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Abstract

Campylobacteriosis in humans dueGampylobacter jejunandC. coliis the most common
bacterial diarrhoeal disease worldwide. Control sneas currently focus on the reduction of
Campylobacterin chickens, as 60-80% of human cases can béw#d to the poultry
reservoir as a whole. HoweveZ, jejuniandC. coli have also been reported in a range of
livestock and wildlife species, including live plsaats. Pheasants reach the consumer’s table
as a by-product of the shooting industry. Approxieha3.5 million game birds are shot in
Scotland every year; however, only 700,000 (20%)raceived at Scottish Approved Game
Handling Establishments (AGHES) for veterinary iston. Despite this volume of wild
game entering the food chain, there is a lack dbrination concerning the risk of
campylobacteriosis in humans arising from consuonpdf wild game meat and the role wild

game birds may have as a reservoir of infection.

This study’s aims were to determine the preval@i€¢aampylobactem wild game pheasants
processed in AGHEs in Scotland, to identify the nme@équence types (STs) present and to

evaluate their impact on public health.

Scotland was divided into five geographical regidfise sampling sites and 13 estates were
selected to collect a total of 287 caecal and &®skmples from pheasant carcases during the
hunting season 2013/2014. Laboratory isolationCafnpylobacterwas performed using
standard culture methods and positive caecal sampire subjected to PCR and High

Throughput Multi Locus Sequence Typing (HIMLST).

36.5% of 287 caecal samples (Cl 13.9% - 61.2%) Wamapylobactepositive while all 59
skin samples were negative. Using PCR¢oliandC. jejuniaccounted for 62.7% and 37.3%
of positive samples tested (n=99), respectivelynelien STs ofCampylobacterwere
recovered from MLST (n=80). Sequence type 828 (hwk the most common, followed by
ST827 (n=12) and ST19 (n=7).

Overall, the STs found in pheasants are more conmimbwvestock than chickens, raising the
possibility of cross-infection between pheasardtjeand sheep in the field. STs 827 and 19
are common in humans and primarily associated wiistock, however, ST828 is primarily
chicken-associated so this also implies direct lveioent of poultry in the transmission of

infection to pheasants.



This study suggests that wild game birds are ailplessource ofCampylobacteinfection in

humans and helps in the understanding of risk toams of pheasant meat consumption.

Lay Summary

Campylobacteriosis in humans due@o jejuni andC. coli is the most common bacterial
diarrheal disease worldwide. Control measures ntlyrefocus on the reduction of
Campylobacterin chickens, as 60-80% of human cases can béw#d to the poultry
reservoir as a whole. HoweveZ, jejuniandC. coli have also been reported in a range of
livestock and wildlife species, including live plsaats. Pheasants reach the consumer’s table
as a by-product of the shooting industry. Approxeha3.5 million game birds are shot in
Scotland every year; however only 700,000 are vedeat Scottish Approved Game Handling
Establishments (AGHES) for veterinary inspectioaspite this volume of wild game entering
the food chain, there is a lack of information cenming the risk of campylobacteriosis in
humans arising from consumption of wild game meal the role wild game birds may have

as a reservoir of infection.

This study’s aims were to determine the preval@i€¢eampylobactem wild game pheasants
processed in AGHEs in Scotland, to identify the nmsequence types (ST) present and to

evaluate their impact on public health.

Scotland was divided into five geographical regjdnge sampling sites and thirteen estates
were selected to collect a total of 287 caecal @& dkin samples from pheasant carcases
during the hunting season 2013/2014. Laboratoatiem of Campylobactewas performed

using standard culture methods and positive caaraples were subjected to PCR and High

Throughput Multi Locus Sequence Typing (MLST).

36.5% of 287 caecal samples wé&ampylobactepositive while all 59 skin samples were
negative. The STs found in pheasants are commdivastock and chickens, raising the

possibility of cross-infection between pheasarigkens, cattle and sheep in the field.

This study suggests that wild game birds are adfoSampylobacterand a potential risk to

humans through consumption of pheasant meat.
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Chapter 1 Introduction

1.1Campylobacter

Campylobacteiis a genus of Gram-negative spirally curved rddd comprises 15 species,

12 of which are associated with human disease ¢lz&st and Skirrow, 2000). They have a
single polar flagellum at one or both ends of thiéand are strictly microaerophilic, requiring

between 3 and 6% of oxygen and 10% of carbon déoxidgrow. They are catalase and
oxidase positive and will not grow at temperaturelow 30°C, or in the presence of 3.5% of
NacCl, or at a pH below 4.9 (Park, 2002). The optimiemperature for growth is 42°C at a pH
range of 5.5 to 8.0 (Park, 2002).

Campylobactespecies are commonly found in nature and can oongde drinking water but
are more often associated with warm-blooded aninzscommensal gastrointestinal
organisms in livestock, domestic and wild animala®pathogens in humans (EFSA, 2012).
They do not generally cause disease in animals; bigtus fetusan be an abortifacient agent

in cattle and sheep and may occasionally causeusesiystemic disease in humans.

The two species of primary importance to publicltmeareC. jejuniandC. coli, responsible
for over 95% ofCampylobactemfections in humans (Park, 2008ampylobacter jejunand

C. coli can readily contaminate various foodstuffs, inolgdmeat, raw milk and dairy
products, and, less frequently, fish and fishepodpcts, mussels and fresh vegetables. Among
sporadic human cases, contact with live poultrpscaption of poultry meat, drinking water
from untreated water sources, and contact with gredsother animals have been identified as
the major sources of infections (EFSA, 2013). Gam#tamination during food preparation
has also been described as an important transmisside. Raw milk and contaminated
drinking water have been implicated in both small arge outbreaks (EFSA, 2013). Other
Campylobactespecies, such & upsaliensisC. sputorumC. hyointestinali@ndC. lari are
present in mammals and birds in the UK, but aregeoterally considered of public health
importance (DEFRA, 2013).

1.1.1 Poultry as reservoir of human campylobacterigis

Poultry are recognised as the most important reges’Campylobactemfection for humans
(Park, 2002). They can contract infection from thegivironment, via contaminated water or
following breaches of biosecurity (e.g. poor clegnand disinfection of poultry houses).

Infection in poultry is mainly through the oral-tas route or via vertical transmission from
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parent flocks (Humphregt al, 2007).Campylobactespp. mainly colonise the caeca, large
intestine and cloaca of poultry; in particular,ttiarget the intestinal mucous layer coating
the crypts in these locations (Beetyal, 1988). This is a highly specialised environmautt b
C. jejuni has evolved features that enhance bacterial aban of this restricted ecological

niche, in particular:

e Bacterial motility: This is necessary for the irieal colonisation of animals by

Campylobactespp. since non-motile mutants are incapable afbéishing infection
(Morookaet al, 1985). The polar flagellum and the spiral shap€ampylobacter
spp. give the cells a typical rapid, darting, corksv-like pattern of motility that
enables them to colonise competitively the mucaysrl of the gastrointestinal tract
of animals. This environment will otherwise rapigigralyse other motile rod-shaped
bacteria (Wassenaar and Blaser, 1999).

« Chemotactic mechanisms: These alldampylobactespp. to be attracted to mucin

and, more specifically, fucose, a constituent o€imuand consequently colonise the

mucous layer of the gastrointestinal tract of amsnielugdahlet al, 1988).

The main factors that enhance the role of poulirthe main natural host f@ampylobacter

are:

« The body temperature of poultry, around 41°C, isywose to the optimal growth
temperature of the organism (42°C) and differs ictarably from that encountered in
the mammalian intestinal tract (37 to 39°C) (P20Q2).

« The ability ofC. jejunito produce the outer membrane protein CadF thawvslthe
binding of the bacterium to fibronectin that is g#et on the gastrointestinal tract of
chickens (Zipriret al, 1999).

1.1.2 Pathogenesis of human disease

Much of the world’s poultry meat production is caminated withCampylobactespp. and
this is reflected in the reportedly high isolati@te for these pathogens in poultry products
sold in major supermarket outlets (Park, 2002; EFE¥3). In the USA, 69% of chickens
bought from a local supermarket were found to ba&tarainated withC. jejuni (Willis and
Murray, 1997). In the UK, 70% of chickens testedipee for the presence Glampylobacter

in a year-long survey published in November 201ith 8% of them harbouring loads greater
than 10 colony forming units per gram (CFU/g) (FSA, 201@xmpylobacter jejuninfection

in humans has been associated with handling antestraw or undercooked poultry, a risk
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that is enhanced by the widespread distributiomfefction in the poultry meat industry and

the high levels of poultry consumption meat perieafEFSA, 2010).

Transmission ofCampylobacteto humans is usually by the consumption of contaeid
food or water. In particular, a scientific opinipablished by EFSA in 2010 indicated that
“Handling, preparation and consumption of broileeahmay account for 20% to 30% of
human cases of campylobacteriosis, while 50% to 308y be attributed to the poultry
reservoir as a whole” (EFSA, 2010).

On the basis of experimental evidence, at leastti@chanisms have been identified by which
CampylobacterSpp. induce gastrointestinal disease in humangsdhnvolve intestinal
adherence and toxin production, and bacterial iomaand proliferation within the intestinal
mucosa (Park, 2002).

Campylobacter jejunstrains produce at least one cytotoxin, the cthaledistending toxin
(CDT) (Pickett, 2000). Frorim-vitro experiments it has been hypothesised that if thé C
toxin is produced in the presence of rapidly dingdand differentiating intestinal crypt cells,
it could lead to loss of function or erosion of gpéthelial layer, ultimately leading to diarrhoea
(Pickettet al, 1996; Purdyet al, 2000). This is not the only wayampylobactespp. express
their pathogenic effect in humans and it is possthiat additional toxigenic activities are
present in some strains 6f jejuni This may explain why disease manifestation céfierdi
with strain (Park, 2002). Equally, it is also p&sithat certain strains &. jejunior C. coli
may not be capable of causing disease in humaaos the relative distributions of genotypes
from poultry and humans are not necessarily theeq&mrolik et al, 1995; Clowet al, 1998).

In this context, the determination of the sequdgpe ofC. jejuniandC. coli from different

animal sources can give an indication of their piiéto cause disease in humans.

The infective dose of these bacteria is generalily (500 to 800 CFU) (Janssenal.,2008)
and the average incubation period in humans rafiges one to seven days (Blassral,
1987: Woodet al, 1992). Patients may experience mild to severggyms, most common
ones including watery (sometimes haemorrhagicyluiea, abdominal pain, fever, headache
and nausea (Humphreyal, 2007). Usually infections are self-limiting arast only between

5 and 7 days. Extra-intestinal infections or posection complications, such as reactive
arthritis and neurological disorders, can also o€campylobacter jejurtias become the most
commonly recognised antecedent cause of GuillaiéBsyndrome, a polio-like form of
paralysis that can result in respiratory failueyese neurological dysfunction and even death

(Humphreyet al, 2007). Not all strains of. jejuni seem capable of causing these sequelae
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and there are even differences between those stasociated with the two syndromes of

respiratory failure and neurological dysfunctiomk&hashet al, 2005).
1.1.3Campylobacter as a foodborne pathogen

As described in section 1Qampylobacterspp. possess strict growth requirements and are
sensitive to environmental stress, making them appe be unlikely foodborne pathogens
compared to salmonellae aBdcherichia coli organisms that are considered to be relatively
robust and capable of surviving common food prdogsgractices such as refrigeration and
cooking (Humphreyet al, 2007). Factors influencinGampylobactersurvival in food, and

therefore its pathogenicity to humans, are briefiplained below:

Resistance to low temperature: The factor that lind growth ofCampylobactespp. at low

temperatures is currently unknown. Many bacter@pce characteristic cold shock proteins
that allow them to replicate at temperatures betbeir optimum growth temperature
(Phadtareet al, 1999). An analysis of th&. jejuni genome sequence suggests that
Campylobactespp. do not produce this type of cold shock protBarkhillet al., 2000). This
may contribute to explain why these pathogenstéaijrow at temperatures below 30°C.
Although at this temperature replication is notgiole, the organism is still fully motile and
retains its aptitude to move towards more favowalvironments (Hazeleget al, 1998).

At lower temperatures however, viability is rapitthgt and, althougl@ampylobactespp. can
still be recovered from frozen meats and poultrgdpicts (Fernandez and Pison, 1996),
freezing significantly reduces its survival (Humepand Cruickshank, 1985; Harrisenal,
2013). Several factors, like ice nucleation andydedtion, have been associated with the
freeze-thaw induced injury of bacterial cells, axiblative stress has also been shown to be

detrimental taCampylobactesurvival (Stead and Park, 2000).

Resistance to oxidative stress: Exposure to oxjg@revitable for bacterial pathogens but it

leads to the formation of reactive oxygen interraggli (ROIs), such as superoxide radicals. If
these highly reactive agents are not deactivateg,d¢an induce lethal damage to nucleic acids,
proteins and cell membranes. As a response ada@ist excesses, many bacterial cells are
able to induce the synthesis of anti-oxidant enz/nfdthough it is possible to grow
Campylobactespp. in the presence of air under certain conitidonest al, 1993), these
organisms are generally considered to be micro&drmopindicating an intrinsic sensitivity
towards oxygen and its reduction products. Thuulae defences against the damaging
effects of oxidative stress play an important rislehe survival of these bacteria during

exposure to air. Superoxide dismutase (SOD) isnagree that, amongst others, plays a key
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role in the oxidative defence system@dimpylobacte(Purdy and Park, 1994; Pestial,
1994; Purdyet al, 1999). The deleterious effects of exposure tcesuwpde radicals are
counteracted by the SOD that b&@hjejuniandC. colipossess (Purdy and Park, 1994; Pesci
et al, 1994). SOD-deficienCampylobactemutants are less able to survive on poultry meat
or freezing, suggesting that SOD is an importaatofaof Campylobactersurvival in food
(Purdyet al, 1999; Stead and Park, 2000).

Resistance to heat treatment: Although thermophiligrowth requiremeniCampylobacter

spp. are sensitive to heat and readily inactivdtedasteurization and domestic cooking
processes (Humphreat al, 2007). Bacterial cells exposed to temperatubes@that which

is optimal for growth generally respond by prodgcan heat shock response involving the
synthesis of proteins able to act as ATP-depeng®ttases (Park, 2002). These contribute to
the degradation or stabilization of abnormal preind this is considered to be an important
homeostatic mechanism that enables bacterial tellsurvive heating and a variety of
environmental stresses (Arsesteal, 2000).Campylobactespp. are able to produce a heat
shock response similar to that observed in otheteba, however, specific heat shock
regulatory genes that are present in other bacieeiabsent fron€. jejuni (Parkhill et al,
2000).

Campylobactein foodstuff of animal origin

Campylobactespp. are commonly found on red meat and dairyymisdas well as on poultry

meat as shown in Table 1.1.

Food or Animal Tested Mean % positive samples % Range
Chicken flocks 58.7 2.9-100
Chicken at retail 57.4 23-100
Turkey flocks 78.0 20-100
Turkey at retail 47.8 14-94
Dairy cows 30.0 6-64
Raw milk 3.2 0-9.2
Beef cattle 62.1 42-83
Beef at retail 2.7 0-9.8
Sheep 31.1 18-44
Lamb at retail 6.0 0-12.2
Pigs 61.0 50-69
Pork at retail 2.0 0-5.1

Table 1.1: (adapted from Humphrey et al., 2007): Isolation of Campylobacter spp. from raw
foods and food producing animals.
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Although red meat animals can be heavily contaraohatith Campylobactespp. on arrival

at the abattoir, due to increased excretion ofdseEcsubsequent to the transport stress (Beach
et al, 2002), the level of contamination at retail i©stantially lower than poultry meat
possibly due to the longer time red meat spendsilh before entering the food chain and
possibly related to the deleterious effect of deaydn onCampylobacte(Humphreyet al,
1995). A dry environment also appears to be theoravhy Campylobacterspp. doesn’t
survive for long on egg shells (Humphrmyal, 2007). Milk pasteurisation can easily destroy

Campylobactecontamination (Humphrest al, 2007).

1.2 Epidemiology of campylobacteriosis in humans

Campylobactewas first confirmed as a cause of human illned9if2 (Dekeysest al, 1972)
and by 1986 it was recognised as the most commeplyrted gastrointestinal pathogen in the
UK, ahead ofSalmonellaspp. (Skirrow, 1987). The species of greatest ipubkalth
importance ar€. jejuniandC. coli (thermophilicCampylobactespp.) that account for over
95% ofCampylobactemfections in humans (Park, 2002). While in livezdt and wild animals
Campylobacterspp. rarely cause disease, in humans they arentis common cause of
bacterial gastrointestinal infection worldwide (Hpimeyet al, 2007). According to WHO
estimates,Campylobacterelated illness affects around 1% of populationsdeveloped

countries every year (WHO, 2013).
1.2.1 Campylobacteriosis in humans in the EU

In 2013,Campylobactewas the most commonly reported gastrointestinetidoal pathogen

in humans in the European Union (EU) and has beaimse 2005 (EFSA and ECDC, 2013).
The number of confirmed cases of human campylokiaste was 214,779 with an EU
notification rate of 64.8 per 100,000 populatiohjat was at the same level as in 2012 (Figure
1.1).
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Figure 1.1: (from EFSA and ECDC, 2013): Reported notification rates of zoonoses in
confirmed human cases in the EU, 2013.

In 2013, 414Campylobacteputbreaks were reported in the EU. The sourcéseobutbreaks
were, in decreasing order of importance reportedragder meat, mixed or unspecified poultry
meat, milk and mixed food (EFSA and ECDC, 2013).

Campylobactespp. information was available for 48% of confichwases reported in the EU.
Of these, 81% were reported to®gejuni 7%C. coli, 0.2%C. lari, 0.1%C. foetusand 0.1%

C. upsaliensisOtherCampylobactespp. accounted for 12% of human cases but the larg
majority of those cases were reported at the naltitevel as: C. jejuni/ C. coli not
differentiated” (EFSA and ECDC, 2013).

