosts. In our
country, most of these studies have however been
limited to humans and chickens. This undermines the
contribution of other animal species in the epidemio-
logy of the organism.

Thus, the present study was aimed at investigating
on the colonization and antimicrobial resistance of
thermophilic in faeces of farm and
laboratory animals in Morogoro, Tanzania.

The Institutional Review Board at
Sokoine University of Agriculture, the primary author's
institution, approved this study. Sample collection was
done by qualified and registered veterinarians.

The study was conducted in Morogoro
Municipality, eastern part of Tanzania. It involved farm
and laboratory animals kept at Sokoine University of
Agriculture. It is a public Institution located three km
from Morogoro town center; offering various courses
to undergraduate and postgraduate students. The Uni-
versity is provided with farm and laboratory animals
that are used for different purposes including teaching
and research.

The animals
included in this study were apparently health farm and
laboratory animals. In total, 710 animals were sampled
(466 laboratory and 244 farm animals). Laboratory
animals included 30 guinea pigs, 160 mice, 34 rabbits
and 242 rats. Farm animals included 98 cattle, 81 goats,
57 sheep, 5 horses and 3 camels. Faecal samples were
collected from study animals and immediately trans-
ported on ice to the laboratory where they were
homogenised in 1.5 ml enrichment Bolton broth
(Oxoid Ltd, Basingstoke, UK) containing selective
supplement and 5% of laked horse blood. While in
Bolton broth the samples were incubated under a
microaerophilic condition at 42°C for 24 h.

Isolation of thermophilic
from fecal samples adopted the Cape

Town protocol with slight modification as explained by
Jacob [19]. Briefly a 0.45μm pore size nitro-
cellulose filter was overlaid on the surface of the blood
agar on to which 200μLof enrichment broth containing
the sample was dispensed. After 45 minutes the filter
was removed and the filtrate was spread by streaking.
Plates were incubated under microaerophilic conditions
at 37°C for 72 h with growth of the organisms assessed
after every 24 h. Suspected colonies
were sub cultured on blood agar for 24 h and then
subjected to identification techniques.

isolates
were preliminarily identified based on phenotypic tests
namely; growth atmospheric requirements, colonial
characteristics, testing for Gram negativity using the
KOH String Test (3% potassium hydroxide on a glass
slide), motility test and the sodium hippurate hydrolysis
test for differentiation of from other thermo-
philic .

Following
preliminary identification isolates
were further confirmed using a genome-based method,
species specific polymerase chain reaction (PCR)
Genomic DNA to be used for PCR was extracted from
bacterial suspensions by boiling at 100°C for 10 min.
The extracted DNA was quantified by spectropho-
tometric measurement at a wavelength of 260 nm.
Primers F,5'CTATTTTAT TTTTGAG TGCT T G T G3'
and R,5'GCTTTATT TGCCAT TTG TTT TA TTA3'
(TAG COPENHAGEN A/S) were used to amplify the

gene (589 bp) of , whereas primers F,5'
ATTTGAAAATTGCTCCAACTATG3' and R,5'T GA
TTTTATTATTTGTAGCAGCG3'(TAG COPENHAG
EN A/S) were used to amplify the gene (462 bp)
of Each reaction was performed in a 50μl total
volume containing 10μl primer mix (12 pmol of each
primer), 25μl Green master mix (Qiagen, MA, USA),
2μl DNA template and 13μl milli Q water. Amplifi-
cation reactions were run in Biometra T3 thermocycler
(Fisher Scientific, UK), with the following program: an
initial denaturation at 95°C for 5 min followed by 34
cycles of denaturation at 94°C for 20 s, annealing at
50°C for 20 s and polymerization at 72°C for 1min. A
final extension was performed at 72°C for 5 min.
Samples were then maintained at 4°C until they are
processed. The amplification generated 589 bp and 462
bp DNA fragments corresponding to and

respectively. The PCR products were analyzed on
a 1.5% agarose gel (SeaKem, FMC BioProducts, ME,
USA) stained with 0.3 g/ml ethidium bromide and were
visualized under UV light.

isolates
were tested for resistance to different antimicrobials
using the disc diffusion method on Muller Hinton Agar
(Oxoid Ltd, Basingstoke, UK). Briefly, suspensions
were prepared in a sterile normal saline and adjusted to
a turbidity equivalent to 0.5 McFarland standard.
Inocula were spread onto Mueller-Hinton plates and
dried; and then antibiotic discs were distributed over
the inoculated plates using a BBL Sensi-disc dispenser
(Oxoid Ltd, Basingstoke, UK). The plates were then
incubated at 42°C for 48 h under microaerobic
conditions. After 48 h diameters of inhibition zones
were measured and the results interpreted based on
both standardized tables supplied by the National
Committee on Clinical Laboratory Standards
(currently known as Clinical and Laboratory Standards
Institute) [20] and manufacturer's instructions. Thirty
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two isolates were tested for res

i
o -

Data were entered in Microsoft
excel and analyzed in MedCalc™. Descriptive
statistics were computed to determine the prevalence
of thermophilic infections in different
animal species and the proportions of
isolates resistant to different antibiotics.

