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Abstract

Eggs and poultry meat are a common source of human salmonellosis.
Contamination of poultry or poultry meat may occur throughout the production chain.
Nevertheless, in Spain non contaminated broiler meat may be sold for human
consumption from 2011. Before Sal/monella prevalence in broiler flocks (EFSA, 2007)
and the Community objectives for Salmonella control in poultry farms were established
(EC, 2007) non official dates were available regarding the Salmonella situation in
broiler production in Spain. In this context, in 2005 the Regional Ministry of
Environment and Rural and Marine Affairs of the Valencia Region invested in the study
of the main sources of Sa/monella contamination in broiler flocks reared in the Region
of Valencia and the study of Sa/monella epidemiology in field conditions. These
studies were intended to anticipate the National Control Programme for Salmonella in
broiler production with the aim of applying proper measures to comply with the future
Community objectives. This study started in October 2005 and finished in October
2007. Over a two year period, 65 flocks from different farms were intensively sampled
during the rearing stage. Broiler farms were distributed throughout the Valencia

Region.

The objectives of the first experiment were to determine the main sources of
Salmonella contamination in broiler production, assess the risk factors for Salmonella
contamination in broiler flocks at the end of the rearing period, and determine the
serotypes involved in broiler production systems in the Valencia Region. Each house
was visited 11 times during the rearing period. First, when the previous flock was taken
to the slaughterhouse, samples of dust, surfaces and faeces were collected; after
cleaning and disinfection, samples of dust and surfaces were also taken. On the first
day of rearing, samples of water, bedding, farmers’ boots, meconiums, delivery-box
liners and feed were collected. During rearing, 6 visits took place and samples of feed
were taken. On slaughter day, samples of dust, surfaces, water, feed and faeces were
also collected. Finally, two days after slaughter, carriers (rodents, flies and beetles)
were trapped. All samples were analysed in accordance to ISO 6579:2002 (Annex D)
and positive samples were serotyped by Kauffman-White-Le-Minor technique. Our
results showed that all different types of samples collected were contaminated with
Salmonella (ranged between 1.5 % and 38.6 %), except some feed samples collected
from the truck. The most contaminated samples related with poultry production were:

delivery-box liners, facces samples, dust samples, farmers’ boots and feed from feeders.
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Nevertheless, the most important risk factors for Salmonella contamination of the flocks
at the end of the rearing period were contaminated feed from feeders, Salmonella status
of the house after cleaning and disinfection and Salmonella status of day-old chick
flocks. Twenty-one different serotypes were isolated from the samples analysed. The
most prevalent were in decreasing order: S. Enteritidis (52.9 %), S. Hadar (17.8 %), S.
Virchow (8.9 %) and S. Ohio (5.4 %). The study suggested that there are many sources
for Salmonella contamination and persistence in broiler production. Therefore, the
whole production chain has to be controlled to eradicate the bacteria from the primary

production.

The objectives of the second experiment were to assess Salmonella detection
from faeces samples during rearing, and assess the influence of live transport to the
slaughterhouse on Salmonella detection. During this study, 65 flocks were sampled at
weekly intervals from first day of rearing until slaughter. Samples of faeces were taken
from the litter using five pairs of cellulose sock swabs attached to boots and applied
over the length of the house (EC, 2005). To assess Salmonella detection rates before
and after live transport to the slaughterhouse, facces samples were collected. Before
loading, faeces were taken with five pairs of cellulose sock swabs as described above
(EC, 2005). After transport, two pooled faeces samples were taken directly from the
truck (200-300 g each; EC, 2005). All samples were analysed in accordance with ISO
6579:2002 (Annex D). Results showed that regardless of whether broiler flocks arrived
at the farm already shedding the bacteria in faeces, or were infected during rearing, both
groups described the same detection pattern, with the highest detection in faeces at 14th
day of rearing (50.5 % and 34.5 %, respectively). Moreover, S. Enteritidis was the most
prevalent serotype isolated during rearing (66.7 %), followed by S. Virchow (13.7 %),
S. Hadar (9.4 %) and S. Ohio (2.8 %). On the other hand, before loading and after
transport to the slaughterhouse, 15.4 % and 41.2 % of faeces samples collected were
determined positive, respectively. In addition, a change in the serotype pattern was also
observed. §. Enteritidis remains the most prevalent serotype isolated (54.5 %). S.
Hadar doubled the excretion rates (39.3 %), and S. Virchow and S. Ohio were not

isolated after transport.

