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SUMMARY

Although carriage of multiple potential human pathogens in known reservoirs is not uncommon,
investigations addressing more than one of the pathogens in these reservoir populations are rare in
Tanzania. Cloaca swabs were collected from 400 scavenging local chickens (SLC) and conveyed in
Bolton broth and maximum recovery diluent for isolation of thermophilic Campylobacter and E. coli,
respectively. Isolation of thermophilic Campylobacter adopted the Capetown protocol. The isolates
were identified using phenotypic tests and eventually confirmed by polymerase chain reaction.
Isolation of E. coli was done on McConkey agar and further detection of pathogenic E. coli was done
on sorbitol MacConkey agar. Isolates were identified by the IMVIiC test and the Analytical Profile
Index. Both, thermophilic Campylobacter and E. coli isolates were tested for resistance against eight
commonly used antimicrobial agents in veterinary and human medicine in the study area using the
disc diffusion method. Thermophilic Campylobacter were detected in samples from 51 birds
(12.75%), most of them carrying C. jejuni. The proportion of SLC colonized with E. coli was 81.0%,
of which 7.4% were colonized with pathogenic E. coli. Co-colonization by both thermophilic
Campylobacter and E. coli was detected in 9.75% of the collected samples, 28.2% of them involving
pathogenic E. coli. All the thermophilic Campylobacter isolates were resistant to cephalothin; and
more than half (88.2%) to amoxycillin. Resistance to macrolides and quionlones occurred at lower
frequencies. A higher frequency of E. coli isolates (91.7%) was resistant against cephalothin. Slightly
lower frequencies of E. coli isolates were resistant to gentamycin, amoxicillin and erythromycin.
Significantly lower frequencies of resistance were noted for nalidixic acid, ciprofloxacin, norfloxacin
and azithromycin. Multidrug resistant isolates were found in 31.5% and 27.8% of thermopbhilic
Campylobacter and E. coli isolates, respectively. SLC are reservoirs of antimicrobial resistant
thermophilic Campylobacter and E. coli isolates, and are thus potential sources of human infections
with these organisms. The birds should be among the targets when control of human infections with
these organisms focuses at reservoir level.
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INTRODUCTION

Unlike other birds and mammals; chicken
farming is neither suppressed, challenged,
frustrated nor influenced by taboos
(MAFS, 2003). In Tanzania, local chickens
(SLC) contribute over 94% of the chicken
population (Nonga et al., 2009). They are
mainly raised under scavenging production
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system by village farmers (MAFS, 2003).
In some families these birds are hosted in
human dwelling units at night. Also called
rural chickens, their market is gaining
popularity in towns and they contribute
significantly to rural families’ livelihoods.
Their products particularly meat and eggs
are even testier (Muhairwa et al, 2008).
Apart from serving as a source of delicacy
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and income, rural chicken keeping is
articulated to various social-economic
functions such as prestige and dignity,
payment of bride price, alternative therapy,
sports, presents during festivals and
manure for farm and horticultural crop
production (Alders et al, 2002).

Zoonoses, the naturally transmissible
diseases between human and animals, have
significant public health implication as
they represent a burden to human health
(Khan et al., 2009; Richt and Feldmann,
2009). Some of these diseases are caused
by bacterial pathogens which include
thermophilic Campylobacter and E. coli.
The two bacterial species have a diverse
host range and are transmitted through food
of animal origin. They are the main causes
of diarrhoea both in animals and humans
all over the world (Silva et al., 2011).
Avian species are particularly incriminated
as the most common reservoirs and sources
of these organisms for human infections.

