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1. INTRODUCTION 

Campylobacter spp. are the most reported foodborne gastrointestinal bacterial pathogens 

worldwide (EFSA 2010b). In 2008, the total number of confirmed cases was nearly 200,000 

throughout the European Union and over 64,000 in Germany (EFSA 2010b). The infection in 

humans is usually self-limiting causing acute enteritis (BLASER 1997) with enteric 

symptoms ranging from loose faeces to dysentery and systemic illnesses (BLASER and 

ENGBERG 2008). However, campylobacteriosis can also lead to more severe, occasionally 

long-term, sequelae, such as Guillain-Barré Syndrome (ALTEKRUSE et al. 1999; JACOBS 

et al. 2008) and Reiter syndrome (SCHÖNBERG-NORIO et al. 2010). Currently, the genus 

Campylobacter consists of 17 species (DEBRUYNE et al. 2008); of which the most 

frequently reported in human cases are Campylobacter jejuni (C. jejuni) and C. coli

(FRIEDMAN et al. 2000; BLASER and ENGBERG 2008).  

These two Campylobacter spp. can be isolated from the intestinal tract of many animals and 

also from environmental sources (ALTEKRUSE et al. 1999). They are prevalent in a number 

of food producing animals including all types of poultry where they exist as commensal 

organisms in bird’s intestinal tract usually without causing clinical symptoms in the animal. 

They are also found regularly in cattle, pigs, sheep and shellfish; and in pets, including cats 

and dogs (YOGASUNDRAM et al. 1989; SKIRROW 1991; STERN 1992; NIELSEN et al. 

1997; DEVANE et al. 2005; WORKMAN et al. 2005; MILNES et al. 2008). Particularly the 

avian intestine seems to be a favourable environment for the proliferation of C. jejuni (LEE 

and NEWELL 2006) and the meat of broilers, turkeys, and ducks are major sources of C. 

jejuni for humans (RENZ et al. 2007; EFSA 2010a; FRIESEMA et al. 2012). But also meat 

from spent hens can be a carrier of this strong zoonotic agent (SULONEN et al. 2007; 

DIPINETO et al. 2011). Although the majority of Campylobacter infections are sporadic, 

Campylobacter outbreaks with several hundred of victims have been reported (PETERSON 

2003; KUUSI et al. 2005). Transmission to humans mostly takes place through consumption 

of poultry, eating other types of meat at barbecue or commercially prepared foods, drinking 

contaminated surface water and consumption of raw milk (CORRY and ATABAY 2001; 

FRIEDMAN et al. 2004; LUBER 2009). Further transmission routes include contact with 
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poultry and other farm animals or transmission from pets (dog and cat), people, and 

environments (NEIMANN et al. 2003; DOORDUYN et al. 2010). Additionally, traveling to 

foreign countries can be associated with campylobacteriosis (OLSON et al. 2008).  

In poultry farms vertical and horizontal transmission routes are discussed. Risk factors 

associated with horizontal transmission include lack of biosecurity measures (JACOBS-

REITSMA et al. 1994; VAN DE GIESSEN et al. 1998; CARDINALE et al. 2004), 

contaminated poultry litter (ROTHROCK et al. 2008), contaminated air from adjacent poultry 

houses (BERNDTSON et al. 1996), contaminated water (BULL et al. 2006), other infected 

livestock on the farm (OPORTO et al. 2007), mechanical transmission via insects (SKOV et 

al. 2004), infected wild birds (PETERSEN et al. 2001) and contamination during 

transportation (VANDEPLAS et al. 2010). Little is known in regard to the role of airborne 

contamination and airborne transmission of Campylobacter in poultry farms. Since bioaersols 

in poultry houses contain parts of poultry faeces, litter, and feathers, which are all possible 

carriers of Campylobacter spp., air could be an important distributer inside and outside of 

poultry houses (VUCEMILO et al. 2007). However, due to the sensitivity of Campylobacter

to dryness, there is an assumption that C. jejuni cannot survive for longer periods in or on dust 

particles because of the dehydrating conditions of dust. Therefore, identification of C. from 

air and airborne dust is rare and needs sensitive and specific air sampling methods. JUST et 

al. (2012) found only few airborne Campylobacter in a contaminated floor housed poultry 

operation using quantitative PCR. Simiarly CHINIVASAGAM et al. (2009); PATRIARCHI 

et al. (2009); O'MAHONY et al. (2011) were only able to detect culturable Campylobacter

once out of 35, 2 out of 18 1 out of 24 air samples inside broiler barns, respectively. In 

contrast, OLSEN et al. (2009), SALEHA (2004) and BROOKS et al. (2010) failed to isolate 

culturable Campylobacter from dust and air of chicken houses, but OLSEN et al (2009) were 

able to detect airborne Campylobacter DNA by PCR. Outside of broiler barns culturable C. 

jejuni could be isolated from the air up to 30 m downwind (BULL et al. 2006; HANSSON et 

al. 2007). It is much easier and successful to isolate and identify Campylobacter from feces.

However little is known about the survival time of Campylobacter in feces and how long after 

removal from the barn culturable Campylobacter are still present. The vertical transmission 

route of Campylobacter is controversely discussed. Some researchers have suggested that 
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Campylobacter can spread from the parent flocks to the progeny (PEARSON et al. 1996; 

COX et al. 2002). However, most evidence suggests that vertical transmission plays a minor 

role in practice today (PETERSEN and WEDDERKOPP 2001; SAHIN et al. 2003b).  

There is overwhelming evidence that transmission of Campylobacter to humans occurs 

predominantly by consumption of broiler and turkey meat. Laying hens seem to play a minor 

role as source. Egg shells e.g. may be contaminated with droppings containing 

Campylobacter, inside the egg very rarely Campylobacter is found (ADESIYUN et al. 2005; 

MESSELHÄUSSER et al. 2011). However, contaminated laying hen flocks and their feces 

can present a considerable reservoir of Campylobacter from where they can spread to other 

species and to the environment. Therefore the following investigations were carried out with 

the following objectives: 

1. Survival of Campylobacter jejuni in naturally and artificially contaminated laying hen 

faeces 

2.  Genetic diversity of Campylobacter jejuni in laying hen flocks increases with bird’s 

age. 

3. Air samplings in a Campylobacter jejuni positive laying hen flock. 

4. Occurrence of Campylobacter jejuni in laying hens environments. 

5. Culturability and metabolic activity of UV-C irradiated and non-irradiated 

Campylobacter jejuni cells  



Review of literature 

2. REVIEW OF LITRATURE

2.1. Campylobacter History

Campylobacter was first identified by THEODOR ESCHERICH in 1886, who described 

spiral shape bacteria in stool samples of children with diarrhoea (KIST 1986). The first 

Campylobacter spp. isolated was Campylobacter fetus (classified initially as Vibrio fetus) in 

1906 by MCFADYEAN and STOCKMAN from uterine mucous of aborted ewes (BUTZLER 

2004; SKIRROW 2006). SMITH (1919) recognised a bacterium that was described as spirilla 

from aborted bovine. In 1957, the isolation of Campylobacter from blood samples of children 

with diarrhoea was described (KING 1957). The genus Campylobacter was firstly named in 

1963 by SEBALD and VERON (MOORE et al. 2005). However, the first isolation of 

thermophilic Campylobacter as an enteric pathogen was carried out by a Belgian team in 

1972 through filtering of stools samples of female patient’s with diarrhoea (DEKEYSER et al. 

1972). The improvement in isolation methods and development of selective growth media for 

cultivation of Campylobacter from faecal samples of patients with enteric symptoms resulted 

in establishing Campylobacter spp. as common human pathogens (BOLTON et al. 1984; 

KARMALI et al. 1986). The most recognized species within the Campylobacter  genus are C. 

jejuni and C. coli (BUTZLER et al. 1983; SKIRROW 2006) which are considered as 

gastrointestinal pathogens causing human enteric illness for million cases in adults and 

children worldwide each year (ALLOS 2001; GIBREEL and TAYLOR 2006). 

2.2. Campylobacter Taxonomy

Taxonomy of the genus has been revised over the years. First taxonomy was started in 1963 

by SEBALD and VERON with two species (ON 2001). At the end of 1980s, 14 species had 

been described (VERON and CHATELAINE 1973, PENNER 1988). To date, the genus 

Campylobacter comprises 17 validated species; most are human or animal pathogens and 

some are zoonotic pathogens (DEBRUYNE et al. 2008). Within the genus, three species (C. 

jejuni, C. coli, and C. lari) are known as thermophilic and of clinical significance as they are 

the dominant causative agents of human campylobacteriosis (SHANE 1997, JACOBS-

REITSMA 2000). C. jejuni accounts for the majority of food-borne Campylobacter enteritis 

in humans, followed by C. coli, and to a lesser extent, by C. lari (JACOBS-REITSMA 2000). 

4
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2.3. Characteristics of Campylobacter spp. 

2.3.1. Morphology  

Campylobacter spp. are gram negative organisms, nonsporeforming, belonging to the family 

of Campylobacteraceae and have a typical spiral shape when cells are young or actively 

growing. When cells are harvested at late exponential to stationary phase, Campylobacter

cells generally form a coccoid or spherical cell shape (NG et al. 1985; HAZELEGER et al. 

1995). They represent a degenerate form of the bacterium, caused by toxic oxygen species 

and unfavorable environmental influences such as low pH or nutrient deficiency (MORAN 

and UPTON 1987; HAZELEGER et al. 1994). After a prolonged deficiency transition to a so-

called "Viable but nonculturable" (VBNC) stage occur, when the bulk of the culture 

comprising cell coccoid forms, which then motionless and are no longer capable of 

reproduction (KARMALI et al. 1981; MORAN and UPTON 1986; ROLLINS and 

COLWELL 1986; CHAVEERACH et al. 2003). The size of the cells is 0.2 to 0.8 �m wide 

and 0.5 to 5 �m long. Cells of most of the species are motile and have either bi- or uni-polar 

flagellum at one or both ends (VANDAMME 2000) which give it a typical corkscrew-like 

motility (SMIBERT 1984; URSING et al. 1994).  

2.3.2. Colonies characters

The colony morphology of thermophilic Campylobacter has been reported in two major types 

(SHANE and MONTROSE 1985; KAPLAN and WEISSFELD 1994). The first type of 

colonies is flat, mucoid, or wet appearing, and usually forms large islands of growth. 

Spreading along the streak line or swarming on the agar is also commonly observed. The 

other type is round, convex, or raised, and has a discrete margin. In general, the colony 

morphology is dependent on the age and water content of the selected culture medium 

(BUCK and KELLY 1981) the transparent colonies like droplets of water sprayed on the 

medium or the grayish translucent Campylobacter colonies are usually present on the dry agar 

plate after 18 to 24 h of incubation (SHANE and MONTROSE 1985; SKIRROW and 

BENJAMIN 1980). If the incubation is continued for 24 to 48 h, the colonies will be 

thickened and appear in gray and yellowish gray or even tan or slightly pink and orange in 

color (ALLOS 1998). The colonies on the plate medium are odorless (NACHAMKIN et al. 

2000). Campylobacter grow at 37 ºC, but for the thermophilic species C. jejuni, C. coli, C. 
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lari and C. upsaliensis the optimum temperature is 42 ºC at which 48 h are required to 

produce typical colonies on media. Meanwhile, Campylobacter does not grow below a 

temperature of 30 ºC nor above 48 ºC, and are fragile organisms, susceptible to a number of 

environmental conditions such as temperature, the presence of oxygen, pH, UV and humidity 

(DOYLE and JONES 1992; ISOHANNI and LYHS 2009).  

2.4. Viable non culturable Campylobacter

It had long been assumed that a bacterial cell was dead when it was no longer able to grow on 

routine culture media. However, this idea was changed since Rita Colwell and her associate 

1977 noted that subjecting of gram negative bacteria, particularly enteric pathogens, to stress 

such as encountered in aquatic environments, a large proportion of culturable cells became 

non-culturable (reviewed in XU et al. 1982). Subsequently, a proportion of these non-

culturable cells could be resuscitated under specific conditions such as addition of nutrients 

(ROSZAK et al. 1984). These VBNC cells would not be detected by conventional culture 

techniques and therefore could be considered as a public health risk. A difference has also 

been noted between the viable counts and total cell counts observed by microscopy 

(CAPPELIER et al. 1997). Pathogenic bacteria that have been reported to enter the VBNC 

state include E. coli (POMMEPUY et al. 1996), Salmonella (ROSZAK et al. 1984), Vibrio 

cholerae (BINSZTEIN et al. 2004) and C. jejuni (ROLLINS and COLWELL 1986). 

Campylobacter when excreted into the environment and exposing to stress and/or the ageing 

process, it may adapt its physiology and morphology to be able to survive. For example, 

longer storage or nutrient starvation leads to a change of the cell shape from spiral to coccoid. 

This shape change has been guarded associated with the supposed viable but non-culturable 

state or a dormant state that allows the organism to restore culturability when favourable 

conditions are encountered (ROLLINS and COLWELL 1986; THOLOZAN et al. 1999; 

KLANCNIK et al. 2009). Other evidence suggests, however, that the coccoid cells are 

degenerate, forming as a result of stress and/or the ageing process and therefore are 

undergoing degradation leading to their non-culturability and eventual non-viability (NG et al. 

1985; HAZELEGAR et al. 1994 and ZIPRIN et al. 2003a). Furthermore, HAZELEGAR et al. 

(1995) has shown that the formation of cocci at different temperatures affects their physical 
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composition with cocci formed at 4 °C having a similar membrane fatty acid composition as 

exponential curved rods. Potentially, this could suggest that cocci formed at lower 

temperatures may still be pathogenic and play a role in the transmission of campylobacters 

through the environment. The demonstration of the VBNC state requires employing methods 

to determine the metabolic state of cells and their capacity to regain culturability. The key test 

that determines whether such cells are dead, or alive but in dormant state, is the viability 

count (OLIVER 2005). These attributes include cell integrity e.g. an intact cell membrane and 

the possession of some form of measurable metabolic activity, such as, cell viability, ATP 

levels and protein synthesis. Cell viability or cellular respiration is proven by assessing the 

maintenance of cellular integrity using redox dye 5-cyano-2,3-ditolyl terazolium chloride 

(CTC) (BOUCHER et al. 1994) or double staining of CTC-DAPI 4’6’-diamidino-2-

phenylindole (DAPI) (CAPPELIER et al. 1997; CHAVEERACH et al. 2003) or fluorescent 

dyes Syto9 and propidium iodide (ALONSO et al. 2002 and KLANCNIK et al. 2009). 

Another physiological parameter which may indicate the viability of cells is the amount of 

adenosine triphosphate (ATP) in the cell (HAZELEGAR et al. 1995; FEDERIGHI et al., 

1998) and protein synthesis (CAPPELIER et al. 2000).  

The question of how relevant the VBNC stage is to human pathogenesis depends on the 

ability of the VBNC cell to be resuscitated during passage through an animal or human. The 

resuscitation of VBNC C. jejuni cells has been demonstrated after passage through rats 

(SAHA et al. 1991), mice, and/or  one day old chicks (JONES et al. 1991; STERN et al. 1994; 

CAPPELIER et al. 1999a), and recovery from inoculation into embryonated eggs 

(CAPPELIER et al. 1999b). The Campylobacter VBNC strains recovered from the 

embryonated eggs were also shown to have regained their ability to attach to HeLa cells, 

which suggests that they have maintained their pathogenicity and could pose a threat to public 

health. The C. jejuni strains passaged through rats were also demonstrated to have retained 

their ability to produce toxins. In contrast to these findings, other researchers have been 

unable to recover VBNC induced C. jejuni from animal models, which included chicks, mice 

and embryonated eggs (MEDEMA et al. 1992; VAN DE GIESSEN et al. 1996; ZIPRIN and 

HARVEY 2004). It has been suggested that some of these differences could be attributed to 
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the methods of VBNC induction of viable C. jejuni cells and in the case of eggs the site of 

inoculation was suggested to be critical for providing an environment suitable for growth of 

Campylobacters (CAPPELIER et al. 1999b). 

2.5. Tenacity of Campylobacter

2.5.1. Atmosphere 

The genus Campylobacter is obligate microaerophilic (REICH et al. 1957). These bacteria fail 

to grow aerobically in air atmospheres wih >15 % oxygen content (HODGE and KRIEG 

1994) due to atmospheric oxygen tensions usually proving to be toxic (HOFFMAN et al. 

1979). Therefore, Campylobacter can be cultured successfully under microaerobic conditions 

in atmospheres containing 6-10 % oxygen supplemented with 5 % carbon dioxide. The 

microaerophilic nature of the Campylobacters may be related to their sensitivity to toxic 

reduced forms of oxygen, such as superoxide radicals and hydrogen peroxide which lead to 

the damage in DNA and protein structures (PARK 2002). Previous study of Bolton et al., 

1984 suggest that all the campylobacter test strains showed more than 5 log reduction in 

counts on media which had been stored in light and air. Campylobacter spp. show at an 

atmosphere of 5 % O2, 10 % CO2 and 85 % N2 optimal growth (THOMPSON et al. 1990). 

However, the development of aerotolerance has been described for some strains on laboratory 

subculture (JONES et al. 1993). 

2.5.2. Metabolism 

Campylobacter spp. are not capable of using carbohydrates for energy production. Instead, 

specific amino acids as well as metabolites from the citric acid cycle are thought to be the 

most important carbon and energy sources for C. jejuni (WESTFALL et al. 1986; KELLY 

2008). LEACH et al. (1997) demonstrated that there was a strong growth rate effect on the 

utilization of different amino acids, with aspartate and serine metabolized preferentially at 

high dilution (growth) rates, with a switch to glutamine and proline at lower dilution rate, 

indicating their use as energy sources. L-serine seems to be a particularly favoured amino acid 

for growth (VELAYUDHAN et al., 2004). MOHAMMED et al. (2004) tested 100 

Campylobacter strains for their ability to degradate �-ketoglutarate, succinate, fumarate, 

serine, glutamine, aspartate, cysteine, format and lactate. 91 % of C. jejuni isolates and 80 % 
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of the C. coli isolates were able to degrade all substrates tested. PARK (2002) identified iron 

as an essential element for Campylobacter spp. and in the genome of C. jejuni were identified 

5 different systems for iron uptake (PARKHILL et al. 2000). However, cadmium chloride is 

inhibitory to the growth of Campylobacter (STERN et al. 1988). 

2.5.3. Temperature 

The thermophilic species, C. jejuni, C. coli, C. lari and C. upsaliensis, have its optimum 

growth range at 37- 42 °C (PARK 2002; KEENER et al. 2004). This is probably an adaptation 

to the intestinal tract of warm-blooded animals (KETLEY 1997). At temperatures below 30 

°C, they are no longer capable of replication (PARK 2002). The analysis of the genome of C. 

jejuni strain indicates that Campylobacter spp. unable to synthesize cold shock proteins 

(PARKHILL et al. 2000). However, Campylobacter spp. remains metabolically active and 

movable at 4 °C temperatures (HAZELEGER et al. 1998; PARK 2002). Moreover, 

temperatures between 10 °C and 20 °C lead to a significant increase in mortality rate 

(TERZIEVA and MCFETERS 1991). In the study carried out by KELANA and GRIFFITHS 

(2003), they found that C. jejuni cells die most rapidly at 30 °C and most slowly at 4 °C. 

2.5.4. pH value

According to Campylobacter spp. grow at pH values from 5.5 to 9.5 and the optimal pH range 

for Campylobacter is 6.5-7.5 (DOYLE and ROMAN 1981). At low pH, survival of the 

organism is temperature dependent. At low pH below 4.5 Campylobacter cells were rapidly 

die (CHAVEERACH et al. 2002; KEENER et al. 2004). The effect of a low pH, however, is 

also dependent on the medium in which the bacteria grow. MURPHY et al. (2005) found that 

the behavior of C. jejuni at pH 4.5 was influenced by different culture media. Campylobacter

number reduced more than 4 log10 within 150 minutes and 1.5 log10 after 250 minutes when 

cultivated in Campylobacter Enrichment Broth and Mueller-Hinton broth, respectively.  

2.5.5. Salt-sensitivity

Thermophilic Campylobacter spp. shows optimun growth at NaCl concentration between 0.5 

% and 1 %. DOYLE and ROMAN (1982a) found that three strains of Campylobacter jejuni

could grow at 1.5 % NaCl, but not 2.0 % NaCl at 42 °C. The incubation temperature has 
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significantly influence on the NaCl tolerance of Campylobacter spp. (JACOBS-REITSMA 

2000, KELANA and GRIFFITHS 2003). High salt concentrations are at 4 °C significantly 

better tolerated than at 25 °C (DOYLE and ROMAN 1982a; JACOBS-REITSMA 2000).  