A seasonal trend can be identified in confirmed pgobacteriosis cases reported in the EU
in 2009-2013, with peaks in the summer months. T2enonth moving average was fairly
stable over the 5-year period with no statisticsifynificant increase or decrease in trend when
analysed by month (p=0.334 with linear regressibigure 1.2) (EFSA and ECDC, 2013).
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Figure 1.2: (from EFSA and ECDC, 2013): Seasonal trend in reported confirmed cases of

human campylobacteriosis in the EU, 2009-2013.

1.2.2 Campylobacteriosis in humans in the UK

Foodborne disease in the UK affects about 1 milienple with 19,000 hospitalisations and

500 deaths at an approximate cost of £1.5 billacheyear (FSA, 2011). Campylobacteriosis

accounts for a third of the total cost to the UKi(hphrey, 2007)Campylobactespp. are the

most commonly reported bacterial cause of Infestimiestinal Disease in the UK (FSA,

2012).

In 2012, there were 72,592 laboratory reportSaipylobactem the UK. This is an increase

of 0.5% from 2011. However, whilst reports increbbg 3% in Northern Ireland and 0.5% in

England and Wales, they fell by 0.3% in Scotlanab{€ 1.2).

Year England & Wales Scotland Northern Ireland UK

2010 62,686 6,601 1,040 70,327
2011 64,726 6,365 1,175 72,266
2012 65,032 6,349 1,211 72,592

Table 1.2: (from Zoonoses report UK, 2012): Number of Campylobacter reports in humans in
the UK, 2010-2012.
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The Second Study of Infectious Intestinal Diseaghé Community established that the ratio
of unreported to reported hum@ampylobacteinfections is one in nine cases (FSA, 2012).

This suggests that there were approximately 6500300pylobactecases in the UK in 2012.

Seven foodborn€ampylobactemutbreaks were reported in the UK in 2012, sixvbich
were associated with the consumption of chickeerland chicken liver parfait, and one was

associated with the consumption of lamb (DEFRA,301

During 2014 in Scotland, the Health Protection Bewt (HPS) reported 6,636 laboratory
cases ofCampylobactelin humans, an increase of 472 (7.7%) compared)i® &nd the
highest number o€Campylobactercases reported in the past ten years (Figure(HBY,
2015).

Laboratory reports

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year
Figure 1.3: (from HPS Weekly Report, 2015): Laboratory isolates of Campylobacter reported
to HPS 2004-2014.

During the same year, in mainland Scotland, theuahimcidence rates d€ampylobacter

ranged from 81.2 to 162.8 per 100,000 populatioA§H2015). However, there are usually
consistent regional differences in the reporteddemces of campylobacteriosis cases in
humans where Northern islands, the Eastern coadieotentral belt of Scotland and the

Southwest have the higher notification rates (Fagug).
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Figure 1.4: (from HPS Weekly Report, 2015): Rates per 100,000 population of reports of
Campylobacter to HPS 2014 (2013). (BR=Borders, FV=Forth Valley, GR=Grampian,
GGC=Greater Glasgow & Clyde, HG=Highland, LN=Lanarkshire, LO=Lothian, OR=0Orkney,
TY= Tayside, WI Western Isles, AA=Ayrshire & Arran, DG= Dumfries & Galloway, FF=Fife
and SH=Shetland)

1.2.3 Final remarks onCampylobacter epidemiology in humans

Most humanCampylobactelinfections appear to be sporadic as only a fewsébaold or
localised outbreaks are identified each year iniKe(O'Brien et al, 2002). Some attempts
have been made in the literature to try to coreetsasonality, age of people affected, and
peaks of human disease with carriageCafmpylobactein poultry and other farm animals,
but no definitive conclusions have been reachedr(ptueyet al, 2007).

A characteristic o€ampylobacteepidemiology in humans is its marked seasonailiiges in
the UK and other European countries, incidence pé@akate spring/early summer (FSA,
2009). In NorthWest England surveillance of campwglteriosis indicated a peak of cases in
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May (Sopwithet al, 2003). In Scotland, the annual peak is in lateedearly July (Miller et
al., 2004). There are discordant reports in the lkiteeadescribing a possible correlation
between ambient temperature and number of humaes ¢ag the general consensus is that

there may be a weak association (Humpleiegi, 2007).

Data from England and Wales from 1990 to 2007 mgi¢hat the proportion of cases reported
for patients of different age groups has slowlynge over time, with a general decline in
campylobacteriosis in young children under thea@years, while older groups, in particular
the over 60 year olds, have experienced an increasiection over the last 10 years (Gillespie
et al, 2009). Strachan (2009) reported that in the N@sh of ScotlandCampylobacter
infection in young children living in rural areasasvgreater than in urban areas and it was
linked to the direct contact with farm animals @odtaminated water rather than consumption
of poultry meat (Strachaet al.,2009). In the same study, the foodborne routeamasidered

to be of primary importance i@ampylobacteiinfection in the adult population rather than

contact with animals and water (Stracleaml.,2009).

The peak in human cases has been related to ttadtions in carriage in poultry and other
food-producing animals. Some studies reported @amhpylobactercarriage rates in broiler
chicken flocks (Wallacet al, 1997) and dairy cattle (Stanleyal, 1998a) peak in the spring
and late summer, in contrast to lamb and beefecattiere such marked seasonal variation in
carriage rates have not been observed (Statley, 1998b). However, available evidence
does not consistently support this hypothesis haddvel of infection in humans and poultry
seems to be associated with what Meldrum (2005hekefas “a common, but unidentified,

environmental source” (Meldruet al, 2005).

1.3Epidemiology of campylobacteriosis in animals

ThermotolerantCampylobacterspp. are widespread in nature (Kwenal, 2008a). The
principal reservoirs are the alimentary tract ofdwand domesticated birds and mammals.
These bacteria are prevalent in food-producing alsisuch as poultry, cattle, pigs and sheep,
companion animals (including cats and dogs), witd$and in environmental water sources
(Humphreyet al, 2007). Animals acquire infection mainly througje faecal-oral route from
the contaminated environment and rarely show sigrdisease caused by these organisms
(Blaseret al, 1980).Campylobacteinfection in companion animals will not be coverad

this thesis and the focus will be on food produ@ngnals and wild game birds.
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1.3.1Campylobacter infection in food producing animals

Campylobacter jejunandC. coliare commonly found in cattle, sheep and pigs (8yasnd
Jones, 2003; Nielsen, 2002; Pagotal, 2004; Boest al, 2005) as shown in Table 1.1.
Intestinal carriage d€ampylobactein cattle can range from 0.8 to 89% and in larrdos lwe
as high as 91% (Stanley and Jones, 2003). This edavkariation in the carriage of
Campylobacterin the farm animal gastrointestinal tract is nallwinderstood and many
factors can contribute to it. There may be diffeen in the level of immunity or
Campylobactespp. may not be natural gut commensals in thageas) in contrast t&. coli
(Humphreyet al, 2007). Most cattle and sheep are reared in ousl@iems where there will
be frequent contact with the external environmemd ¢hey may become infected with
Campylobactemn those circumstances (Schaffeerl, 2004); however infection can also be

sustained within the herd by cycling between irdlinails (Humphret al, 2007).

In 2000, Campylobactetinfection in poultry was estimated to reach 60%bugiler flocks
slaughtered in the UK (Berramrgal, 2000). A more recent analysis of the EU basdingey

of the prevalence dCampylobacteiin broiler batches estimated that the UK prevadeinc
broilers at slaughter (based on caecal contents)Abe8% (EFSA, 2008). The prevalence of
Campylobactercarriage in poultry during the summer months osach 100% (DEFRA,
2009). As mentioned in Section 1.1.1, poultry cantact infection from their environment,
via contaminated water or following breaches ofsbmurity (e.g. poor cleaning and
disinfection of poultry houses). Infection in paylts mainly through the oral-faecal route or
via vertical transmission from parent flocks (Humgghet al, 2007). Chickens that are reared
under extensive (free-range) systems are morey liteelbe Campylobactepositive than

housed animals (Heuet al, 2001).
1.3.2Campylobacter infection in wild game birds

Wild game birds, and in particular pheasants amttigges, are commonly reared in outdoor
farms and may be exposedd@ampylobactemfection from the environment and/or at a later
stage when they are released in the field whenerttay share their immediate surroundings
with other livestock (Dampney, 2009; Heeeal, 2001). In live wild game birds the presence
and prevalence @. jejuniandC. colihas been reported in both pheasants and partridges

studies conducted in Germany, Russia, Italy andCtterh Republic (Atanassova and Ring,
1999; Sterret al, 2004, Dipineteet al, 2008a; Dipinet@t al, 2009; Nebolat al, 2007) but

current scientific knowledge is still scarce. Omiedy conducted on live healthy pheasants

sampled on a pheasant farm in the South of Itgdgnted a prevalence of 43.3% (n=240) with
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C. coliandC. jejunifound in 100% and 13.5% of the positive sampl&srarespectively
(Dipinetoet al, 2008a). In the same study, the prevalence vgmsfisantly higher in adult
pheasants compared to younger pheasants. Thigdirglconsistent wit@ampylobactespp.
infection in chickens where younger birds in theosel to the fourth week of life are less
likely to be affected (Newell & Fearnley, 2003; 8&veet al, 2000). There was no significant
gender difference (Dipinetet al, 2008a). In another study Dipineto (2008b) rembrée
prevalence of 86.7% (n=60) from cloacal swabsvaf farmed pheasants; all positive samples

were identified a€. coliand19.2% of positive samples were also positiveGojejuni

A study from the Czech Republic reported isolatwdiCampylobactespp. from 502 caecal
samples collected from adult farmed and wild phetssgn=302 farm / n=200 wild). The
prevalence ofCampylobactespp. in the intestinal contents of pheasants fiteenfarm was
70.2% with 50.5% of isolates identified@scoliand 41.4% a€. jejuni(Nebolaet al, 2007).
Farmed pheasants had a higher prevalence thandbiadsn the wild (27.5% of cases) and
this was linked to the fact that samples from witcbasants were not taken immediately after
they had been shot, while the samples from farnheggants were gathered within two hours
of their death (Nebolat al, 2007).C. jejuniwas more prevalent (58.2%) th@ncoli (36.4%)

in the wild birds. On the other end, studies froeri@any and Russia reported an estimated
prevalence ofCampylobacterspp. in wild pheasants of 26% and 25% respectively
(Atanassova and Ring, 1999; Stetral, 2004). There are no data available in the liteeat

on Campylobactespp. intestinal carriage in pheasants.

1.4 The game meat supply chain and microbiological hazards to public
health

1.4.1 Pheasants and the shooting industry

Phasianus colchicus the most common species of pheasant in theADAS, 2005). Males
are striking, with chestnut, golden brown and blagkkings on the body and tail, a green
head and red face. The female has paler brown|adgitumage and is usually smaller than

the male (Figure 1.5).
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Figure 1.5: Male pheasant on the left and female on the right (image from Meat Hygiene
Service — Small Wild Game Training Course).

Pheasants are not innate to Britain. As reporteédmnycott (2001): "They originated in parts
of Asia, such as the Himalayas, Manchuria, Koreatndm and Japan. They were introduced
to the British Isles in the distant past by the Rasor the Normans but were certainly present
in Britain by the 14th century”. There have beemren@cent additions, introducing specific
types and breeds for sport shooting. Pheasanta liabitat that includes woodland or copses
and hedgerows. There is a resident population foxgmatively 8 million wild pheasants in
the UK across the whole of England, Scotland, WalekIreland, except for the far north and
west of Scotland and on the very high ground inl&mdjand Wales (Dampney, 2009).

Pheasants can be farmed for meat in a similar avaydiler chicken production although they

are more difficult to rear intensively and are proo welfare problems. Despite this, there are
producers offering farm-reared partridge and phetaseat that are more attractive to some
restaurants and supermarket chains, compareddaashe meat, as there is no risk to diners
of damaging their teeth on any shot left in thel lsind also because they will be slaughtered

in an approved abattoir, as normally happens foitdss (ADAS, 2005).

Wild pheasant meat reaches the consumer’s taldebgsproduct of the shooting industry.
Shooting is a sport that is worth approximately6£iillion to the UK economy and it is
estimated that 600,000 people are involved in tiogipion of sporting shooting in the UK
(PACEC, 2006). The vast majority of the income frehooting is gained from the actual
sporting activity, itself worth £240 million in Sttand (PACEC, 2006). The meat from wild
game species is thus a by-product of the shoatitigsitry and the value of game birds sold is
minimal. The shooting industry focuses mainly tre@sants, partridges and grouse. Within
the UK in 2004 approximately 15 million pheasar®s million pigeons, 2.6 million
partridges, 970,000 ducks, 400,000 grouse, and0@60woodcock and snipe were shot.
Within Scotland, up to 2 million pheasants, 500,@0§eons, 370,000 partridges, 140,000
ducks, 200,000 grouse, and 37,500 woodcock ané smgshot per annum (PACEC, 2006).
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1.4.2 Pheasant management on farm

The pheasant shooting season closes at the ermhw@ry and approximatively 15 million
pheasants are shot for sport in the UK each yes€CHZ, 2006). This number of birds cannot
be provided by the population of wild pheasantswbich there are approximately three
million breeding birds each spring (Gibbostsal, 1993), so the numbers are supplemented
by artificially reared pheasants. On average, fdtirs (83%) of all shooting providers rely
on released pheasants or partridges (PACEC, 2G06)a common practice for pheasant-
rearing sites to catch pheasants from the wild gaeh in February and March and transfer
the birds to static or moveable breeding pens (At883). Breeding pheasants will lay eggs
from early March and the last eggs are placeddabators in the middle of June. Incubation
lasts 24 days. Hatching commences in the first vaééay and finishes in the first week of
July. Chicks will be transferred to brooder houseg provide heat, light and ventilation in
controlled conditions. Heat is gradually reduced gspace increased as the birds grow so that,
by the time their feathers have developed, theshtath be given access to outside runs and
become acclimatised to the outdoors. At 3 to 4 m®otd they will be mature enough to be
released in the field until the shooting seasomtsstat the beginning of October. Some
gamekeepers by-pass this stage by buying birdsBavéeks of age so they can be placed in
outdoor release pens immediately. Others will dudeg-old and rear on. 35 million pheasants
and 6.5 million partridges were reared and releéseshooting in 2004 in the UK (PACEC,
2006).

1.4.3 Pheasant game meat processing and supply achai

The hunting season for pheasants in England, $cbflad Wales extends from 1 October to
1 February. In practice, most shoots do not agtwalinmence shooting until 1 November as
birds reared in Britain are not normally ready toa until the end of October. On the other
hand commercial shoots will want to maximise thenber of days shooting and are more

likely to start at the beginning of October.

Pheasant carcases from large shoots are usudkgteal in larders and then given to game

dealers, consumed locally or sent to AGHEs.

The EU Hygiene Regulations require that wild gameanfor human consumption must be
supplied to AGHEs and subjected to veterinary ingpe (OJEU, 2004b), however some
derogations to the legislation are in force in thé that allows pheasants from small shoots
to be consumed locally by hunters, beaters and lmaseholders, including restaurants,

butcher shops and pubs. Retailers that operate oatianal level (e.g. supermarkets or
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restaurants chains) can only source their game AGHESs. Similarly, game bird carcases in
feathers or “oven-ready” for the export market oaly be sourced from AGHEs. A schematic

representation of the pheasant game meat supply ishshown in Figure 1.6.

1st Phase 2nd Phase 3 Phase 4th Phase 5t Phase
| Up to 3-4 months old | | Up to 10 months old |
Import of Consumed
eggs or locally
poults 1 T
Farms or Shooting
Estates Estates Larders
i — 4
ooting season
01/09-01/02
AGHEs Retailers
1
Game
Dealers =

Figure 1.6: Schematic representation of the pheasant game meat supply chain.

Pheasant carcases delivered to AGHESs are stotedahes in intake chillers at a temperature
below 4°C, waiting to be processed. The first stéphe process is dry feather-plucking.
Scalding of carcases; as used for broilers in ppaltattoirs, is not common practice for small
wild game; however some AGHEs may immerse pheasatist wax after dry plucking to
facilitate the removal of feathers. At this stagendged carcases will proceed for breast and
thigh meat removal and the rest of the carcasswitliscarded. Well-presented carcases will
usually be manually eviscerated and then packédwen-ready” product. Breast and thigh
meat will be vacuum-packed in portions of differesizes according to customer
specifications. “Oven-ready” product and breasttraaa be stored in refrigerated conditions

below 4°C or frozen to extend their shelf-life.

1.4.4 Official controls in Approved Game Handling Etablishments (AGHEs) and

identification of microbiological hazards in wild game meat related to public health

EU food hygiene legislation is applied across thednd has been implemented in Scotland
by The Food Hygiene (Scotland) Regulations 2006 ¢hene into force on 11 January 2006
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(SSI, 2006/3). This legislation includes the thigd food Hygiene Regulations that are:
Regulation 852/2004 on basic hygiene requirememtspfoduction of foodstuffs (OJEU,
2004a); Regulation 853/2004 laying down specifigiage rules - these apply to food business
operators producing food of animal origin (OJEUQZ); and, Regulation 854/2004 that
relates to the organisation of official controlsproducts of animal origin intended for human
consumption (OJEU, 2004c). The legislation considee hunting of wild game as primary
production but private domestic consumption of wglime is unregulated (OJEU, 2004a).
However, the EU Hygiene Regulations also requirat twild game meat for human
consumption must be supplied to AGHEs for veteyimaspection and must be passed fit for
human consumption (OJEU, 2004b).

The British Association for Shooting and Conse@{BASC) estimates that 90% of the wild
game birds shot in Scotland are supplied directynfthe shooting estates to the AGHEs
(SRUC, 2012). However, for the shooting season /A01@he Meat Hygiene Service (former
executive agency of the Food Standards Agencyydedoa throughput of small game birds
and ground game by Scottish AGHEs of approxima#l9,000 (SRUC, 2012) which is
actually a much smaller proportion (approximativehe fifth) of the estimated 3.5 million
game birds shot annually. Game meat can be offliredtly to consumers without veterinary
inspection because of extensive derogations frenieth Hygiene Regulations that have been
applied in the UK allowing the direct supply of gameat from hunters or retail outlets to the
final consumer (SRUC, 2012).