Thermophilic Campylobacter are known
for their capacity to colonize and become
part of the normal flora of human and
various animal species, including birds
(Hermans et al., 2012). Though the
organisms have been detected in stool
samples from a number of animal species,
avian species, poultry in particular are the
most common reservoirs (Wilson et al.,
2008; Wysok and Uradzinski, 2009). The
organisms have, however, also been
implicated in various cases of bacterial
gastroenteritis in low, middle and high
income countries (Heuer et al., 2001). For
a long time the identification of infection
sources of these pathogens has been
hampered by the lack of reliable detection
techniques, sporadic nature of the cases
they cause as well as the ubiquitous
presence of the organisms in the
gastrointestinal tract and feaces of many
animal and bird species (Dingle et al.,
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2001; Frost, 2001; Newell and Feamley,
2003; Rivoal et al., 2005).

Escherichia coli is one of the most
common facultative anaerobic species
present in the gastrointestinal tract of
animals and human beings (Vinayananda et
al., 2017). The bacterium is frequently
employed in food safety as an indicator
organism of bacterial contamination
(Adams and Moss, 2000). Although they
commonly occur as non-pathogenic
commensal bacteria, evidence shows that
some E. coli serotypes are associated with
human and animal illnesses worldwide
(Nataro and Kaper, 1998; Neidhart, 1996).
E. coli O157:H7 has emerged recently as
an important food-borne human pathogen
responsible for the haemorrhagic colitis
and  haemolytic  uraemic  syndrome
(Karmali et al., 2010).

Tanzania, as it is with many other low
income countries, has scarce information
on bacteriological and epidemiological
aspects of many important pathogens
including those of zoonotic potential. This
impedes strategies towards the control of
diseases caused by those pathogens. The
present study was thus performed to
determine the occurrence of antimicrobial
resistant thermophilic Campylobacter spp.
and E. coli in the intestines of scavenging
local chickens at vending points. It took
into consideration the potential public
health risk that the chickens pose through
transmission of different agents through
contamination of their meat during
slaughter and cross-contamination of other
food products during preparation. The
generated data may help public health
authorities in different ways including
devising control programs.
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MATERIALS AND METHODS

Study area and sample collection

Samples were obtained from two local
chicken vending areas located at Mawenzi
and Morogoro central markets. The areas
were selected on convenience basis since
they are assembly grounds of chicken from
various areas of the region and outside. The
study involved obtaining cloacal swabs
using sterile moist cotton swabs which
were immediately inoculated into 4 ml of
Bolton broth containing Campylobacter
selective  supplement.  Samples  for
detection of E. coli were placed into
maximum recovery diluents. The obtained
samples were transported on ice to the
public health laboratory at the College of
Veterinary Medicine and Biomedical
Sciences (CVMBS), Sokoine University of
Agriculture (SUA) for further processing.

Bacteriological culture of collected
samples for isolation of thermophilic
Campylobacter and E. coli

The isolation of thermophilic
Campylobacter adopted the Cape Town
protocol, with slight modification as
explained by Jacob et al. (2011). Detailed
procedures are well documented in Komba
et al. (2014) and Komba et al. (2015).
Campylobacter isolates were preliminarily
identified based on phenotypic tests; and
subsequently confirmed by a molecular
technique (polymerase chain reaction);
details are found in Komba et al. (2014)
and Komba et al. (2015). For isolation of
E. coli a loopful of faecal homogenate in
MRD was inoculated onto MacConkey
agar (Oxoid, Hampshire, UK) and
incubated aerobically at 37°C for 24 hours.
Presumptive E. coli colonies were sub-
cultured on new MacConkey agar (Oxoid,
Hampshire, UK) plates for purification.
Pure colonies were subjected to
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biochemical tests for identification of E.
coli using standard methods (Mcfadden,
2000). All isolates identified as E. coli
were inoculated on sorbitol MacConkey
(SMAC) agar plates and again incubated
aerobically at 37°C overnight. Phenotypic
characteristics of pathogenic E. coli,
specifically the ability to ferment sorbitol
on SMAC agar as earlier described (March
and Ratnam, 1986) were observed.