2.5.6. Drying

Campylobacter spp. are very sensitive to dryness (DOYLE and ROMAN 1982b; 

FERNANDEZ et al. 1985). COX et al. (2001) found that ability to culturally detect 

Campylobacter from a dry poultry associated samples (chick pad, clean pine shaving and 

eggshell halves) is greatly diminished during a relatively short period. After 30 min draying, 

when chick pad samples were inoculated with 102 cells, 20% of the samples had detectable 

levels of Campylobacter, with samples of pine shavings inoculated with 103, only 5 % of 

Campylobacter could be detected. Eggshells were also found to be a harsh environment. 

When the inoculum was 102 at 30 min, only 20 % of the samples remained positive for 

Campylobacter. In Investigations of KUSUMANINGRUM et al. (2003) the re-isolation rate 

of Campylobacter spp. from stainless steel surfaces confirms this property. The number of 

Campylobacter cfu of the Stainless steel surface was below the detection limit after 4 hours at 

room temperature.  

2.6. Campylobacter in humans 

C. jejuni and C. coli are the most common causes of food-borne bacterial gastroenteritis in 

human worldwide (MOORE et al. 2005). European Food Safety Authority (EFSA) reported 

that the incidences of campylobacteriosis ranged from <0.1 to 193.3/100 000 of the 

population in European countries (EFSA 2010b). People of any age may be infected; although 

children under two years of age and young adults may have higher incidence rates (BLASER 

1997; FRIEDMAN et al. 2000).The infective dose of C. jejuni may be as low as 500- 800 

bacteria in contaminated food (BLACK et al. 1988). The incubation period of Campylobacter

is usually between one and three days but can be as long as ten (BLASER 1997; SKIRROW 

and BLASER 2000). Campylobacteriosis is considered as mild, non-serious, self-limiting 

gastrointestinal disease, on rare occasions serious sequelae occur as a secondary to the 

original gastrointestinal disease (KETLEY 1997; SKIRROW and BLASER 2000). 
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The symptoms of human campylobacteriosis include fever, headaches and general maylgia 

followed by diarrhoea and in most cases severe abdominal cramping (ALLOS and BLASER 

1995; YOUNG et al. 2007). The diarrhoea may be watery or bloody (particularly in 

developed countries) (BLASER et al. 1983) and the symptoms may be persisted for up to 

seven days (SKIRROW and BLASER 2000). Serious complications such as reactive arthritis, 

Reiter’s syndrome, Guillain-Barré and Miller Fisher syndromes have been associated with 

Campylobacter enteritis (SONGER and POSTK 2005). Additionally, rare complication may 

be also occur as hepatitis, cholecystitis, pancreatitis, cystitis, septic abortion, bacteremia, 

meningitis, endocarditis, septic arthritis, osteomyelitis (ALLOS 2001). The patient may 

excrete Campylobacter organisms for up to three weeks post-infection and after the clinical 

symptoms have disappeared unless treated with antibiotics (SKIRROW and BLASER 2000). 

2.6.1. Source of Campylobacter infection  

Infection of Campylobacter spp. is acquired through three main routes; food, water, and direct 

contact with infected or reservoir hosts (HUMPHREY et al. 2007). Food has been mentioned 

as the main transmission vector (STERN 1992; JACOBS-REITSMA et al. 2008), such as 

undercooked meat (chicken, pork, beef, lamb and seafood), salad and unpasteurized milk. 

Particularly, poultry meat (broiler, laying hens, turkey and ducks) considered as a major, if 

not the largest, single source of human infections (CORRY and ATABAY 2001; EFSA 

2010a; FRIESEMA et al., 2012). More important than eating improperly heated chicken meat, 

however, is probably crosscontamination from raw chicken meat during meal preparation 

(KAPPERUD et al. 2003). Outbreaks of Campylobacter enteritis have been predominantly 

associated with consumption of unpasteurized milk (PORTER and REID 1980; PETERSON 

2003) and Campylobacter can be isolated from bulk tank milk samples (JAYARAO and 

HENNING 2001). Campylobacter carriage on beef, lamb and pork are low, and they do not 

appear to be a major source of human infection (JACOBS-REITSMA 2000; HAKKINEN et 

al. 2007). The isolation rate of Campylobacter from vegetable is very low (KUMAR et al. 

2001; WHYTE et al. 2004). Therefore, vegetables were implicated as a vehicle of 

transmission of Campylobacter from cross contamination rather than being the primary 

source of infection (ROELS et al. 1998). Contaminated surface water (streams, rivers, ponds, 

lakes, and canal) and non chlorinated are known as a source of Campylobacter outbreaks in 
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humans and mainly contaminated by faecal waste of wild birds or domestic animals or from 

sewage release (HÄNNINEN et al. 2003; KUUSI et al. 2005). As a sequence of water 

contamination, shellfish may be contaminated with Campylobacter. Several investigation on 

the detection of Campylobacter in different type of seafood have been carried out, with a 

relatively high isolation rate of C. lari from these products, such as Blue carb (REINHARD et 

al. 1996), oyester muscle (ENDTZ et al. 1997; WHYTE et al. 2004) and tuna salad (ROELS 

et al. 1998). Recent travel outside the country of origin (RUSSELL et al. 1993; SCHORR et 

al. 1994); contact with farm animals and pets (UNICOMB et al. 2008); resulting in infection 

with Campylobacter. Human-human transmission is unusual. Although the reported incidence 

of Campylobacter infection among homosexual men is almost 40 times greater than in the 

general population (SOVILLO et al. 1991). 

2.7. Campylobacter in animals

Campylobacter has been found in wild or domestic animals, primarily in poultry and cattle; 

puppies, kittens, swine, sheep, rodents and birds may also harbor Campylobacter. 

2.7. 1. Poultry

The thermophilic Campylobacter spp. are considered commensal organisms for wild and 

commercial poultry, they live the intestinal tract at 41ºC without causing clinical symptoms of 

infection even when, under experimental conditions (PARK 2002; NEWELL and 

FEARNLEY 2003). C. jejuni can be implicated in avian vibrionic hepatiis. It is; however, 

suspected that there are may be some other primary cause and that C. jejuni play a second 

role. Clinical signs may include depression, poor weight gain, dry, scaly cumb anaemia, 

jaundice and diarrhoea. Macroscopic lesions include intestinal haemorrhage and destination, 

mucoid or watery intestinal content, swelling of kidney and spleen and necrotic lesions on 

liver (SONGER and POSTK 2005). In wild poultry: ATANASSOVA and RING (1999) they 

reported positive Campylobacter spp. in about 26% of the examined 52 pheasants.  

In a study on the prevalence of Campylobacter spp. and Salmonella spp. at Gulls in northern 

Germany, 61 % of the 207 gulls were Campylobacter-positive (GLÜNDER et al. 1991). 

MOORE et al. (2002) found Campylobacter spp. in arround 14 % of the fecal samples of 205 
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seagulls from Northern Ireland. WALDENSTROM et al. (2002) determined the occurrence of 

Campylobacter spp. in 1794 migratory birds examined and reported in 5.6 % of the birds’ C. 

lari, in 5.0 % of C. jejuni, and to 0.9 % of the birds C. coli. Also, waterfowl such as ducks and 

geese are often carriers of Campylobacter about 154 fowel were Campylobacter-positive 

from 445 examined birds as was investigated by LÜCHTEFELD et al. (1980). Parrots and 

hawks can also be carriers of Campylobacter spp. (OYARZABAL et al. 1995). 

In commercial poultry, poultry are considered a primary source of Campylobacter infection to 

people (CORRY and ATABAY 2001; HUMPHREY et al. 2007). However, no 

Campylobacter was detected in chicks at first 10 days (NEWELL and WAGENAAR 2000). 

In many studies the colonisation of Campylobacter rare to occur in broilers less than 3-4 

weeks of age (JACOBS-REITSMA et al. 1995; STERN et al. 2001). Moreover, SHREEVE et 

al. (2000) unable to detect Campylobacter in broiler flocks until 32 days old. However, 50-70 

% of newly hatched chicks were colonized with Campylobacter after oral inoculation 

(ACHEN et al. 1998). The infective dose varies between 40 cfu and 104 cfu (CAWTHRAW 

et al. 1996; DHILLON et al. 2006). (Further detailes see section 2.8.). 

2.7. 2. Cattle

Thermophilic Campylobacters have been isolated from the intestines of healthy calves and 

adult cattle at slaughter (GHARST et al. 2006; MADDEN et al. 2007). Furthermore, 

Campylobacter spp. has been isolated from the feces of beef cattle (INGLIS and 

KALISCHUK 2004; INGLIS et al. 2004) and dairy cattel (WESLEY et al. 2000). The 

prevalence of Campylobacter spp. in cattle feces ranged from 5 to 100 % (RAGIMBEAU et 

al. 2008; ELLIS-IVERSEN et al. 2009) and in dairy cattle herd ranged from 0 to 100 % 

(GILPIN et al. 2008; PRADHAN et al. 2009). The excretion of Campylobacter has also been 

shown to increase in when the animal exposed to stress such as after transport, before 

slaughter (HUMPHREY et al. 2007). Seasonal variation was also occurred in dairy cattle with 

high prevalence rate in summer than winter (STANLEY et al. 1998; GROVE-WHITE et al. 

2010). C. jejuni have been commonly isolated, whereas C. coli have become a minor species 

in cattle at slaughterhouse (WESLEY et al. 2000; OPORTO et al. 2007; CHATRE et al. 

2010). Cattle are usually symptomless carriers of Campylobacters (STANLEY et al. 1998). 
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However, C. jejuni can cause diarrhoea, from moderate to sever bovine enteritis in young 

cattle (GILPIN et al. 2008). Additionally, abortion occurs mainly due to C. fetus (HUM et al. 

1991) and some cases may relate to C. jejuni (VAN DONKERSGOED et al. 1990). 

Unpasteurised milk is a well known cause of outbreaks of Campylobacteriosis (PETERSON 

2003).   

2.7. 3. Sheep

Campylobacter spp. infection in sheep is mainly caused abortion, which was formerly known 

as vibrionic abortion. Although, C. fetus is the most common cause of abortion in sheep, some 

cases could be related to C. jejuni (VARGA et al. 1990). In a study examining the prevalence 

of thermotolerant Campylobacter spp. in lamb carcasses, 92% of the samples were positive 

for Campylobacter spp. by enrichment culture (STANLEY et al. 1998). The Campylobacter

shedding was intermittently depending on season. According to study carried out by JONES 

et al. (1999), the lowest shedding (0%) was in November and December when sheep were fed 

on hay and silage compared with when they were grazing pasture. Furthermore, the highest 

rates of shedding (100 %) are accompanied by increased stress as a result of lambing, 

weaning and movement onto new pasture. In a study, about 49.5 % of examined sheep 

intestine found to be Campylobacter positive (ACIK and CETINAYA 2006). This may 

suggests that colonized ovines are able to widely distributed Campylobacter in the 

environment and then after as a potential sources for introduction of the bacteria into the 

human (DIKER et al. 2000). 

2.7. 4. Pigs

Althogh, C. jejuni can be recovered from the intestinal contents of pigs, C. coli is found to be 

the most predominant Campylobacter spp. isolated from pigs (BOES et al. 2005). Also, C. 

coli has been isolated from up to 100 % of the samples collected from pigs on farm (SAENZ 

et al. 2000). The colonization in pigs is very rapied and can occure at any age of rearing 

(JENSEN et al. 2006). Swine production seems to be a wide reservoir of Campylobacter with 

contamination level between 47 and 95 % at slaughter house (HARVEY et al. 1999; YOUNG 

et al. 2000). 
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2.7. 5. Dog and cat

Contact with pets has been recognised as a risk factor for campylobacteriosis in humans 

(FULLERTON et al. 2007). Pets have been shown to be carriers of Campylobacter spp. with 

C. upsaliensis, C. jejuni and C. helveticus the predominant species isolated (WIELAND et al. 

2005; ACKE et al. 2009). Study carried out by CHABAN et al. (2010) found that 58 % of 

healthy dogs and 97 % of diarrheic dogs shed detectable levels of Campylobacter spp., with 

significantly higher levels of C. coli, C. concisus, C. fetus, C. gracilis, C. helveticus, C. jejuni, 

C. lari, C. mucosalis, C. showae, C. sputorum and C. upsaliensis in the diarrheic population. 

Levels of individual Campylobacter species detected ranged from 103 to 108 organisms per 

gram of feces. 

2.8. Prevalence, colonization and transmission of Campylobacter in poultry

2.8.1. Campylobacter prevalence  

The prevalence of Campylobacter spp. in free-range and organic broilers ranged from 68.5 to 

100% (KAZWALA et al. 1993; EL-SHIBINY et al. 2005; LUANGTONGKUM et al. 2006). 

Generally, the prevalence of thermophilic Campylobacter in commercial turkeys is quite high 

ranging from 50 to 100 % (SHANE 2000; SMITH et al. 2004). The prevalence rates of 

commercial layer flocks colonized by Campylobacter spp. ranged from 13 to 62 % (SHANE 

et al. 1986; SHANE 1992). Also, Campylobacter spp. was isolated from 92% of duck farms 

(TSAI and HSIANG 2005) and 100% of geese carried thermophilic Campylobacter in their 

intestinal tracts (AYDIN et al. 2001). For commercial pheasant, guinea fowl, pigeon and 

squab (young pigeon) farms, the isolation rates of Campylobacter organisms were 25.9 %, 

35.7 %, 26 % and 3.9 %, respectively (ADEKEYE et al. 1989; ATANASSOVA and RING 

1999; JEFFREY et al. 2001). In addition, thermophilic Campylobacter can be isolated from 

quails (SHANE 1992) and ostriches (LEY et al. 2001) as well.  

The prevalence of Campylobacter spp. seems to be different among countries (NEWELL and 

FEARNLEY 2003). In commercial broilers the prevalence of Campylobacter spp. varied 

from 2.9% to more than 92% in Europa (ATANASSOVA and RING 1999; NEWELL and 

FEARNLEY 2003). Regarding to EFSA report in slaughtered flocks, countries like Norway, 

Finland, Sweden, and Denmark have reported a relatively low prevalence of 3.2 %, 3.9 %, 



Review of literature 

    16

13.2 % and 19 %, respectively (EFSA 2010a). Conversely, other European countries have 

shown much higher occurrences of Campylobacter, for example, 48.9 % in Germany, 76.1 % 

in France, 78.9 % in Poland and 88 % in Spain (EFSA 2010a).  In the United States, Canada 

and South America, the prevalence of Campylobacter spp. in broilers reached to nearly 90 %, 

48 % and to 96 %, respectively (SHANE 2000; NEWELL and FEARNLEY 2003).  

2.8.2. Campylobacter colonization  

Commercial poultry are considered to be natural reservoirs of thermophilic Campylobacter

(SHANE 2000) and generally 100% of broilers at slaughter-age may harbour the organism 

(JACOBS-REITSMA et al. 1995; JACOBS-REITSMA 1997). Several investigations of 

commercial flocks indicate that naturally acquired flock colonization is age dependent 

(BERNDTSON et al. 1996; EVANS and SAYERS 2000). Under commercial production 

conditions; Campylobacter is rarely detected in broiler less than 2-3 weeks old (JACOBS-

REITSMA et al. 1995; SHREEVE et al. 2000; STERN et al. 2001) and that may be related to 

high levels of circulating Campylobacter-specific maternal antibodies in young chickens 

(RICE et al. 1997; SAHIN et al. 2003a) or the presence of unique microbial flora in the 

intestinal tract especially in the cecum (competitive cecal microflora) may have an inhibitory 

effect or play a role on Campylobacter colonization during the first 2 weeks of life (SAHIN et 

al. 2002). However, newly hatched chickens can be experimentally infected with C. jejuni

(YOUNG et al. 1999; RINGOIR et al. 2007). 

Once some birds become infected, C. jejuni spreads rapidly through the flock within few days 

(STERN et al. 2001) or even within a week (BULL et al. 2006; VAN GERWE et al. 2009), 

which remain colonized up to slaughter-age (SHREEVE et al. 2000; STERN 2008). 

Colonization of chickens by C. jejuni occurs primarily in the lower intestines where the 

organism is mainly found in cecal and cloacal crypts (ACHEN et al. 1998). However, the 

organism can also be recovered to a lesser extent from the small intestines and the gizzard, 

and infrequently from the liver, spleen, and gall bladder (WHYTE et al. 2006; VASHIN et al. 

2009). Despite the high prevalence of C. jejuni in chickens, intestinal disease does not appear 

to occur following naturally acquired infection, avian intestinal inflammation is absent, and 

no cellular attachment or invasion to epithelial cells, but mainly locates in the mucous layer of 
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the crypts of colonized birds (BEERY et al. 1988). These observations indicate that C.jejuni

colonize the avian gut as a commensal (DHILLON et al. 2006) and once a broiler chicken 

becomes colonized, large numbers of C. jejuni can be detected in their ceca and excreted in 

feces for at least 12 weeks (about 106-108 cfu/g feces) without any apparent clinical 

consequences to the chicken host (MEADE et al. 2009). However, CORRY and ATABAY 

(2001) reported possible observations of enteritis and hepatitis symptoms or excessive 

mortality of very young chicks. Several studies have identified a seasonal variation of flocks 

colonized by Campylobacter (KOVATS et al. 2005; HARTNACK et al. 2009; JORE et al. 

2010). The seasonal peak and higher recovery rates have been detected during summer period 

and the lowest were obtained in winter season (JORE et al. 2010).   

2.8.3. Transmission of Campylobacter

2.8.3.1. Horizontal transmission 
The most probable mechanism for colonization of Campylobacter to poultry flocks is 

horizontal transmission from the environment (SAHIN et al. 2002). From environmental 

samples, poultry litter considered as potential source for Campylobacter transmission 

particularly during rainfalls events (ROTHROCK et al. 2008). Other potential sources include 

untreated drinking water, other farm animals, domestic pets, wildlife species, house flies, 

insects, air, equipment and transport vehicles, and farm workers. The risk of flock infection 

may increase 5-fold, if the distance between the stacked used litter and the poultry house is 

less than 200 meters (CARDINALE et al. 2004; ARSENAULT et al. 2007). Drinking water 

can be contaminated by fecal droppings during the rearing period and can serve as 

transmission route (ZIMMER et al., 2003; BULL et al. 2006). Simialrly, SHANKER et al. 

(1990) succeeded to infect broilers with artificially contaminated water. Campylobacter

survive well in water; it may be duo to their microaerophilic metabolism and their inability to 

growth at temperatures below 31 °C. Therefore, the presence of Campylobacter in streams, 

rivers and ponds can then be taken as a sign of recent fecal contamination by livestock or wild 

animal (FRIEDMAN et al. 2000) but can last up to four months in water at 4 ºC (ROLLINS 

and COLWELL 1986; HAZELEGER et al., 1998). Carry-over from previous flock 

(PETERSEN and WEDDERKOPP, 2001; WEDDERKOPP et al., 2003), flock-thinning 

practices (HALD et al., 2001; SLADER et al., 2002), Risk factors associated with horizontal 

transmission 
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The pathogen are unable to multiply outside warm-blooded animals, therefore, farm animals 

like cattle, pigs, sheep, goats and other poultry (CARDINALE et al., 2004; OPORTO et al. 

2007) can be the reservoir of the Campylobacter and increase the risk for poultry environment 

contamination (VAN DE GIESSEN et al. 1998; ZWEIFEL et al. 2008). Moreover, pets like 

cats and dogs (ACKE et al. 2006) can also consider as a reservoir of Campylobacter. The 

importance of wild birds as reservoirs and potential sources of Campylobacter infections in 

poultry production has been investigated by PETERSEN et al. (2001). Flies, in particular the 

house fly, and other insects may act as a vector for Campylobacter transmission (GREGORY 

et al. 1997; SKOV et al. 2004) and the ventilation system might play a role in the possibility 

of insects entering poultry houses (HALD et al. 2004).  

Campylobacter can be isolated from air of the broiler house (PATRIARCHI et al. 2009; 

O'MAHONY et al., 2011) and in some cases up to 30m downwind of the broiler house 

(BULL et al. 2006; HANSSON et al. 2007). Pathogens are entrapped in aerosols or dust 

(KAZWALA et al., 1990; BERNDTSON et al. 1996), which could then be considered as 

pathogen transmission vector (BERRANG et al. 2003). Though, there is an assumption that 

C. jejuni cannot survive for long period within the dehydrating conditions of dust. Despite, 

other studies failed to isolate culurable Campylobacter from dust of chicken houses 

(SALEHA 2004; OLSEN et al. 2009). Furthermore, the possible contamination from crates 

during transport, the bird catchers, drivers’ boots, and truck wheels have tested positive for 

Campylobacter (RAMABU et al. 2004).   

Farm staff handling of poultry flocks considered as a risk of Campylobacter infection. Since 

Campylobacters have been isolated from the clothes, hands, and boots of farm staff, 

managers, catchers, and lorry drivers (HERMAN et al. 2003; RAMABU et al. 2004) and 

identical serotypes and genotypes of Campylobacter were isolated from both farm staff and 

poultry flocks (RIDLEY et al. 2008 and 2011). 