However, concerns are raised by the fact that ri@e two thirds of game bird meat reach
the consumer’s table without veterinary inspectima without being passed fit for human
consumption. A Veterinary Laboratory Agency repmrta qualitative risk assessment of wild
game meat published in 2003 (VLA, 2003) stated plust mortem veterinary inspection in
small wild game does not have any additional beiafieffect in identifying foodborne
diseases and an effective Hazard Analysis andc@lritontrol Point (HACCP) system should
be able to detect and discard unfit m&eimonellaspp.,C. jejuniandE. coliO157:H7 were
considered the most important zoonotic hazards forall wild game species and they can
pass undetected at veterinary inspection in AGH&sabse they may not produce visible
lesions in the carcass (VLA, 2003). The risk assed with these pathogens in small wild
game meat inspected at AGHESs is summarized in TlaBlbelow (VLA, 2003 and Cobust
al., 2005).Campylobacter jejunivas the pathogen that was considered to be théegmesk

to public health from game bird meat.
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Hazard

Risk

Comments

Campylobacter jejuni

Moderate. High
prevalence of
Campylobacter spp. in

wild game meat.

Survives well at refrigeration. Very
susceptible to cooking temperature

of 70°C for a minimum of 2 minutes.

Salmonella spp.

Low. There is a low
prevalence of Salmonella

spp. in wild game meat.

The absence of salmonella in small
wild game meat is not unusual and

reported by other authors (Paulsen

et al., 2008). Susceptible to cooking
temperature of 70°C for a minimum

of 2 minutes.

E. coli O157:H7 Low. Prevalence is Susceptible to cooking temperature

considered low. of 70°C for a minimum of 2 minutes.

Table 1.3: Summary of hazards and risk associated with small wild game species.

1.5 Aims of the study

The reduction of foodborne disease cause@ampylobactespp.is a key aim of the FSA
Strategic plan 2010-2015. This is focused on tkeicgon ofCampylobactein chicken, as
60-80% of cases of campylobacteriosis in humandeatitributed to poultry meat. However,
C. jejuniandC. coli have also been reported in a range of livestockvaifdlife species,
including live pheasants. Pheasants reach the omr&itable as a by-product of the shooting
industry and wild game meat has recently increasqabpularity among consumers on the
grounds of sustainability, healthy eating, and supfo local production. Approximately 3.5
million game birds are shot in Scotland every yd&anyever, only 700,000 are received at
Scottish AGHEs for veterinary inspection. Desities tolume of wild game entering the food
chain, there is a lack of information concerning tisk of campylobacteriosis in humans
arising from consumption of wild game meat andrble wild game birds may have as a
reservoir of infection. However, there is evidetitat the greatest hazard from consumption
of wild game meat relates to handling procedurter &flling, where hygienic standards are
difficult to sustain in the wild an@ampylobactecan play an important role as a foodborne

hazard from small wild game meat.

As a contribution to the surveillance @ampylobacterinfection in wild game birds in

Scotland, this study proposes to explore the rbl pheasants play i@ampylobacter
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infection in Scotland and to expand our knowledgeebon wild game campylobacteriosis.
This study’s aims were:

1. To determine the prevalence@impylobactespp. in wild game pheasants processed
in AGHEs in Scotland.

2. To identify the main sequence types (ST)G@dmpylobacterspp. isolated from
pheasants.

3. To determine if the ST o€ampylobacterspp. from pheasants are the same as in
broilers and humans and evaluate the impact origlealth.
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Chapter 2 Materials and Methods (study site and sam  ple
collection)

2.1 Introduction

The research project ran over a two-year peri@atisgg in September 2013 and finishing in

August 2015. It was composed of two stages andhtiia steps followed are outlined below:

Stage 1:

e Stage la: During the hunting season, caecal arkl siée samples were collected
from pheasant carcases in Approved Game Handlingbishments (AGHES) in

Scotland and sampled birds were traced to thagir@iing shooting estates.

* Stage 1bCampylobactespp.were isolated using traditional culture methodséoa
on ISO 10272) at the Roslin Institute; moleculaaes identification of the isolated
Campylobactespp. was performed using Polymerase Chain ReaffiGRR) at the
Roslin Institute and High-Throughput Multilocus Seqce Typing (HIMLST) was
carried out at the Regional Laboratory for Publeahh Kennemerland, Haarlem, the

Netherlands.

Stage 2:

« Stage 2a: The results obtained from stage 1 werlysed to estimate the prevalence

and characterise sequence types (ST).

» Stage 2b: Sequence types identified from pheasests compared and combined
with the molecular epidemiology @ampylobacteiisolates from humans and other
food producing animals archived in the PubMLST Date to perform host

association and source attribution.

2.2 Geographical stratification and sample size sel  ection

Caecal and skin samples were collected from pheaaesases in selected AGHESs in Scotland
during the hunting season 2013/2014.
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The FSA records 11 AGHEs in Scotland (SRUC, 2012):

* One in the Western Isles

* Three in the Highlands and Moray (Region 1)

* One in Aberdeenshire (Region 2)

e Two in Perth, Kinross and Angus (including ArgyledeBute) (Region 3)
* Two in Edinburgh and the Scottish Borders (Redipn

e Two in Glasgow, Ayrshire, Dumfries and Galloway @R 5)

Based on this information and for the purpose & situdy Scotland was divided into five
geographical regions that excluded the Westerrs laleich were not easily accessible for
sampling purposes. Five sampling sites were seldcteollect birds from different estates
across Scotland, one from each region. The sefteetims made based on the size of the
business, the ability to receive pheasants comsigtduring the hunting season and the

capacity to receive birds from several estatesimwitie catchment area (Table 2.1).

AGHEs Name Region Remarks
Tarradale Game Ltd. Not operating on a regular basis
Ardgay Game Ltd. 1 Chosen for sampling
Simpson Game Ltd. Not operating on a regular basis
Aberdeenshire Larder Chosen for sampling
Hubertus Game Ltd. Chosen for sampling
J C Mitchell Poultry and Game 3 Not operating on a regular basis
Dealers

Kezie (UK) Ltd. 4
Burnside Farm Foods

Randomly chosen for sampling

Braehead Foods Ltd. Biggest AGHEs for small wild game in
5 Scotland — chosen for sampling.
Craigadam Country Larder Small size AGHE

Table 2.1: List of approved small wild game AGHESs in Scotland (excluding Western Isles) by
region and reason for selection for sampling.

Figure 2.1 below shows the boundaries of the figeti&h regions with the location of the
sampling sites and estates sampled.
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Figure 2.1: The five Scottish regions for sampling are delimitated by a red line, the location of
the five sampling sites is identified by a red dot and estate sampled are highlighted in colours
(IV=Inverness, AB=Aberdeenshire, FK=Falkirk, PH=Perth, DD=Dundee, TD=Galashiels,

G=Glasgow and KA=Kilmarnock).
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The AGHESs selected, estates of origin and numbeawiples collected from each site are

shown in Table 2.2 below:

Sampl Name of Estates Total number of Samples Region
ing AGHE sampled pheasants in each collected estate
Site sampled, batch sampled (% of birds contributes

date and total sampled) to
number of
samples
collected
1 Ardgay Game fIv25 40 38 (95%) Region 1
(Bonar Bridge)
(38)
¥08/11/2013
2 Aberdeenshire AB32 148 23 (15.5%) Region 2
Larder AB34 273 33 (12%) Region 2
(Aberdeen)
(56)
22/10/2013
3 Hubertus IVV36 110 18 (16.3%) Region 1
Game FK15 228 10 (4.3%) Region 3
(Pitlochry) PH8 196 35 (17.8%) Region 3
(73) DD8 145 10 (6.8%) Region 3
29/10/2013
4 Kezie Ltd. TD11 102 12 (11.7%) Region 4
(Duns) TD13 31 30 (96.7%) Region 4
(42)
18/11/2013
5 Braehead TD5 230 18 (7.8%) Region 4
Foods Ltd. KA19 83 22 (26.5%) Region 5
(Kilmarnock) KA29 32 16 (50%) Region 5
(78) G66 65 22(33.8%) | Region5
29/01/2014
| Total [ 1683 287 (17%)

Table 2.2: Summary of samples collected (n) from each estate (7), date of collection (¥), their
contribution to the number of samples collected per region and total number of pheasants
present in each batch sampled. Estates are identified by the digits in the first half of the
postcode as follows: IV=Inverness, AB=Aberdeenshire, FK=Falkirk, PH=Perth, DD=Dundee,
TD=Galashiels, KA=Kilmarnock, G=Glasgow).

A simple random sampling estimate was used to whiterthe sample size as proposed by
Thrusfield (2005) for a large, theoretically infmipopulation since the pheasant population in
Scotland is approximatively 2.5 million (PACEC, B)0Assuming an expected prevalence of
25% in wild pheasants, inferred from relevant &tare (Atanassova and Ring, 1999; Stdrn
al., 2004; Nebolaet al, 2007), and a desired confidence level of 95% withabsolute
precision of 5%, it was necessary to sample appratdly 58 birds per region. The total

number of pheasants sampled for this project was 28
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The sampling date was agreed with the samplingdsipending on the availability of birds.
On the agreed date, a subset of all pheasantsssext¢hat day was sampled, the sampled
birds generally originating from more than one tst&states were selected from different
areas within the same region based on the digiteifirst half of their postcode. For logistical
reasons, however (e.g. not enough pheasants prastn chiller on the sampling date), it
was not possible to collect all the required samfde regions 1 and 4 on the sampling date.
To compensate for this, the rest of the samplesined| for region 1 were sampled from
sampling site 3 and those remaining for region devgampled from sampling site 5, as shown
in Table 2.2. This was possible because AGHESs vegeheasants from estates located in
different Scottish regions. In addition, some batcivere already being partially processed by
the Food Business Operator at the time of sampligg. logistic reasons, a uniformly
standardised approach to sampling was not posdihke.sampling approach is detailed in
Table 2.2.

Time of year and date of kill, where known, wereareled at the time of sampling and were
taken into consideration when analysing the data. §ex of sampled birds was not recorded
as this was not considered relevant in tern@asfipylobactemfection in pheasants (Dipineto
et al, 2008a).

2.3 Sample collection

Pheasants are received at AGHEs from several sigoesitates. The same estate can deliver
pheasant carcases from different shooting daya #ie same time. Usually pheasant carcases
from the same shooting day are considered to ksch bidentified by a unique serial batch

number and kept separate from other batches iax(Rigure 2.2).
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Figure 2.2: Pheasants in crates: the red arrow shows the batch number on the label
attached to the crates.

Every batch is delivered with documentation (Fig2u@) that will state:

* Name and address of the shooting estate

« Date of shooting

e Unigque batch number (related to the crate)

* Type and number of wild game birds in the batch

¢ Name of the Trained Hunter
Optional information for small wild game is:

e Trained Hunter Declaration
e Temperature of carcases at collection
* Uplift date
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GAME UPLIFT NOTIFICATION

Estate/Shoot
Responsible Hunter:

Uplift Date

Comments

Vet / OVS

No. 7151

Process Number Temp at
Start Number Processed Process Price |
Product Kill Date b —— { %
y Temp Rejected | Full e | o0 e Hatoly o (Each) | ToPay
°c Bird ird | Meat
Pheasant ‘
Duck | | [
oo Tul Eee il !
Teal
! —
Partridge |
— ! |
Widgeon |
= ‘ n
Grouse | —
Grouse-Old [
T —ﬂ
Woodcock | | |
Woodpigeon ‘ |
Snipe ‘ |
Hare |
Rabbit
Uplift Date | Quantity | Pluck | Tag/Bag T':;“E?C J&'EB,‘“ Action Date
Roe kg
Red kg
TOTAL £ |

Cheque No.

F]gjure 2.3: Example of a document which gamekeepers complete for every batch of wild
game birds collected at the shooting estate.

After reception at the AGHE pheasant carcases gwadessing in “intake” chillers, as the
legislation requires the temperature of pheasantsas to fall below 4°C and to be kept under

refrigerated conditions along the food chain.

For this project, batches to be sampled were traxéite shooting estate through the relevant
documentation. Pheasants were then selected anglesarrollected at intake prior to
processing (Figure 2.4) to avoid the risk of crogstamination during plucking and

evisceration.

Pheasants were individually sampled. A skin santple size of a one pound coin
(approximately 1 cm in diameter) was taken from nieek region. Pheasant carcases were
opened (Figure 2.5) and caeca were detached freme#t of the intestine (Figure 2.6). Skin
and caecal samples were individually placed in $imgppots, labelled with the bird number,
in sequential numerical order and stored at refaigen temperature in the chiller. Gloves and
blades were changed between samples and the sgrapiface cleaned and disinfected after

discarding each carcase, to avoid cross-contaramati
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Figure 2.4: Pheasant carcases ready for sample collection.

Figure 2.5: Opening pheasant carcase to expose the gastrointestinal tract.
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Figure 2.6: The red arrow shows the caeca still attached to the rest of the gastrointestinal
tract.

Samples were kept at refrigeration temperatureguisi@ packs in refrigerated boxes during
transport, then were stored in a chilling roomhatRoyal (Dick) School of Veterinary Studies
(R(D)SVS). Samples were transferred to the Roslstitute laboratories the day after the

collection day and processed as follows:
» Day 0 - Sample collected at AGHE.

« Day 1 - Sample plating: 1g of caecal content frachebird diluted 1:10 in phosphate
buffered saline (PBS) and then four further 10-ftildtions were prepared from each
sample; each dilution was plated on modified charcefoperazone deoxycolate agar
(mCCDA) and incubated for 48 hours at 37°C, und@&roaerophilic conditions
(5%CQO, 5%0, 90%N) (PHE, 2014).

« Day 3 — Plate reading: mCCDA plates were examimat @lonies counted. From
each sample, 1 to 8 colonies were isolated andglatividually on mCCDA plates
to obtain single pure colonies and incubated for Hurs at 37°C, under
microaerophilic conditions (PHE, 2014).

» Day 6 — Pure colonies from mCCDA plates were tramsfl into 16.67% glycerol in
Bolton broth and frozen to -80°C. This process egtbuong-term survival of

recovered colonies (PHE, 2014).

Details of the laboratory technique used are gimebhapter 3.
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Chapter 3 Campylobacter isolates, prevalence and bacterial
loads

3.1 Introduction

As detailed in the main introduction (section 1)3tBere are few prevalence studies relating
to Campylobacteiinfection in pheasants in the literature. Studieaducted in Germany,
Russia, Italy and the Czech Republic (AtanassodaRang, 1999; Sterat al, 2004; Dipineto

et al, 2008a; Dipinetoet al, 2009; Nebolaet al, 2007) vary in terms of the sampled
population, the sampling method and the resultingvadence. Based on cloacal swabs
collected from farmed pheasants, the Italian rebess detected a prevalence that ranged from
43.3% to 86.7% (Dipinetet al, 2008a; Dipinetet al, 2009). In Germany and Russia, caecal
content was collected from hunted wild pheasantstba prevalence was lower, at 26% and
25%, respectively (Atanassova and Ring, 1999; Steah, 2004). The study from the Czech
Republic sampled intestinal contents and reportec@alence of 70.2% in farmed birds and
27.5% in birds shot in the wild (Nebatd al, 2007). The prevalence of infection in farmed
pheasants was consistently higher across thesesttaimpared to wild pheasants. This has
been attributed to the difference in the kill-t@pess time that is generally shorter (usually
within 2 hours of death) for farmed birds compat@evild (Nebolaet al, 2007). A specific
kill-to-process time was not defined in the aforatimned studies for the wild birds sampled.
A prolonged kill-to-process time has been thoughtoé detrimental focCampylobacter
survival due to the organism’s restricted growtjuieements, however, other studies report
that the method of pheasant carcase storage atattt®mn of the shooting wound can greatly
influence bacterial growth and survival in wild gamirds (Paulseat al, 2008). Survival of

C. jejuniandC. colion skin also seems challenging as there areputesl cases of either of
these species being recovered from pheasant skiplas; however, they have been recovered
at a low prevalence (5.3%: n=57) from pigeon skBonciniet al, 2006). There are no data

available in the literature ddampylobactespp. intestinal carriage in pheasants.

3.2 Materials and methods

Isolation of Campylobacterfrom caecal samples was carried out at the Rosititlite

bacteriology laboratory while skin samples werecpssed at the R(D)SVS microbiology
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laboratory. Laboratory techniques to reco@ampylobacterare standardised and refer to
internationally recognised methods for the detecémd enumeration o€ampylobacter
species (PHE, 2014). Modified Cefperazone Charbeaixycholate Agar (mCCDA) is the
preferred isolation medium fo€ampylobacterspp. and on this mediut@ampylobacter
colonies form grey-tinged, flat and moist colonieien with a metallic sheen and a tendency
to spread (Figure 3.1). Other chromogenic agars Ibeaysed instead of mCCDA; options
include Campy Food Agar (CFA), Brilliance Campy @bAgar (BCCA) and Campylobacter
Selective agar (CASA).

Figure 3.1: Typical appearance of Campylobacter colonies on mCCDA

The method used to isola@ampylobactesspp. from caecal content and skin was based on
the BS EN ISO 10272-1:20063 (detection) and BS EN/TS 10272-2:20064 (enumeration)
standards (PHE, 2014). DetectiorG#mpylobactein the bacteriology laboratory is only able
to identify typical Campylobactercolony formation; species identification and seuge
typing of Campylobactespp. is carried out by PCR and MLST techniquesritged later in

Chapter 4 of this dissertation.