Antimicrobial resistance testing

The isolates were tested for resistance to
various commonly used antimicrobials in
the study area using the disc diffusion
method on Miiller-Hinton agar
(Luangtongkum et al., 2007). Details for
the method are explained in Komba et al.
(2014) and Komba et al. (2015). The
isolates were tested for resistance against
the following antimicrobial agents;
nalidixic acid (NA, 30 pg), ciprofloxacin
(CIP, 5 pg), gentamycin (CN, 10 pg),
cephalethin  (CL, 30 pg), amoxycillin
(AML, 25 pg), norfloxacin (NOR, 10 ng),
erythromycin (E, 15 pg), azithromycin
(AZM, 15 pg) (Oxoid Ltd, Basingstoke,
UK).

Data analysis

Collected data were cleaned in Microsoft
Office  Excel® 2007  (Microsoft
Corporation, One  Microsoft  Way,
Redmond, 98052-7329, USA). Descriptive

statistics were computed in Epi-Info
version 7 (CDC Atlanta, USA) to
determine the proportion of samples

positive for thermophilic Campylobacter
and E. coli; and the proportion of isolates
resistant to antimicrobial agents.
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RESULTS
Occurrence of thermophilic
Campylobacter and E. coli in the

collected samples

Thermophilic Campylobacter were
detected in 51 (12.75%) out of the
collected samples (400). The vast majority
of the isolates (84.3%) were C. jejuni
whereas C. coli accounted for the
remaining  proportion  (15.7%). The
proportion of SLC colonized with E. coli
was 81.0%, of which 7.4% were colonized
with pathogenic E. coli. Co-colonization by
both E. coli and thermophilic
Campylobacter was observed in 9.75% of
the collected samples, 28.2% of them
involving pathogenic E. coli.

Antimicrobial resistance profiles of
thermophilic Campylobacter and E. coli
isolates

Results on antimicrobial resistance profiles
of the isolates are presented in table 1. All
the thermophilic Campylobacter isolates
were resistant to cephalothin; and more
than half to amoxycillin (88.23%).
Resistance to macrolides and quionlones
occurred at lower frequencies. A higher
frequency of E. coli isolates was resistant
to cephalothin (91.66%). Slightly lower
frequencies of E. coli isolates were
resistant to gentamycin, amoxicillin and
erythromycin. Significantly lower
frequencies of resistance were observed for
nalidixic acid, ciprofloxacin, norfloxacin
and azithromycin. There were no defined
uniform antimicrobial resistance patterns
between co-occurring thermophilic
Campylobacter and E. coli isolates.
Multidrug resistant isolates were found in
31.5% and 27.8% of thermophilic
Campylobacter and E. coli isolates,
respectively.

Table 1: Antimicrobial resistance profiles of thermophilic Campylobacter and E. coli
isolates obtained from dogs in Morogoro, Tanzania

Antimicrobial Antimicrobial Proportion of resistant isolates (%)
Agent class Thermophilic Campy (n=51) E. coli
(n=324)

Nalidixic acid Quinolone 11.8 8.33
Ciprofloxacin Quinolone 9.8 7.71
Gentamycin Aminoglycoside 45.1 28.7
Cephalothin Cephalosporin 100 91.66
Amoxycillin Penicillin 88.23 36.7
Erythromycin Macrolide 13.72 34.9
Azithromycin Macrolide 19.6 13.0
Norfloxacin Quinolone 15.6 14.2

Key: Campy = Campylobacter; E. coli = Escherichia coli
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DISCUSSION