Among the sampled laboratory
animals 8 (26.7%) guinea pigs and 3 (1.2%) rats were
colonized with . PCR results indicated
that four isolates from the guinea pigs and two isolates
from rats were and the rest were In
farm animals, thermophilic were
detected from 18 (31.6%) sheep and 3 (60%) horses.
Based on PCR, 12 isolates (10 from sheep and 2 from
horses) were and the remaining were .

Antimicrobial resistance

profiles for the isolates are presented in a Table-1
(general) and Table-2 (species specific). The isolates
showed high levels of resistance to erythromycin,
norfloxacin, colistin sulphate and nalidixic acid in
ascending order; whereas low levels of resistance were
observed for ciprofloxacin and gentamicin. As
compared to , isolates had significantly
higher resistance to norfloxacin. Furthermore, all the
resistant isolates to gentamicin, amoxicillin, ampicillin
and cephalothin were .

Our findings indicate an occurrence of thermo-
philic in horses and sheep among the
sampled farm animals. The isolation of
spp in these hosts may be attributed to contamination
from pigs and chickens. Sheep's dwelling unit is in
close proximity to chickens'; whereas horses' dwelling
units are occasionally used to host pigs. Poultry and
pigs are known to be the most leading animal species in
harboring organisms [21]. A study by
Jiwa [22] detected in goats that were kept
close to positive pigs and chickens; while goats
kept away from these other farm animals, irrespective
of whether the management system was good or poor,
were negative for spp. Detection of the
organisms in horses [23-24] and in sheep [23, 25-34]
has also been reported in previous investigations. This
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istance
against the following antimicrobials; nalidixic acid
(30μg),ciprofloxacin(5μg),gentam cin(10μg),ampicillin
(10μg), cephal thin (30 μg), amoxycillin (25μg), norflo
xacin (10μg), erythromycin (15μg), tetracycline (30μg),
colistin sulphate (10μg), azithromycin (15μg) and
chloramphenicol (30μg) (Oxoid, Hampshire, UK).

Statistical analysis:

Occurrence of thermophilic in the

sampled animals:

Antimicrobial resistance profiles of thermophilic

isolates:

Results

Discussion

Campylobacter
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Table-1: Antimicrobial resistance profiles of isolates derived from laboratory and farm animals (general)Campylobacter

Antimicrobial agent tested                                                             Proportion of resistant isolates (%)

Overall (n=32) Farm animal isolates (n=21) Laboratory animal isolates (n=11)

NA 100.0 100.0 100.0

CN 9.4 14.3 0.00

AMP 12.5 14.3 9.1

KF 12.5 4.8 27.3

AML 12.5 19.0 0.00

NOR 62.5 52.3 81.8

E 50.0 52.4 45.5

TE 37.5 47.6 18.2

CT 87.5 95.2 72.7

AZM 37.5 38.1 36.4

C 25.0 33.3 9.0

CIP 6.25 0.00 18.2

NA=nalidixic acid, CN=gentamycin, AMP=ampicillin, KF=cephalothin, AML=amoxycillin, NOR=norfloxacin, E=erythromycin,

TE=tetracycline, CT=colistin sulphate, AZM=azithromycin, C=chloramphenicol and CIP=ciprofloxacin

Table-2: Antimicrobial resistance profiles of isolates by speciesCampylobacter

Antimicrobial agent tested                                                                  Proportion of resistant isolates (%)

(n=18) (n=14)C. jejuni C. coli

NA 100 100

CN 0 21.42

AMP 0 28.57

KF 0 28.57

AML 0 28.57

NOR 27.8 100

E 50.0 50.0

TE 50.0 28.6

CT 72.2 100

AZM 50.0 28.6

C 27.8 28.6

CIP 5.6 7.1

NA=nalidixic acid, CN=gentamycin, AMP=ampicillin, KF=cephalothin, AML=amoxycillin, NOR=norfloxacin, E=erythromycin,

TE=tetracycline, CT=colistin sulphate, AZM=azithromycin, C=chloramphenicol and CIP=ciprofloxacin
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further indicates a multihost nature of the organism
which provides for many sources of human infections.
Studies in USA [35] and Norway [25] were not able to
isolate thermophilic from horses.