The detection o€ampylobactespp. from organic samples usually involves ingiatichment

in a selective liquid medium at 7 for 5 hours (h) followed by incubation in a
microaerophilic atmosphere (5%¢®%Q, 90%N,) at 3PC for 48h to allow recovery and
growth. This is sub-cultured onto selective soletiinm followed by examination for colonies

considered to be typical @fampylobacterConfirmation of the colonies &ampylobacters
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performed using morphological (Gram staining), hiemmical (oxidase and catalyse tests) and

growth property tests.

The enumeration o€ampylobacterspecies by this method requires the inoculatiothef
surface of mMCCDA plates with a defined volume ofhapropriate decimal dilution of the test
sample. Calculation of the number of colony formingts (CFU) per gram (g) of sample for
Campylobacterspp. is determined from the number of typical n@e obtained on the
selective medium. The number of CFU @ampylobacteispp. per 1g of caecal content is

calculated as follows:
CFU/g = 1 x colony count x dilution factor

Counts greater than 100 are reported with onedidpafore and one after the decimal point
multiplied by the appropriate power of 10. Decimnalints are rounded up if the last figure
was 5 or more, or down if the last figure was 4ess. When no colonies are detected then this
is reported a€ampylobactespp. <10 CFU/g based on 1:10 dilution. Due toldinge range

of Campylobactefoads recovered from positive samples for the pseof statistical analysis
and graphical representation, CFU/g values wersstoamed and expressed in a logarithmic

scale (logp).

Statistical analysis

Statistical analysis of results was performed uditigitab 17 statistical software (© 2013
Minitab Inc). Presence of infection across regi@sates and sampling sites was compared
using a Binary Logistic Regression calculation. iRsswere considered to be statistically
significant if the overalP value was <0.05 and the 95% Confidence Intervgl@dds Ratio
between groups did not cross 1. Odds Ratios teajraater than 1 indicated that the condition
was more likely in the first group, conversely Grlatios that were less than 1 indicated that
the condition was less likely in the first groumr@parison of the level @ampylobactetoad,
expressed as LegcFU/g, across regions, estates and sampling séesalculated with One-
Way ANOVA using the Tukey method and 95% CI toallmairwise comparison “post-hoc”.
Results were considered to be statistically sigaift if the overalP value of the test result
was <0.05 and the 95% CI of the different groubrdit cross each other. WinPepi software
Version 11.35 (© J.H. Abramson, 2013) was usedtoutate prevalence and Cls for clusters
of different sizes because of the variation inrthmber of samples collected from each estate.

Microsoft Excel 2013 was used for raw data handling
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3.2.1Campylobacter isolation — Pilot studies

Two pilot studies were carried out in February &sgtember 2013 to test the reliability of
the culture methods in the microbiology labs. Tha& tun in February was carried out on
caecal content obtained from six birds all belogdim the same estate and on 14 neck skin
samples from birds collected from four differertagss. The September study was carried out
by sampling five pheasants for skin and caecalesdnivelonging to the same estate. The
laboratory technique used in February was the ssvitlined in paragraph 3.2.2 and 3.2.3
for Campylobactersolation in skin and caecal samples, respectjvia/only difference being
that the microaerophilic conditions fa€ampylobactergrowth were achieved by using
CampyGen (Oxoid) paper sachets in jars and notoaéeophilic cabinets. As a consequence
of further literature review, the isolation techugwas refined in the September pilot by using

microaerophilic cabinets instead of paper sacigtss (PHE, 2014).
3.2.2 Skin Samples

Skin samples were prepared for swabbing by remoikegssive fat, if present. Sterile swabs
moistened in Bolton broth were used to swab the skimples then bathed in 500ml of
enrichment Bolton Broth (Oxoid) for 1h, with ocaasal agitation. The swabs were then
incubated for 48kt 37C in a microaerophilic atmosphere. For direct pigtia decimal
dilution was prepared for each sample in phospbatiered saline (PBS) solution, followed
by four further 10-fold dilutions; 0.1ml of eachudion was plated on mCCDA (Oxoid) and
CFA (Biomerieux) and incubated for 48h af@7under microaerophilic conditions. Positive
control samples were also prepared by contaminativeg skin samples with known
Campylobactercolonies taken from the microbiology laboratorycgtasolates. These were
confirmed asCampylobactespp. by morphological, biochemical and growth rbyptests.

Positive control samples were processed the samasvihe other samples.

The presence or absence @ampylobactercolonies was determined by examination of
mMCCDA and CFA plates for their typical appeararaazording to the plate manufacturers’
instructions. On CFA plates athpylobacterbacteria form burgundy-red to orange-red
colonies on the light beige agar (Figure 3.2). 8usysolates were subjected to morphological
examinationCampylobactercolonies were counted visually on the plate inrdatsolution

series up to 250 colonies and were standardis€draiég.
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Figure 3.2: Typical appearance of Campylobacter colonies on CFA

3.2.3 Caecal samples

Two hundred and eighty seven caecal samples wleetenl forCampylobactersolation; 19

of caecal content (0.5g from each caecum) from sasiple was diluted 1:10 in PBS and then
four further 10-fold dilutions were prepared fromch sample; 0.1ml of each dilution was
plated on mCCDA and incubated for 48h atG37under microaerophilic conditions. Campy
Food Agar plates were not inoculated with caecaipdes because from the skin samples
cultures there was no difference in efficiency canegd to the mCCDA plates.

The presence or absence @ampylobactercolonies was determined by examination of
mMCCDA plates for their typical appearance accordinthe manufacturer’s instructions and
Campylobacteicolonies were counted visually on the plate inirdat solution series up to

250 colonies and were standardised as CFU/g.

Eight pure colonies from mCCDA isolates were tramngfd into Bolton broth, diluted 1:3 with
16.67% glycerol and frozen to <€D This process ensured the long-term survivadéocbvered

colonies.

3.3 Results and Data Analysis
3.3.1Campylobacter isolation — Pilot studies

In the February pilot study, the 14 neck skin s@splocCampylobactecolonies were detected
(Campylobactespp. <10 CFU/g based on 1:10 dilution). Only onegdant caecal sample
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out of the six tested was positive fdampylobactespp., no count was performed on positive

sample.

In the September pilot study, using the modifiadokratory technique, three of the five
pheasants tested were positive @ampylobacterspp. but noCampylobactercount was
performed. Pure colonies were isolated and frate80°C for future reference. The skin
samples showed alCampylobacterspp. <10 CFU/g based on 1:10 dilution, so were

considered negative. A summary of the results ®two pilot studies is shown in Table 3.1.

Caecal content Skin
Feb ‘13 1/6 0/14
Sept ‘13 3/5 0/5

Table 3.1: Proportion of samples positive for Campylobacter in two pilot studies undertaken
in February and September 2013.

3.3.2 Main survey, skin samples

Forty neck skin samples were collected in this wtadd plated to isolat€ampylobacter
colonies but there was no growth, expressedaamspylobactespp. < 10 CFU/g based on 1:10
dilution (Upper 95% C.I. <7.2%). There was no diégce in colonies growth results by using
mMCCDA and CFA plates.

3.2.3 Main survey, caecal samples

Prevalence of infection

The 287 samples indicated an overall prevalendsfettion of 37.6% (Cl 13.9% - 61.2%),

with the lowest prevalence of 6.6% (Cl 0% - 22.5%gorded in region 5. The prevalence of
infection by region and estate is shown in Tab® Bhe prevalence of infection by sampling
site is shown in Table 3.3 and was determined lse;as detailed in section 2.2, for logistical
reasons it was not possible to collect all the iregusamples for regions 1 and 4 on the
sampling date. The rest of the samples requirecefrion 1 were sampled from sampling site

3 and those remaining for region 4 were samplet §ampling site 5.
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Region 1 Region 2 Region 3 Region 4 Region 5 Tota Is
Samples 56 56 55 60 60 287
collected
Samples IV25 #(38) AB32 (23) PH8 (35) TD11(12) KA19 (22)
collected by
estate V36 (18) AB34 (33) DD8 (10) TD13 (30) KA29 (16)
Positive 29 25 20 30 4
samples
V259 (26) AB32 (9) PH8 (10) TD11 (6) KA19 (2)
*(68.4%) (39.1%) (28.6%) (50%) (9%)
TC151.3% - 82.4% Cl119.7% - 61.4% Cl 14.6% - 46.3% Cl 21% - 78.9% Cl1.1% - 29.1%
IV36 (3) AB34 (16) DD8 (4) TD13 (22) KA29 (2)
Prevalence
by estate (16.6%) (48.4%) (40%) (73.3%) (12.5%)
Cl 3.5% - 41.4% Cl1 30.7% - 66.4% Cl12.1% - 73.7% ClI54.1% - 87.7% Cl 1.6% - 38.3%
FK15 (6) TD5 (2) G66 (0)
(60%) (11.1%) (0%)
Cl 26.2% - 87.8% Cl1.3% - 34.7% Cl <12.7%
Overall 51.7% 44.6% 36.3% 50% 6.6% 37.6%
Prevalence
Cl 0% - 100% Cl 0% - 95.8% Cl1.8% - 70.8% Cl 0% - 100% Cl 0% to 22.5% Cl13.9% - 61.2%

Table 3.2: Summary of samples collected* (n) and positive results © (n) from each region and estate. Overall prevalence* (%) and 95% Confidence
Intervals® (Cl) were estimated using different-size clusters calculation. Prevalence and CI for single estates was estimated using standard ClI calculation.

47



Sampling 1 2 3 4 5 Totals
Site
Samples 38 56 73 42 78 287
collected
Samples IV25%(38) | AB32(23) | PH8(35) | TD11(12) | KA19 (22)
collected by AB34 (33) | DD8 (10) | TD13 (30) | KA29 (16)
estate
Positive
samples 262 25 23 28 6 108
Overall *68.4% 44.6% 31.5% 66.7% 7% 37.6%
Prevalence
TC1 51.3% Cl 0% - C110.8% Cl 0% - Cl 0% - C15.8% -
-82.4% 95.8% - 52.83% 100% 17% 69.5%

Table 3.3: Summary of caecal samples collected* (n) and positive results @ (n) by sampling
site. Overall prevalence* (%) and 95% Confidence Intervals™ (Cl) were estimated using
different-size clusters calculation. Prevalence and CI for sampling site 1 was estimated using
standard CI calculation.

Using a binary logistic regression calculation @sapossible to estimate if there was any
statistically significant difference in terms ofepalence of infection between regions and

sampling sites (Table 3.4 and 3.5, respectively).

Regions (Chi-Square 40.90; P<0.001) Odds Ratio 95% CI

2 1 0.750 (0.357, 1.578)
3 1 0.532 (0.249, 1.136)
4 1 0.931 (0.449, 1.929)
5 1 0.066 (0.021, 0.208)
3 2 0.708 (0.331, 1.516)
4 2 1.240 (0.597, 2.574)
5 2 0.088 (0.028, 0.277)
4 3 1.750 (0.829, 3.693)
5 3 0.125 (0.039, 0.396)
5 4 0.071 (0.023, 0.221)

Table 3.4: Binary logistic regression analysis to estimate any statistical differences in the
level of infection between regions. Statistically significant differences are highlighted in bold.
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Sampling Sites (Chi-Square 68.99; P<0.001) Odds Ratio 95% ClI

1 2 2.686 (1.133, 6.370)
3 1 0.212 (0.091, 0.493)
4 1 0.923 (0.361, 2.357)
5 1 0.038 (0.013, 0.113)
3 2 0.570 (0.277, 1.174)
4 2 2.480 (1.081, 5.688)
5 2 0.103 (0.038, 0.276)
4 3 4.347 (1.935, 9.769)
3 5 5.520 (2.096, 14.535)
4 5 24.000 (8.387, 68.671)

Table 3.5: Binary logistic regression analysis to estimate any statistical differences in the
level of infection between sampling sites. Statistically significant differences are highlighted
in bold.

The statistical analysis indicated that there wsigiaificant difference in terms of prevalence
of infection <0.001) between regions. This was particularly pnemt in region 5 when
compared to the other regions. When the sametgtatitest was applied excluding region 5,
there was no significant differende=0.352) in prevalence of infection across the remgi
regions. Region 5, due to its very low prevalermmyld thus be considered a potential
confounder in terms of statistical analysis of tbsults. Not including region 5, the overall
prevalence of infection increased to 45.8% (Cl 3#.9 56.6%). The same pattern was
observed when prevalence of infection was compaceass sampling sites, where sampling

site 5 was significantly different compared toth# other sampling sites.

Campylobactebacterial load

The averag€ampylobactebacterial load of positive samples (n=108) wasx518° CFU/g

(median 3 x 16 CFU/g and range of <10 CFU/g to 4 x®XDFU/g). A breakdown of the
Campylobactebacterial counts in the positive samples by redgodepicted in Figure 3.3.
Statistical analysis by One-way ANOVA showed nandfigant difference in the means of

Campylobactecarriage across and between regidt0(441) (Figure 3.4).
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Figure 3.3: Median and range of Campylobacter load in positive caecal samples by region
expressed as log CFU/g.
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Figure 3.4: Means of Campylobacter load in positive caecal samples by region expressed as
log CFU/g.

The distribution of the concentrations@impylobactebacterial load count in caecal content
of pheasants (n=287) by region was >CBU/g in 33.4% (Cl 28% - 39.2%) of samples and
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5.6% (ClI 3.2% - 8.9%) were >4@FU/g. Negative samples witbampylobacteispp. <10
CFU/g based on 1:10 dilution counted for 61.3%5&K% - 67%) (Figure 3.5).
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Figure 3.5: Frequency distribution (%) of the Campylobacter load counts in pheasants by
region (R) (O=negative samples).

An overall summary o€ampylobactetoad by estate is shown in Figure 3.6.
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Figure 3.6: Median and range of Campylobacter load in positive sample by estate
expressed as log CFU/g.
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The same statistical analysis also showed no gignif difference in the mean of
Campylobactecarriage across and between est&e8.342) (Figure 3.7) and sampling sites

(P=0.461).

95% CI for the Mean
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Figure 3.7: Means of Campylobacter load and 95% Confidence Interval (Cl) of positive
samples by estate expressed as log CFU/g.

Regional analysis

Region 1: Two estates were sampled from region 1, estat2S &nd 1V36. Estate IV25 had
a prevalence of infection of 68.4% (Cl 51.3% - 8&)4vith an averag€ampylobactetoad

of 4.7 x 16 CFU/g. A prevalence of 16.6% (Cl 3.5% - 41.4%) whserved in estate IV36
with an averag€ampylobactetoad of 3.9 x 1®CFU/g. Combined, these results indicate that
the overall prevalence for region 1 is 51.8% (G% - 100%) but this is driven by the vast
majority of positive samples recovered from est&t25 so it may not be an entirely true
representation of the level of infection acrossréggon P<0.001). In terms a€ampylobacter
carriage, even though samples from estate IV25ahaider range ofCampylobactedoad
compered to estate V36 (Figure 3.6), overall theas no statistical differenc®£0.930) in

the means of bacterial carriage between the tvatess{Figure 3.7).

Region 2: Two estates were sampled from region 2, estate&32/A8Bd AB34. The prevalence
of positive samples from estate AB32 was 39.1% 1€I7/% - 61.4%) with an average
Campylobactetoad of 1.7 x 16CFU/g. The prevalence in estate AB34 was 48.4930C1%
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- 66.4%) with an averagéampylobactetoad of 4.9 x 106CFU/g. The results for region 2
showed a consistent spread@dmpylobacteiinfection in positive samples across the two
estates®=0.488) with an overall prevalence of 44.6% (Cl 095.8%). However, there was
a significant difference in the level Gampylobactetoad between the two estat€s0.004),
with a lower mearCampylobactecount and load range in AB32 compared to AB34feg
3.6).

Region 3: Region 3 comprised three estates, PH8, DD8 andbFKBased on these three
estates, the overall prevalence of infection was8%6(Cl 1.8% - 70.8%). The average
Campylobactetoad of positive samples from estate DD8 was SL&XCFU/g. In estate FK15
there was an averaggampylobactetoad of 2.2 x 18CFU/g and in estate PH8 the average
Campylobacteload was 4 x 10CFU/g. The results for Region 3 showed a diffeeeim
prevalence across the three estates that varied486% (Cl 14.6% - 46.3%) in estate PH8
to 40% (ClI 12.1% - 73.7%) in estate DD8 and 60% 2612% - 87.8%) in estate FK15
although this difference was not statistically gigant (P=0.192). There was a wide range in
Campylobactetoads in positive samples from all three estatdsliere was no statistically

significant differenceR=0.677) in thedCampylobactetoad means (Figure 3.7).

Region 4:Three estates were sampled from this region, TDDIL3 and TD5. The overall
prevalence of infection was 50% (Cl 0% - 100&tth an averag€ampylobactefoad of 3.5

x 1P CFU/g. The prevalence in estate TD11 was 50%@2(@b - 78.9%), 73.3% in estate
TD13 (Cl 54.1% - 87.7%) and 11.1% (CI 1.3% - 34.7#)estate TD5. The average
Campylobactetoad in the positive samples from estate TD11 Wwésx 1¢ CFU/g; in TD13

it was 4.5 x 10CFU/g; and in estate TD5 it was 7.4 xX*TFU/g. There was a statistically
significant difference in th€ampylobactetoad <0.001) but only for TD11 and TD13 when
compared to TD5. The difference @ampylobacteinfection between TD13 and TD11 was
not significant (Table 3.6).

Estates Odds Ratio 95% ClI

TD13 TD11 2.750 (0.684, 11.053)
TD5 TD11 0.125 (0.019, 0.799)
TD5 TD13 0.045 (0.008, 0.243)

Table 3.6: Binary logistic regression analysis to estimate any statistically significant
differences in the Campylobacter load between estates in region 4. Statistically significant
differences are highlighted in bold.
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There was no statistically significant differendé=0.727) observed in the means of
Campylobactetoad between estates in region 4 (Figure 3.7).