A previous study in the country (Chuma et
al., 2016) detected  thermophilic
Campylobacter in 48 (75.0%) out of a
sample of 64 SLC. The reported frequency
of isolation of the organisms by these
authors is higher than what was observed
in this study (12.75%). Similarly, a study
involving free ranging ducks (Nonga and
Muhairwa, 2009) reported a higher
frequency (80%) of occurrence of
thermophilic Campylobacter (n=90). The
proportions of C. jejuni and C. coli
reported in the two studies (Nonga and
Muhairwa, 2009; Chuma et al., 2016) are
however comparable to those detected in
the current study. In the UK, Loc Carrillo
et al. (2007) isolated thermophilic
Campylobacter from 86.4% of free ranging
layer chickens, 47.4% being C. jejuni and
52.6% being C. coli. In the same country,
Colles et al. (2011) reported a peak
prevalence of 88.0% for thermophilic
Campylobacter infections in free ranging
broiler breeder flock. A more or less
similar prevalence (18.4%) of thermophilic
Campylobacter to the one obtained in this
study was obtained among SLC in Ethiopia
(Brena et al., 2015). In the study all the
isolates were specified as C. jejuni.

The avian intestines have been known to
harbor zoonotic E. coli strains which could
be transferred directly to, and cause
infections in humans (Shecho et al., 2017).
In this study 81.0% of the sampled SLC
were found to be colonized by E. coli. E.
coli have been isolated from SLC in
different proportions in studies conducted
earlier, both in the country (Hamisi et al.,
2014; Rugumisa et al, 2016) and
elsewhere (Manishimwe et al., 2017). A
study conducted in Rwanda by
Manishimwe and others (2017) has
recently reported an isolation frequency of
E. coli of 79.7% from a sample of 207 free
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ranging chickens. Amadi et al. (2015)
recorded an E. coli prevalence of 98.5%
(n=205) among a population of free
ranging chickens in West Indies.

Poultry production is a fastest growing
industry such that poultry meat has become
a major and affordable source of protein
worldwide (Hemen et al., 2012). SLC are
particularly heavily consumed in Tanzania
and other developing countries leading to
an increase in their demand. Co-
colonization of these avian species by both
E. coli and thermophilic Campylobacter
was observed in 9.75% of the collected
samples. This observation translates into a
significant public health risk as during
slaughter and processing infected birds
may contaminate meat and result into
multiple  pathogen infections among
consumers. Poultry meat is a commodity
most frequently associated with outbreaks
of food-borne illnesses in humans (Shecho
et al., 2017). A co-contamination level of
29.3% with both Campylobacter and E.
coli in a sample of 184 chicken carcasses
has been recorded in the US (Zhao et al.,
2001). Their finding suggests co-
colonization of these birds by the detected
organisms during their lifetime.

Antimicrobial resistance is one of the
rapidly growing problems worldwide, more
so in the developing countries (Isenbarger
et al., 2002; Hamisi et al., 2014).
Frequently antimicrobial resistance has
been observed among bacteria strains
originating from food animals, including
thermophilc Campylobacter and E. coli,
posing substantial public health risk of
antimicrobial resistant human infections in
both developed and developing countries
(Isenbarger et al., 2002). Fecal
contamination  of  carcasses  during
slaughtering can increase the probability of
spreading antibiotic- resistant bacteria to
people (Alvarez-Fernandez et al., 2013;
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Dhama et al, 2013). Handling and
consumption of raw or undercooked
contaminated poultry meat is a potential
risk factor for the transmission of bacteria,
including antibiotic-resistant  strains
(Johnson et al.,, 2007). Although
commensal bacteria do live without
causing harm to hosts, it has been
suggested that they may acquire or spread
resistant strains to humans and livestock
(Kassa et al., 2007). The chemotherapeutic
implication for humans, livestock and pet
animals can therefore not be ignored.

In the present study all the thermophilic
Campylobacter isolates were resistant

against  cephalothin.  Frequencies of
resistance  against  quinolones  and
macrolides among the isolates were

however significantly low in this study.
Resistance to cephalosporins including
cephalothin, is known to be an intrinsic
attribute among Campylobacter species
(Pezzotti et al., 2003). A previous study in
the country reported similar low
frequencies  of  resistance  against
ciprofloxacin and norfloxacin among C.
jejuni strains isolated from ducks (Nonga
and Muhairwa, 2009). The study however
reported a higher frequency of resistance
against erythromycin and a lower
frequency  against  amoxicillin in
comparison to those obtained in this
particular ~ study. Significantly  lower
frequencies of resistant thermophilic
Campylobacter isolates, particularly to
macrolides and quinolones, have been
reported elsewhere (Moore et al., 2005).