Previous investigations in camels, cattle [36] and
goats [23, 25, 37] found these animals to be free from
colonization with thermophilic The
findings of these studies are consistent with the results
of our study. Some other studies however detected
thermophilic in these animal species.
Occurrence of these organisms in camels was reported
in South Iran [24] and in Nigeria [38]; whereas
occurrence of the organisms in cattle and goats was
reported at variable rates both in this country [22, 39,
40] and elsewhere [24, 26-28, 30, 31, 33, 41-46]. Some
authors attributed occurrence of the organism in goats
to bad management practices [22, 37]. This and other
possible reasons could imply differences in exposure
rates of these animal species to potential sources of
infections [37].

Among laboratory animals, guinea pigs (26.7%)
and rats (1.2%) were found to be colonized with
thermophilic . The level of infection in
guinea pigs was higher than that reported earlier in
New Zealand [47]. The level of infection in rats on the
other hand was lower than those obtained previously
[47, 48]. In a study conducted in England involving
guinea pigs [48], no thermophilic
could be isolated. Similar to findings in this study some
other studies on thermophilic infections
in laboratory animals involving rabbits [35, 48] and
mice [48] were not able to isolate the organisms from
sampled individuals. Colonization of rabbits [47] and
mice [40, 49] with thermophilic has
however been reported in Tanzania and New Zealand.
Some authors have considered mice and rats to be
likely sources of introduction of into
chicken and pig rearing units [49, 50].

Our results indicate that the differences in
isolation frequencies between and in
both laboratory and farm animals were not statistically
significant. This observation differs with many other
studies both in animals and humans in which
prevails [30-51]. In many studies involving pigs however

is the commonly isolated spp.
[52-55]. The differences in species isolations may
depend on common spp. circulating in
the local environment.

There are reports from different parts of the world
that antimicrobial resistance is increasing in food, food
animals and in human bacterial isolates [51, 56-59].
This is also evident in the present study in which varied
proportions of thermophilic were resistant
to different antimicrobials. The isolates demonstrated
high levels of resistance to erythromycin (50%),
norfloxacin (62.5%), colistin sulphate (87.5%) and
nalidixic acid (100%); whereas low levels of resistance
was observed for ciprofloxacin and gentamicin. Occu-
rrence of resistant isolates to these antimicrobials is of
public health concern as antibiotic resistant

species from animals can infect humans via
occupational exposure or through the food chain [60-
63]. Thus, variations in resistance observed over time
underscore the need for continued public health
monitoring of resistance from humans,
animals, and food [64].

Though most cases of human campylobacteriosis
are self-limiting, therapeutic intervention is indicated
in persistent or complicated cases and those involving
immuno-compromised individuals [65]. Fluoroquino-
lone (ciprofloxacin) and macrolides (erythromycin)
are the drugs of choice for the treatment of human
campylobacteriosis. Studies in Nigeria [66-67] reported
that ciprofloxacin was effective against all the strains
of tested. Varying proportions of
resistant isolates to ciprofloxacin and
erythromycin have however been reported in different
studies [51, 54, 55, 68-70]. In the current study 6.25%
and 50% of thermophilic isolates were
resistant to ciprofloxacin and erythromycin,
respectively. The low level of resistance observed for
ciprofloxacin indicates that this antibiotic is still useful
in the treatment of human campylobacteriosis. High
level of resistance to erythromycin on the other hand
indicates that this drug would be of little use for the
treatment of campylobacteriosis. Beatty [71]
reported that the resistance of to
erythromycin is increasing and varies between 12%
and 95%.

The frequency of tetracycline resistant thermo-
philic isolates in this study was 37.5%.
Another study conducted in the country [10] recorded
resistance level of 74% to tetracyclines among
isolates derived from ducks. Tetracyclines are the most
extensively used drugs in veterinary medicine in
Tanzania. In Canada, Gaudreau and Gilbert [72]
reported that the rate of resistance of to
tetracycline rose from 19.1% to 55.7% in a period of 10
years. Tetracyclines are known to be relatively cheap
and have a broad spectrum of activity. For this reason,
they have been broadly used in the prophylaxis and
therapy of human and animal infections and to promote
animal growth.

Investigations elsewhere reported that
isolates are more resistant to antimicrobials than

strains [54, 73, 74]. In the present study
isolates were frequently resistant to norfloxacin as
compared to . It was also noted that only
isolates showed resistance to gentamicin, ampicillin,
cephalothin and amoxicillin. Some other studies have
reported higher resistance to ciprofloxacin, a drug of
choice for treatment of human campylobacteriosis,
among isolates compared to [75-76]. In
a study by de Jong [74] isolates were seen
to display higher resistance to erythromycin when
compared to .

In conclusion, organisms colonize
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a diverse range of animal hosts including farm and
laboratory animals resulting in asymptomatic carriers.
This has a substantial impact on public health with
regard to sources of human infections. The occurrence
of antimicrobial resistant strains from
the study animals further complicates the situation.
Therefore, we recommend consideration of all those
reservoirs of the organisms when planning to stem
human infections and the problem of antimicrobial
resistance.
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