Region 5:This region comprised three estates, KA19, KA29@66. The overall prevalence
of infection in region 5 was 6.6% (CI 0% to 22.5%8l samples from estate G66 contained
< 10 CampylobacterCFU/g based on 1:10 dilution (Upper 95% CI <12.786) were
considered negative; estate KA19 had a prevalei@®dCl 1.1% - 29/1%) and estate KA29
had a prevalence of 12.5% (CI 1.6% - 38.3%). TleayeCampylobactefoad in the positive
samples from estate KA19 was 5 X ITFU/g while in KA29 it was 1.6 x 20CFU/g. As
mentioned above, region 5 had a consistently l@vadence of infection, at least based on the
three estates surveyed, and this was statistidddgrent to the other regions. A binary logistic
regression to compare the prevalence of infectimoray estates could not be undertaken
because of the lack of infection in estate G66. Bdeterial load means were not statistically
significant P=0.376) between the two estates (Figure 3.7). Heweahe small number of

positive samples (n=4) from this region limits stital analysis.

Relationship between bacterial carriage and kilprimcess time

The period of time between shooting batches of gdneta on the estates and laboratory
processing of caecal samples varied between 2 atay3. Statistical analysis of kill-to-
process time did not indicate any significant deéfece in terms o€ampylobactercarriage
(P=0.338) (Figure 3.8 and 3.9) even when sampling Sitvas excluded from the analysis
(P=0.322).

95% CI for the Mean

Log CFU/g
iy

2 3 4 5 6 7
Days dead

Figure 3.8: Campylobacter load means (Logio CFU/g) and 95% Confidence Interval (Cl) of
positive caecal samples in relation to the Kkill-to-process time.
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Figure 3.9: Variation in Campylobacter load count (Logio CFU/Q) in positive caecal samples
in relation to the sampling site and the kill-to-process time.

3.4 Discussion

This is the first UK based study estimating notydhke prevalence dampylobacteinfection

but also the bacterial carriage in caecal contemh fpheasants based on a confidence level of
95% with a desired absolute precision of 5%. Ittgbuates to the epidemiological knowledge
base and surveillance data relatin@mpylobactemfection in wild game birds in Scotland.
The survey indicated an overall prevalence of itnd&cin pheasants of 37.6% (based on 287
birds) (Cl 13.9% - 61.2%). This is in line with preusly reported prevalence levels which
were based on analyses of caecal content in hunlgé@heasants elsewhere in Europe, levels
which ranged from 25 to 27% (Nebadtal, 2007; Atanassova and Ring, 1999; Sttral,
2004). The main study was preceded and informetioysmall scale pilot studies that

allowed some refinement of establisieaimpylobacteculture methods.

Prevalence was not uniform across all the regiongis was likely influenced by two factors,
one relating to time of sampling, the other toféd that prevalence was particularly low in
region 5. Excluding the results from region 5, dverall prevalence of infection of 45.8%
(Cl 34.9% - 56.6%) was higher than that reportedptsvious studies. It was still lower

compared to farmed pheasants slaughtered on fapaitern previously reported by Nebola
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(2007), where the prevalence was as high as 70%o{blet al, 2007). It is also lower than
previous studies based on cloacal swabs from lngs lvhere the prevalence reached almost
90% (Dipinetcet al, 2008b). The discrepancy in bacterial carriage/een farmed and hunted
pheasants has been attributed to the fact thatlearfippm farmed pheasants are generally
processed more quickly (Nebaaal, 2007). In previous studies, while a kill-to-pess time
was not always specified, wild pheasant samples wet taken immediately after shooting,
potentially compromisingcampylobactesurvival in the caeca (Nebo# al, 2007). In the
study reported herein, the time from shooting aftald to processing in the laboratory varied
from two to seven days but there was no stati$ficagnificant relationship between the
bacterial load in positive caecal samples and ttdokprocess time P=0.338). The main
factors that influence microbiological growth in awiscerated pheasants are storage
temperature, days stored and location of shot weuespecially if perforation of the intestine
is present and these can possibly explain therdiffee in results found in this study from the
literature (Paulsemt al, 2008). More specific studies need to be carriedto study the

survival of Campylobactespp. in caecal samples in relation to the timeilbfdeprocess.

The low prevalence in samples collected from samgpsite 5 could be at least partially
explained by a genuinely low prevalence of infattio the estates sampled but it is also
possible that the time of the year had an influemec&ampylobactercarriage. Seasonal
fluctuation of Campylobactercarriage in food producing animals has been obdeime
multiple previous studies (Walla@t al., 1997; Stanlet al., 1998a; Stanlewt al., 1998b).

In this study there was a statistical differenee.001) in terms o€ampylobacteinfection
across sampling sites whereby samples collectdiieagnd of January 2014 from sampling
site 5 had a significantly lower prevalence comgdoesamples collected from the beginning
of October to the end of November 2013 (samplitessl, 2, 3 and 4). This apparent seasonal
influence was mirrored by the pilot study wheresbhenples collected in February 2013 (n=6)
had a prevalence of 16.6% (CI 0.4% - 64.1%) wintese collected in September (n=5) had a
prevalence of 60% (Cl 14.7% - 94.7%). More studiesld be required to verify if a seasonal
pattern ofCampylobactercarriage is actually present in pheasants, agtexpm other farm

animal species.

The statistically significant difference in prevade of infection between sampling sites 1 and
3 may be due to the fact that samples from es%86 Wwere collected from site 3 (region 3)

and not site 1 (region 1). The same could be patgdifor the significant differences between
sampling sites 1 and 2 and between sampling siéesl 3. Therefore, these latter results may

not be a true reflection of the prevalence diffeemnat the regional level. There was also a
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statistically significant difference in th@ampylobactetoad <0.001) of estates TD11 and
TD13 compared to TD5. This may be explained byféoe that samples from estates TD11
and TD13 were collected in November 2013 while damfsom estate TD5 were collected in
January 2014 when the overall prevalence in thasgkes was significantly lower than the

others.

The average bacterial load of positive samples@8¥tvas 5.8 x 190CFU/g (6.7 Logy/g) and

this was broadly in line with the bacterial load edftensively reared British-based poultry
flocks surveyed in 2011 (Alleet al, 2011). This study herein also found no significan
difference in bacterial carriage means across atd/den Scottish regions and estates
(P=0.441), even in region 5 where the prevalencenfefction was very low. Based on the
enumeration of Campylobacterspp. in positive samples, most pheasants had high
Campylobactercounts across all five regions, so that only 5@%birds harboured <£0
CFU/g (Figure 3.5).

Super-shedders can be defined as those animaf®traperiod of time shed high counts of
infective organisms of a particular type than nabker individuals of the same host species
(Chase-Toppingt al.,2008). It also involves persistent colonisatioradapecific section of
the gastrointestinal tract where proliferation lodtt particular organism is enhanced. It has
been calculated that the cut-offs for super-shegldire bacterial counts of >1CFU/g in
faeces (Chase-Toppired al.,2008). When these counts are present above tlodisgecut-
offs, even in a small number of animals in the pajon they will increase the risk of disease
spread to other in-contact animals (Chase-Topgirad.,2008). A typical example of bacteria
that have been identified with super-shedders featisE. coli O157:H7 in cattle, but super-
shedding has been reported in other bacterial tiofex like Mycobacterium aviunsubsp.
Paratuberculosis(Mitchell et al., 2008) andSalmonella entericasubsp. enterica serovar

Typhimurium (Lawleyet al.,2008).

In this study, 23% of pheasants ha@ampylobactecount >16 CFU/g (ClI 18.3% - 28.3%)
and 5.6% (Cl 3.2% - 8.9%) were $10FU/g. Although these results relate to caecalreotd
faecal content they may still support super-shegldihCampylobacteiin the environment
which would potentially increase the risk of infectto other pheasants and to humans. The
consumer may be exposed through an increased ris&ai contamination during evisceration
at AGHEs while employees of pheasant farms mayladsat increased risk through exposure
to pheasant faeces. In a study from the USA, doreak of campylobacteriosis in workers on
a pheasant farm was associated with occupatiopaisexe to pheasants (Heryford and Seys,

2004). AlthoughCampylobactecounts from faecal swabs from live pheasants havéeen
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reported in the literature, as mentioned abovepthgalence oCampylobactespp. in live
farmed pheasants can be as high as 86.7% (Dipaeth 2008b). More studies need to be
carried out to determine i€Campylobacterspp. may have super-shedding features as

previously reported i&. coliandSalmonellaspp.

In both pilot studies none of the 19 skin sampdssetd were positive f@ampylobactespp.

In the first pilot only one out of six caecal saegplvere positive, so the negative results were
mainly attributed to the laboratory technique ubedause from the literature review it was
expected to have a higher prevalence of infectiopheasants. Some refinements of the
laboratory technique led to more rewarding resslisthese were applied for the isolation of
Campylobactespp. in the main study. Despite this, all fivenskamples in pilot two and all
forty from the main study were negative. In comhbiorg the pilot study and main survey
analysed 59 neck skin samples from whictOaonpylobactespp. were isolated. There is a
number of potential reasons for these negativerfggd In particular, they could be due to the
storage of carcasses in cold, dry environment @hiders in larders and AGHES) and under
normal atmospheric conditions, both of which ar¢rigental to Campylobactersurvival
(Humphreyet al, 1995). It was considered unlikely that all 59 plea were truly negative,
although this is a theoretical explanation. Adhdossibility is that the culture method was
unreliable. The recovery of only a single isolatai the six caecal samples analysed in the
February 2013 pilot study may also support thisreexplanation, at least for the skin samples
analysed in the first pilot study. However, sinkce tefinements in culture technique outlined
in the materials and methods ultimately led to mergarding yields in the September trial,
the culture method was considered to be suffigieddpendable. Ultimately, the negative
findings from the neck skin samples were not carsid unusual as this is consistent with the
literature where negative results were confirmednoye sensitive molecular tests (Soneini
al., 2006). Therefore, the decision was made to famlsly on detection, isolation and

sequencing from caecal samples.

The molecular diversity d€ampylobactestrains recovered from positive caecal samples was

investigated in Chapter 4.
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Chapter 4 Molecular diversity of Campylobacter strains

4.1 Molecular epidemiology of Campylobacter

Two genotyping methods, Polymerase Chain Reacf@R) and High Throughput Multi
Locus Sequence Typing (HIMLST), were used in thiggrt to define the molecular diversity
of Campylobacterisolates obtained from caecal samples of wild gpaets. In particular, PCR
was used to determine tl@ampylobactergenus and specie€.(jejuni or C. coli) while
HIMLST was used to identify the strain of the ideka Campylobacter larihas also been
identified in wild game birds and has known zoongtbtential (Waldenstrorat al, 2006)
but, because of its much lesser importance in tefrhsiman infection compared @ jejuni
andC. coli, it was not included in this study (DEFRA, 2013).

Polymerase Chain Reaction is commonly used for g@ma species determination because
this method is able to detect specific fragment®NA that originate from highly conserved
regions of the genome, such as that encoding 18 rihat are characteristic of the genus
Campylobacte(Banget al, 2002). Following the same principle, more speddci are used
for the detection of different species. A generdline of the PCR process is as follows. After
DNA denaturation of the test genomic material, gjgeprimers are added to the reaction that
will attach to the single stranded fragment of Didéeplicate (annealing). DNA polymerase
enzymes will then attach nucleotides to the prinieltewing the DNA template to create a
copy of the original DNA (extension). By repeatitigs cycle several times it is possible to
amplify the genetic material so that it can be aised by electrophoresis in an agar gel
(Stofletet al, 1988). Genus and species determination is adhibyecomparing the size of
the PCR products with a DNA ladder (a moleculargieimarker), which contains DNA

fragments of a known positive control that are oarthe gel alongside the test sample.

Multi Locus Sequence Typing (MLST) is the most coomnmolecular method for subtyping
Campylobacterspp. and is applicable to all strains@f jejuniandC. coli (EFSA, 2013).
Campylobacterspp. are characterised by a high evolutionary rditye with a non-clonal
population structure that allows extensive horiabmjenetic exchange. However, this
technique, following PCR amplification, is able compare DNA sequence differences in
sevenCampylobactehouse-keeping genes that are an essential andavsiérved part of the
genome: aspA (aspartase A), gInA (glutamine symefhagtA (citrate synthase), glyA (serine
hydroxymethyltransferase), pgm (phosphoglucomutdke)transketolase) and uncA (ATP
synthase alpha subunit) (Dingdeal, 2001, 2005). Multi Locus Sequence Typing detdats
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allele profile of each isolate across the set ofegeand identifies it as a sequence type (ST).
As explained by Forbes (2009): “Isolates matchimgoss the whole set of genes are

categorised as being the same ST; isolates misimgtitir one gene within the set are defined

as single-locus variants and are categorised ag bethe same clonal complex (CC). Isolates

in the same ST or CC are assumed to have a comneestar, which is expected to be more

recent for isolates in the same ST than for iselatehe same CC”. Clonal complexes are the
units of analysis used to determine characterisfiasterest such as host association, survival
in the environment and in the food chain (EFSA,301

4.2 Materials and methods

One Campylobacterpure colony per positive caecal sample was saleftie plating on
MCCDA and incubating for 48h in microaerophilic ddions. Nine (8.3%) positive samples
out of 108 isolates failed to recover when defrdsiad plated on mCCDA plates. The 99
successfully retrieved colonies were packed at rmonperature and sent by next day delivery
to the Regional Laboratory for Public Health Keneeland, Haarlem, the Netherlands, for
PCR and HIMLST sequencing. DNA extraction was eafrout in the Dutch laboratory
according to their internal specification (Boetsal, 2012) and primers obtained from the
PubMLST websitdattp://pubmist.org/campylobacter/info/primers.shivelre used to perform
the PCR and HIMLST (Table 4.1). After species idertion by PCR, MLST was performed
to determine the STs of the isolates using therskwase-keeping genes based on the method
outlined by Dingleet al, 2001 and modified by Milleet al, 2005.

Statistical analysis

The statistical analysis of results to determiredistribution ofC. coliandC. jejuniacross
regions and estates was performed using the sapneaagh as described in Chapter 3 section
3.2. CampylobactelSTs recovered from pheasant caecal samples weigned to CCs by
comparing the lists of STs and assigned CCs fonrdiiman, poultry, farmed animals, wild
life and pet isolates downloaded from the PubMLST atabase

http://pubmist.org/perl/bigsdb/bigsdb.pl?db=pubmisimpylobacter_isolates&page=query

(last access on February 2015).
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Primer Name Primer Sequence Species
aspA S3 SP6 tail GACACTATAGCCAACTGCAAGATGCTGTACC C. jejuni
aspA S6 T7 tall CACTATAGGGTTCATTTGCGGTAATACCATC C. jejuni
glnA S3 SP6 tail GACACTATAGCATGCAATCAATGAAGAAAC C. jejuni
glnA S6 T7 tall CACTATAGGGTTCCATAAGCTCATATGAAC C. jejuni
gltA S3 SP6 tall GACACTATAGCTTATATTGATGGAGAAAATGG C. jejuni
gltA S6 T7 tail CACTATAGGGCCAAAGCGCACCAATACCTG . jejuni
glyA S3 SPé6 tail GACACTATAGAGCTAATCAAGGTGTTTATGCGG . jejuni
glyA S4 T7 tail CACTATAGGGTGATTATCCGTTCCATCGC . jejuni
pgm S5 SP6 talil GACACTATAGGTTTTAGATGTGGCTCATG . jejuni
pgm S2 T7 tall CACTATAGGGTCCAGAATAGCGAAATAAGG jejuni
tkt S5 SP6 tail GACACTATAGCTTAGCAGATATTTTAAGTG jejuni
tkt S6 T7 tail CACTATAGGGAAGCCTGCTTGTTCTTTGGC jejuni

uncA S3 SP6 tail

GACACTATAGAAAGTACAGTGGCACAAGTGG

jejuni

uncA S4 T7 tail

CACTATAGGGTGCCTCATCTAAATCACTAGC

jejuni

Aspcoli S1 SP6 tail

GACACTATAGCAACTTCAAGATGCAGTACC

coli

Aspcoli S2 T7 tail

CACTATAGGGATCTGCTAAAGTATGCATTGC

coli

Glncoli S1 SP6 tail

GACACTATAGTTCATGGATGGCAACCTATTG

coli

Glncoli S2 T7 tail

CACTATAGGGCTTTGGCATAAAAGTTGCAG

coli

Gltcoli S1 SP6 tail

GACACTATAGATGTAGTGCATCTTTTACTC

coli

Gltcoli S2 T7 tail

CACTATAGGGAAGCGCTCCAATACCTGCTG

coli

Glycoli S1 SP6 tail

GACACTATAGTCAAGGCGTTTATGCTGCAC

coli

Glycoli S2 T7 tall

CACTATAGGGCCATCACTTACAAGCTTATAC

coli

Pgmcoli S1 SP6 tail

GACACTATAGTTATAAGGTAGCTCCGACTG

coli

Pgmcoli S2 T7 tail

CACTATAGGGTTCCGAATAGCGAAATAACAC

coli

Tktcoli S1 SP6 tail

GACACTATAGAGGCTTGTGTTTTCAGGCGG

coli

Tktcoli S2 T7 tail

CACTATAGGGTGACTTCCTTCAAGCTCTCC

coli

Unccoli S1 SP6 tail

GACACTATAGAAGCACAGTGGCTCAAGTTG

olojololololololololololololololololololo|o

. coli

Unccoli S2 T7 tail

CACTATAGGGCTACTTGCCTCATCCAATCAC

C.

coli

Table 4.1: Table of primers used by the laboratory in the Netherlands for PCR and sequencing

of Campylobacter isolates.