2.8.3.2. Vertical transmission 

The vertical transmission route of Campylobacter is still controversy, and no definitive 

conclusion was reached. Several studies have pointed out the possibility of vertical 

transmission. These studies showed that C. jejuni have been found in the reproductive tract, 
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including oviduct of laying and broiler breeder hens (JACOBS-REITSMA 1997; CAMARDA 

et al. 2000; COX et al. 2002; BUHR et al. 2002). As well as on both outer and inner egg shell 

surfaces (SAHIN et al. 2003a) laid by naturally infected commercial layers or broiler 

breeders. Also, C. jejuni was detected in a small number of freshly laid eggs obtained from 

layer chickens which were experimentally infected with C. jejuni (SAHIN et al. 2001). 

Experimental infections of eggs with C. jejuni, resulted in the recovery of organism from both 

the contents of unhatched eggs and from the newly hatched chicks (CLARK and 

BUESCHKENS 1985; SHANKER, et al., 1986). Campylobacter have also occurred in the 

reproductive tracts and semen of commercial broiler breeder roosters (COX et al. 2002; 

HIETT et al. 2003; BUHR et al. 2005). CHUMA et al. (1994) have detected Campylobacter

DNA from newly hatched chicks by a DNA-DNA hybridization method. Similarly, HIETT et 

al. (2002) have determine Campylobacter DNA in fluff and eggshell samples from hatcheries, 

despite inability of both researchers to isolate live organisms from the same samples when 

conventional culture methods were used. In addition, some molecular epidemiology provides 

evidence that these strains isolated from breeder flocks were similar to those of the isolates 

from their progeny flocks (COX et al., 2002; PEARSON et al. 1996). 

In spite of the fact that the above mentioned findings seem to support a vertical transmission, 

other studies propose that vertical transmission of Campylobacter spp. via the egg is 

considered unlikely. It may be mainly due to the difficulty or inability to culture 

Campylobacter spp. from naturally or experimentally infected eggs as well as from newly 

hatched chicks originating from infected breeder flocks (HIETT et al. 2002; NEWELL and 

FEARNLEY 2003; SAHIN et al. 2002 and 2003a; CALLICOTT et al. 2006). 

PETERSEN et al. (2001) and HERMAN et al. (2003) stated that there were no 

Campylobacter-positive samples collected in the hatchery. Even though the detection of 

Campylobacter DNA in eggs, embryos, and cecal contents of newly hatched chicks has been 

shown in several investigations, none of these studies has been able to detect any live 

Campylobacter organisms from those samples (CHUMA et al. 1997; HIETT et al. 2002).  

It was decumented that table eggs which are not infected with Campylobacter, their shells 

may be contaminated with droppings containing Campylobacter. Several studies are able to 
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isolate Campylobacter from the egg shell; however, all egg contents were negative. In two 

studies from the USA, 0.5 % and 0.6 % of egg shells were positive for thermotolerant 

Campylobacter spp. However, all egg contents in those studies were negative (JONES et al. 

2006; JONES and MUSGROVE 2007). Similarly, SULONEN et al. (2007) detected a very 

low rate of Campylobacter on egg shells (0.3 %). SAHIN et al. (2003a) and DIPINETO et al. 

(2011) are of the opinion that prevalence of Campylobacter spp. on or in eggs is a rare event, 

even in eggs from Campylobacter positive layers.  However, MESSELHÄUSSER et al. 

(2011) found viable Campylobacter spp. in 4.1% of examined eggshell. In a resent study 

conducted by JONES et al. (2012) detected Campylobacter-positive in egg shell in convential 

cage and free range nest boxes (2.5 and 12.5% of examined samples, respectively). SATO and 

SASHIHARA (2010) found that between 27.9 and 36% of unpasteurized liquid egg samples

were positive. ADESIYUN et al. (2005) found a contamination rate of 1.1% for 

thermotolerant Campylobacter spp. in the egg content of table eggs in Trinidad and no 

organisms were founded on egg shell.  

2.9. Bioaerosol sampling methods  

2.9.1. Passive sampling 

Basic air sampling methods testing of airborne contaminants primarily relies on the force of 

gravity and air currents to cause the settling of airborne microorganisms onto agar petri dishes 

filled with selective and non-selective solid medium and left open to air for assigned periods 

of time. These were referred to as ‘settle plates’ Standard 90 mm diameter plates are placed 

throughout the animal house for about 15 minutes. The settle plate method is still widely used 

as a simple and inexpensive way to qualitatively collect bioareosole in their original state and 

assess the environments over prolonged exposure times. However, settle plates are not to be 

used for quantitative estimations of the microbial contamination levels of environments. 

Sedimentation results are expressed as CFU (colony forming units) or particles per minute of 

exposure; the method cannot quantify the volume of air sampled (EVANCHO et al., 2001). 

2.9.2. Active sampling 

The microbial air contamination can be measured by counting the number of cfu per cubic 

metre (cfu/m3) of air. For this purpose active air samplers are used, which collect a known 
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volume of air, blown on to a nutrient medium by different techniques. Active samplers are 

expensive, heavy, noisy and difficult to sterilize. They must be continuously calibrated; 

otherwise the volume of processed air does not correspond to expectations. Moreover, the 

survival of microorganisms during air sampling is inversely proportional to the velocity at 

which the air is taken into the sampler.it include impaction, impingement, filtration, 

centrifugation, electrostatic and thermal. 

2.9.2.1. Impaction

Impaction collects and retains particles from an aerosol stream on a collecting surface 

(GRINSHPUN et al., 2007). The air transfired through a perforated opening (sieve samplers) 

e.g. Andersen multistage sampler or a narrow slit (slit samplers) e.g. Casella slit sampler 

directly onto standard agar plate containing a suitable agar growth medium or an adhesive 

coated surface (CROOK, 1995b). Impaction velocity is determined by the flow rate and 

opening diameter or the width of the slit. The collecting surface can be removed from the 

instrument and the sample analysis is performed directly on the collecting surface without 

further treatments. The number of visible colonies can be counted by visual inspection after 

incubation resulting in a direct quantitative estimate of the number of culturable 

microorganismsin the sampled air. Impaction methods obtain higher recovery rates than other 

air sampling methods and are used when bioaerosol levels are expected to be low. This 

method resultsin a low sampling stress and after collection no further manipulation is needed 

because particles are on agar plates. Some disadvantages of this method are that these 

samplers are usually difficult to handle, expensive, and the inside of the sampler and the  

outside of the agar plates must remain sterile until sampling begins Andersen sampler is 

probably the most common inertial impactors used for bioaerosol sampling in animal houses. 

It consists of of a single stage or two, six or eight stages. The stages of a multiple stage 

cascade sieve unit uses perforated plates with decreasingly smaller holes at each stage,leading 

to  increased particle velocity and therefore, allowing particles to be separated according to 

size. Large particle impacts at initial stage while the small particle setteled at later stage. Air 

particles impact on the agar surface which is a few millimetres below the metal sieve. 

Multiple stage impactors are not only used for the enumeration of viable particles per unit 

volume of air, but also yield a size profile of particles in the bioaerosol. A two stage impactor 
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is used when the differentiation between respirable particles (<5 �m) and nonrespirable 

particles (>5 �m) is of interest.  Multiple stage impactors are used more in health care settings 

than in animal environments. Single stage impactors do not differentiate between particle 

sizes and are used when the total number of viable particles per unit volume of air is needed. 

Another well known instrument is the Casella slit sampler. The air sample is collected 

through slit onto an agar plate which is rotating on a turn table to create an even distribution 

of particles. The slit creates a jet stream when an air samples is pulled by a vacuum 

(EVANCHO et al., 2001). 

2.9.2.2. Impingement  

Particle collection by impingement is based on liquid or nutrient broth. The sampled air is 

drawn by suction through a narrow inlet tube immersed in a collecting fluid inside a glass 

flask. Flow rate is determined by the diameter of the inlet nozzles (about 12.5 l/min). When 

the air hits the surface of the liquid any suspended particles are wetted by and impinged into 

the collection liquid. Once the sampling is complete, aliquots of the collection liquid can be 

serial diluting and cultivated in appropriate growth media to enumerate viable 

microorganisms or by using membaine filtration plating technique when the expected 

microbial level load is low.Since the total volume of air sampled, volume of collection fluid 

and sampling times can be defined, results allow quantitative determinations. Liquid 

impingers are used in situations where bioaerosol concentrations are expected to be high. 

Impingers are relatively inexpensive and simple to operate. Collecting the bioaerosol samples 

in liquid may prevent sample desiccation; however, the shear forces in the jet and in the 

turbulent liquid may have adverse drauback on the viability of sampled bioaerosols. 

Overestimation of bacterial counts is also a problem withthis sampling method since high air 

sampling velocity can disperse dust particles, thus breaking up clumps of bacteria. Another 

limitation of the impingement method is its failure to collect particles smaller than 1 �m. In 

general, impingers provide less damage to bioaerosols and preserve viability better than 

impactors.The “BioSampler" liquid impinger is popularly used. The sampler is an all-glass, 

swirling aerosol collector consisting of an air inlet, three tangentially arranged nozzles and a 

collection vessel. All glass impingers, including AGI-30 and AGI-4, are the most commonly 
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used impingers for collection of bioaerosols (JENSEN et al., 1992). The AGI-30 sampler is a 

cheap, but less efficient impinger developed to sample bioaerosols (EVANCHO et al., 2001). 

2.9.2. 3. Filtration 

Filtration is the most widely used approach for the collection of atmospheric particulates. The 

particles are removed from the air by suction filters of definite pore size from 0.01 to 10 �m, 

which offers volumetric potential, appropriate for particles larger than the pore size (CROOK, 

1995a). Air is pulled by a vacuum line through a membrane filter made of glass fibre, sodium 

alginate, polyvinylchloride (PVC), polycarbonate or cellulose acetate which can be incubated 

directly by transferring onto the surface of agar growth mediaor agitated in a suitable liquid 

for further microbial analysis, or gelatine which can be diluted in liquid media or dissolved on 

agar surface. The efficiency of removing particles from the air depends on the air velocity. 

The efficiency of membrane filters is approximately 100 % for particles larger than the pore 

size (LIPPMANN, 1995). The filtration method is simple to operate and allow sampling for 

large volumes of air can be sampled during a short period of time as well as sampling for 

longer times without the loss of collection efficiency compared to impactors and impingers. 

However, the filtration process may cause significant desiccation of collected bioaerosols due 

to dehydration, which may lead to a significant loss in viability and prevent determination of 

CFU. Therefore, filtration also can be used for sampling endotoxins, (1-3)-bata-D-glucan, and 

using dusts for DNA extraction. 

2.9.2.4. Centrifugation  

Centrifugation sampling methods create an inertial collection process in which airborne 

microorganisms are removed from an air stream by the centrifugal force created by moving an 

aerosol rapidly through a circular path. Microorganisms experience less stress compared to 

impaction or impingement sampling methods since no high velocity jet forces are created 

during centrifugal sampling. These devices can give more representative samples since they 

can rapidly sample high volumes of air. Air sample results are expressed as CFU per liter of 

air sampled. Cyclone Samplers is one of sampling devices employ the principle of centrifugal 

separation in which the air drawn through it moves in either a circular or a helical path of 

decreasing radius, thereby increasing its collection efficiency for small particles. As the gas 
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stream surges through the cyclone, particles are separated at the inside surface of the 

cyclone’s wall where the gas velocity approaches zero due to the created centrifugal force. In 

most cyclone samplers, the particles adhere to the wall or drop into a collection space below 

the cyclone’s chamber. Most cyclones are not efficient collectors of particles, having 

diameters less than 2 or 3 µm, depending on particle density. However, small cyclones can be 

designed to collect particles below 1 µm in diameter. The collection efficiency of a cyclone 

sampler is strongly dependent on flow rate (CROOK, 1995a). 

2.9.2.5. Electrostatic Precipitation 

Electrostatic precipitation methods capture airborne particles by giving them an electrostatic 

charge and collecting them on an oppositely charged rotating disk. This surface can be agar or 

glass. This method possesses a high sampling rate (up to 1000l/min), high collection 

efficiency, and low resistance to air flow. However, a disadvantage of this method is that 

nitrogen oxide and ozone which are produced during ionizatation may be toxic to 

microorganisms. The role of electrostatic charges on the viability and clumping of 

microorganisms is not fully understod. Furthermore, electrostatic precipitation is rarely used 

for aerosol detection since its equipment is complex and requires careful handling 

(EVANCHO et al., 2001). 

2.9.2. 6. Thermal Precipitation 

Thermal precipitation methods are based on thermophoresis principles in which particles 

move away from hot surfaces toward cooler surfaces. The degree of particle movement will 

depend on the temperature gradient. This method is used to determine particle size 

distribution, especially when collecting particles smaller than 1 �m. Microorganisms are 

collected onto glass cover-slips and are sized and counted microscopically. This method is not 

commonly used in industry since it requires very precise adjustments and its air sampling rate 

is considerably low (300 to 400 ml/ minute) (EVANCHO et al., 2001). 

2.10. Identification of Campylobacter

Campylobacter spp. represent a taxonomically heterologus group. There identification can be 

difficult science strains have relatively fastidious growth requirements, temperature tolerance 
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and growth requirements, and science only limited number of biochemical tests gives 

adequate discrimination. 

The conventional approach to identification of Campylobacter spp. by culture methods is a 

labour intensive and time consuming. Recent developments in molecular techniques offer 

other alternatives for the detection of organism based on identification of specific genome or 

even a specific segment of the genome. The use of polymerase chain reaction (PCR) and 

nucleic acid sequence offer a rapid identification method of Campylobacter. 

2.10.1. Phenotyping methods 

2.10.1.1. Culture  

Many factors must take in account to properly isolate Campylobacter, these factors includes: 

temperature, duration of incubation, microaerophilic atmosphere, and type of enrichment and 

culture media. The most common temperature for incubation of thermophilic Campylobacter

is 42°C, and microaerophilic environments (10% CO2, 5% O2, 85% N2) are often used to 

promote growth (NACHAMKIN et al. 2000). For the isolation of Campylobacter from the 

intestinal tract of chickens, enrichment broths including Bolton, Exeter, Park and Sanders and 

Preston broth (CORRY et al. 1995) has been commonly used in inoculation experiments 

(DHILLON et al. 2006) or in naturally occurring colonization studies (JONES et al. 1991; 

HUMPHREY et al. 1993; SHREEVE et al. 2000). However, the use of direct plating of fecal 

samples may be a faster method for isolation of Campylobacter from fecal samples 

(SHANKER et al. 1990; JACOBS-REITSMA et al. 1994). The cultivation is inexpensive and 

determines the organism viability. However, it is time consuming and usually 3-4 days are 

required to confirm the result. 

2.10.1.2. Biochemical testing

Several biochemical tests were used to identify Campylobacter spp. and it’s based growth 

patterns at various temperatures (25°C and 42°C), metabolic characteristics, and antibiotic 

resistance. C. jejuni will grow at 37°C and 42°C but not at 25°C (CORRY et al. 1995). As 

like other Campylobacter spp., C. jejuni can produce catalase and oxidase, but only C. jejuni

can hydrolyze hippurate (CORRY et al. 1995). Further testing includes indoxyl acetate 
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hydrolysis and production of H2S (FITZGERALD et al. 2008). Commercial tests for 

identifying Campylobacter spp., for example the bacterial identification test strip API Campy, 

are also available and have been a step forward in enhancing standardization and accuracy 

(STEINHAUSEROVA et al. 2001). The typing of Campylobacter isolates by the use of 

antibiotic discs, depending on either Campylobacter cells are either resistant or sensitive to 

Cephalothin and Nalidixic acid (LUANGTONGKUM et al., 2007). 

2.10.1.3. Serotyping

Two serotyping methods were developed for serotyping of Campylobacter isolates. Those 

methods were differing on the basis of either using of bacterial agglutination techniques based 

on heat labile antigensheat-labile (HL) (LIOR et al. 1982) or of use passive hemagglutination 

techniques based on heat stable (HS) antigens which originally believed to be heat-stable 

lipopolysaccharide O antigens (PENNER and HENNESSY 1980). Both of these methods 

have been used to track epidemiological trends and study species diversity (WOODWARD 

and RODGERS 2002), and have provided an effective and practical early approach to the 

identification of pathogenic strains (PATTON et al. 1991) before the development of DNA-

based typing methods. However, schemes according to PENNER and HENNESSY (1980) are 

generally accepted and well evaluated in conjunction with other methods a DNA-based 

method such as MLST or PFGE (DINGLE et al. 2001; EYLES et al. 2006; FUSSING et al. 

2007). The major disadvantages of these techniques are the high number of untypeable strains 

and the time consuming and technically demanding requirements. Also antiserum reagents 

required for serotyping are not widely available (WASSENAAR and NEWELL 2000).  

2.10.2. Genotypic methods

Molecular typing methods have provided unprecedented information on the epidemiology of 

Campylobacter both in animal reservoirs (particularly poultry) and in humans. The most 

commonly used techniques include restriction fragment length polymorphism analysis of flaA 

sequences (RFLP), pulsed-field gel electrophoresis (PFGE), random amplified polymorphic 

DNA (RAPD), amplified fragment length polymorphism (AFLP), and ribotyping 

(WASSENAAR and NEWELL 2000). 
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2.10.2.1. PCR

The polymerase chain reaction-based methods have been applied extensively for the detection 

and identification of food borne pathogens including Campylobacter. PCR allows exponential 

amplification of the targeted sequences within a short period of time, which permits the rapid 

detection of low numbers of organisms. Genetic sequences must be available for primer 

construction. PCR primers directed to conserved regions are usually used for general 

detection, while primers designed from variable regions can be used for differentiation of 

species or strains. A variety of PCR assays targeting genus or species specific sequences have 

been developed to detect and identify Campylobacter (LINTON et al. 1997; KLENA et al. 

2004). Modifications to PCR (e.g. nested PCR, multiplex PCR or real-time PCR) have 

enabled researchers to distinguish between closely related species (e.g. C. jejuni and C. coli) 

and to quantitatively estimate the number of organisms in samples (INGLIS and 

KALISCHUK 2004; JOSEFSEN et al. 2004; KLENA et al. 2004). Genetic sequences must be 

available for primer construction, and PCR does not differentiate between viable, damaged, or 

dead organisms. Moreover, PCR has also been used for direct identification of Campylobacter 

spp. without prior isolation of the organisms (WEGMULLER et al. 1993). PCR has also been 

incorporated into techniques such as amplified fragment length polymorphism (AFLP) and 

restriction fragment length polymorphism (RFLP).  

2.10.2.2. Amplified fragment length polymorphism (AFLP)

The amplified fragment length polymorphism (AFLP) method is based on selective 

amplification of restriction fragments of whole chromosomal DNA. Target DNA is digested 

with two or more restriction enzymes. A PCR method is then used to amplify a subset of these 

fragments. One of the selective primers is labelled with a fluorescent or radioactive 

compound. Amplified fragments are separated and detected by a suitable, usually sequencer-

based system (VOS et al. 1995). The AFLP system can also be technically demanding and 

require expensive equipment to run. However, this technique is sensitive, reproducible and 

highly discriminatory (DESAI et al. 2001; SCHOULS et al. 2003). AFLP has been used for 

the identification and typing of Campylobacter in diverse animal and environmental studies 

including poultry (ALTER and FEHLHABER 2003; SIEMER et al. 2004). 
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2.10.2.3. Restriction fragment length polymorphism analysis of flaA sequences (PCR-

RFLP)

The flagellin gene of Campylobacter has been identified as a virulence factor which used as 

tool for movement towards, and colonisation of, the mucous layer of the cecal crypts 

(YOUNG et al. 2007). The flagellin locus contains two adjacent genes, flaA (encoding the 

major flagellin) and flaB (encoding a minor flagellin) (GUERRY et al. 1991). The flaA gene 

has been observed to be necessary for motility and colonisation (GUERRY et al. 1991). The 

first detailed report of fla typing was carried out by Nachamkin and colleagues 

(NACHAMKIN et al. 1993). This subtyping method was based on the amplification of the 

flaA gene and subsequent digestion of the PCR product by a restriction enzyme, DdeI 

(NACHAMKIN et al. 1993). Moreover, there are different fla typing methods 

(BIRKENHEAD et al. 1993; BURNENS et al. 1995; AYLING et al. 1996; NISHIMURA et 

al. 1996). Fla typing has been used to successfully characterize Campylobacter strains 

(PETERSEN and NEWELL 2001; ERTAS et al. 2004).  

2.10.3. Pulsed-field gel electrophoresis (PFGE)

The pulsed-field gel electrophoresis (PFGE) method involves the digestion of large molecular 

weight genomic DNA into pieces with rare cutting restriction enzymes (SCHWARTZ and 

CANTOR 1984). A pulsing electric field applied across the gel drives the DNA pieces into 

the gel over a period of hours. The smallest pieces slip through the pores of the agarose gel 

more quickly. So the pieces are separated as distinct bands in the gel, based on the size. The 

resulting pattern of bands is the DNA “fingerprint". PFGE has proven to be useful and 

discriminatory for investigation of outbreaks of C. jejuni (FITZGERALD et al. 2001). As well 

as, it is useful in epidemiological investigations for differentiating isolates of C. jejuni and C. 

coli (YAN et al. 1991; KOKOTOVIC and ON 1999).  It has been used extensively for typing 

Campylobacter in studies associated with poultry (POSCH et al. 2006; KLEIN et al. 2007). 