Finally, the objectives of the third experiment were to determine the biofilm

development capacity of the strains isolated from poultry risk factors. Then,
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glutaraldehyde (50 % vol/vol), formaldehyde (37 % vol/vol) and hydroxide peroxide
(35 % vol/vol) were applied to evaluate their capacity to remove Salmonella, biofilm
and non-biofilm strains, isolated from each risk factor in an artificial contamination test
in field conditions. Samples of faeces, dust, surfaces, meconiums, delivery-box liners,
water tank, water dispensers, litter, vectors (rodents, flies and beetles) and surfaces of
the slaughter trucks were taken throughout the rearing period. All samples were
analysed in accordance with ISO 6579:2002 (Annex D). To evaluate biofilm
development, a screening method based on the fluorescence of Salmonella colonies on
calcofluor agar plates was used. In the artificial contamination test, the chemical
solutions were prepared at a concentration of 1.0 % and applied at exact times (1, 15 or
60 min). Our results showed that irrespective of the origin of different Salmonella
strains, around 50 % of the different serotypes were able to produce biofilm. Finally,
the use of glutaraldehyde, formaldehyde and peroxygen at a concentration of 1.0 % in
field conditions are inadequate for Salmonella elimination irrespective of the serotype,

biofilm development capacity and disinfectant contact time.

Due to the above considerations, there are many sources for Salmonella
persistence in poultry houses and the whole production chain has to be monitored to
eradicate the bacteria from the primary production. Nevertheless, Salmonella
surveillance and control programmes do not have to stop at farm level. The control
should be considered until the end of the line, the processing plant and markets.
Considering the importance of transport on Salmonella spreading, C&D is an important
challenge in Salmonella control and eradication from poultry production, although more
studies are necessary to find the correct concentrations and application of disinfectants

in field conditions and compare this effect with biofilm or non-biofilm strains.
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Chapter 1. Introduction on Salmonella spp

1.1. General aspects of Salmonella

1.1.1. Historical context of Salmonella

Salmonella have been the subject of many studies throughout the world since
1885, when Salmon and Smith (1886), first isolated the organism from swine in
association with “swine plague”. Thomas Willis can be regarded as the pioneer in
typhoid fever studies. Until his classic description in 1659 and its translation into
English in 1684, little had been done to separate this disease from similar diseases
(Adelantado et al., 2008). In 1826, Trousseau attempted to clarify the picture of
typhoid mainly from the pathological angle, and to separate true typhoid from all the
other gastro-intestinal infections. He described the classic inflammation of the Peyer
glands and gave detailed description of post-mortem appearances (Kelterborn, 1967).
In 1829, Pierre Louis gave another classic picture of typhoid and described post-mortem
findings in detail, especially the enlargement and ulceration of the Peyer patches. He
was also the first to use the word “Typhoid”. However, he did not clearly differentiate
between typhoid and typhus, which were often confused. The first to differentiate
between the typhoid and typhus fevers was Gerhard in 1837 (Adelantado et al., 2008).
William Budd, 20 years before the bacterial origin of infectious diseases had been
discovered, stated that typhoid fever was not spread by stench, was an alimentary
disease in which the infective material in faeces contaminated water, milk, and the
hands of those who attended the sick (Moorehead, 2002). In 1888, when 58 persons
became ill in Frankenhausen, Germany, the outbreak of gastro-enteritis was associated
with consumption of beef, and Bacterium enteritidis was isolated from that outbreak.
A. Girtner isolated a bacterium from both red meat and the spleen of one of the patients
who had died and he named the organism Bacillus enteritidis (Kelterborn, 1967).
Castellani and Chalmers (1919) renamed the organism as Sal/monella enteritidis. The
first published table based on the terminology introduced by White (1929) and modified
by Kauffmann, contained 20 serotypes. Nowadays, more than 2500 serologically
distinct Salmonella serotypes have been recognized and this list increases every year
(WHO, 2005). Almost all of the 2500 Salmonella serovars are believed to be able to

cause illness in humans. The epidemiology of human disease is dominated by only a
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few serovars. In the late 1970s, S. Typhimurium was the most common and S. Agona
before this (Harbour et al., 1977). Many of these peaks of infection have been

associated with a particular food or animal vehicle, such as S. Enteritidis with poultry.

1.1.2. General characteristics

The Salmonella genus is classified in the family Enterobacteriaceae, whose
members are non-encapsulated, gram-negative bacilli. With the exception of S§.
Gallinarum and S. Pullorum, all salmonellas are motile, as they have peritrichous

flagella (Van de Giessen, 1996). The organism is 0.7-1.5 um wide and 2.0-5.0 um long.

Salmonellas are facultative anaerobic bacteria and usually utilize citrate as a sole
carbon source (Van de Giessen, 1996). The organism usually produces hydrogen
sulphide gas on triple-sugar iron agar; usually decarboxylate lysine and ornithine reduce

nitrates to nitrites, but are urease- and indole-negative (Cotrubo et al., 2004).