4.2.1 Polymerase chain reaction

The same 99 isolates that were sent for sequeatitige laboratory in the Netherlands were
subjected to diagnostic multiplex PCR at the Rolistitute laboratory by the author of this
project for internal validation of thEampylobactelisolates. Pure colonies were plated on
MCCDA and incubated in microaerophilic conditions fwo days. PCRs were performed
using the Phuson DNA Polymerase (Thermo Scientificla reaction volume of 25ul,

according to the manufacturer’s instructions. Hiiémplate DNA solution in water was added

to each reaction. This was obtained by heatingp & bacteria collected from each mCCDA
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plate. Primers used for species identificatiolCotoli andC. jejuniwere based on detection
of the IpxA gene (Klenat al, 2004). The forward primer of the IpxA gene frjejuniwas
(ACAACTTGGTGACGATGTTGTA). For the detection of tHpxA gene forC. coli the
forward primer used was (GATAGTAGACAAATAAGAGAGAATM&) (FSA, 2009).
Reverse primers, IpxA-R1 (CAATCATGTGCGATATGACAATAYGCAT) and IpxA-R2
(CAATCATGAGCAATATGACAATAAGCCAT) were used to detec. coliandC. jejuni
and were used in a 50:50 mixture (FSA, 2009). Muodirg conditions were as follows:

Initial denaturation for 45s at 94

» Thirty cycles of denaturation for 45s at’@4 annealing for 30s at 35 and extension
for 90s at 72C

* Final extension for 10 minutes at°@2
e Holding of the reaction at’@ until use.

Agarose gel electrophoresis was undertaken in 18foag gels, with 1:10,000 dilution of
SybrSafe (Invitrogen, UK) and run at 80-100V for-9% minutes. Amplicon sizes were
estimated by comparison with Thermo Scientific 1RNA ladder markers (Figure 4.1).

15
5Z888
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Figure 4.1: Agarose gel electrophoresis of PCR products obtained from Campylobacter
isolates. Lane 1 contains the 1KD DNA ladder, lane 2 shows C. coli (390bp) and lanes 3 and
4 contain C. jejuni (330bp). Lane 5 contains the negative control.
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4.3 Results and Data Analysis

4.3.1 PCR results

PCR yielded positive results for all 99 isolatesfaming the detection of positive samples as
Campylobacterspp. in the bacteriology laboratory and also thay belonged to eithet.

jejuni or C. colispecies. Overall. coliandC. jejuniaccounted for 62.7% (Cl 14.6% - 100%)
and 37.3% (Cl 0% - 85.3%) of positive samples tkstespectively. Region 5 yielded only

three isolates for PCR detection, two of which wawsitive forC. coliand one of which was

positive for C. jejuni Table 4.2 summarises the PCR results by registgatee and

Campylobactespp. identified.

Region 1 | Region2 | Region3 | Region4 | Region 5 Totals
Samples 56 56 55 60 60 287
collected
Positive 29 25 20 30 4 108
samples
Number of 22 out of | 25 out of 20 out of 29 outof | 3outof4 99
isolates 29 25 20 30
for PCR
C. coli Q17 3 14 26 2 62
IV25 #(15) | AB32(2) DD8 (2) TD11 (6) KA19 (1)
IV36 (2) AB34 (1) FK15 (5) | TD13 (18) | KA29 (1)
PH8 (7) TD5 (2)
*77.3% 12% 70% 89.7% 66.6% 62.6%
TC154.6% | CI25.5% | Cl45.7% | Cl72.6% | Cl9.4% - | Cl14.6%
-92.2% -31.2% - 88.1% -97.8% 99.2% - 100%
C.jejuni 5 22 6 3 1 37
V25 (4) AB32 (7) DD8 (2) TD11 (0) KA19 (0)
IV36 (1) | AB34 (15) | FK15 (1) TD13 (3) KA29 (1)
PHS8 (3) TD5 (0)
22.7% 88% 30% 10.3% 33.4% 37.3%

Table 4.2: Summary of PCR results showing number of isolates* (n) by region and estate and
number of isolates 2 identified as C. coli or C. jejuni. Overall distribution* (%) and 95%
Confidence Intervals® (Cl) calculated using binary logistic regression. Distribution and CI by

region was estimated using a standard CI calculation.

Figure 4.2 below illustrates the prevalence of fpasiCampylobactespp. isolates by estate,
as identified using PCR.
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Figure 4.2: Prevalence (%) of C. coli and C. jejuni species by estate, as identified using

PCR.

The percentage &. coliwas higher than that €. jejuniacross all regions, with the exception

of region 2. A higher percentage ©f coli was also found in all estates sampled other than

those in region 2, with the exception of estate82Dhd KA29, where the distribution was

50% (Cl 11.8% - 88.2%) for each species. Converselyegion 2C. jejuni was the more

common species across the sampled estates. Botasyid regression analysis across regions

confirmed a statistically significant difference tine distribution ofC. coli and C. jejuni

(P<0.001) between region 2 and regions 1, 3 and BI€T43). These results were confirmed

by removing region 5 that, due to the low numbesaifples tested, can be considered a

potential confounder.

Region Chi-Squared 41.39 P<0.001 Odds Ratio 95% CI

2 1 0.040 (0.008, 0.191)
3 1 0.686 (0.172, 2.732)
4 1 2.549 (0.537, 12.087)
5 1 0.588 (0.043, 7.914)
3 2 17.111 (3.670, 79.767)
4 2 63.555 (11.633, 347.217)
5 2 14.666 (10.999, 215.309)
4 3 3.714 (0.803, 17.164)
5 3 0.857 (0.064, 11.356)
5 4 0.230 (0.015, 3.370)

Table 4.3: Binary logistic regression analysis to estimate statistically significant differences in
the level of infection among regions. Statistically significant differences are highlighted in bold.
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An analysis of the results based on the sampliteg silso indicated statistically significant
differences P<0.001) in theCampylobactesspp. recovered. The differences mirrored those
observed across the regions in that the presenCe jefunirecovered from sampling site 2
was consistently higher than that from the othenm@mg sites. Statistical analysis of the
distribution ofCampylobactespp. recovered across estates within the samenregnfirmed

the prominence of one of the two species in eagibingRegion PP=0.650; Region P=0.249;
Region 3P=0.531; Region 4 and B value not available because of the lackCofjejuni
infection in estates TD11, TD5 and KA19.

4.3.2 MLST results

Sequence types analysis

Of the 99 isolates sent for DNA sequencing, a S$ waly assigned in 80 because, for 19
(19.2%) isolates, one or more alleles failed to l#gnvhen subjected to the MLST test.
Nineteen STs were detected by MLST across thesadt@n=80). Eleven (57.9%; CI 33.5% -
79.7%) were consistent with. jejuniand eight (42.1%; Cl 20.3% - 66.5%) were conststen
with C. coli species. Sequence Type 828 (n=19; 23.75%; Cl 14.9%:6%) was the most
common in the 80 samples tested, followed by ST8212; 15%; Cl 8% - 24.7%) and ST19
(n=7; 8.75%; CI 3.6% - 17.2%) which collectivelypresented 47.5% (Cl 36.2% - 59%) of
the entire data set. Five STs (6.25%; Cl 0.3% %§.8ppeared only once and six STs (15%;
Cl1 0.3% - 8.7%) appeared twice (Figure 4.3).
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Figure 4.3: Prevalence (%) of the 19 Sequence Types found across the data set (n=80),
illustrating whether they belonged to C. jejuni or C. coli species.
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The distribution of STs by region and by estatehiswn in Figures 4.4 and 4.5, respectively.
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Figure 4.4: Distribution (%) of Sequence Types (ST) by region.
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Figure 4.5: Distribution (%) of Sequence Types (ST) by estate.
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Three out of five STs that appeared only once wetevered from region 2; two from estate
AB32; and one from AB34. All five wer€. jejuni

Clonal Complexes analysis

Fourteen of the 19 STs (73.6%; CI 48.8% - 90.9%intbwere grouped into six Clonal
Complexes (CCs) while the remaining five STs (26.8%0.1% - 51.2%) were unassigned to
any CCs (orphan STs) (STs 1030, 2195, 4002, 426Z@®3). Furthermore, orphan STs 4002,
4254 and 7063 were not present in human, poultiyméd animals, wild life or pet isolates
uploaded on the PUbMLST database. Clonal comple@28lalone represented 57.5% (n=46;
Cl 45.9% - 68.5%) of the 80 assigned isolates agdther with the other two most frequent
CCs, ST-21 (n=9; 11.2%; CI 5.3% - 20.3%) and ST4108=6; 7.5%; Cl 2.8% - 15.6%),
represented 76.3% (Cl 65.4% - 85.1%) of the dateSegunce Types that were not assigned
to any CC represented 15% (n=12; Cl 8% - 24.7%h®oisolates (Figure 4.6).
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Figure 4.6: Distribution (%) of Clonal Complexes in 80 Campylobacter isolates from pheasant
caecal samples with a summary of Sequence Types (ST) (*= ST not assigned to a CC).

Figure 4.7 shows the distribution of CCs by recaon estate.
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Figure 4.7: Distribution (%) of Clonal Complexes (CC) by region and estate (NA= Not
assigned to a CC).

Regional analysis

There was a statistically significant differen€é&@.001) in the CCs represented in region 2
compared to those in regions 1, 3 and 4 (Table 8ifjilar results were obtained by removing

region 5 that, due to the low number of isolates3jrwas considered a potential confounder.
Binary logistic regression performed on region3 &nd 4 confirmed statistically that CC ST-

828 was the most represent&t(.120) in these regions.

Region Chi-Squared 27.64 P<0.001 Odds Ratio 95% CI

2 1 0.012 (0.001, 0.137)
3 1 0.166 (0.017, 1.584)
4 1 0.153 (0.017, 1.393)
5 1 0.076 (0.002, 2.394)
3 2 13.000 (2.735, 61.786)
4 2 12.000 (2.709, 53.139)
5 2 6.000 (0.290, 124.099)
4 3 0.923 (0.254, 3.342)
5 3 0.461 (0.024, 8.693)
5 4 0.500 (0.027, 9.076)

Table 4.4: Binary logistic regression analysis to estimate any statistical difference in CCs
represented among regions assuming that CC ST-828 was the most frequently represented.
Statistically significant differences are highlighted in bold.
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Region 1:92.9% (n=13; CI 66.1% - 99.8%) of isolates (n=lidlponged to ST-828. Sequence
Type 4254, recovered from estate V36 and not assigo a CC, belonged to the spe€ies

jejuni.

Region 2:Isolates were very varied, consisting of nine B&ix different CCs and two orphan
STs (1030 in AB34 and 7063 in AB32) both belongtogthe specie£. jejuni Clonal

Complex ST-21 (n=8; 38.1%; CI 18.1% - 61.6%) wase thost frequently represented
followed by CC ST-48 (n=3; 14.3%; Cl 3% - 36.3%)&i-1034 (n=3). Clonal complex ST-

828 (n=3) accounted for all tli& coli species isolated in this region.

Region 3:CCs ST-45 (n=1), 1034 (n=1) and 48 (n=1) represkthb.7% (Cl 3.8% - 39.6%)
of the isolates. Two orphan STs, ST4002 (n=2) and83 (n=1), had an overall prevalence
of 15.7%. Both isolates belonging to ST4002 werentbin estate PH8, while ST7063 was
recovered from estate FK15. 68.4% (n=13; Cl 43.4%8¥.4%) of isolates in this region
belonged to CC ST-828. This was found in all tlestates sampled, with 80% (n=4; CI 28.4%
- 99.5%) presence in estate FK15, 70% (n=7; C1%4-.83.3%) in estate PH8 and 50% (n=2;
Cl1 6.8% - 93.2%) in estate DD8.

Region 4: Region 4 also had a high percentage of CC ST-828§, 66.7%; Cl 44.7% -
84.4%) with 100% presence in estates TD11 (n=4; 86%er Cl >47.3%) and TD5 (n=1;
95% Lower CI >0.5%). The orphan ST2195 accounte®83% (n=6; Cl 13.3% - 59%) of
isolates from estate TD13 and this ST contribut&d 2CI 9.8% - 46.7%) of the total isolates
from this region. Clonal complex ST-21, found ia¢s TD13, accounted for 4.2% (n=1; CI

0.1% - 21.1%) of isolates recovered in this region.

Region 5:Region 5 yielded only two isolates, one belongm@C ST-828 and the other to
CC ST-1034, both originating from estate KA29.

4.4 Discussion

Polymerase Chain Reaction results confirmed a higtesence of. coli (62.7%) compared
to C. jejuni(37.3%) in caecal content of pheasants in Scotlémtheir Italian survey, Dipineto
(2008a) reported that 100% (n=104) of cloacal sisalates subjected to PCR were identified
asC. coli, with 13.5% also positive fdC. jejuni In contrast, Nebola (2007) reported t@at
jejuni was more prevalent (n=54: 58%) th@n coli (36%) in wild pheasants in the Czech

Republic, with mixed infection in 5% of birds examad. However, the same study also
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reported that in farmed pheasants (n=211) 51%otdtisd strains wer€. coliand 41% were

C. jejuni This discrepancy in results may reflect the vagysources of infection to which
pheasants on different estates or farms are expsisee cattle, sheep and chickens are major
reservoirs and shedders @fampylobacterspp. and they are associated with different
Campylobactespp. (Shepparet al, 2010). The next chapter will expand on host@sson

of Campylobactespp. found in pheasants in Scotland.

Campylobacter colivas more widespread than jejuniin all Scottish regions surveyed, with
the exception of region 2. Similarlg, coliwas the predominant species across all estates and
sampling sites when region 2 was excluded fromatiadysis. Forbes (2009) sampled seven
pheasants from the North East of Scotland (reg)an@ found that 57% were positive for
jejuni (FSA, 2009). However, a study carried out acrasshreastern and south-western of
Scotland orCampylobacteiisolates from cattle and sheep faeces did notdistatistically
significant regional difference between the twocspe (Rotariwet al, 2009). Chapter 5 will

investigate the regional inference of differentnaali hosts on pheasant infection.

The statistical analysis of this study also conéichthat, across regions, there is a significant
prevalence of eitheZ. coli or C. jejuniover the other. In particul&@. colidominates in regions

1 and 3 whileC. jejuniprevails in region 2. The same pattern is evideestate level. Rotariu
(2009) reported that cattle and sheep isolates mere likely to be genetically similar if they
originated within rather than between farms. Thmutt supports the supposition that recycling
of Campylobacterspp. in the farm or estate is an important waysudtaining infection

between individual animals (Humphreyal.,2007).

Nineteen STs were isolated from positive caecalpsesiof pheasants with STs 828, 827 and
19 representing 47.5% of the isolates tested. Eenr§Ts were assigned to six CCs and five
STs were not assigned to any CC when comparedotates uploaded on the PubMLST
database. Three out of five orphan STs were navéheé PubMLST global list of STs in
February 2015. This confirms observations in tlieysby Forbs (2009) that suggest there is
a large pool ofCampylobacterstrains present in Scotland that are not only inaatly
evolving by mutation and recombination, but areneixpanded by externally derived strains
from migrating wildlife, human travel and tradeowkever, wild game birds are thought to be

less likely to generate new STs compared to galaher waterfowl (FSA, 2009).

Clonal Complex ST-828 was the most represente®¥)/and, together with ST-21 and ST-
1034, represented 76.3% of all isolates. SevemfeightC. coli STs belonged to CC ST-
828. The eighth was an orphan ST, designated STZ166al complex ST-21 included three
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STs, while the other CCs contained only one ST .€E&%b of STs recovered were not assigned
to any CC and, taken collectively, were exceedeflequency only by CC ST-828 (Figure
4.6). With the exception of ST2195 all other orplailis belonged t€. jejuni species. As
already reported in the literature, this study st thaC. coli strains are quite conserved
genetically compared tG. jejuni Phylogenetic studies dD. coli have identified only three
clades and the variation of genotypes within thmesalade usually results from a re-
assortment of existing alleles rather than fromfareation of new ones by point mutation
and there is little evidence of genetic recomboraamong clades (Sheppaatdal, 2008 and
2010).

Clonal complexes present in clade 1 are usuallyceested with animal sources while clades
2 and 3 are associated with CCs recovered fromm@mviental waters (Sopwitst al, 2009).
Clonal complex ST-828 belongs to clade 1 and a@iho8Ts included in this CC are
genetically very similar, mismatching for one alanly, there is still enough variation to
identify possible correlation with different anintabsts (Milleret al, 2006). Conversel\C.
jejuni is characterised by a deep branching phylogems#ticture that is typical of higher
genetic variability compared ©. coli due to extensive recombination that generatesda wi

assortment of STs belonging to different CCs.

Further phylogenetic study on orphan STs, espgcthlbse not recovered from isolates
uploaded on the PubMLST database, may shed moh¢ &g their origins, possibly
highlighting additional sources of contamination fiineasants and enabling us to predict the
likelihood of a threat to public health in the frgu

The next chapter will explore the host associattb@Cs found in pheasants with the main
farm animal species, in order to determine if ther@ny risk of cross contamination between
species at estate and/or regional level and alsovestigate the contribution of pheasant

campylobacteriosis to human infection.
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Chapter 5 Host association and source attribution

5.1 Introduction

Host association is the process by which sequempaegt of isolates can provide evidence for
an association with specific hosts (FSA, 2009). Eampylobacterspp., several studies
carried out in the UK and Northern Europe have shawassociation betwe@ampylobacter
CCs and various animal hosts; a summary of theatitee review findings is provided in Table
5.1.

In these previous studies the host associatiorysisaias carried out at a CC level because
the limited number (few hundreds) of samples cadiédrom environmental sources did not
allow statistical analysis to be carried out atl®&Zel (FSA, 2009). They also suggested that
some CCs are strongly associated with a partieuienal species, for example CC ST-828 is
often associated with sheep, CC ST-61 with catitt@C ST-45 with poultry, but other CCs
can be found in multiple animal hosts (e.g. CCs23TST-42 and ST-45). As such, host
association ofCampylobacterCCs is the first step in attributing human clinicases to

different sources of infection.