The main drawbacks of PFGE are its technically demanding method to get consistent, 

reproducible results, high costs and time requirement. Comparison of PFGE profiles from 

different laboratories and between studies has also been difficult (SWAMINATHAN et al. 

2001). The restriction enzymes used to digest the chromosomal DNA are also different in 

different studies. Satisfactory results have been obtained with SmaI, SalI, KpnI, ApaI, and 
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BssHII. The widely-used restriction enzyme SmaI generates four to ten fragments. KpnI 

digest has more fragments than SmaI and is thus more discriminatory and it is often used as a 

secondary enzyme but has also been suggested as a primary choice for epidemiological 

studies (MICHAUD et al. 2001). Using more than one enzyme significantly increases the 

discriminatory power of the technique (GIBSON et al. 1994; MATSUDA et al. 1995). 

Distinct electrophoretic conditions may influence obtained profiles, different restriction 

enzymes are used to digest DNA and furthermore some Campylobacter isolates cannot be 

typed by PFGE (WASSENNAAR and NEWEL 2000).  

2.10.4. Random amplified polymorphic DNA (RAPD)

The analysis of random amplified polymorphic DNA was carried out from whole DNA of 

purified Campylobacter isolates using a single 10-bp primer (PAYNE et al. 1999; MISAWA 

et al. 2000). The PCR products were visualised by simple gel electrophoresis resulted in 

highly diverse DNA banding patterns (HERNANDEZ et al. 1995).  The RAPD is not widely 

used because of poor reproducibility, which effectively prevailes the advantages of rapidity 

and inexpensiveness. In some cases minor differences in band patterns and weak band 

patterns observed with both duplicate samples and outbreak isolates leading to poor 

discriminatory capacity which may lead to false interpretation of results (NIELSEN et al. 

2000; WASSENAAR and NEWELL 2000). However, in other studies it gave 100% typability 

and reproducibility for isolate investigated from poultry and other sources (HILTON et al. 

1997). Moreover, RAPD has the ability to determine polymorphism in the entire genome 

(WASSENAAR and NEWELL 2000). There have been few researches demonstrating the 

value of PARD analysis in outbreak investigations (NIELSEN et al., 2000; ONO et al. 2003). 

2.10.5. Ribotyping

The ribotyping begins with enzymatic digestion of genomic DNA with a cutting restriction 

enzymes (e.g., PstI, HaeIII, HindIII and PvuI) used alone, in pairs, or even in combinations 

consisting of three enzymes (COX et al. 2002; ZIPRIN et al. 2003b). Followed by Southern 

blot hybridization with a labelled specific probe derived from RNA genes (5S, 16S and 23S), 

then measuring the chromosomal differences on an agarose gel. Since most Campylobacter 

spp. contains only three ribosomal gene copies the discriminatory power of this method is 
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limited (DE BOER et al. 2000; WASSENAAR and NEWELL 2000). Moreover, early 

ribotyping results failed to clearly differentiate C. coli from C. jejuni strains suggests that this 

method is unsuitable for discrimination and subtyping of C. jejuni (HERNANDEZ et al. 

1991; FAYOS et al. 1992). However, other studies found ribotyping to be more 

discriminatory (O'REILLY et al. 2006). As well as, the differentiation can be improved by 

using two restriction enzymes and a 16S rRNA-specific probe (FITZGERALD et al. 1996). 

Automated systems have been designed for ribotyping made it more useable, but still the low 

level of diversity and relatively high cost of automated ribotyping diminish its wider use for 

the study of Campylobacter (ON et al. 2008).  

2.10.6. Multilocus sequence typing (MLST)

Multilocus sequence typing (MLST) is based on PCR sequencing and amplification of seven 

defined regions of moderately conserved housekeeping genes (aspA, glnA, gltA, gylA, pgm, 

tkt and uncA), followed by comparison of their nucleotide sequences using standard 

phylogenetic analysis (MAIDEN 2006). The first Campylobacter MLST method was 

developed for C. jejuni (DINGLE et al. 2001). The MLST scheme has since been extended to 

characterise a wider range of Campylobacter species including C. lari, C. upsaliensis, C. fetus

and C. helviticus (MILLER et al. 2005). Moreover, this method has been successfully applied 

to epidemiological investigation of campylobacters (COLLES et al. 2003; DINGLE et al. 

2005; KÄRENLAMPI et al. 2007). As MLST is automated, data are reproducible and 

protocols have been standardized, this can be easily compared between laboratories regardless 

of the methods used. Also, because MLST data can be exchanged freely over the internet, this 

allows for widespread comparison of MLST sequence types and can be used for population 

studies (MAIDEN 2006). However, MLSTs discriminatory power may depend on the genes 

chosen and comparisons are based on relatively few genes. 
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Survival of Campylobacter jejuni in naturally and artificially contaminated laying hen 

feces  

M. F. M. AHMED*#, J. SCHULZ*and J. HARTUNG*1

ABSTRACT 

Infected laying hens excrete regularly large amounts of Campylobacter jejuni (C. jejuni) with 

their feces which represent a reservoir of infection within the flock and for animals in the 

region. However, the knowledge about survival times of C. jejuni in these feces is still scarce. 

Therefore, orientating laboratory experiments were carried out under controlled conditions in 

order to estimate the survival times of C. jejuni both in artificially and naturally contaminated 

laying hen feces. In 6 different laying hen flocks (3 Campylobacter free and 3 Campylobacter

positive flocks) fresh excreta were randomly collected and pooled in 20 g samples per flock. 

In the laboratory each of the 3 pooled samples from the Campylobacter free barns were 

homogenised and mixed with 10 ml of a freshly prepared C. jejuni suspension (3×108 

CFU/ml). The other three samples were homogenised only. The 6 samples were stored at 20 ±

1°C and 40-60 % relative humidity in two different incubators. Specimens of 2 g were taken 

from all 6 samples 1 h after storage and daily at the same time during the next 10 consecutive 

days and investigated on culturable C. jejuni. The survival times of culturable C. jejuni ranged 

from 72 to 96 h in artificially inoculated feces while varied from 120 to 144 h in naturally 

colonized flocks. FlaA typing by Restriction Fragment Length Polymorphism (RFLP) 

confirmed that the isolates from the artificially contaminated feces were identical with the 

added strain. A total of 5 different flaA types were identified from the naturally contaminated 

feces and survival of these isolates was dependent on flaA type. The demonstrated survival 
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times indicate that contaminated fresh feces are an important reservoir of C. jejuni, 

representing a permanent source of infection over at least 6 days after excretion. It shows the 

considerable potential of fresh feces in transmitting the agent within and between flocks 

during that period. This 6 days span should be considered when poultry manure is applied to 

land as organic fertilizer.  

Keywords: Campylobacter jejuni, survival time, feces, poultry

INTRODUCTION 

Campylobacter is the most reported foodborne gastrointestinal bacterial pathogen worldwide 

(CDC, 2010; EFSA, 2010; WHO, 2011). In 2008, the total number of confirmed cases was 

nearly 200,000 throughout the European Union and over 64,000 in Germany (EFSA, 2010). 

The most commonly associated species with human infections are Campylobacter jejuni (C. 

jejuni) followed by C. coli and C. lari (Butzler, 2004). Campylobacter can colonize the 

digestive tract of humans and most warm blooded animals (Solomon and Hoover, 1999; 

Humphrey et al., 2007), preferentially poultry (Moore et al., 2005). Among poultry products 

fresh broiler meat is considered to be a major vehicle of Campylobacter causing disease in 

humans (Atanassova and Ring, 1999; Wingstrand et al., 2006). Berrang et al. (2004a) showed 

that the surface of poultry carcasses can become contaminated with Campylobacter from the 

intestinal content during processing. The colonization of the bird’s intestine with C. jejuni

occurs within the flocks when the animals pick up feces, feed stuff or other materials such as 

litter particles contaminated with Campylobacter. The pathways how Campylobacter gets into 

the chicken flocks (Bang et al., 2003; Callicott et al., 2006) are not yet fully understood. 

Vertical transmission via maternal infection is considered unlikely to occur under commercial 
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conditions (Sahin et al., 2003). It is more likely that the introduction of Campylobacter in a 

laying hen flock occurs horizontally from the environment (Sahin et al., 2002; Newel et al., 

2011). Several sources have to be taken into account. It is reported that infection in young 

broiler chickens can already take place shortly after being placed in an insufficiently cleaned 

and disinfected barn (Cawthraw et al., 1996; Newell and Fearnley, 2003). All contaminated 

leftovers from the previous fattening period such as feces, feed, litter and water in the animal 

house, on equipment and on the transport vehicle (Shanker et al., 1990; Berrang et al., 2004b) 

can be transmitters for the infectious agent. Other important vectors are insects and their 

larvae (Hald et al., 2008; Hazeleger et al., 2008), rodents (Meerburg and Kijlstra, 2007) and 

last but not least farm workers (Arsenault et al., 2007). Another source of concern is the 

contaminated neighbouring farm and its animals (Cardinale et al., 2004). Ridley et al. (2011) 

reports that C. jejuni was introduced in a broiler flock from a neighbouring animal house. 

Usually nearby broiler barns are assumed to form the reservoir (Bouwknegt et al., 2004; 

Arsenault et al., 2007). But also other farm animal species like turkeys, pigs, cattle and sheep 

or elements of the environment can carry Campylobacter and have to be considered as 

potential sources (Van de Giessen et al., 1996; Jacobs-Reitsma, 1997; Cardinale et al., 2004). 

A previous study on laying hens reported that they can carry and excrete C. jejuni (Shane et 

al., 1986). However, there is little information on the survival times of C. jejuni in the feces. 

This paper investigates how long C. jejuni can be cultivated from naturally contaminated (C. 

jejuni positive flocks) and artificially inoculated fresh laying hen excreta under controlled 

conditions in the laboratory in order to get an estimate of the time period during which 

contaminated fresh excreta pose a potential risk of transmission.  

MATERIALS AND METHODS 

Sample Origin and Preparation  
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Feces were sampled twice from flocks (A to F) of 6 different laying hen farms first in April 

and then in August. The number of birds ranged from 1300 to 13,000 per flock. The age of 

hens was between 18 and 22 weeks at the first sampling. Flocks A, C, E and F were kept in 

aviary systems; flocks B and D were raised on deep litter. The laying hens in all investigated 

flocks were of the same breed (Lohmann Brown). Standard layer feed without any specific 

variations was used in all 6 flocks. Farms and flocks A, B and C were Campylobacter-free, 

this being tested 2 days before the experiment by cloacal swabs of 30 randomly selected hens, 

pooled feces, litter and dust samples using cultural and PCR methods. A sample size of 30 

swabs allows detection of a within flock prevalence of 10 % at a level of confidence of 95 % 

(WinEpiscope 2.0). From each flock a pooled fecal sample of approximately 20 g was 

collected consisting of fresh feces taken from the floor at 6 evenly distributed locations in the 

animal house. The pooled samples were gently mixed for 2 min with a sterile spatula. Each 

mixed pool sample was divided into ten sub-samples (2 g each) which were placed in 50 ml 

sterile plastic tubes (VWR, Germany) and stored at 20 ± 1°C and 40-60 % relative humidity. 

Before storage, the 2 g sub-samples in the plastic tubes originating from the Campylobacter-

free flocks were inoculated with 1 ml of a C. jejuni suspension which was prepared in 

phosphate buffer saline (PBS, 137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 2 mM 

KH2PO4, pH 7.4) from an overnight cell culture of a C. jejuni field strain isolated previously 

from feces of a laying hen farm and grown on Columbia Agar at 42 ºC for 24 h under 

microaerophilic conditions (5 % O2, 10 % CO2 and 85 % N2). The resulting suspension was 

standardized to 1 McFarland (this represents a cell density of 3×108 CFU/ml) with a 

spectrophotometer at 600 nm (UV_1602, SHIMADZU, Japan) and confirmed by ten-fold 

dilution series in PBS to determine the total colony count (CFU/ml). A sterile spatula was 

used to thoroughly mix the feces with the inoculated suspension. During the next 10 
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consecutive days always one tube with feces from each flock was taken out from storage and 

examined for the presence of C. jejuni as showed in the following text. 

Cultivation and Identification 

C. jejuni was isolated according to ISO 10272-1, (ISO, 2006), under microaerophilic 

conditions in anaerobic jars (Oxoid, Germany). Campylobacter species were enriched in 

selective broth (Bolton Broth CM983, laked horse blood SR0048 1:20 and Bolton broth 

selective supplement SR0183, Oxoid, Germany) and incubated as described above followed 

by 0.1 ml direct plating on modified CCDA (Oxoid, Germany) and Brilliance Campy Count 

Agar (Oxoid, Germany) and incubated at 42 ºC for 48 h under microaerophilic conditions. 

From each sample, 5 suspected Campylobacter spp. colonies were confirmed by microscopic 

observation of characteristic spiral shape and corkscrew-like motility using wet mount 

preparations. Pure cultures were obtained by cultivation on Columbia blood agar (Oxoid, 

Germany) and then tested for Gram reaction, hippurate hydrolysis, catalase test, oxidase test, 

microaerobic growth at 25 °C and aerobic growth at 42 °C. Initially positive isolates were 

further identified biochemically using the API Campy System (BioMerieux, Germany). All C. 

jejuni positive isolates were stored in FBP medium (Oxoid) at -80 °C (Gorman and Adley, 

2004) until confirmed by PCR.  

DNA Extraction  

The DNA of all C. jejuni isolates were extracted from overnight cell cultures grown on 

Columbia Agar at 42 ºC under microaerophilic conditions. About 10 µL of bacteria were 

transferred by a loop and suspended in 0.5 mL sterile water, vortexes, and centrifuged at 4000 

×g for 10 min (Eppendorf 5417C, Germany). After centrifugation, the bacterial DNA was 

isolated using peqGOLD bacterial DNA Kit (PeQlab Biotechnologie, Germany) following the 
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manufacturer’s instructions. The DNA was eluted in 100 µL sterile water and directly used or 

stored at -20 ºC for later analysis.  

MapA Gene Detection  

The amplification of mapA was used to confirm the detection of C. jejuni isolates (Stucki et 

al., 1995). Amplification reactions were carried out using Mastercycler (Eppendorf AG, 

Germany) by FastStart Taq DNA Polymerase kit (Roche Diagnostics, Germany) and 1 �L of 

each primer (Biometra, Germany) using the following programme: an initialization step of 5 

min at 95 °C was followed by 30 cycles of 30s at 95 °C, 45s at 58 °C and 60s at 72 °C. The 

samples were terminated by a final extension step of 7 min at 72 °C and were maintained at 4 

°C until analysis. For analysis, 10 µL of PCR product was separated by electrophoresis in 1.5 

% agarose gel (Application AG, Germany) containing ethidium bromide (0.5 µg/mL) at 120 

V for 90 min. The gel was visualized with a UV transilluminator (Biometra, Germany) and 

photographed. Reference strains C. jejuni DSM 4688 (German Collection of Microorganisms 

and Cell Cultures, Braunschweig, Germany) were used as a positive control.  

C. jejuni Typing 

FlaA typing by Restriction fragment length polymorphism (RFLP) of flaA gene with 

modifications according to Nachamkin et al. (1993, 1996) was used to type C. jejuni isolates. 

The PCR was performed with a total final volume 50 µL using peqGOLD Taq-DNA-

Polymerase 'all inclusive' (PeQlab Biotechnologie, Germany) according to the manufacturer’s 

instructions and 1 �L of each primer (Biometra, Germany). PCR was performed with the 

same Mastercycler used for the mapA gene according to the following cycling conditions: 

One incubation cycle for 1 min at 94 °C and then for 30s at 94 °C, 45s at 45 °C and 2 min at 

72 °C for 30 cycles. The samples were terminated by a final extension step of 5 min at 72 °C 

and were maintained at 4 °C until analysis. Seven microliters of PCR product was first 
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checked for the presence of an expected 1.7 kb band representing a sequence of C. jejuni flaA

gene by electrophoresis on a 1.5 % agarose gel for 1 h. If a clear band was obtained, the 

remaining PCR products were purified using the MinElute PCR Purification kit (QIAGEN, 

Germany) following the manufacturer’s instructions, producing about 10 µL pure flaA gene 

fragments. Five microliters of the purified PCR product were subjected to flaA typing using 

the restriction enzyme DdeI (Roche, Germany) using the protocol recommended by the 

CAMPYNET research forum (http://campynet.vetinst.dk/Fla.htm) and incubated at 37 ºC for 

1 h. The digested DNA was analyzed by 2.5 % agarose gel electrophoresis stained with 

ethidium bromide at 85 V for 3 h, proceeding as described above.  

RESULTS 

Table 1 summarizes the results of the experiments and shows the survival times in days of 

culturable C. jejuni both isolated from artificially and naturally contaminated feces. It also 

gives the flaA types. The results indicate that the C. jejuni survive up to 3 days longer in 

naturally contaminated feces than in artificially contaminated feces. Culturable C. jejuni

survived in the artificially contaminated feces about 72 h (minimum) to 96 h (maximum) after 

inoculation. In the naturally contaminated feces, C. jejuni could be cultivated after 120 h 

(minimum) and 144 h (maximum), respectively. The repetition four months later achieved the 

same results. Although the results are based on a limited number of experiments (n1 = 6, n2 = 

6), when applying the U-test (two-tailed) there is a significant difference (p < 0.01) among the 

number of days C. jejuni was culturable from artificially and naturally feces.  

The same holds true for flaA typing. All biochemically suspected C. jejuni isolates were 

confirmed by mapA PCR. FlaA typing of culturable C. jejuni isolated from the artificially 

contaminated feces confirmed the detection of the originally inoculated strain (T1). In the 
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naturally contaminated feces up to 5 different flaA types were detected (Table 1). These flaA

types showed different survival times between 120 and 144 h.  

DISCUSSION 

The results of this orientating study show that C. jejuni can survive in laying hen feces up to 6 

days when removed from the laying hen house and stored under controlled conditions in the 

laboratory. This is clearly longer than the 2 days reported by Berrang et al. (2004b) who 

investigated residues of broiler feces in transport cages stored without cleaning after transport 

using direct plating on Campy Cefex agar after dilution of the collected feces with PBS. 

Distinctly longer survival times for C. jejuni are reported for cattle manure (up to 14 days) 

(e.g. Sinton et al., 2007; Inglis et al., 2010). These large differences may be explained by 

different reasons. Sinton et al. (2007) investigated samples taken daily from cow pats 

deposited naturally on a pasture. They used Ester broth for enrichment. The “natural” 

microaerophilic milieu in the cow pads and the composition of the cattle manure and the use 

of Ester broth may have supported the survival of the bacteria. Berrang et al. (2004b) took 

samples from the transport containers and streaked out the material directly on plates. We 

used enrichment according to ISO 1173-1 (2006) which is designed to increase the probability 

of positive findings. Other factors which have an influence on the survival of Campylobacter

are ambient temperature and humidity, oxygen concentration and pH-value (Doyle and 

Roman, 1982; Hazeleger et al., 1995; De Cesare et al., 2003). In order to 

standardize the experiments, sampling and transportation procedures as well as the 

preparation of the samples in the laboratory were kept the same. Bolton broth (Humphrey, 

1989; Baylis et al., 2000) was used for dilution and enrichment for all samplings and the 

samples were stored and incubated under controlled laboratory conditions at temperatures and 
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relative humidity known as typical for laying hen houses (DIN 18910-1, 2004). The identical 

results in the two experiments may indicate that repeatable methods and conditions were used.  

The survival of C. jejuni is significantly longer in contaminated feces collected in the field 

from an infected flock (up to 6 days) compared to C. jejuni-free feces (up to 4 days) which 

were contaminated artificially in the laboratory after collection. The reason for this difference 

is not fully clear. Although the number of inoculated C. jejuni/g feces was about the same as 

typically found in shedding chickens (Whyte et al., 2001; Wagenaar et al., 2006), the recovery 

was significantly less. The survival times may be influenced by the composition of the feces 

which grossly depends on the composition of the feed stuffs (Udayamputhoor et al., 2003), on 

pharmaceutical residues (Johny et al., 2008, 2010) or on the intestine microflora (Mead, 

2002). Also the mucus membrane in the intestines of the birds is reported to have a protective 

effect on the survival of inoculated C. jejuni (Hermans et al., 2010). A genetic influence is 

also discussed as shown with Salmonella (Van Hemert et al., 2006). From a technical point of 

view, it may also be that the second mixing during the inoculation of the Campylobacter-free 

pooled feces with the bacteria solution may have led to a higher oxygenation than in the 

naturally contaminated feces which were not mixed a second time. In this regard the applied 

artificial contamination method could be further standardized. 