The vast majority of the E. coli isolates in
this  study  were  susceptible to
ciprofloxacin, nalidixic acid, norfloxacin
and azithromycin. Moderate frequencies
were noted for gentamycin, amoxicillin and
erythromycin. These are among the most
important and widely used antimicrobial
agents in veterinary and human medicine in
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the study area. Results for amoxicillin,
ciprofloxacin (Amadi et al., 2015;
Rugumisa et al., 2016) and gentamycin
(Manishimwe et al., 2017) are in support of
previous studies. Contrary to the present
results, Hamisi et al. (2014) observed
higher frequencies of resistance phenotypes
against penicillins and quinolones among
E. coli isolates recovered from SLC in the
Northern part of the country. Consistently
Rugumisa et al. (2016) and Hamisi et al.
(2014) reported high susceptibility to
chloramphenicol among SLC derived E.
coli. The two studies however differed in
observations on frequencies of resistance to
sulfamethoxazole, trimethoprim and
tetracycline in which Hamisi et al. (2014)
reported relatively higher values. A higher
resistance (98.8%) against erythromycin
and a significantly lower resistance (3.7%)
against gentamicin among SLC derived E.
coli isolates have been reported recently in
Rwanda (Manishimwe et al., 2017).

Resistance against cephalothin was the
highest (91.66%) among SLC derived E.
coli isolates. A recent study (Carvalho and
colleagues, 2016) has used cephalothin to
recover E. coli strains with potential for
multi-drug  resistance.  The  authors
associate  occurrence of cephalothin
resistance markers, with presence of
markers for chloramphenicol, tetracycline
and trimethoprim-sulfamethoxazole.
Resistance to cephalothin represents a
public health and a clinical significance
because it is commonly observed in
situations with no strong selective
pressures (Carvalho and colleagues, 2016).
Contrary to findings in this study, Amadi et
al., (2015) reported a significantly lower
resistance against cephalothin (1%) among
SLC derived E. coli isolates in West Indies.

Though  antimicrobial  resistance is
associated with antimicrobial use, in
Rwanda (Manishimwe et al., 2017) found
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no statistically significant differences in
frequencies of resistant E. coli against
different antimicrobial agents between
free-range  poultry farms on low
antimicrobial use (30.9%) and layer and
broiler production farms who were on
100% antimicrobial wuse. In Tanzania
Rugumisa et al. (2016) found relatively
lower frequencies of resistance to several
antimicrobial agents among E. coli isolated
from SLC in comparison with isolates from
intensively kept broiler chickens. The
authors attributed this finding to frequency
of antimicrobial use in the two systems.
This type of association was not
investigated as only the free ranging
chicken population was involved.

The occurrence of multidrug resistant
phenotypes among thermophilic
Campylobacter and E. coli isolates in this
study is an observation worth noting, as
they may result into human infections that
may be difficult to treat. Multidrug
resistance among thermophilic
Campylobacter (Komba et al., 2015) and
E. coli (Amadi et al, 2015, 31%;
Manishimwe et al., 2017, 43.2%) isolates
obtained from SLC and other hosts has
been reported by several authors
previously. Since antimicrobial use in
production of these chickens is not
common, the environment could be a
potential source of antimicrobial resistant
bacteria acquired during scavenging. These
bacteria can eventually be transmitted to
humans via contaminated poultry products,
directly or as a result of cross-
contamination of other products.

To conclude, SLC in the study area are a
potential source of antimicrobial resistant
thermophilic Campylobacter and E. coli for
humans and possibly other animals. Nodes
should be identified in their production
chain, from farm to table, to prevent human
infections with pathogens they carry in
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their intestines. Regular surveillance of
different potential human pathogens among
SLC populations is suggested.
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