Source attribution is an important tool in scannsugveillance and outbreak investigations
but it is also valuable in developing effective dogafety interventions (Havelagtral, 2007;
EFSA, 2013). It has been defined by Pires (2009)the portioning of the human disease
burden of one or more foodborne infections to dpesburces, where the term source includes
animal reservoirs and vehicles, e.g. foods”. Ibalsvers exposure of humans to different
pathways of infection, for example from the envirant or arising from different types of
consumer behaviour (EFSA, 2013). Source attributigrart of the exposure risk assessment,
one of the key steps in the risk analysis procesparticular, it gives a qualitative and/or
quantitative evaluation of the likely exposure exards via different sources (CAC, 2011).
Different methods can be used for source attriloutio this project we used the microbial
subtyping approach that compares the distributfoBampylobacteiSTs in pheasant caecal
samples with the ST distribution in humans and rottwen animal species and quantifies the
association and contribution of the STs found immah sources to human infections. This
method has been used for source attributidbashpylobacteinfection in humans in Scotland
(Stracharet al, 2009) and New Zealand (Muellnetral, 2013).Campylobactesubtyping by
MLST has high discriminatory power for identifyirgjrong associations between STs in

human clinical cases and those found in differentrses of infection (EFSA, 2013). The
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discriminatory power is the average probabilityt thgarticular laboratory test will assign a
different type to two unrelated strains randomiypbed in the microbial population of a given
taxon (Hunter, 1990). In particular, the high disenatory power of MLST for detecting
CampylobactelSTs is based on the seven genetic loci that af@yhconserved within the

Campylobactegenome and that allows for a high degree of disoation between STs.

Species CC Host Reference
Colles et al., 2003
Broilers Manning et al., 2003
Strachan et al., 2009
45 Wild birds, rabbits Strachan et al., 2009
French et al., 2005
Kwan et al., 2008a
Cattle, sheep Colles et al., 2003
Strachan et al., 2009
Sheep Manning et al., 2003
42 Kwan et al., 2008b
Cattle FSA, 2009
Rotariu et al., 2009
Cattle, sheep Colles et al., 2003
Cattle, sheep, broilers Strachan et al., 2009
Manning et al., 2003
48 Cattle Kwan et al., 2008a
FSA, 2009
Cattle, sheep Rotariu et al., 2009
C.jejuni Colles et al., 2003
Cattle, sheep FSA, 2009 and Strachan et al.,
2009
61 Manning et al., 2003
Cattle Kwan et al., 2008a,b
French et al., 2005
Rotariu et al., 2009
Colles et al., 2003 and Strachan
21 All sources et al., 2009
Cattle Kwan et al., 2008a,b
220 Wild birds (pigeon) FSA, 2009 and Strachan et al.,
2009
257 Broilers Manning et al., 2003
Strachan et al., 2009
283 Broilers Manning et al., 2003
403 Pigs Manning et al., 2003
1034 Sheep Rotariu et al., 2009
1275 Wild birds (gulls) FSA, 2009
Sheep Strachan et al., 2009
C. coli 828 Sheep, pigs FSA, 2009
Sheep, cattle Rotariu et al., 2009

Table 5.1: Summary of literature review of host association of the main C. jejuni and C. coli
clonal complexes (CC) with farm animal species and wild birds in the UK and Northern Europe.
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Several studies have been conducted in differamtdes including the UK, New Zealand,
Finland and the US that confirm the overlappingCaimpylobacterSTs found in poultry,
cattle, sheep and pigs with STs found in humaroairtases; a detailed overview is available
from Forbes (2009) and EFSA (2013). Overall, thetsdies point out that cattle, sheep and
poultry are likely to be the main sources of hurcampylobacteriosis, while pigs play a minor
role as a source for humé#h coli infection. These studies also suggest that consompf
poultry meat is strongly associated with humandtiém in urban and suburban areas, while

direct contact with cattle and sheep is the maima®of human infection in rural areas.

Strachan (2009) investigated the attributionGaimpylobactelinfection in humans in the
Northeast of Scotland (region 2) to different arlis@urces. This study confirmed that young
children are mostly affected yampylobacteiinfection, as already reported by Gillespie
(2009) in England and Wales. The source of infactorural areas, although not clearly
understood, was thought to be environmental (eogtact with farm animals, birds or
contaminated water) rather than direct consumpmfgroultry meat. In adult€Gampylobacter
infection appeared to be food-related, though tegufrom the consumption of contaminated
fresh produce (e.g. vegetables) or raw milk, ratihan poultry meat. The study also confirmed
findings from previous work suggesting that, althlothere was a high number of pigs reared
in rural areas (n=278,000), their contribution tartan campylobacteriosis was minimal
(Stracharet al, 2009).

For the purpose of this study a host associatidwden CCs found in pheasants and other
farm animal species could not be performed dubedack of contemporary data. However,

it was possible to perform a host association amlyf the prevalence @ampylobactein
pheasants and relate it to the density of the fiaaim animal species present in the same post
code areas. Source attributionGEmpylobacteSTs recovered from pheasant caecal samples

in Scotland was performed to quantify the contittuto human campylobacteriosis.

5.2 Materials and methods
5.2.1 Host association

Host association of th€ampylobacterspp. in pheasants in Scotland was performed by
comparing the geographical distribution of the nentif cattle, sheep and goats, pigs, broilers
and poultry other than chickens (i.e. duck, geesktarkeys) in relation to the post code areas

of the estates where pheasant samples were cdllecte
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The number of cattle, sheep and goats, pigs, Isodad other poultry, hereafter “farm
animals”, was obtained by accessing the EDINA aggen website

http://edina.ac.uk/agcensus/ February 2015. From the agcensus website itpgasible to

download the number of farm animal species of @gepresent in Scotland in 2013 in a 2 X
2km grid square. The number of farm animals wa®egd to an Excel spreadsheet that also
included the easting and northing of all the pointhie grid from which farm animal numbers

were collected.

The ArcGIS 10.3.1 (©1999-2015 Esri Inc.) softwarswsed to illustrate and elaborate upon
the density of the farm animals in the postcodesifeom which pheasant samples were
collected. Prior to importing the data from theegus website into the ArcGIS software, the
base map of Scotland was imported from the Ord@a®arvey (OS) Open background

(©Crown Copyright and Database Right 2015). At goint the Excel spreadsheet from the
agcensus website was imported into the softwardgrendrcGIS was able to visualise all the

data points by coordinates on the map of Scotlaiglure 5.1 (a, b, ¢, d, and e) maps the

density of farm animals in Scotland, as of 2013.

To enable resolution at post code level, the natrenordofscotland.gov.uk website was
accessed in August 2015 and the file encompasksagiap of post code areas in Scotland,
current as of 2014, was downloaded. This file vies tuploaded to the ArcGIS software to
enable visualisation of postcode districts. Thersgcted data option on the ArcGIS software
gave the opportunity to merge and extract the médion on the number of farm animals from

the agcensus spreadsheet in relation to the pastreds of interest for this study (Figure 5.2).
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i:igure 5.1a: Cattle density in Scotland
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Cattle are mainly concentrated in the Northeagfi¢re2) and Southwest of Scotland (region

5).
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i:igure 5.1b: Sheep and goats density in Scotland

Sheep are widely spread all over the country batraainly concentrated in the Northeast
(region 2), the Central and Eastern parts of thérakbelt (region 3) and the South of Scotland
(region 4 and 5).
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Figure 5.1c: Pigs density in Scotland

Pig farms are scattered in low numbers across &wbthut the higher density can be found

along the Eastern coast (region 2, 3 and 4).
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Figure 5.1d: Broilers density in Scotland

Main broiler farms also can be found along the &astoast of Scotland (region 2, 3 and 4).
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‘Figure 5.1e: Poultry (other than chickens) density in Scotland

Poultry farms other than chickens can be founawm humbers mainly in the Northeast and
South of Scotland.
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Figure 5.2: Distribution of the data points of farm animals within the postcode areas from

which pheasant samples were collected.

The number of farm animals per square kilometre) (ks exported into an Excel file for

further statistical analysis.
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The statistical analysis aimed to investigate & ssociation between farm animal density
and prevalence o€ampylobacterspp. in pheasants in the same postcode areas asmd w
performed using a binary logistic regression catah in Minitab. Results were considered

to be statistically significant if the over&llvalue was <0.05 and the 95% Confidence Interval

Odds Ratio between groups did not cross 1.
5.2.2 Source attribution

Attribution of human clinicalCampylobacterisolates to animal sources of infection was
undertaken by downloading the lists of STs founchimmans, farm animals and wildlife
isolates from the PubMLST on-line database (lastese on February 2015)

http://pubmist.org/perl/bigsdb/bigsdb.pl?db=pubmtsimpylobacter_isolates&page=query

The list of STs found in the pheasant samples ftosnstudy was added to the PUbMLST lists
and source attribution was performed using aritioreatd graphical functions in Microsoft

Excel.

As indicated in section 5.1, source attributionused as a means of investigating any
associations between the presenc€ampylobactercontaminants in various sources with
human infections. This is done by evaluating tis&ribution of STs (not CCs) in humans and
in different potential sources of infection in suchvay that enough discriminatory power is
generated to identify a strong association betvaeeman campylobacteriosis and their sources
of infection (Pires, 2009). Use of STs was possihktead of CCs because there was no
sample size limitation as described in sectionférlhost association statistical analysis. In
fact the PUbMLST databases provided a total of 32itdnan (n=9646), farm animal (n=3021)
and wild bird (n=76) isolates. There were 1665 BEstified from human clinical cases and
reported on the PUbMLST website in February 20b5 tite purpose of this study, only 56 of
the most common STs were selected from those Bo&ies for further consideration as they
included 12 STs found in pheasants. These 56 Saiated for 69% of all the human cases.
Human cases attributed to STs 831 (n=8), 2195 (1591 (n=6) and 1030 (n=2) were also
taken into consideration because, although not wemypmon in humans, they were the
remaining STs recovered from pheasants in thigys@ildurce attribution of farm animals and
pheasants to human infections, based on the isalep®rted to the PubMLST database, was
performed by examining only the STs that were comtachumans, farm animals, pheasants
and wild game species. The number of clinical iesldrom humans and animals that shared
the same STs was extracted for each species grigéaph animal species contribution was
calculated as a percentage of the overall numbauofan and animal cases that shared the

same STs. A similar calculation was performeddtenine the contribution of each animal
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species to the overall number Gampylobactercases. An example of the calculations
performed to determine the contribution of eachmahisource to human campylobacteriosis

is as follows:

Cattle and humans shared 22 STs from the PubML$3bdse. This translated into 4036
human and 276 cattle isolates attributed to theesh&Ts. This resulted in a total of 4312
human and cattle isolates. The percentage of thyeoption of cases attributed to cattle was
calculated by multiplying the number of isolatesaitle by 100 and dividing this number by
the total number of isolates found in humans arttlec276 x 100 / 4312 = 6.4%). To
determine the contribution of cattle to the ovenaléctions in humans, the total number of
human isolates (n=6712) from the 60 STs considersiadded to the number of isolates in
cattle then the percentage of the proportion aégastributed to cattle was calculated as above
(276 x 100 / 6988 = 3.9%).

5.3 Results and Data Analysis
5.3.1 Host association

After plotting the density of farm animals in Seotél, it was possible to extract their counts
per square km in the post code areas from whiclpkesfrom pheasants were collected (Table
5.2))

Post C ode Area Cattle | Sheep and Pigs Broilers Other Poultry
Area (Square Km) Goats
AB32 101 56 89 14 0 4
AB34 345 26 61 0 0 0
DD8 817 25 65 11 430 1
FK15 178 17 135 0 0 0
G66 95 29 141 0 0 0
V25 155 8 73 17 0 1
V36 394 20 48 5 370 0
KA19 281 65 194 0 0 0
KA29 121 1 12 0 0 0
PH8 407 6 99 0 29 0
TD11 478 34 230 30 19 1
TD13 60 42 284 74 0 1
TD5 422 39 194 0 224 0

Table 5.2: Number of farm animals per square kilometre (km) in post code areas from which
pheasant samples were collected.
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A binary logistic regression calculation was perfed to determine statistically if there was
an association between the prevalencE€apylobacteinfection in the pheasants sampled
in this study and the density of different farmraal species in the same post code areas.
Results are shown in Figure 5.3 (a, b, ¢, d and e).
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Figure 5.3a: Cattle
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100 — Fit

— — 95%
920
80
70
60
50
40

30

20

10 ’

Pheasants - Prevalence of positive samples (%)

0 10 20 30 40 50 60 70 80
Pigs (sg/km)

Figure 5.3e: Pigs

Figure 5.3 (a, b, ¢, d and e): Binary logistic regression analysis to estimate any statistical
association between prevalence of Campylobacter infection in pheasants (%) and number per
square kilometre (sg/km) of cattle (Figure 5.3a), sheep and goats (Figure 5.3b), broilers
(Figure 5.3c), poultry other than chickens (Figure 5.3d) and pigs (Figure 5.3e) in the post code
areas where pheasants were sampled.
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The statistical analysis indicated no significagsaxiation between the densities of cattle
(P=0.245) and sheep and god®s(.137) andCampylobacteinfection in pheasants sampled
in the same post code areas. However, the derfgiig® (P<0.001), broilers®=0.012) and
poultry other than chicken®£0.015) showed a weak but statistically significassociation

with Campylobactemfection in pheasants (Table 5.3).

Farm Animal Species Odds ratio 95% CI

Pheasants vs Cattle 0.992 (0.979, 1.005)
Pheasants vs Sheep and Goats 1.002 (0.999, 1.005)
Pheasants vs Pigs 1.033 (1.020, 1.046)
Pheasants vs Broilers 0.997 (0.995, 0.999)
Pheasants vs Poultry 1.341 (1.057, 1.702)

Table 5.3: Binary logistic regression analysis to estimate any statistical association between
prevalence of Campylobacter infection in pheasants and density of farm animals per square
kilometre. Statistically significant associations are highlighted in bold.

A binary logistic regression analysis to estimatg association between the Odds Ratios of
C. jejunito C. coliand farm animal species in the same post code aoedd not be performed

becauseC. jejunipredominated in the post code areas of region 2.
5.3.2 Source attribution

The 60 STs used for source attribution in thiglgtaccounted for 70% of human cases
reported on the PUbMLST database. The relativegotioms of the 60 STs found in the human
clinical isolates database was plotted in descgndider. To illustrate how common these
STs were in farm animals and wild bird sourcesirtiedative proportions as obtained from
the PUbMLST database was staked in the same dgrapiré 5.4).

Sequence type 21 was the most common ST (n=729)dfou human clinical cases and
accounted for 7.6% of the total human infectiorequgnce type 257 (n=595; 6.2%), ST48
(n=447; 4.6%), ST50 (n=407; 42%) and ST45 (n=358%3 followed in descending order

and together accounted for 26% of human clinicaésa

Sequence type 21 was recovered from cattle, slobégkens, wild birds and poultry other
than chickens. However, cattle and sheep contib@&®8% (n=48) and 8.8% (n=22),
respectively, to all infections attributed to STHhile chickens only contributed 2.1% (n=36)
of those infections. Conversely, ST257 was quitaroon in chickens (6.1%; n=103) and less
so in cattle (1.6%; n=9) and sheep (1.2%; n=3).
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Figure 5.4: The X-axis lists the 56 most common Campylobacter sequence types (STs) found in human isolates and four STs found in pheasants but
not common in humans. The Y-axis shows in proportion (%) how common each ST is in human isolates (n= 9646), farm animals and wild bird sources
(cattle (n=578), pheasants (n=80), sheep (n=249), pigs (n=88), chickens (n=1696), wild birds (n=76) and poultry other than chickens (n=410)) as sourced
from the PUbMLST database including STs isolated from pheasant samples.
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Sequence type 48 is present in similar proportiorcsttle (1%; n=6), sheep (1.6%; n=4) and

chicken isolates (1.2%; n=20) but is also presephieasants (5%; n=4).

Sequence type 45 is common in chickens (6.5%; n~a40 even more frequent in poultry
other than chickens (13.4%; n=55) but has also temvered from cattle (1.9%; n=11), sheep
(2.8%; n=7) and wild bird (2.6%; n=2) isolates.

Although eight STs recovered from pheasants ae alsong the most common in human
infections (e.g. STs 19, 48, 51, 53, 262, 583, 838 827), eight STs are less common in
humans and other animal species, with the excepfi@heep and chickens (STs 828, 830,
831, 962, 1030, 1541, 1709 and 2195). Three STweeed from pheasants (STs, 4002, 4254

and 7063) have not been isolated from human clic&ses at all on the PubMLST database.

Figure 5.5a shows the overall proportions of STevered from all cases €fampylobacter

infection in human, farm animal, pheasant and Witd isolates from the PubMLST database
and the pheasant samples from this study (n=1282®).vast majority of isolates are from
human infections (n=9646) but it is also possibledentify how animal sources of human
infection contribute to the STs reported to theMUBT database. A more detailed summary
of the contribution of farm animal sources of infex to humans, excluding human isolates,
is illustrated in Figure 5.5b. Chicken, cattle askeep isolates (n=2523) collectively

contributed 79% of the non-human isolates.

Table 5.4 below summarises the source attributieriopmed on human (n=6712), farm
animal (n=1269), pheasant (n=75) and wild game %jisblates from the 56 more common

CampylobacteSTs found in humans and the additional four STsdoin pheasants.

Animal Number of Number of Attribution (%) | Overall
source human isolates | animal of animal attribution (%) of
sharing the isolates sources to animal sources
same STs with sharing the human to human
animal sources | same STs infection from infection
with humans shared STs
Cattle (22) 4036 276 6.4 3.9
Sheep (19) 4215 170 3.8 25
Pigs (2) 57 7 11 0.1
Chicken s (45) 6097 750 11 10
Wild birds (10) 1765 15 0.8 0.2
Poultry (6) 2275 66 2.8 1
Pheasant s (16) 1666 75 4.3 11

Table 5.4: Source attribution (%) of human isolates to animal sources based on the PUbMLST
database including STs isolated from pheasant samples. (n)=number of shared STs between
humans and animal source.
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As a species group, cattle accounted for 22 of B tBat are a potential source of human
campylobacteriosis. Those 22 STs accounted for @484 isolates common to humans and

cattle and 3.9% to human infections overall.