Nevertheless, the results underline that both artificially and naturally contaminated feces are a 

potential source of C. jejuni to infect or re-infect hens coming in contact with such excreta 

(Willis et al., 2000) and the importance of the horizontal infection pathway (Sahin et al., 

2002). Control measures with regard to Campylobacter in laying hen houses have to take in 

account that C. jejuni may survive in feces for at least 6 days. Too short service periods and 

insufficient cleaning and disinfection can leave residues of Campylobacter in the animal 

house which can infect the flock of the next production cycle. Survival times of C. jejuni in 
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feces may also be considered when laying hen manure is applied to land as fertilizer. It is 

known that manure and excreta applied to land are attractive for wild birds and insects that 

can become carriers of Campylobacter (Jones, 2001; Stanley and Jones, 2003). Already the 

stored contaminated laying hen manure on the farm should be considered as a potential source 

of infection when insects, including flies and beetles and their larvae which come into contact 

with contaminated feces, could act as carriers of Campylobacter and may enter new or 

neighboring flocks where they can be picked up by the birds (Hald et al., 2008). Entrainment 

or transmission by living or non-living vectors seems to be a general problem which has not 

yet been sufficiently considered. It is known for instance that the shorter the distance between 

the litter pile and the poultry house the significantly higher is the risk of flock infection 

(Cardinale et al., 2004; Arsenault et al., 2007). 

By flaA typing, it was shown that no other than the inoculated isolate was recovered from the 

artificially contaminated feces. Detecting always the same type in each individual fecal 

sample indicates that there were no cross-contaminations that potentially could have led to 

false positive PCR reactions. In the naturally contaminated feces 5 different flaA types were 

found which displayed different survival times. On 2 farms 2 different C. jejuni types were 

detected simultaneously. It is known that different C. jejuni types can occur in one poultry 

flock (Hook et al., 2005; Lindmark et al., 2006). This may be a consequence of different 

infection sources. The most frequent sources and vectors for Campylobacter transmission 

from feces are the clothes and boots of farm workers (Ramabu et al., 2004), transportation 

cages (Berrang et al., 2004b), poultry farm waste disposal and insects (Hald et al., 2008) 

being associated with flock colonization (Riedly et al., 2008, 2011). These multiple sources 

may be the reason for finding different flaA types in the same flock. There are some 

indications that the survival of Campylobacter is also dependent on flaA types. This was at 
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least reported by Newell et al. (2001) investigations in slaughter houses showing that the 

persistence and survival of Campylobacter on carcasses varied between strains depending on 

fla types. The risk of transmission increases when flocks of different ages are present on one 

farm (Allen et al., 2008). Therefore, cleaning and biosecurity are of crucial importance even if 

such measures can only reduce but cannot fully eliminate the risk of introduction of an 

infective agent in a flock (Van de Giessen et al., 1998). The here reported time frame of 6 

days may help to better assess the risks arising from contaminated feces and improve 

prevention schemes.  

The present study gives a limited insight into the survival of culturable C. jejuni in laying hen 

feces. More detailed investigations under different environmental conditions are necessary to 

gain a deeper understanding of the survival of C. jejuni in excreta. This should also include 

the role of the so-called non-culturable C. jejuni which are frequently addressed (Rollins and 

Colwell 1986; Tholozan et al., 1999) as the unknown source of infections. 
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TABLE 1. Survival in days and flaA typing results of C. jejuni in artificially and naturally 

contaminated feces from 6 laying hen flocks on 6 different farms  

Sampling days Sample 

no. 

Flock and 

Farm 

Type of 

contamination 1 2 3 4 5 6 7 8 9 10

flaA

types  

1 A artificially  + + + - - - - - - - T1 

1 B artificially + + + + - - - - - - T1 

1 C artificially + + + + - - - - - - T1 

1 D naturally + + + + + - - - - - T2 

1 E naturally + + + + + + - - - - T3,T4 

1 F naturally + + + + + + - - - - T5,T6 

2 A artificially + + + - - - - - - - T1 

2 B artificially + + + + - - - - - - T1 

2 C artificially + + + + - - - - - - T1 

2 D naturally + + + + + - - - - - T2 

2 E naturally + + + + + + - - - - T3,T4 

2 F naturally + + + + + + - - - - T5,T6 
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FIGURE 1. FlaA typing of C. jejuni isolated from three artificially contaminated feces of 

flocks C1. Lane 2, 3, 4 and 5: C. jejuni isolated for 4 days from flock C1. Lane 7: control 

positive, lane 8: control negative. Lane 1 and 6:100 bp DNA marker. 
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FIGURE 2. Two different C. jejuni types (T3 and T4) isolates from pooled feces of flock E1 

were culturable for 6 days. Lane 2, 4, 6, 8, 10 and 12: C. jejuni type 3 (T3) isolated at 1st, 2nd, 

3rd, 4th, 5th and 6th day, respectively. Lane 3, 5, 7, 9, 11 and 13: C. jejuni type 4 (T4) isolated 

at 1st, 2nd, 3rd, 4th, 5th and 6th day, respectively. Lane 15: control negative. Lane1 and 14:100 

bp DNA marke 
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4. CHAPTER 2 

GENETIC DIVERSITY OF CAMPYLOBACTER JEJUNI IN 

LAYING HEN FLOCKS INCREASES WITH BIRD’S AGE 
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Campylobacter jejuni in laying hen flocks 

Genetic diversity of campylobacter jejuni in laying hen flocks increases with bird’s age 
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Genetic diversity of Campylobacter jejuni in laying hen flocks increases with bird’s age 

Abstract  

Campylobacter jejuni (C. jejuni) is frequently found in laying hen flocks. Little is known 

about the genetic diversity of these strains. In 11 commercial laying hen flocks kept in aviary 

systems on 11 different farms, cloacal swab samples were taken from 30 randomly selected 

birds per flock (330 in total) between February and September of one year, 6 samplings took 

place during the cooler season (February to April) and 5 under summer conditions (July to 

September). Grown colonies of all samples were analysed by microscopy, biochemical tests 

and PCR. The identified isolates were typed by flaA typing using DdeI restriction enzymes. C. 

jejuni was found in all examined flocks. It was found that 172 out of the 330 sampled hens 

were positive from cloacal swabs. In the summer period 90 % of the samples were positive 

whereas in the winter period 27 % were positive only. The number of positive samples and 

the number of flaA types increased with the age of the hens. In the 20 weeks old flock one 

flaA type was found out of 8 isolates while 9 flaA types out of 27 isolates were detected in the 

52 weeks old flock. 61 different patterns were found in the 172 isolates. The flaA types seem 

to be flock specific because no identical types were found in different flocks. The reason for 

the observed diversity and distribution of flaA types remains unclear but may be caused either 

by mutation or by horizontal transmission from sources outside the barn. This also 

demonstrates that an aging laying hen flock represents an important reservoir of various C. 

jejuni genotypes. This diversity of flaA types could also be used in epidemiological studies for 

identifying sources from which C. jejuni isolates were emitted. 

Key words: Campylobacter jejuni, laying hens, flaA types diversity
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Abbriviations: RFLP: Restriction fragment length polymorphism, FlaA: Flagellin A gene, 

PCR: Polymeraise chain rection, C. jejuni: Campylobacter jejuni

INTRODUCTION 

Campylobacter jejuni (C. jejuni) is a microaerophilic, thermotolerant Gram negative 

bacterium which can colonize the digestive tract of humans and most warm blooded animals 

(14), preferentially of poultry (19), known to be one of the main causes of food-borne human 

infections mainly transmitted by broiler meat (8, 18). It is well known that Campylobacter is 

wide spread in broiler flocks and most birds presented for slaughter are carriers (40) 

displaying a wide range of different flaA types which is probably caused by a considerable 

genetic instability (23,  31, 33). FlaA-typing by restriction fragment length polymorphism 

(RFLP) is reported to be a rapid, reliable, sensitive and cost-effective method for typing 

Campylobacter isolates, which requires only minute amounts (<50 ng) of DNA (4, 27) and 

DdeI appears to provide the best discrimination for veterinary isolates (1). Unlike broilers, 

occurrence of C. jejuni types in commercial laying hens has not been extensively studied 

probably due to the rather low risk of vertical transmission of Campylobacter from breeder 

flocks to the progeny (5, 21) and because of the low rate of Campylobacter outbreaks 

associated with eggs (11). However, it is well known that hens and roosters can carry 

Campylobacter in feces, internal organs and in their reproductive tract (3, 13, 20, 36). A 

recent study from South Africa reports about a prevalence of 94 % of Canpylobacter spp. in 

laying hen farms (2) This means that laying hens represent quite well a possible reservoir for 

C. jejuni which can be horizontally transmitted to humans or other animals as assumed by 

Jacobs-Reitsma (17). However, little is known about the genetic diversity of C jejuni in laying 
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hen flocks and which influence the age of the birds which live much longer than broilers has 

on the diversity and distribution of C. jejuni types in this environment.  

This paper reports about the occurrence of C. jejuni in 11 commercial laying hen flocks in the 

Northern part of Germany and different types of C. jejuni at farm level using fla typing with 

DdeI restriction which provides the best discrimination for veterinary isolates (Ayling et al., 

1996). The results may give an insight in the genetic diversity of C. jejuni and may help to 

raise our understanding of the epidemiology of Campylobacter in the laying hen industry.  

MATERIAL AND METHODS 

Farms  

Samples were taken from 11 laying hen flocks (A to K) on 11 farms located in different 

geographical regions in Germany. The flocks A to F were sampled in February and April 

(winter season) while, flocks G to K were sampled in July and September 2010 (summer 

season). The flock size ranged from 1300 to 20,000 birds. The hens were about 20 to 52 

weeks old and were kept in aviary systems.  

Sample collection  

In each flock, cloacal cotton swabs were taken from 30 randomly birds from different parts of 

the hen house and streaked directly onto Campylobacter Selective Agar Base (CM0739, 

Oxoid, Germany) supplemented with modified Charcoal Cefoperazone Desoxycholate Agar 

Supplement (mCCDA Selective Supplement, SR0155E, Oxoid, Germany) and on Brilliance

CampyCount Agar (Oxoid, Germany). Thereafter, each swab was inserted in a sterile vial 

containing 9 ml Campylobacter selective enrichment broth (Bolton Broth, CM0983, Oxoid, 

Germany) supplemented with Bolton Broth Selective Supplement (SR0183E, Oxoid, 

Germany) and laked horse blood (SR0048C, Oxoid, Germany). Samples were cooled to about 
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4 °C and transported to the laboratory within maximum 3h and incubated under 

microaerophilic conditions (5 % O2, 10 % CO2 and 85 % N2) in anaerobic jars (Oxoid, 

Germany) at 42 ºC for 48 h. A sample size of 30 swabs allows detection of a 10 % prevalence 

at a level of confidence 95 % (WinEpiscope 2.0) within a flock. 

Sample analysis 

After incubation, 5 suspected Campylobacter spp. colonies from each plate were confirmed 

by observing characteristic morphology and motility using phase contrast microscopy and 

also by using a phenotype assay, which included growth patterns at various temperatures (25 

°C and 42 °C), Gram staining, catalase and oxidase reaction as well as hippurate hydrolysis. 

Initially positive isolates were further identified biochemically using API Campy test 

(BioMerieux, Germany). All C. jejuni positive isolates were stored in FBP medium (Oxoid) at 

minus 80 °C (10) until confirmed by PCR.  

DNA extraction  

Genomic DNA from the C. jejuni isolates as well as from the reference strains were extracted 

from an overnight cell cultures using peqGOLD bacterial DNA Kit (PeQlab Biotechnologie, 

Germany) following the manufacturer's instructions. The DNA concentration was determined 

by measuring the optical density at 260 nm. The extracted DNA was directly used or stored at 

minus 20 °C for later analysis. 10 µL of each extract was used as a PCR template. 

MapA gene detection  

The mapA gene was used for the identification of C. jejuni (35). The amplification reactions 

were carried out as described by Denis et al. (6) using Mastercycler (Eppendorf 

AG.Germany). The primers were synthesized by Biometra GmbH (Biometra, Germany). PCR 

amplification was conducted in a 50 µl reaction mixture by using FastStart Taq DNA 

Polymerase kit (Roche, Germany) using the following program: one initialization cycle of 
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5min at 95 °C and then was cycled 30 each times for 30 s at 95 °C, 45 s at 58 °C and 60 s at 

72 °C. The samples were terminated by a final extension step of 7 min at 72 °C and were 

maintained at 4 °C until analysed. For analysis, 10 µL of the PCR product was separated by 

electrophoresis in 1.5 % agarose gel (Application AG, Germany) containing ethidium 

bromide (1 µg/mL) at 120 V for 90 min. The gel was visualized and photographed under UV 

light (Biometra, Germany). As a control, two reference Campylobacter strains (C. jejuni

DSMZ 4688 and C. coli DSMZ 4689) from German Collection of Microorganisms and Cell 

Cultures (Braunschweig, Germany) were used.  

FlagellinA gene typing PCR-RFLP  

The positive mapA PCR isolates were further identified by the amplification of the flaA gene 

of C. jejuni isolates according to Nachamkin et al. (21, 22) with modifications. The PCR 

amplification was performed with peqGOLD Tag-DNA-Polymerase (PeQlab Biotechnologie, 

Germany) following the manufacture’s instructions. PCR was performed with the following 

cycling conditions: one incubation cycle for 1min at 94 °C and then for 30 s at 94 °C, 45 s at 

45 °C and 2 min at 72 °C for 30 cycles. The samples were terminated by a final extension step 

of 5 min at 72 °C and were maintained at 4 °C until analysed. After detection  the presence of 

expected 1.7 kb band representing the C. jejuni flaA gene by electrophoresis on a 1.5 % 

agarose gel for 1 h, the remaining PCR products were purified to have pure flaA gene using 

MinElute PCR Purification kit (QIAGEN, Germany) according to the manufacture’s 

instructions. Purified flaA gene was subjected to flaA typing using the restriction enzyme 

DdeI (Roche, Germany) following the manufacture’s instructions. The digested DNA was 

analyzed by 2.5 % agarose gel electrophoresis stained with ethidium bromide at 85 V for 3 h 

and proceeds as described above.  
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RESULTS 

In total, 61 C. jejuni types were isolated from 172 positive cloacal swabs of 11 laying hen 

flocks (Table 1). All types could be detected after streaking directly on mCCDA and 

Brilliance CampyCount Agar without enrichment. All presumptive C. jejuni types were 

identified by phenotyping, biochemical reactions and PCR. Prevalence of C. jejuni are given 

in Table (1) ranging from 27 % (flock A, youngest hens) to 90 % (flock K, oldest hens). It 

seems to be due to influences of both seasonal and age of the flock. The prevalence of C. 

jejuni was in each single flock clearly higher during summer season than in winter The flaA

types seem to be flock specific because no identical types were found in different flocks and 

the number of genotypes seems progressively to increase with the age of the birds (Table 2). 

In some flocks there are dominating genotypes such as G2, H6, I2, J1 and K3 which were found 

6, 5, 6, 8, and 7 times, representing 37.5, 26.3, 30, 30.8 and 25.9% of all isolates, respectively 

(Table 2). In other flocks (B to F) no dominating genotypes could be found. In the youngest 

flock only one genotype (A1) was detected out of 8 isolates. 

Discussion  

The presented data show that all investigated laying hen flocks were contaminated with C. 

jejuni displaying a large variety of different flaA-typing (61 genotypes in 172 positive 

samples) using cloacal swabs directly plated on mCCDA and Brilliance CampyCount Agar  . 

The prevalence within flock ranges from about 27 to 90 % which is lower than in broilers at 

slaughter age (28, 31) but clearly higher than reported by Stojanov et al (34) who isolated C. 

jejuni from cloacal swabs and cecum of laying hens with prevalences of 38 % and 71 %, 

respectively. However, Sulonen et al., (2007) found a prevalence within flock ranging from 

98 to 100 % in organic laying hens. The remarkable wide diversity of genotypes found in 

laying hen flocks in our study is not reported elsewhere to our knowledge.. This result may 
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have been influenced by the high number of C. jejuni isolates which were typed (172 positive 

samples out of 330 cloacal swabs) and the use of the sensitive flaA typing technique (27). 

Another reason could be the known genetic instability of Campylobacter spp. (12, 30 38) 

caused e.g. by hypervariable regions within the flaA-gene of C. jejuni strains (25) which may 

have generated subtypes during the laying period increasing the variety of types with 

increasing flock age. 

The increasing diversity of isolates with birds’ age may also reflect the persistence of 

Campylobacter in poultry flocks (30, 39) or the influx of C. jejuni types from neighbouring 

farms or similar sources in the environment. Transmission can occur airborne or by living 

vectors such as beetles, flies and wild birds.  

The observation that no identical types could be found on different farms supports the 

hypothesis of an in-house production of the various strains (16, 28, 32). A direct exchange of 

C. jejuni types between the investigated flocks is also unlikely because the flocks are located 

in different geographical regions without the possibility of contact or exchange. The high 

prevalence of C. jejuni observed in summer season in our study is consistent with other 

reports, which also indicate a higher prevalence of C. jejuni in poultry flocks in summer and 

autumn than in winter (9, 26, 29, 37). Elevated temperatures and high humidity seem to 

increase Campylobacter transmission and persistence within the farm environment and 

increase Campylobacter carriage in laying hens (7) supported by migratory birds, beetles, or 

rodents, whose activities are highly temperature dependent (15).  

Overall our findings confirm the role of laying hens as an important reservoir of 

Campylobacter spp. The findings in this study demonstrate that Campylobacter is indeed 

present in the laying hens with high prevalence and a high genetic diversity. The considerable 
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variation in flaA typing may be caused by the geographical spread of the farms and more 

probably by the age of the birds. 
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Table 1: Sampling time, hen’s age in weeks, C. jejuni positive samples of 30 cloacal swabs of 

11 laying hen flocks and prevalence percent 

Time of 

sampling Flock 

Hens’ age 

(week) 

Positive samples 

(n) 

Prevalence 

(%) 

February A 20 8 26,67 

February B 36 9 30,00 

March C 36 10 33,33 

March D 37 11 36,67 

April E 38 12 40,0 

April F 44 14 46,67 

Juli G 43 16 53,33 

Juli H 47 19 63,33 

August I 47 20 66,67 

August J 49 26 86,67 

September K 52 27 90,0 
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Table 2: Results of flaA typing of positive samples per laying hen flock  

Flock 

 Positive 

samples  No. flaA types flaA type detected (no. of isolates) 

A 8 1 A1(8) 

B 9 4 B1(3), B2 (2), B3 (1), B4 (3) 

C 10 4 C1(3), C2 (3), C3 (2), C4 (2) 

D 11 4 D1(4), D2 (2), D3 (3), D4 (2) 

E 12 5 E1(3), E2 (1), E3 (4), E4 (1), E5 (3) 

F 14 7 F1(3), F2 (3), F3 (1), F4 (1), F5 (2), F6 (1), F7 (3) 

G 16 5 G1(2), G2 (6), G3 (4), G4 (1), G5 (3) 

H 19 7 H1(3), H2 (1), H3 (1), H4 (3), H5 (3), H6 (5), H7 (2) 

I 20 8 I1(3), I2 (6), I3 (2), I4 (1), I5 (3), I6 (2), I7 (1). I8 (2) 

J 26 7 J1(8), J2 (2), J3 (4), J4 (3), J5 (2), J6 (4), J7 (3) 

K 27 9 K1(5), K2 (4), K3 (7), K4 (3), K5 (2), K6 (4), K7 (3), K8 (2), K9 (1) 
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5. Chapter 3 

AIR SAMPLING IN A CAMPYLOBACTER JEJUNI POSITIVE 

LAYING HEN FLOCKS 
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Air samplings in a Campylobacter jejuni positive laying hen flock 

Abstract 

The air in laying hen houses contains high concentrations of airborne bacteria. The numbers 

of these bacteria can be influenced by the efficiency of the chosen sampling method. In this 

study we compared AGI-30 Impingers and the Coriolis®µ air Sampler in terms of their 

efficiency of sampling aerobic mesophilic bacteria in a laying hen house. Measurements were 

conducted in a laying hen flock with high prevalences of C. jejuni in order to investigate if 

culturable cells of this organism can also be detected by the applied methods. Furthermore, 

airborne dust was analyzed for the presence of C. jejuni specific DNA to assess the possible 

occurrence of non-culturable C. jejuni in the animal house air. The numbers of mesophilic 

airborne bacteria ranged from 8 ×104 to 2 ×106 CFU/m-3 when sampled using AGI-30 

Impingers and from 2 ×105 to 4 ×106 CFU/m-3 when sampled using the Coriolis®µ air 

Sampler. The concentrations detected simultaneously by both devices correlated well (rPearson

= 0.755); but the Coriolis®µ air Sampler showed a significantly higher sampling efficiency (p 

< 0,001). Although, the within flock prevalence of C. jejuni was high during the experiments 

(between 70-93 %), neither of the air sampling methods could detect culturable C. jejuni from 

air. However, C. jejuni specific DNA was detected in 15 out of 18 airborne dust samples by 

mapA PCR. Based on the results, we can conclude that airborne culturable C. jejuni were not 

detectable even with an efficient air sampler because of their low concentration. Therefore, 

the risk of airborne infection to poultry workers on swallowing airborne C. jejuni seems 

negligible. Also, the transmission of culturable C. jejuni to neighboring farms by the airborne 

route is unlikely. Otherwise, the detection of airborne C. jejuni specific DNA suggest that 

non-culturable cells could appear in the animal house air, and it should be verified in future if 

sampling stress of the air sampling methods could induce the non-culturable state. 