Sheep shared 19 of 60 STs with human clinical issland 15 STs with cattle. Those 19 STs
accounted for 3.8% of all isolates common to hunaantssheep and 2.5% to human infections

overall.

In the PUbMLST database, pig STs were rarely foumttumans, since they were only
recovered from isolates containing STs 403 and 2f8y accounted for only 0.1% of human
infections overall, however, as a proportion of lannand pig cases caused by STs 403 and

270, pigs accounted for 11%.

Chickens shared 45 of 60 STs with human caseslease twere responsible for more than
6000 human cases. Chickens contributed to 11% mwihuand chicken infections resulting

from shared STs and contributed to 10% of humaaciidns overall.

Wild birds shared 10 of 60 STs with human casescanttibuted to 0.8% of human and wild
bird campylobacteriosis cases due to these shared T™hey only accounted for 0.2% of

human infections overall.

Poultry other than chickens had six STs responsibleuman infections and these contributed

to 1% of the human cases overall.

Pheasants are a potential source of 16 out of 8GIRI are responsible for human infections.
They contributed to 4.3% of human and pheasansazmgsed by these shared STs and they

accounted for 1.1% of the human infections overall.

5.4 Discussion

This study did not find a statistically significambst association between the prevalence of
infection in pheasants and the density of cattteeep and goats in Scotland. However,
previous studies (Strachat al, 2009; FSA, 2009; Rotariat al, 2009) have suggested a
strong association between the CC ST-828cli), the most prevalent in pheasants sampled
in this project, and sheep. Analysis of the PubMId@tabase including pheasant samples also
indicates that pheasants and sheep can both medfey fourC. jejuniSTs (STs 19, 48, 53

and 262). Transmission Gfampylobacteinfection between these species is possible because
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they are usually reared in the same estates, ghadntaminated grassland and/or water
sources. Host association@ampylobacteimfection between pheasants and sheep is evident
in all Scottish regions where this study foundadistically significant predominance of CC
ST-828 in pheasants with the exception of regionZegion 2 the abundance ©f jejuni
infection in pheasants suggests a shared assocvwitio cattle and sheep. Although cattle and
pheasants are common hosts for six STs (STs 1834862, 583 and 827), all belonging to
the CC ST-21, four of them are not exclusive tdledtut also occur in sheep (STs 19, 48, 53
and 262). Sequence types recovered from pheasarggion 2 from this study were STs 19,
48, 262, 583 and 827. Therefore, the most likelytecof transmission o€ampylobacter
infection from STs 19, 48 and 262 to pheasanthisrefrom cattle or sheep, while ST583 and
827 seem more likely to originate from cattle. Heere more studies are needed to clarify the
routes of transmission between cattle, sheep amdgamts. Other STs recovered from
pheasants in region 2 were STs 1030, 1709 and Begfience type 1030 has been recovered
from human and chicken isolates; ST1709 is onlggmeon the list of STs recovered from
human isolates and not from other farm animal g &T7063 is so far unique to pheasants
on the PUbMLST database. Unpublished results fremdy carried out by Forbes in 2006 on
five pheasants collected in Aberdeenshire (regjode2ected the presence of STs 45 (n=2)
and 262 (n=3) belonging to CCs ST-45 and ST-2paetsvely. CC ST-45 is commonly found
in chickens and wild birds, while CC ST-21 is myilnhked to cattle and sheep. These findings
indicate that CC ST-21 in cattle and sheep in re@iceems to play an important role in the
circulation ofC. jejunibetween farm animals, pheasants and humans, @seepy Strachan
(2009).

The results of the statistical analysis from thisdg indicated an associatioP<0.001)
betweenCampylobacteiinfection in pheasants and density of pigs andtpoother than
chickens P=0.015) but the reasons for these associations imemmaknown. Pigs can
contaminate the environment if reared outdoorsthey are very unlikely to be present in
great numbers in the same estates that are usetidoting pheasants. Furthermore, pigs are
mostly infected byC. coli species, as observed in pheasants, but the sp8@i§ recovered
from pheasants, although belonging to the same T828, have not been recovered from
pig isolates. As reported by Strachan (2009), enemral areas with a high pig density, the
presence of pigs does not seem to be associatedhwihan infection. According to the
PubMLST database, poultry other than chickens doshare any STs with pheasants,
however, there may be the possibility of cross-aomhation between these species, on-farm

or at the estate.
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This study also found a weak statistically sigmifit associationR=0.012) between the
prevalence o€ampylobactemfection in pheasants and chicken density inl&odt Chickens
host 14 out of 16 STs found in pheasants, partigu&r828 that was the most common ST
(24%) in pheasant isolates in this study. Furtheem8T828 so far has been only recovered
from chicken isolates on the PubMLST databasesasraported in other studies conducted in
Scotland (FSA 2009; Strachan et al., 2009; Rotral., 2009) but has never been recovered
from sheep. These findings seem to confirm thoserd®ed by Sheppard (2010), who reported
that poultry and ruminants (and not pigs and tuskeyre the most likely source Gf coli

infection for other animal species and for humanSgotland.

Source attribution, as outlined in Table 5.3, lesonfirmed the prominent role that chickens,
cattle and sheep have in human campylobacteridss unfection from pets and human-to-
human transmission are not taken into consideratianalso reported in other studies
(Shepparet al, 2010; EFSA 2010; Humphrey al.,2007). STs found in chickens in particular
contributed to 10% of human clinical cases from fhdbMLST database analysis but the
contribution of chicken meat to human infectiorthieught to be as high as 30%, while 50-
80% may be attributed to the poultry reservoir agale (EFSA, 2010). This may be linked
to the fact that most of tHeampylobacteSTs that are responsible for campylobacteriosis in
humans are also carried by chickens. Furthernfmmman infections are mainly due @
jejuni, which may reflect the prevalence@f jejunioverC. coliin chickens. For instance, a
European level survey carried out in 2008 repaitiatl two-thirds ofCampylobacteisolates
from pooled caecal contents of chickens and braitecasses were identified @s jejuni
while one-third wa€. coli(EFSA, 2008). Another important factor to takevioonsideration

in terms of human exposure @ampylobacteinfection from chickens is the higher rate of
poultry meat consumption per-capita that, in the idR013, was almost double that of beef
(31.2 Kgs compared to 17.3 Kgs) (EBLEX, 2014). Asntioned in section 1.1.3, the level of
contamination of red meat at retail is substamntiliver than poultry meat, possibly due to
the longer time red meat spends chilled beforergtethe food chain and due to the
deleterious effects of dehydration @ampylobacte(Humphreyet al, 2007). These two
factors together tend to support the hypothesis ¢h#tle and sheep are responsible for
Campylobacteinfection in humans more through direct contadhviarm animals or their

faeces or through consumption of contaminated wed#ter than via food-borne sources.

Farmed poultry other than chickens are a possiblgce of Campylobacternnfection to
humans. In the PUbMLST database they were mainlyecs of ST45, but STs 21, 51, 137

and 257 were also represented. The overall cotiibtio human infection was 1% so they
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can be considered a lower risk to public healtham®d to chickens and other farm animal
species. However, as also confirmed from a studsiechout by ADAS (2007), they are

carriers of CC ST-45 and ST-21 that are frequeagociated with human campylobacteriosis.
Consumer consumption of poultry meat other thaokems is increasing, therefore their role

in human infections may become more prominenteénfiiture (FSA, 2007).

In this study it has been calculated that pheasamdg contribute to 1% of human
campylobacteriosis cases. Pheasants share 16 Spensthble for human clinical cases,
although only eight STs are relatively frequenhiman infections. The remaining STs are
not very common in human clinical cases. This ideBiST828 that was the most prevalent
(24%) in positive pheasant samples and also reedesm chicken isolates on the PUbMLST

database yet only accounts for 0.2% of human cases.

A more detailed analysis of the risk posed to hwsrfeom live pheasants and pheasant meat

is undertaken in chapter 6.
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Chapter 6 Conclusions and future studies

Campylobacteriosis in humans, dueGojejuni andC. coli, is the most common bacterial
diarrhoeal disease worldwide (WHO, 2012). Therenaaay studies investigating the role of
poultry, cattle and sheep as reservoir€ampylobacteinfection in humans (EFSA, 2013)
but, so far, very little has been done to investighe role of other animal species that,
although not a major source of infection to humanay contribute to the maintenance of
Campylobactemfection in wildlife and on farm land, and podgibven act as super-shedders

of infection.

The aim of this research project was to explore rifle of wild pheasants as hosts of
Campylobacteiinfection in Scotland and investigate the contiitu that contact with live
pheasants and pheasant meat may have on humatioiméed he presence and prevalence of
Campylobactespp. in pheasants has been reported in the literbut the sample size is often
small in such reports and pheasants tend to otegifnam a single farm or shooting estate.
This project was a much wider study and expandeth¢ovhole of Scotland by sampling
different Scottish regions and estates acrossiietry with the purpose of not only estimating
the prevalence ofCampylobacterinfection in wild pheasants but also performing a
Campylobacterbacterial count from pheasant caecal content &mj something not yet
reported in the literature. The reason for chooSGIHES as sampling sites and not farms or
shooting estates was to try to establish if infectivas present at that particular stage, since
then it could serve as a possible source of madaaounation during processing and storage,
thus potentially posing a risk to public health i&m to that which occurs following
consumption ofCampylobactercontaminated poultry meat. A larger cross-sectictady
extended to the entire pheasant supply chain {iectuding pheasant farms and shooting
estates) could help clarify the role played in t®rof animal and human health by

Campylobacteinfection in pheasants in Scotland.

Taxonomy classification places pheasants in therood Galliformes, an order that also
comprises chickens, turkeys, partridges and groAsesuch, one might conclude that
pheasants behave like chickens as hos@Gaafipylobacteinfection but this research project
helped to demonstrate that this is not always tmecBy performing an enumeration of
Campylobactecolonies in positive caecal samples it was possibtnfirm that pheasants,
like chickens, can harbour high countsGafmpylobactelCFU/g, comparable to those found

in positive broiler flocks (Alleret al.,2011). As such, it was also possible to hypotleesis
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possible role for pheasants as “super-shedder€aafipylobacterhelping in the recycling
and persistence dfampylobactetinfection on farm land and among farm animal specie
More studies need to be carried out to determi@arhpylobactespp. in pheasants may have
super-shedding features, such as those previoeplyrted forE. coli and Salmonellaspp.
(Chase-Toppingt al, 2008).

Another aspect that this study partially helpedl&ify is the effect of kill-to-process time on
Campylobactetoads. Review of previous literature suggested thaze to the strict growth
requirements ofCampylobacterspp., there was a decline @ampylobactercarriage in
pheasants as the kill-to-process time increasetddet al., 2007). In this study there was
no statistically significant difference in the rab@mship betweerCampylobacterioad in
positive caecal samples and kill-to-process timg some non-eviscerated pheasants carried
high Campylobactetoads even at 7 days from the day of kill when pared to the average
load of infection. However, this findings are oblgsed on samples taken in one point in time
and not over time. Storage temperature, numbeays dtored and location of shot wounds,
especially if the intestine is perforated, are ingat factors that can influen@ampylobacter
growth and survival in non-eviscerated pheasaraslgénat al., 2008). More specific studies
need to be performed to study the survivaCampylobactespp. in caecal samples over time

and in the context of the kill-to-process time pdri

A comparison of the prevalence Gampylobacteiinfection in chickens and pheasants is
difficult to make, mostly because of the differénisbandry systems of these species where
chickens are usually intensively reared while valieasants are not. However, it has been
reported that free range chicken flocks that haeess to the outdoors have a higher level of
Campylobacteinfection than flocks kept exclusively indoors (ldeet al, 2001). As such,
the prevalence d€ampylobacteimfection in broiler flocks has been reported ampfrom 0%
(Campylobacteifree flocks) over 80% (Alleet al.,2007). Considering the results of this
study and previously reported surveys in combimatikhe prevalence ofampylobacter
infection in wild pheasants seems to be consistémtlhe range of 25 to 38%. In this study,
however, the level o€ampylobacterinfection in pheasants could have been even higher
(46%) if the results from sampling site 5 had bexeluded. Sampling site 5 had a
significantly lower prevalence compared to the pHampling sites, considered to be due to a
seasonal influence on infection levels. More stadvould be required to verify if a seasonal
pattern ofCampylobactercarriage is actually present in pheasants, astexpm other farm

animal species (Stanley al, 1998a).
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Molecular epidemiology ofCampylobacterspp. identified another important difference
between pheasants and chickens: Two thirds of phemaseem to be carriers@©f colirather
thanC. jejuni while in chickens it is the other way round. Tlismportant not only in terms
of host association but also in terms of possibédmission of infection to humans.
Polymerase Chain Reaction and MLST were not peddron all pheasant isolates recovered
from this study due to funding limitations. Evalioat of all samples may have given a better
indication of the prevalence &. coli andC. jejuniin pheasants and also the level of co-
infections, as previously reported in the literatgDipinetoet al, 2008a). This study also
identified three STs that were not associated litiman, farm animal or wild bird isolates on
the PUbMLST database. A phylogenetic analysis e$¢hSTs was not performed as it was
outside the scope of this project but such an aisatpuld perhaps promote our understanding
of their evolutionary origin and their associatisith different animal species, as well as
helping to predict the likelihood of their posiaduture threat to public health (EFSA, 2013).

Molecular typing ofCampylobacterspp. showed that CC ST-828 is the most common in
pheasants but in Scotland this is not the caségeagraphical areas. In fact, in Aberdeenshire
C. jejuniCCs seem to be the more prominent as also repaytedrbes (2009). It also showed
that it is very likely that pheasants will acquzampylobacteinfection mainly from cattle,
sheep and chickens rather than from pigs, turkeyéld birds, as supported by other studies
(Sheppardet al.,2010). This also suggests at present that it ikelglthat pheasants can be
considered a reservoir of infection but rather athdth potentially super-shedder features.
Chickens in particular, are the exclusive host eatly several STs that are associated with
human infections, according to the PubMLST datab@key can be considered to be the
specific host since it is very unlikely that thartsmission of infection to chickens could
originate from humans due to the overall very l@vel of exposure of live chickens to
humans. The same could be said for pheasants, Wissréevel of exposure Wampylobacter
infection from cattle, sheep and chickens is muelaggr than vice versa. More specific studies
need to be carried out to clarify the role of plae&s as a reservoir or as a host of

Campylobacteinfection for other farm animals and for humans.

The vast majority of human campylobacteriosis casesassociated wit@. jejuni and this
tends to give an indication that pheasants argvarlask for transmission d@ampylobacter
infection to humans. Other factors could also dbate to reduce the risk of transmission of

Campylobacteinfection to humans from pheasants and they aeflyooutlined below:

¢ Human exposure to live pheasants and their meduptsis restricted to gamekeepers

and pheasant farm workers that are in direct cohvathese animals, and consumers
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who enjoy game meat. Although an outbreak of caoi@dteriosis in pheasant farm
workers has been reported in the literature (Hedyfand Seys, 2004), it can be
considered as an occupational disease and coulgtdwented by applying strict
biosecurity and hygiene rules, as in all other farmmal activities.

The consumption per-capita in the UK of pheasardtrnan be considered very low
compared to chicken and beef and can be estimatbé 6g per person per year.
However, results from this study suggest that comion of pheasant meat, together
with direct contact transmission of infection fraive birds, can potentially account
for 1% of human campylobacteriosis cases. Thiseamnanslated to a total cost to the
UK of approximately £5,000,000 per annum, affectargund 6,500 people. At
present there is no record of any foodborne diseasethat can be definitively traced
back to consumption of pheasant meat (PACEC, 28668)only one outbreak was
reported in the US in humans from direct contachwie pheasants on a pheasant
farm (Heryford and Seys, 2004). However, therevidence that this food is meeting
an increasing consumer demand so a risk assessmhientiman exposure to
Campylobacterinfection through pheasant game meat should beewed in the
future as for meat from farmed poultry other thhitkens (FSA, 2007).

Although this study demonstrated in section 3.4 @ampylobacteican survive at
high counts up to seven days from the date ofikilbheasant caecal content, the
chances of contamination of meat during procesaimdysurvival ofCampylobacter
spp. on pheasant meat could be reduced by appsticg HACCP controls on
hygienic production (VLA, 2003; ACMSF, 2005) andlase control of the cold chain
since dry and cold conditions are deleteriou€ampylobactesurvival (Allenet al.,
2006). In this study, nGampylobactegrowth was observed in all skin samples tested
as also reported previously in the literature (Suret al.,2006), suggesting that dry
and cold conditions are not ideal fdCampylobacter survival outside the
gastrointestinal tract. Dry plucking of pheasarto delps to reduce the moisture
content on pheasant skin during processing comptrdwtoilers where birds are
submerged in hot water in scalding tanks beforekphg (Allenet al.,2006; Hayama
et al.,2011).

Pheasant meat is available to consumers in restayurdutcher shops and
supermarkets mainly in winter time during the hogtseason (October to February)
and this does not coincide with the peak in hunsampylobacteriosis cases (Figure
1.2); usually the notification rates in these mgnighdecreasing or very low, giving

an indication that the higher consumption of phetseeat in these months, even if it
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is posing a potential risk to public health, doesstatistically contribute to an increase
of Campylobacteinfection in humans. Pheasant meat that is aJaitabconsumers
all year around is generally stored frozen and;esthere is evidence in the literature
that freezing is detrimental @ampylobactesurvival in food (Harrisoet al.,2013),
the risk to public health is reduced. Regardlessisamers, restaurants and pubs
should always be advised to cook meat thoroughhgrder to prevent any risk of

infection through food.

Based on these findings, the risk to public hefatim live pheasants and pheasant meat
at the present time can be considered to be loweier, consumer consumption of
pheasant meat is increasing, therefore its rolbuman infections may become more
prominent in the future, with the potential to haveubstantial impact as a foodborne

source ofCampylobactemfection for humans.
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