                                                                                                                                                                               

Keywords: AGI-30 impinger, Coriolis®µ air Sampler, airborne bacteria, Campylobacter 

jejuni, laying hens 



Chapter 3 

    75

Air samplings in a Campylobacter jejuni positive laying hen flock 

INTRODUCTION 

Campylobacter jejuni (C. jejuni) is an important zoonotic agent in Europe and many other 

countries worldwide [1, 2, 3]. The bacterium causes gastrointestinal infection after 

consumption of contaminated food. Poultry meat is the main source of infections and poultry 

houses can be a reservoir of C. jejuni [4, 5]. It is suggested that horizontal transmission plays 

a major role in the spread of C. jejuni within and between poultry flocks [6]. Probable sources 

of infection include colonized birds, contaminated faeces, feed, litter, water, equipments and 

transport vehicles or even wild birds and insects [7, 8]. However, the role of airborne 

transmission is not well understood. Culturable airborne C. jejuni was isolated within and 

very close, in 30 m distance, to a broiler barn by Bull et al. [9]. The concentration of 

Campylobacter spp. remained unknown because the authors used an enrichment method for 

the detection.  Zhao et al. [10] tried to quantify culturable airborne C. jejuni with different air 

sampling techniques in an experimental room with infected broilers but the detection failed. 

On the other hand, a poultry worker was probably infected by swallowing C. jejuni containing 

aerosols [11].  Therefore, it seems necessary to assess the risk of airborne infections at 

workplaces such as poultry houses. For this assessment, it would be useful to estimate the 

concentrations of airborne culturable C. jejuni.  Unfortunately, so far there is no 

recommended air sampling technique for this purpose. A standardized method, which was 

used several times to measure concentrations of airborne culturable bacteria in poultry 

buildings, is the impingement with AGI-30 impingers [12, 13, 14]. This technique samples 

airborne microorganisms in a fluid (usually buffer or water) and allows detecting high 

microbial concentrations in animal house air [15]. If the sampling solution is filtered, the 

detection limited can be lowered to 12 cfu/m³ [16]. Using AGI-30 impingers in poultry houses 

may also deliver comparable results to former studies [17, 18]. But, the detection of airborne 

Campylobacter with AGI-30 impingers has not been successful yet [10]. Thus, we used a 

novel air sampler that recently showed a low detection limit for airborne bacteria cells 

Coriolis® � [19] and took the AGI-30 impinger as a reference method to compare the 

sampling efficiencies of the devices. Tests were conducted in a C. jejuni positive laying hen 

flock, expecting an airborne exposure to animals and man. Air samples were tested for the 
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total number of culturable mesophilic bacteria and culturable C. jejuni. Furthermore, airborne 

dust samples were taken simultaneously and analysed for the presence of C. jejuni specific 

DNA, which may indicate the occurrence of non-culturable C. jejuni cells in the animal house 

air. 

MATERIALS AND METHODS 

Sampling locations and sampling period 

Samples were taken in a forced ventilated laying hen house equipped with an aviary system 

(NATURA 60, Big Dutchman, Germany). Two thousand three hundred laying hens (breeding 

line “Silver”, Lohmann, Cuxhaven, Germany) were kept in this multilevel system with nest 

boxes at the sidewalls and a littered scratching area inside. The birds had also access to an 

outdoor scratching area (winter garden) via six openings in a sidewall. During the 

measurements, only a small number of hens (approx. 200) could be observed in this area. 

Samplings were done weekly between 10.00 am to 13.00 pm, beginning on the 14th and 

ending on the 19th week of one laying period. Air samples were taken lengthwise in the centre 

of each third of the laying hen house. The instruments were placed 1.5 m above the scratching 

area. Temperature and relative humidity (RH) were measured at the same height in the mid-

position. During the air sampling, 30 cloacal swabs were taken from randomly selected hens 

at each farm visit to estimate the within flock prevalence of C. jejuni. 

Sampling of airborne bacteria and dust 

The impingement with all-glass impingers (AGI-30; Ace Glass Inc., Vineland, NJ, USA) and 

a wet cyclone technology (Coriolis®µ Air Sampler, Bertin technologies, Montigny le 

Bretonneux, France) were used to sample airborne bacteria. At each sampling day, three 

impingers were operated simultaneously at the sampling locations for 30 min. Micro-

organisms were collected in 30 ml phosphate buffered saline (PBS). The air flow (12.5 l min-

1) through the impingers was controlled before and after the end of the sampling time with a 

flow meter 044-14G from Analyt-MTC (Müllheim, Germany). In order to compare the 

impingement with the Coriolis®µ Air Sampler, one air sample was taken with the cyclone at 

each sampling position in parallel to the impingement. The cyclone was adjusted to sample 

0.9 m3 within 3 min. Airborne bacteria were collected in Coriolis®µ cones filled with 15 ml 

PBS. 

Dust sampling was started at the same time of using the impingement. Therefore, one SKC 
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pump with an IOM sampler (SKC Inc. Eighty-Four PA, USA) was located beside each AGI-

30 impinger. The airflow of the pumps was adjusted to 2.5 l min-1. Dust was sampled for 120 

min on polycarbonate membrane filters with 0.2 µm pores (Omnilab, Gehrden, Germany).  

At each sampling day, one transport control for the impingement, one for the wet cyclone 

technology and one for the filtration method, were carried along with the air sampling. These 

controls were handled in the same way as the air samples with the exception that they were 

not exposed with air from the laying hen house. All samples were maintained at a temperature 

of 4 °C to 8 °C when transporting to the laboratory, in which the analysis of the samples 

started on the same day. 

Laboratory analysis of air samples 

Impingers and Coriolis®µ cones were shaken for 30 s at full speed with a Vortex-Genie2 

(Scientific Industries Inc., USA) and 1 ml aliquots were taken from the sampling solutions to 

prepare serial dilutions (10-1 to 10-4). Three times aliquots (0.1 ml) from the original sampling 

solution and from the dilutions were plated on blood agar base (Oxoid, Germany). The plates 

were incubated aerobically for 48 h at 36 ºC. Subsequently, the average numbers of colony 

forming units (cfu) of one dilution step with countable colonies (between 30 and 300 colonies 

per plate) were used for calculating the total culturable airborne bacteria per cubic metre [c] 

by the following equation: 

c =
cfu

Vplated aliquote ml[ ] ×
dilution factor × Vbuffer after sampling ml[ ]

Vairsample m 3[ ] (1)

For the detection of airborne C. jejuni, 0.1 ml aliquot was taken from each of the previously 

shaken impingers and Coriolis®µ cones and plated directly on mCCAD and Brilliance 

CampyCount agar (Oxoid, Germany). Then, 1 ml aliquot of each impinger and Coriolis®µ 

cone was added to 9 ml Bolton broth (Oxoid, Germany) for enrichment of C. jejuni. Finally, 

the rest of the sampling buffers were filtered thought 0.2 µm pore size cellulose nitrate filters 

(Sartorius, Germany) placed on top of mCCDA agar. The plates and enrichment broth were 

incubated under anaerobic conditions as described by Ahmed et al. [20]. 

Dust samples were analysed to detect the C. jejuni specific mapA gene by PCR. The 

polycarbonate filters were transferred from the IOM samplers to 1.5 ml Eppenndorf cups 

(Eppendorf, Germany) and stored at -20 ºC over night. Next morning, the filters were washed 

with 0.5 ml cold TE buffer (10 mM Tris PH 8.0, 1 mM EDTA- disodium salt dihydrate) and 
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vortexed for 5 min. Then the filters were removed carefully without loosing buffer. The 

remaining dust within the Eppendorf cups was centrifuged at 25.000 x g for 5 min and the 

supernatant was discarded. The dust pellets were used for the isolation of DNA with a 

QIAamp DNA stool Mini Kit (Qiagen, Germany) according to manufacturer’s instructions. 

The isolated DNA was used for the C. jejuni specific PCR as described by Ahmed et al. [20].  

Temperature and humidity measurements 

Temperature and humidity were measured during the air samplings with a thermo-hygrometer 

(Rotronic Date logger Hydrolog-D HygroClipS Temperatur/RH, Rotronic GmbH, Ettlingen, 

Germany). Values were recorded 15 min after the impingement was started. 

Prevalence of C. jejuni within a flock 

In order to estimate the prevalence of C. jejuni within a laying hen flock, 30 randomly 

selected birds were captured and investigated by cloacal swabs (EUROTUBO®, DELTALAB, 

Spain) on each farm visit. A swab obtained from one bird was streaked directly onto modified 

Charcoal Cefoperazone Desoxycholate Agar (mCCDA, Oxoid, Germany) and Brilliance 

CampyCount agar (Oxoid, Germany). Thereafter, the swab was placed in a tube with 9 ml 

Bolton Broth (Oxoid, Germany). Samples were transported to the laboratory under cooled 

conditions together with air samples. Isolation and identification of C. jejuni from swab 

samples was carried out following the method recently described by Ahmed et al. [20]. The 

prevalence of C. jejuni within a laying hen flock was estimated by the number of C. jejuni

positive hens (npos) in relation to the total number of tested hens (n = 30), as given by equation 

2.  

Prevalence (%) = npos × 100/n    (2) 

Statical analysis 

Statistical differences among the numbers of bacteria detected with the impingement and the 

Coriolis®µ Air Sampler were assessed by using the Wilcoxon sum-rank test. The correlation 

(Pearson’s correlation) among the bacteria concentrations measured with different sampling 

techniques was calculated with the SAS [21] software version 9.3 [SAS Institute Inc., Cary, 

NC, USA]. 

RESULTS 
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The concentrations of airborne mesophilic bacteria from impinger samples ranged from 8 

×104 to 2 ×106 CFU/m-3 and the concentrations from the Coriolis®µ Air Sampler varied 

between 2 ×105 and 4 ×106 CFU/m-3. No bacteria growth was observed in any of the transport 

controls. In 17 out of 18 air samples the Coriolis®µ Air Sampler showed higher bacteria 

concentrations than the AGI-30 samplers (Fig. 1). The differences between the concentrations 

of both air samplers are highly significant (p<0.001). The tendencies of the concentrations of 

the different sampling methods are very similar and show a high correlation (rPearson = 0.755). 

There was no obvious coherence between climatic factors and the average bacteria 

concentrations of both the sampling methods (Table 1). In this context, it is remarkable that 

the maximum variations of temperatures (± 3.6 °C) and humidity (±17 %) were low among 

the different sampling days. 

Culturable C. jejuni could not be detected in any of the air samples neither by direct plating 

nor by the enrichment methods. On the other hand, C. jejuni specific DNA was detected in 

airborne dust by mapA PCR at each sampling day. Table 2 shows the frequencies of detection 

at different sampling locations. Overall, C. jejuni specific DNA was detected in 15 (83%) out 

of 18 airborne dust samples. The control samples showed no positive PCR results.

The estimated prevalence of C. jejuni within a laying hen flock during the measurements 

ranged between 70 and 93 % (Fig. 2). It seems that the tendency of the prevalence increased 

from the 14th week (sampling day 1) to the 19th week (sampling day 6) of the laying period 

(Fig. 2). 

DISCUSSION 

Measurements with both applied air-sampling techniques showed a strong variation of 

bacteria concentrations (> one log step) between the 14th and 19th week of the laying period. 

Such different values of airborne bacteria were also detected with AGI-30 impingers in 

aviaries in a seasonal course by Springorum and Hartung [22]. The authors suggested that air 

exchange rates, the animal activity and the waste management are important factors having an 

impact on the concentrations of airborne microorganisms in a laying hen house. We assume 

that these factors have also affected the bacteria concentrations during our investigations. 

Interestingly, a high correlation was observed between the bacteria concentrations detected 

with different sampling methods. This indicates that probably the same factors (animal 
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activity, ventilation rate etc.) within the laying hen house have influenced the results. 

However, the concentrations measured with the Coriolis®µ Air Sampler were significantly 

higher than the concentrations detected with AGI-30 impingers. One reason for that could be 

the difference in particle sizes sampled by them from the air. The Coriolis®µ Air Sampler 

samples larger particles compared to the AGI-30 impinger. These larger particles may carry 

more bacteria than smaller particles [23, 24] which could lead to a higher bacteria 

concentration in the sampling buffer of the Coriolis®µ cones. Other reasons could be the 

sampling stress induced by the impingement and a minor loss through reaerosolization of 

particles within the cyclone [25, 26]. The reasons for these differences need to be clarified 

under laboratory conditions in future. However, due to the higher sampling efficiency of 

culturable bacteria and its lower detection limit compared to the AGI-30 impinger, the 

Coriolis®µ Air Sampler seems to be a suitable device to measure bacteria concentrations in 

the air of animal houses. It is recommended to verify this statement by conducting further 

experiments in different housing system. Also a potential impact of climatic conditions 

(temperature and relative humidity), which showed no obvious influence during our 

experiments, should be examined in more detail.  

The sampling of airborne culturable C. jejuni was not successful, although a high prevalence 

of this bacterium was observed on all sampling days. Hens are known to shed C. jejuni in 

high rates [27] and that about 2 to 8 % of airborne particles in poultry houses originate from 

faeces [28, 29, 30]. Therefore, airborne C. jejuni could be expected in the air of the laying hen 

house. Nevertheless, only C. jejuni specific DNA was detected in 83% of airborne dust 

samples. Washing and centrifugation of dust samples can lead to isolation of particular bound 

DNA (including bacteria cells) and the use of a stool kit for DNA extraction enables the 

detection of C. jejuni specific DNA in the presence of faecal particles [31, 32]. We assume 

that C. jejuni DNA detection in the air of the laying hen house refers to the presence of C. 

jejuni cells. Olsen et al. [33] arrived at the same conclusion when they detected C. jejuni

DNA in the air of broiler houses. This means that culturable airborne C. jejuni does not occur 

or occur in negligible amounts in flocks with a high prevalence. The theoretical detection 

limit of Coriolis®µ Air Sampler was 15 cfu/0.9 m3 for the enrichment method and 1 cfu/0.9 

m3 after filtration of the rest of the sampling solution. Assuming that only culturable C. jejuni

are potentially infective, it seems that there is only a limited risk for farmers, veterinarians or 
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workers in poultry houses to be infected by inhaling or swallowing C. jejuni. This is also 

supported by the findings of Berndtson et al. [34] and Chinivasagam et al. [35]. On the other 

hand, it is not known if sampling of airborne C. jejuni with the Coriolis®µ Air Sampler or 

with AGI-30 impingers may influence their culturability. Therefore the survival of airborne C. 

jejuni during the sampling with these samplers has to be investigated in suitable laboratories 

in future to exclude significant negative sampling effects. Furthermore, more samplings in 

high prevalent poultry flocks with higher sampling volumes or additives in sampling solutions 

that protect sensitive bacteria should be carried out to gain quantitative results for airborne 

culturable C. jejuni. This may confirm the assumptions about a low infection risk for persons 

by airborne C. jejuni in poultry houses and could also help to asses the risk of an airborne 

transmission between animal houses. 

CONCLUSIONS 

The Coriolis®µ promises to be a useful technique to quantify aerobic mesophilic bacteria in 

poultry houses efficiently. More investigations in different housing systems are necessary to 

confirm this hypothesis. The failure to detect culturable C. jejuni in a high prevalent laying 

hen flocks with an efficient air sampler indicates a low risk for persons to become infected by 

the airborne route. However, the role of non-culturable C. jejuni, which may occur in the 

animal house air, requires investigation in future.        
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Table 1. Amounts of mesophilic bacteria ×104 CFU/m3 (Mean±SD) at different ages of laying 

hens and under different climatic conditions in the laying hen house 

Air sampling methods Sampling no. 

(week of laying 

period) 
Impinger  Coriolis  

Temprature ºC RH % 

1 (14) 145±71 158±38 16.8 45.5 

2 (15) 32±22 52±22 13.2 32.6 

3 (16) 37±18 60±41 15.8 49.6 

4 (17) 25±24 50±28 13.9 46.6 

5 (18) 34±6 58±28 13.2 43.2 

6 (19) 87±32 233±130 14.6 46.4 
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Table 2. Detection of C.jejuni DNA isolated from airborne dust                                                             

location 
Sampling no. 

1 2 3 

1 + + + 

2 - + + 

3 + + + 

4 - - + 

5 + + + 

6 + + + 

+ = positive dust sample, - = negative dust sample 
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Fig.1: Airborne bacterial concentrations (cfu/m-3) detected simultaneously with Impingers and 

Coriolis® µ Air Sampler on 6 different sampling days  
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6. Chapter 4 

Occurrence of Campylobacter jejuni in laying hens environments

SUMMARY 

Campylobacter spp. are frequently found not only in broilers meat but also in laying hens. 

The main source of infection for humans is poultry and its products. It can be transmitted 

within or between poultry flocks e.g. through feed, water, wild birds or rodents. Little is 

known about the transmission by air. This paper was focused on the detection of 

Cambylobacter jejuni in the air of colonized laying hen flocks by plate count culture and PCR 

analysis.  Air samples were collected with five bioaerosol sampling techniques in five 

different laying hen flocks. Impingement (AGI-30), wet cyclone-technology (Coriolis® µ 

sampler), sedimentation (settled plate method), impaction (KS 102) and air filtration (IOM 

sampler) were applied. Three consecutive samplings were conducted in each animal house. 

Furthermore, 30 cloacal swabs and one pooled litter sample were taken from each flock to 

confirm colonization of hens and contamination of the animal houses. Isolation of C. jejuni 

was carried out by microaerophilic incubation on selective media. Presumptive isolates were 

confirmed by mapA PCR. Moreover, the mapA PCR was used to detect C. jejuni in the 

airborne dust of filter samples. The results show that culturable C. jejuni could not be found in 

any of the air samples. However, C. jejuni DNA was detected in three out of five flocks in 

airborne dust by PCR. Furthermore, C. jejuni was isolated from cloacal swabs and pooled 

litter samples from all investigated laying hen flocks. The number of positive cloacal swabs 

ranged from 9 to 20 indicating a high prevalence within flock. It is assumed that desiccation 

or the relatively high oxygen concentration in normal ambient air may have stressed the cells 

during sampling and processing. Future research should include investigations on the 

influence of air sampling methods on the survival of airborne C. jejuni in order to improve the 

risk assessment of airborne transmission of these micro-organisms. 

Key words: Laying hens, bioaerosol sampling, C. jejuni, DNA 
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INTRODUCTION

Campylobacteriosis is the most commonly reported gastrointestinal bacterial pathogen in 

human world wide (EFSA, 2010a). The European Food Safety Authority (EFSA) in 2008 

reported that Campylobacter was the most commonly reported gastrointestinal bacterial 

pathogen in humans in EU (EFSA, 2010a). Campylobacter are widely present in nature and

colonize the alimentary tracts of most warm blooded animals and humans (Newell and 

Fearnley, 2003). However, poultry intestine is the most preferential environment for 

Campylobacter which colonized with high levels and usually the whole flock is colonized 

shortly after infection occure (Stern et al., 2001). Therefore, poultry meat is the main source 

of infections and poultry houses can be a reservoir for C. jejuni (Atanassova and Ring, 1999; 

Wingstrand et al., 2006). According to EFSA, 50 % to 80 % of human campylobacteriosis 

may be attributed to the chicken reservoir as a whole while, handling, preparation and 

consumption of broiler meat may account for 20 % to 30 % of human cases of 

campylobacteriosis (EFSA 2010b).  

Horizontal transmission was suggested to plays a major rule in the spread of C. jejuni within 

and between poultry flocks (Sahin et al., 2002). Probable sources of infection include 

colonized birds, contaminated faeces, feed, litter, water, equipments and transport vehicles or 

even wild birds and insects (Shanker et al., 1990; Berrang et al., 2004). However, the role of 

airborne transmission is not well understood. Meanwhile, Campylobacter can be isolated 

from air of the broiler house (Patriarchi et al. 2009; O'mahony et al., 2011) and in some cases 

up to 30m downwind of the broiler house (Bull et al. 2006; Hansson et al. 2007). Despite 

other studies failed to isolate culurable Campylobacter from dust of chicken houses (Saleha, 

2004; Olsen et al. 2009).  

In contrast to broilers, occurrence of C. jejuni in laying hens had not been widely studied in 

the past (Greig and Ravel, 2009). However, recent research reveals the presence of 

Campylobacter spp. in internal organs, faeces and eggs of commercial laying hens (Cox et al., 

2009; Jacobs-Reitsma, 2000). That means, from the hygienic point of view, that laying hens 

can contaminate their own farm environment, other farms (through air, contaminated litter 

and faeces) during the laying period and later other carcasses at slaughter. To our knowledge, 

no studies have been carried out on the role of the laying hens in Campylobacter transmission 

within or between poultry flocks. Therefore, investigations were carried out in order to 
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estimate the occurrence/genotypes of airborn C. jejuni and to identify the colonization level of 

C. jejuni in laying hens and litter as well as the role of laying hens in transmission of 

Campylobacter in poultry. 

MATERIAL AND METHODS 

Sampling location 

Samples were taken from 5 different laying hen flocks (denoted as flocks 1, 2, 3, 4 and 5) 

kept in multilevel system with nest boxes at the sidewall and a littered scratching area inside. 

The Flock sizes ranged from 2000 to 10,000 birds per flock. The birds were about 20 to 42 

weeks old. Air samples were taken lengthwise in the centre of each third of the bird house. 

The instruments were placed 1.5 m above the scratching area. Temperature and relative 

humidity (RH) were measured at the same height in the mid-position. During the air sampling 

30 cloacal swabs were taken from randomly selected hens at each farm. 

Sampling of airborne Campylobacter and dust 

Air samples were collected with 5 bioaerosol sampling techniques for cultivation of live 

airborne C.  jejuni or their DNA from airborne dust. The impingement with all-glass 

impingers (AGI-30; Ace Glass Inc., Vineland, NJ, USA), wet cyclone technology (Coriolis®µ 

Air Sampler, Bertin technologies, Montigny le Bretonneux, France), impaction KS 102 

(Merck) and sedimentation (settled plate method) were used to sample airborne C. jejuni. At 

each day of sampling, 3 impingers were operated simultaneously at the sampling locations for 

30 min. Micro-organisms were collected in 30 ml phosphate buffered saline (PBS). The air 

flow (12.5 l min-1) through the impingers was controlled before and after the end of the 

sampling time with a flow meter 044-14G of Analyt-MTC (Müllheim, Germany). 

Furthermore, one air sample was taken with the Coriolis®µ Air Sampler at each sampling 

position in parallel to the impingement. The cyclone was adjusted to sample 0.9 m3 within 3 

min. Airborne bacteria were collected in Coriolis®µ cones filled with 15 ml PBS. For 

sedimentation 3 modified Charcoal Cefoperazone Desoxycholate Agar plates (mCCDA, 

Oxoid, Germany) were opened for 30 min at each sampling location. The air collected by 

impactor KS 102 (Merck) using mCCDA at flow rate of 100 l/min for 10 min. Dust sampling 

was started at the same time of using the impingement. Therefore, one SKC pump with an 

IOM sampler (SKC Inc. Eighty-Four PA, USA) was located beside each AGI-30. The airflow 

of the pumps was adjusted to 2.5 l min-1. Dust was sampled for 120 min on polycarbonate 



Chapter 4 

93

membrane filters with 0.2 µm pores (Omnilab, Gehrden, Germany).  

At each sampling day, one transport control for the impingement, one for the wet cyclone 

technology, one mCCDA plate for sedimentation and impaction methods and one for the 

filtration method were carried along with the air samples. These controls were handled in the 

same way as the air samples with the exception that they were not exposed with air from the 

birds’ house. All samples were transported at 4 °C to 8 °C to the laboratory in which the 

analysis of the samples started at the same day. 

Laboratory analysis of air samples 

Impingers and Coriolis®µ cones were shaken for 30s at full speed with a Vortex-Genie2 

(Scientific Industries Inc., USA) and 0.1 ml aliquots were taken and plated directly on 

mCCAD and Brilliance CampyCount agar (Oxoid, Germany). Hereafter, 1 ml aliquots of 

each impinger and Coriolis®µ cone were added to 9 ml Bolton broth (Oxoid, Germany) for 

enrichment of C. jejuni. Finally, the rest of the sampling buffers were filtrated through 0.2 µm 

pore size cellulose nitrate filter (Sartorius, Germany) and the filters were placed on mCCDA 

plates. The plates and enrichment broth were incubated at 42 °C for 48 hrs under 

microaerophilic conditions. Using impaction and sedimentation, the samples collected on the 

mCCDA agar medium were incubated directly at the laboratory at microaerophilic conditions. 

Dust samples were analysed to detect the C. jejuni specific mapA gene by PCR. The 

polycarbonate filters were transferred from the IOM samplers to 1.5 ml Eppenndorf cups and 

stored at -20 ºC over night. The next morning filters were washed with 0.5 ml cold TE buffer 

(10 mM Tris PH 8.0, 1 mM EDTA- disodium salt dihydrate) and vortexed for 5 min. Then the 

filters were removed carefully without loosing buffer. The remaining dust within the 

Eppendorf cups was centrifuged at 25.000 xg for 5 min and the supernatant was discarded. 

The dust pellets were used for the isolation of DNA with a QIAamp DNA stool Mini Kit 

(Qiagen, Germany) according to manufacturer’s instructions. The isolated DNA was used for 

the C. jejuni specific PCR as described by Ahmed et al. (2012). 

Prevalence of C. jejuni within a flock  

In order to estimate the prevalence of C. jejuni within a flock, 30 randomly selected birds 

were captured and investigated by cloacal swabs (EUROTUBO®, DELTALAB, Spain) at 

each farm visit. Each swab was streaked directly onto mCCDA and Brilliance CampyCount 

agar. Thereafter, the swabs were placed in a tube with 9 ml Bolton broth. Samples were 
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transported to the laboratory under cooled conditions together with air samples. Isolation and 

identification of C. jejuni from swab samples were carried out as described by Ahmed et al. 

(2012). The prevalence of C. jejuni (equation 1) within a flock was estimated by the number 

of positive hens (npos) in relation to the number of tested hens (n = 30).  

Prevalence (%) = npos × 100/n    (1) 

Environmental samples 

In each flock, 50 litter samples were collected from random locations inside the bran at the 

depth of 40 mm and pooled in 5 samples (10 litter samples/pool). Additionally, 5 dust 

samples (collected from various locations inside the houses and pooled into 5 samples of 

approximately 10 g each). Samples were transported to the laboratory under cooled conditions 

together with air samples for same day analysis according to ISO 10272-1:2006. After 

incubation, 1 to 5 suspected Campylobacter spp. colonies from each plate were confirmed by 

microscopic observation of characteristic spiral shape and corkscrew-like motility using wet 

mount microscopical exmination. Pure cultures were then tested for Gram Staining, hippurate 

hydrolysis (1 % hippurate solution and ninhydrin reagent), catalase test (3 % H2O2), oxidase 

test. In order to test their ability to grow in airand at low temperature, the colonies were 

streaked out onto blood plates (with 5 % bovine blood) and incubated aerobically at 42 °C for 

up to three daysand anaerobicaly at 25 °C, respectively. Initially positive isolates were further 

identified biochemically using API Campy test (BioMerieux, Germany). All C. jejuni positive 

isolates were stored in FBP medium at -80 °C (Gorman and Adley, 2004) until confirmation 

by mapA PCR according to Ahmed et al. (2012).  

Temperature and humidity measurements 

Temperature and humidity were measured during the air samplings with a thermo-hygrometer 

(Rotronic Date logger Hydrolog-D HygroClipS Temperatur/RH, Rotronic GmbH, Ettlingen, 

Germany). Values were recorded 15 min after the impingement was started. 

   

RESULTS 

Culturable C. jejuni could not have been detected in any of the air samples neither by direct 

plating nor by filtration of sampling solutions and even nor by the enrichment method (Table 

1). However, C. jejuni specific DNA was detected in airborne dust by mapA PCR in 3 flocks 

(flock 2, 3 and 5). Figure 2 shows the frequencies of detection at the different sampling 
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locations. Overall in 7 out of 15 airborne dust samples C. jejuni specific DNA was detected. 

The control samples showed no positive PCR results. All five flocks were found to be 

colonized with C. jejuni (Table. 2). The estimated prevalence of C. jejuni within a flock 

during the measurements ranged between 27 and 60 % (Fig. 2). Furthermore, C. jejuni was 

isolated from pooled litter of 4 flocks (flocks 2, 3, 4 and 5). However, culturable C. jejuni was 

isolated from dust of 2 flocks (flock 3 and 5). It seems that the tendency of the prevalence 

increased by increasing the hens numbers as well as the hens age (Fig. 2). 

DISCUSSION

Many studies on the prevalence and epidemiology of Campylobacter in broilers and poultry 

meat products have been realised as the fresh poultry meat is considered being a common 

source for Campylobacteriosis in humans (EFSA, 2010a). However, laying hens have not 

been seen as a major vehicle of foodborne Campylobacter due to low incidence of 

Campylobacter isolation from eggs (EFSA, 2010b). This study was done to give insight to 

laying hens and their environment as a reservoir for C. jejuni which may allow its 

transmission to neighbouring broiler farms. Our attempts to cultivate culturable airborne 

Campylobacter from the different areas in the laying hen house failed, despite the relatively 

high levels isolated from hens, litter and dust. Campylobacter is very sensitive to drying 

(Murphy et al., 2006) and thus would be a poor survivor in the air environment. Hens shed C. 

jejuni in high rates (Cawthraw et al., 1996) and it is known that e.g. 2 to 8 % of airborne 

particles in poultry houses originate from faeces (Seedrof, 2004; Cambra-López et al., 2011). 

The detection rate of C. jejuni specific DNA in airborne dust was 47 %. We assume that C. 

jejuni DNA detection in the air of the poultry house is referring on the presence of C.  jejuni

cells. Olsen et al. (2009) came suggested the same conclusion when they detected C. jejuni

DNA in the air of broiler houses. This means that culturable airborne C. jejuni does not occur 

or occur in negligible amounts even in flocks with a high prevalence. This study shows that 

all 5 investigated flocks were tested positive for C. jejuni. The isolation rate of C. jejuni from 

laying hens cloacal swabs was ranging from 27-60%. This finding was in accordance with 

other studies performed on laying hens, the positive samples from cloacal swabs and caeca 

were 26 % and 54 %, respectively (Müller et al., 2011). Whereas, Campylobacter isolation 

rate from ceaca was reaching up to 73 % (COX et al., 2009). This wide variation of 
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colonisation was usually explained by age and immunity of the bird or different biosecurity 

levels on the farms.  In a previous study, only 2 litter samples was Campylobacter positive 

from 20 broiler litter examined (Pokamunski et al., 1986). However, in this study C. jejuni

was isolated from litter of flocks 2, 3, 4 and 5, which was detected as well by (Chinivasagam, 

et al., 2009). Saleha (2004) failed to isolate Campylobacter from dust from a total of 

19 Malaysian chicken houses. However, in our study we found culturable C. jejuni in dust 

samples of 2 farms. The incidence of C. jejuni presence in poultry flock generally increases 

with age and the number of birds in the flock (Jones et al., 1991, Colles et al., 2011). 

In conclusion, the results show that there seems to be a relatively high prevalence of C. jejuni

in laying hens, litter and dust. Therefore, laying hens and their environment have to be 

regarded as considerable sources of Campylobacter for both animal and man. There is a need 

for more and careful investigations on the occurrence and persistence of Campylobacter spp. 

in laying hens and their environment in order to increase our understanding about the 

reservoirs and transmission pathways of Campylobacter.  
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Table 1. Number of C. jejuni positive air samples collected using 5 air sampling methods in 5 

laying hens flocks 

Flock Air sampling method Detection method No. of C. jejuni positive air 

samples/no. of tested samples 

1 AGI-30, CS, SPM, IKS conventional 0/12 

 IOM mapA PCR 0/3 

2 AGI-30, CS, SPM, IKS conventional 0/12 

 IOM mapA PCR  2/3 

3 AGI-30, CS, SPM, IKS conventional 0/12 

 IOM mapA PCR 2/3 

4 AGI-30, CS, SPM, IKS conventional 0/12 

 IOM mapA PCR 0/3 

5 AGI-30, CS, SPM, IKS conventional 0/12 

 IOM mapA PCR 3/3 

AGI-3o: All glass impinger 30, CS: Coriolis µ sampler, SPM: sedimentation plate method, 

IKS: Impactor KS 102 and IOM:  Filtration using polycarbonate filter 



Chapter 4 

101

Table 2. Distribution of positive samples (cloacal swabs, litter and dust) in 5 laying hens 

flocks in relation to number of birds per flock and bird’s age 

Flock No. No. of bird/flock Birds age 

(weeks) 

Positive cloacal 

swabs (n=30) 

Positive pooled 

litter (n=5) 

Positive pooled 

dust (n=5) 

1 1500 20 8 0 0 

2 1900 36 9 3 0 

3 5000 43 14 4 2 

4 7000 44 16 2 0 

5 10000 47 18 5 3 
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Fig 1. Distribution of positive C. jejuni DNA isolated from airborne dust collected on 

polycarbonate filters in flocks 2, 3 and 5 
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Fig. 2.  Prevalance (%) of C. jejuni isolated from of 30 cloacal swabs, 5 pooled litter and 5 

pooled dust samples isolated from 5 laying hen flocks  
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7. Chapter 5

INTRACELLULAR ATP CONTENT OF CULTURABLE, 

DORMANT AND DEAD CAMPYLOBACTER JEJUNI

(Under preparation) 
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7. Chapter 5 (Under preparation)

Intracellular ATP content of culturable, dormant and dead Campylobacter jejuni

M. Ahmed1,2, J. Schulz1, J. Hartung1

1Institue of Animal Hygiene, Animal Welfare and Farm Animal Behaviour, 

University of Veterinary Medicine Hannover, Foundation, Germany 
2Departement of Animal Hygiene and Zoonoses, Faculty of Veterinary Medicine,  

Mansoura University, Mansoura, Egypt 

Abstract 

ATP is the most important energy carrier in living cells. Its intracellular concentration 

depends on the cell’s physiological activity. Therefore the intracellular ATP concentration 

may be a useful physiological parameter to distinguish between culturable, dormant and dead 

bacteria cells. In this paper the ATP concentrations of four Campylobacter jejuni (C. jejuni)

isolates and of one C. jejuni reference strain were measured by a bioluminescence assay in 

culturable, dormat and dead cells over a period of 9 days. Dead cells were produced by using 

a high dosage of uv-c irradiation (5845 J/m²). In these cells ATP decreased from 2.3 to 0.3 ag 

ATP/cell, 30 minutes after irradiation. In contrast the ATP concentrations in the non-

irradiated cell fractions of the same cultures did not change significantly within the first 24 

hours. However, the ATP concentration of the non-irradiated cells decreased with an 

increasing time of storage and the ATP cell content correlated very well with the declining 

number of colony forming units (rPearson = 0.95). After nine days the non-irradiated cells 

reached a dormant (non-culturable) state in which they showed active membrane integrity by 

an efflux of propidium iodide and enzyme activity by using a commercial oxidase test. In this 

state the intracellular ATP concentrations of all tested isolates and the reference strain were 

not significantly different from those of dead cells. We conclude that the detection of 

intracellular ATP concentration may be useful to describe the activity of culturable C. jejuni

cells but it seems not useful to distinguish between dormant and dead cells. The meaning of 

the dormant state of C. jejuni cells is controversy discussed but remains unclear. Future 

studies are necessary to clarify if the dormant state is only a step on the way to cell death or if 

cells could regain their ability to replicate or even to infect animals or humans. Such findings 

would be of high interest concerning the epidemiology of C. jejuni.
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8. GENERAL DISCUSSION 

Campylobacter spp. are microaerophilic, thermotolerant Gram negative bacteria which can 

colonize the digestive tract of humans and most warm blooded animals (HUMPHREY et al., 

2007), preferentially of poultry (MOORE et al., 2005). Particularly Campylobacter jejuni (C. 

jejuni) is known to be one of the main causes of food-borne human infections mainly 

transmitted by broiler meat (BUTZLER 2004; KEENER et al. 2004; EFSA (BIOHAZ) 2010).

It is well known that Campylobacter is wide spread in broiler flocks and most birds presented 

for slaughter are carriers (WINGSTRAND et al. 2006) displaying a wide range of different 

flaA types which is probably caused by a considerable genetic instability of C. jejuni

(SIEMER et al. 2004; RIVOAL et al. 2005). 

Control measures to decrease the prevalence of Campylobacter in broiler flocks are 

concentrating on hygienic measures in the animal house such as removing manure, cleaning, 

disinfecting, fighting flies and beetles and avoid intrusion of wild birds which can be carriers. 

It is generally agreed that horizontal transmission of Campylobacter spp. from the 

surrounding environment into broiler houses is the major risk (JACOBS-REITSMA et al. 

1995; VAN DE GIESSEN et al. 1998) compared to the vertical transmission from breeder 

flocks to production.  

Unlike broilers, occurrence of Campylobacter spp. and C. jejuni types in commercial laying 

hens has not been extensively studied probably due to the apparent rather low risk of vertical 

transmission of Campylobacter from breeder flocks to the progeny (NEWELL and 

WAGENAAR 2000; COX et al. 2009) and because of the low rate of Campylobacter

outbreaks associated with eggs (GREIG and RAVEL 2009), even with eggs from 

Campylobacter positive layer flocks (DIPINETO et al. 2011). On the other hand it is well 

documented that laying hens can carry Campylobacter spp. in feces, internal organs and in 

their reproductive tract (DOYLE 1984; BUHR et al. 2002; HIETT et al. 2003; CAMARDA et 

al. 2000, SULONEN et al. 2007; MÜLLER et al. 2011), and a recent study from South Africa 

reports about a prevalence of 94 % of C. jejuni in laying hen farms (BESTER and ESSACK 

2012). This means that laying hen housing systems represent quite well a possible reservoir 

and source of C. jejuni which can be easily horizontally transmitted to humans or other 

animals by way of the exhaust air or insectzs and rodents or direct contact .as assumed by 

JACOBS-REITSMA (1997).  
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Therefore, it seems necessary to consider laying hens as a potential risk factor in horizontal 

transmission of Campylobacter spp. and particularly of C. jejuni and to carry out research in 

order to better understand and estimate the risks arising from laying hen production.systems 

for the spread of Campylobacter in the environment. 

8.1. Laying hens faeces, litter and dust as a source of C. jejuni 

Large numbers of C. jejuni are excreted with the poultry faeces reaching 108 CFU/g faeces 

(STERN and ROBACH 2003). The survival time of Campylobacter in animal faeces differs 

and depends on environmental conditions. Survival times upt to two days are reported by 

BERRANG et al. (2004) who investigated residues of broiler faeces in transport cages stored 

without cleaning after transport using direct plating on Campy Cefex agar after dilution of the 

collected feces in PBS. C. jejuni in faeces of geese were able to survive in Canada between 2 

and 7 days depending on the season (in winter longer survival than in summer) when applied 

to pasture. Distinctly longer survival times for C. jejuni are reported for cattle manure (up to 

14 days) (SINTON et al. 2007; INGLIS et al. 2010). Own findings (see Chapter 1) show that 

C. jejuni can survive in naturally contaminated freshly excreted laying hen faeces up to six 

days when removed from the laying hen house and stored under controlled conditions in the 

laboratory. In artificially inoculated fresh faeces C. jejuni could be detected up to 4 days only. 

This persistence of C. jejuni in faeces is seen as a main reason for high infectivity rates within 

and between flocks when innocent birds come in contact with these contaminated faeces 

(WILLIS et al. 2000) and it shows the high potential of the horizontal infection pathway 

(SAHIN et al. 2002). Long survival times of C. jejuni in faeces increase the risk of 

environmental contamination in and around the colonized flock and for both nearby animals 

and humans getting in contact with the contaminated faeces. Moreover, survival times of C. 

jejuni in faeces should also be considered when contaminated laying hen manure is applied to 

land as fertilizer. The manure attracts easily wild birds and insects that can become colonised 

or contaminated and can serve as carriers and vectors (JONES 2001; STANLEY and JONES 

2003).  

Litter can also serve as reservoir (CHINIVASAGAM et al., 2009) of C. jejuni (see Chapter 4) 

and could be isolated in pooled litter samples from 4 out of 5 different laying hens flocks. 

However, the detection rate of C. jejuni in litter depends very much on the dryness of the 
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material. POKAMUNSKI et al. (1986) found only 2 positive litter samples out of 20, and it is 

well accepted that dry and aerobic conditions and clean fresh litter are considered harmful to 

C. jejuni (NEWELL and FEARNLEY 2003). On the other hand, litter can be soiled and wet 

by poultry faecal droppings which favour pathogen transmission through the flock 

(GREGORY et al. 1997; VANDEPLAS et al. 2010). Litter with a high relative humidity 

prolongs the infective period of C. jejuni (LINE 2006). Additionally, contaminated litter 

spread over the land can scatter the microorganism in the environment. The risk of flock 

infection may increase 5-fold, if the distance between the stacked used litter and the poultry 

house is less than 200 meters (CARDINALE et al. 2004; ARSENAULT et al. 2007).  

There are not many investigations on the survival of Campylobacter in dust although dust is 

known as an important carrier of bacteria (HARTUNG 1997). 90% of animal house dust 

consists of organic matter which originates from feed, the animals themselves, litter and dryed 

and aerolised execreta particles (HARTUNG and SCHULZ 2008). It is assumed that about 2 

to 8 % of airborne particles in poultry houses can originate from faeces (SEEDORF 2004; 

CAMBRA-LÓPEZ et al. 2011). But C. jejuni cannot always be found in dust samples. 

SALEHA (2004) failed to isolate Campylobacter from dust from a total of 19 Campylobacter 

positive Malaysian chicken houses. The reasons are not very clear but possibly humidity may 

have played a role. In principle, when the relative humidity of the air inside of a laying hen 

house exceeds 75% bacteria including C. jejuni find better conditions to survive on dust 

particles (THIELE and POTTGÜTER 2008).. This was recently confirmed for broiler houses 

with higher relative humidity (ISHIHARA et al. 2012).

8.2. Isolation of C. jejuni from laying hen house air by bioaerosol sampler for mesophilic 

bacteria  

When discussing horizontal transmission of C. jejuni it is necessary to have methods available 

by which the bacteria can be collected from air. Several sampling principles can be used such 

as sedimentation, impaction, filtration or impingement. The advantages and disadvantages of 

the different methods are discussed in HARTUNG and WHYTE (1994). For the isolation of 

C. jejuni five different methods were tested but only impingement and the newly designed 

Coriolis sampler met the prerequsits for a successful sampling of bacteria.  
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When measuring the “total bacteria count” in air both methods were successful. However, the 

bacteria concentrations measured with the Coriolis®µ Air Sampler were significantly higher 

than the concentrations detected with the AGI-30 impinger. One reason for that could be due 

to the difference in particle sizes sampled from air. The Coriolis®µ Air Sampler collect larger 

particles compared to the AGI-30 impinger. These larger particles can carry more bacteria 

than smaller particles (CARVALHO et al. 2008) which lead to a higher bacteria concentration 

in the sampling buffer of the Coriolis®µ cones. Another reason could be due to the sampling 

stress induced by impingement and a minor loss through reaerosolization of particles within 

the cyclone of the Coriolis®µ Air Sampler (WILLEKE et al. 1998; GUPTE et al. 2003). Both 

air sampling techniques were able to demonstrate the strong variations of bacteria 

concentrations which happen in laying hen houses (SPRINGORUM and HARTUNG 2009). 

Ventilation rate, animal activity and the waste management are important factors which have 

a considerable impact on the concentration of airborne microorganisms in the air of a laying 

hen house. Nevertheless it was difficult to detect C. jejuni in spite of a high shedding laying 

hen flock (CAWTHRAW et al. 1996) and of efficient and careful sampling. The used 

methods were not successful in sampling culturable C. jejuni from the laying house air 

although cloacal swabs, as well as litter and dust samples had indicated a relatively high 

Campylobacter prevalence (chapters 3 and 4).  

However, there are some few reports in the literature of successful samplings. BULL et al. 

(2006) were able to isolate C. jejuni from air, both in a broiler house and in the abient air of 

that house. Also PATRIARCHI et al. (2009) found C. jejuni in 2 out of 18 air samples taken 

in poultry houses. In contrast, ZHAO et al. (2011) failed to recover culturable airborne C. 

jejuni with different air sampling techniques in an experimental room with infected broilers. 

However, they were able to isolate C. jejuni specific DNA in 47 and 83 % of airborne dust 

samples collected from 5 different laying hen flocks by extracting the DNA with special kits 

(SCHULZ et al. 2005; KERSH et al. 2010). Similar results were reported by OLSEN et al. 

(2009) from investigating broiler houses. It seems that culturable airborne C. jejuni are 

probably not in high amounts present in an airborne state and the sampling methods impair 

their viability resulting in vague or low detection rates. The detection of the DNA gives 

however a strong hint that C. jejuni had been present in the animal house.  
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8.3. Prevelance and genetic diverisity of C. jejuni in laying hens flocks 

The prevalence of C. jejuni in laying hens flocks identified in this study ranged from 27 to 93 

% (chapters 2, 3 and 4) which is similar to a study of STOJANOV et al. (2007) who detected 

Campylobacter spp. in laying hens with a prevalence between 38 and 71%. In a recent study 

on laying hen farms in South Africa a high constant prevalence of 94 % of C. jejuni (BESTER 

and ESSACK 2012). In another study conducted on organic laying hens in Finland a 

prevalence of 100 % and 98 % of C. jejuni in autumn and spring was observed (SULONEN et 

al. 2007). Similar results were reported by DOYLE (1984) who found C. jejuni in laying hens 

with 70 % prevalence.  

The prevalence of C. jejuni found in our study (chapter 2) was seasonal dependent, which was 

the highest during summer months (reaching 90 %) and the lowest in winter (27 %). This 

seasonal flactuation in prevalence was also observed by DIPINETO et al. (2011) but with a 

smaller difference between summer and winter. This smaller difference may have been 

influenced by the time of sampling which was earlier in winter (November) and earlier in 

summer (May to Juni) compared to our sampling times, February to April and July to 

September, respectively. The ambient temperature seems to play a decisive role for the 

survival of Campylobacter and the transmission and persistence viable strains in the farm 

environment. The activity of other vectors like migratory birds, beetles, flies, or rodents are , 

also highly temperature dependent (JACOBS-REITSMA et al. 1994; HALD et al. 2004).  

The prevalence of C. jejuni increased with birds’ age (chapters 2, 3 and 4). Similar results 

were observed by COLLES et al. (2011).  

The investigated laying hen flocks in chapter 2 display a large variety of different C. jejuni

flaA-typing (61 genotypes in 172 positive samples). This is in principle consistent with results 

obtained in broiler and laying hen production systems (RIVOAL et al. 2005; MÜLLER et al. 

2011). However, none of them found such a wide variety of genotypes as in our study. This 

greater variety and diversity of genotypes may be either due to the high number of C. jejuni

isolates which were investigated (172 positive samples out of 330 cloacal swabs) or due to the 

use of the sensitive PCR-RFLP (DedI) technique (AYLING et al. 1996). The reason for the 

increasing variety of strains with the age of the birds is not fully clear (COLLES et al. 2011). 

One component may be that hypervariable regions around the fla-genes have triggered 
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mutations (PARKHILL et al. 2000) which may be likely when taking the known genetic 

instability of Campylobacter spp. (RIDLEY et al. 2008) into account which may led to the 

variety of strains with increasing the flocks’ age.  

8.4. Metabolic avtivity of irradiated and unirradiated C. jejuni

C. jejuni are very sensitive to environmental influences. When excreted in the environment, 

Campylobacter adapt its physiology and morphology to be able to survive. For example, 

longer storage or nutrient starvation leads to a change of the cell shape from spiral to coccoid. 

Presently it is not clear whether the coccoid and non culturable form is a degenerative state 

(BOUCHER et al. 1994; HAZELEGER et al. 1994 and ZIPRIN et.al. 2003a) or a dormant 

state that allows the organism to restore culturability when favourable conditions are 

encountered. It is not known if the dormant state plays a role in C. jejuni infection (ROLLINS 

and COLWELL 1986; THOLOZAN et al. 1999 and KLANCNIK et al. 2009). Therefore, 

more than one criterion must be taken into account for considering the viability of 

nonculturable cells (MCDOUGALD et al. 1998).  

The non irradiated cells during the storage period showed no loss in metabolic activity 

measured by fluorescent staining but the culturability decreased over the time and they were 

unable to form colonies after 216 h of storage. The gradual decrease in culturability in stored 

solution as measured by CAB plate counts was comparable with COOLS et al. (2005).  

The metabolic activity of non irradiated cells measured by ATP concentration is at the 

average 5 times higher at the beginning of storage period in comparison to irradiated cells, but 

it drops down close to irradiated cells at end of storage periods. Interestingly, the ATP 

concentration of total unirradiated cells of C. jejuni showed a good correlation to the number 

of colony forming units (0.78). Which may signify that the decrease in metabolic activity 

(ATP concentration in cells) may lead to nonculturable cell formation, this result was in 

accordance with previously published study of DUNCAN et al. (1994) who found that 

culturable cell concentrations decreases in parallel with luminescence for Vibrio harveyi and 

E. coli. A metabolic activity of cells in the non culturable state could not be observed by 

measuring of ATP cell concentrations.  

The total number of irradiated cells observed under microscope which does not show any 

viability and no growth any more because they are dead. The numbers of viable cells in 



General discussion 

112

drinking water, as determined by SPC, remained at their initial levels for all strains during the 

time of the experiment (COOLS et. al. 2005). 

Starvation and Exposure of cells to one or more environmental stress resulted in a regular 

decline in colony forming units. However during this period of decline, the total cell counts 

generally remain fairly constant (OLIVER 2005). 

ATP levels which decline rapidly in dead cells have been found to remain high in 

nonculturable cells (BEUMER et al. 1992; FEDERIGHI et al. 1998). The formation of 

coccoid cells paralled a decrease in the number of CFU per millilitre and culturable cells were 

not detected when suspension was comprised of coccoid cells (HUDOCK et al. 2005).  

C. jejuni and other Campylobacter (HÖLLER et al. 1998) cells became spheroid more quickly 

when kept at room temperature. In previous studies, the transition to nonculturable cells was

assumed to be associated with a morphological change from spiral to coccal shape 

(BOUCHER et al. 1994, MEDEMA et al. 1992). However, LAZARO et al. (1999) did not 

support this assumption. The transition to coccoid form was not always related to the decrease 

of culturability, as loss of culturability occurred when only a third of the cells were coccoid 

forms. The total cell counts of these three Campylobacter strains were constant throughout the 

4-h incubation time. The culturability of cells could not be observed on the spread blood agar 

plate after 1-2 h under acid conditions according to strain. The numbers of viable cells of the 

three strains decreased slightly over time (CHAVEERACH et al. 2003) 

8.5. Conclusions 

Laying hens, faeces, litter and dust are important reservoirs of C. jejuni for both animals and 

humans. C. jejuni strains survived in artificially or naturally contaminated faeces up to 4 and 

6 days, respectively. This indicates the important role of faeces in transmission of C. jeuni in 

poultry production and further in the environment when contaminated faeces are applied to 

land as fertiliser. There is a high prevalence of culturable C. jejuni in laying hen flocks and a 

considerable genetic diversity of C. jejuni types within and between laying hens flocks which 

increases with the length of the laying period and the bird’s age. This genetic diversity may be 

induced by mutations which can happen because of the well known genetic instability of C. 

jejuni. Most current air samplers are not suitable to collect culturable C. jejuni in poultry 

houses but DNA can be successfully recovered from air and dust. The low detection rate in air 
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indicates at a low risk for animal and man to become infected by the airborne route. However, 

the role of non-culturable C. jejuni which may be present in the animal house air require 

further investigations. Cellular concentration of ATP is probably not a useful indicator for 

culturability of dormant C. jejuni strains. The tested Coriolis®µ Air Sampler seems to be 

suitable technique to quantify mesophelic bacteria in poultry housed but less for culturable C. 

jejuni. For the abatement of C. jejuni in laying hen flocks strict hygiene and biosecurity 

measures have to be taken such as cleaning, disinfecting and deratisation, and which should 

also include the prevention of of the introduction of C. jejuni by the airborne route. 
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9. SUMMARY  

Marwa Ahmed (2012):

Sampling, detection and tenacity of Campylobacter jejuni strains isolated from     

different laying hen flocks  

Campylobacter jejuni (C. jejuni) is currently one of the most important food borne zoonotic 

agents worldwide with annually hundreds of thousands of human cases. To be able to 

establish effective control measures toward C. jejuni, the knowledge of sources and reservoirs 

as well as the means of transmission of this organism is of great importance. C. jejuni is most 

often transmitted through chicken meat to humans. High prevalences are also known for 

laying hens, although infections over the egg play only a minor or no role. However, C. jejuni

is excreted in significant amounts in the faeces in layer houses. Also over the air transmission 

is possible, because contaminated feces particels are released and can be distributed as part of 

the airborne dust in the house and via the exhaust air in the barns environment. If 

contaminated poultry manure is applied on fields as organic fertilizer, C. jejuni can be 

transmitted from this source to other animal house environment. Laying hen holdings and 

their airborne, liquid and solid fecal emissions represent a reservoir for C. jejuni whose 

transmission potential is not yet well understood. To better assess sources, occurrence and 

distribution of C. jejuni, different studies on survival of C. jejuni were done in freshly 

collected laying hens feces. In naturally contaminated feces C. jejuni can survive up to 6 days 

as demonstrated by colony cultures. 

There was a difficulty to detect culturable C. jejuni from air. Most of the sampling 

instruments were not gentle enough to isolate culturable C. jejuni, although there are such 

reports in the literatures on the possibility of recovery and cultivation of C. jejuni from the air. 

In contrast, DNA of C. jejuni was successfully recovered from air and dust samples with 

subsequent isolation and identification when appropriate air sampling methods are applied. It 

seems necessary to develop more gentle air collection methods for C. jejuni. 

Because of the very low cultural detection rate of C. jejuni in the air, the air is currently 

assigned to play a subordinate role in the risk assessment for humans. However, the role of 
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applied contaminated poultry manure as fertilizer in the dissemination of C. jejuni is poorly 

understood. Little is also known about the function and importance of the so-called "dormant 

C. jejuni". These bacteria still show signs of low metabolic activity, but are not culturable any 

more. However, it is assumed that the bacteria in this stage under certain favorable 

circumstances, can achieve their vitality and viability again. Our investigations showed that 

the ATP content in C. jejuni cells which are in a dormant (not culturable) state dis not 

significantly differ from the ATP content of dead in C. jejuni cells. This may be taken as an 

idication that the dormant state represents a transition form to cell death. However, more 

specific investigations are necessary to clarify this assumption. 

The clearest results provided the prevalence studies and the study of genetic diversity. First, 

the high prevalence of C. jejuni was confirmed in the laying hens. From 330 cloacal swabs 

from 11 flocks of laying hens (30 per flock) of 11 different regional and widely spaced farms 

172 C. jejuni samples were positive. The prevalence increased with age of birds, means that, 

the longer the laying period lasted, the higher the detection rate. Particular outstanding is the 

fact that with the increasing age of the birds during their life span, the genetic diversity of C. 

jejuni also increased. While in the flock with 20 weeks age -at the beginning of the laying 

period- only one flaA type was detected, while in birds with 52 weeks of age, already 9 

different flaA types were found. The observation of different flaA types could be referred to 

the known genetic instability of C. jejuni which probably caused mutations although the 

actuator(s) could not be identified. An entry from the outside air or by vectors is also possible. 

An exchange of flaA type between the studied and widely spaced houses did obviously not 

take place as in the various laying hen flocks no identical flaA types were observed, while in 

the positive samples of single flocks multiple flaA types were found, but these types always 

remained limited to the respective flock. FlaA typing should be taken further in account, as it 

seems to be important for epidemiological questions as the transmission over the air or from 

faeces which were applied to land. 

These studies indicate that with the help of specific hygiene and analytical measures we can 

improve our knowledge so far that an effective interruption of the transmission pathways of 

C. jejuni appears to become possible in the near future. 
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10. ZUSAMMENFASSUNG 

Marwa Ahmed (2012): 

Probennahme, Nachweis und Tenazität von Campylobacter jejuni -Stämmen aus 

verschiedenen Legehennenbeständen  

Campylobacter jejuni (C. jejuni) zählt derzeit zu dem bedeutendsten Lebensmittel getragenen 

Zoonoseerregern weltweit mit jährlich Hundertausenden von Erkankten. Um wirksame 

Bekämpfungsmaßnahmen durchführen zu können, ist die Kenntnis der Quellen und 

Reservoire sowie der Übertragungswege des Erregers von großer Bedeutung. Am häufigsten 

wird C. jejuni über Hähnchenfleisch auf den Menschen übertragen. Hohe Prävalenzen sind 

aber auch von Legehennen bekannt, obwohl Infektionen über das Ei nur eine untergeordnete 

bis keine Rolle spielen. Allerdings wird C. jejuni in erheblichen Mengen mit dem Kot in 

Legehennenställen ausgeschieden. Auch über die Luft ist eine Übertragung möglich, da 

kontaminierte Kotpartikel frei gesetzt werden und als Anteil des Luftstaubes im Stall als auch 

über die Abluft in die Stallumgebung verteilt werden können. Wird der anfallende 

Geflügelkot als organischer Dünger auf Felder ausgebracht, gelangt damit auch C. jejuni in 

die weitere Stallumgebung. Legehennenhaltungen und ihre luftgetragenen sowie festen 

Abgänge stellen folglich ein Reservoir für C. jejuni dar, über das nur relativ wenige 

Kenntnisse vorliegen. Um Quellen, Auftreten und Verbreitung von C. jejuni besser 

einschätzen zu können, wurden verschiedene Untersuchungen zur Überlebensfähigkeit von C. 

jejuni in frisch abgesetztem Legehennenkot vorgenommen. In natürlich kontaminiertem Kot 

kann C. jejuni bis zu 6 Tagen kultivierbar überleben.  

Schwierig gestaltet sich der Nachweis kultivierbarer C. jejuni aus Luft. Die meisten 

eingesetzten Geräte sammeln nicht schonend genug, um eine Kultivierung vornehmen zu 

können, obwohl es in der Literatur solche Berichte über Gewinnung und Kultivierung gibt. 

Erfolgreich lässt sich die DNA aus Luft und Staubproben mit entsprechenden 

Aufarbeitungsmethoden isolieren und identifizieren. Es scheint notwendig, spezielle und an 

C. jejuni angepasste schonende Sammelverfahren zu entwickeln. 
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Aufgrund der doch sehr geringen kulturellen Nachweisrate aus Luft, wird dem Luftpfad 

derzeit nur eine untergordnete Rolle in der Gefährdungsbeurteilung für den Menschen  

zugewiesen. Allerdings ist zur Rolle von als Dünger ausgebrachtem kontaminiertem 

Geflügelkot bei der Verbreitung von C. jejuni wenig bekannt. Wenig bekannt ist auch über 

die Funktion und die Bedeutung der so genannten „dormant C. jejuni“, die zwar meist noch 

geringe metabolische Aktivität zeigen, sich aber nicht mehr kultivieren lassen. Es wird jedoch 

vermutet, dass die Bakterien in diesem Stadium unter bestimmten günstigen Umständen ihre 

Vitalität und Vermehrungsfähigkeit wieder erlangen können. Unsere Untersuchungen dazu 

zeigten, dass sich der ATP Gehalt in C. jejuni Zellen, die sich im ruhenden (nicht 

kultivierbaren) Stadium befinden, nicht signifikant von den ATP Konzentrationen in 

abgetöteten C. jejuni Zellen unterscheidet. Dies könnte ein Hinweis darauf sein, dass der 

ruhende Zustand eine Übergangsform zum Zelltod darstellt. Weitere Untersuchungen sind 

jedoch notwendig, um diese Vermutung zu bestätigen.  

Die eindeutigsten Ergebnisse lieferten die Prävalenzstudien und die Untersuchung der 

genetischen Diversität. Zunächst wurde die hohe Prävalenz an C. jejuni in den 

Legehennenhaltungen bestätigt. Von 330 Kloakentupfern aus 11 Legehennenherden (30 pro 

Betrieb) von 11 verschiedenen und weit regional auseinanderliegenden Betrieben waren 172 

C. jejuni positiv. Die Prävalenz nahm mit dem Alter der Tiere zu, das heißt, je länger die 

Legeperiode dauerte, desto höher war die Nachweisrate. Besonders bemerkenswert ist die 

Tatsache, dass mit dem Alter der Tiere und ihrer Nutzungsdauer auch die genetische 

Diversität von C. jejuni zunahm. Während in der Herde, die sich in der 20 Lebenswoche – 

also zu Beginn der Legeperiode – befand, nur ein Subtyp auftrat, waren es in einem Betrieb, 

dessen Tiere sich in der 52 Woche befanden, bereits 9 verschiedene Subtypen. Die Bildung 

der Subtypen erfolgt bei der bekannten genetischen Instabilität von C. jejuni vermutlich 

vorwiegend durch Mutationen, der oder die Auslöser konnten hier allerdings nicht näher 

identifiziert werden. Ein Eintrag von außen über die Luft oder Vektoren ist ebenso möglich. 

Ein Austausch von Subtypen zwischen den untersuchten und auch weit auseinander liegenden 

Ställen fand offensichtlich nicht statt, da in keinem der verschiedenen Ställe identische 

Subtypen auftraten, während in den positiven Proben durchaus Mehrfachdetektionen eines 

Subtypen auftraten, die aber stets auf den betreffenden Stall begrenzt blieben. Die 
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Subtypisierung sollte weiter verfolgt werden, da sie sich auch für epidemiologische 

Fragestellungen, wie die Übertragung über die Luft oder durch Kotausbringung zu eignen 

scheint.  

Die Untersuchungen deuten an, dass mit Hilfe gezielter hygienischer und analytischer 

Maßnahmen wir unsere Kenntnisse soweit verbessern können, dass eine wirksame 

Unterbrechung der Überrtagungswege von C. jejuni in absehbarer Zeit möglich erscheint.  
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