Salmonella growth rate is dependent on several factors including temperature,
pH, water activity and nutrients, and reflects the interactions between these factors (Van
de Giessen, 1996). As a generalization, Salmonella grow at temperatures between 10
and 49 °C, with an optimum of approximately 37 °C (Bowmer, 1965). At temperatures
between 0 and 5 °C the organisms remain viable even though there is no growth
(Bowmer, 1965). However, there is a marked reduction in the number of Sal/monellas
during freezing and long-term frozen storage, but not all are destroyed (D’Aoust, 1991).
Salmonella are killed when exposed to temperatures of 55 °C for one hour or 60 °C for
15 to 20 minutes (Bowmer, 1965). The cooking of food will destroy Salmonellas if the
internal temperature of the food reaches 74 to 77 °C. Salmonellas in animal feeds and
feed ingredients are killed by a process where the feed is heated to boiling point in
steam-jacketed agitating cookers (110 °C for 2.5 to 3.6 hours, Meara, 1973; Prost,
1967). Nevertheless, household cooking procedures used for eggs and egg containing

foods are frequently insufficient to ensure a safe meal (Coetzer and Tustin, 2004).
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The optimal pH for Salmonella growth lies between 6.5 and 7.5, with
possibilities for growth in media with a pH range of 4.5 to 9.0, lower or higher pH

values cause them to die (Baird-Parker, 1991).

Salmonella grow at water activities above 0.93 (Baird-Parker, 1991). The
organism is resistant to drying and can survive for prolonged periods of storage at
ambient temperature (D’Aoust, 1989) and in faecal material, in slurry or on pasture
(Wray, 1975). Salmonella is sensitive to gamma irradiation (Clavero et al., 1994) and

organic acids (Smulders, 1987).

1.1.3. Nomenclature

Since Kauffmann in 1929 introduced the method for antigenic analysis of the
Salmonella group, more than 2500 serovars have been identified (Popoff et al., 2001,
WHO, 2005). The names of the serovars (such as Typhimurium or Enteritidis) should
be used without italicization or underlining, and with the first letter capitalized, e.g. S.
enterica subsp. enterica ser. Typhimurium. As it is tedious and impractical to adopt this
long, formal nomenclature for everyday use, it is common to refer to serovars as, for
example, Salmonella Typhimurium, or as serovar Typhimurium (Le Minor and Popoff,

1987).

The classification of Salmonella has been controversial for many years.
According to the latest nomenclature which reflects recent advances in Salmonella
taxonomy (Le Minor and Popoff., 1987; Reeves et al., 1989), the genus Sal/monella
consists of two species: S. enterica, which is divided into six subspecies (S. enterica
subsp. enterica, S. enterica subsp. salamae, S. enterica subsp. arizonae, S. enterica
subsp. diarizonae, S. enterica subsp. houtenae and S. enterica subsp. indica) and S.
bongori. In veterinary literature, a distinction is usually made between infections
caused by the (i) two host-adapted serovars of S. Pullorum (pullorum disease) and S.

Gallinarum (fowl typhoid), (ii) the Arizonae subspecies of Salmonella (arizonosis) and
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(i11)) the remainder of the Salmonella (salmonellosis or paratyphoid infection).
Generally, the serotypes of zoonotic importance are non-host-adapted serovars, but
there are exceptions, e.g. S. Cholerasuis (adapted to pigs) or S. Dublin (adapted to cattle

and sheep) which can cause severe disease in humans (Gradel, 2004).

1.1.4. Detection, identification, typing and phage typing

1.1.4.1. Bacteriological isolation and identification

Bacteriological isolation and subsequent confirmation by an appropriate
biochemical and serological test are the traditional methods used in salmonellosis
diagnostic (Mousing et al., 1997). The bacteriological isolation of Salmonella requires

four stages:

Pre-enrichment in non-selective liquid medium. Salmonellas have simple
nutrient requirements. However, samples that may contain only low
numbers of the bacteria, such as food and environmental samples usually
include a pre-enrichment step, e.g. Buffered Peptone Water (Aho, 1992;
Van de Giessen, 1996). Pre-enrichment of samples with an abundant
microbial flora, such as faecal samples from animals, was controversial for
years, given the risk of false positives (Aho, 1992). Nevertheless, these
days pre-enrichment in non-selective liquid medium is a common practice

in isolation of the bacteria (Davies et al 2000).

Enrichment. This is a critical point in bacteria isolation, because the
selective medium is involved in competitive flora elimination and permits
Salmonella proliferation. The enrichment in selective medium demanded
by ISO 6579:2002 (Annex D) is the Modified Semi-Solid Rappaport
Vassiliadis (MSRYV). This medium allows the motile Salmonellas to spread
through the medium plate. This medium favours Sa/monella differentiation
from other non-motile bacteria. Nevertheless, other media are frequently
used for Salmonella enrichment, such as Tetrathionate broth and Selenite
broth (Waltma, 2000).
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Plating-out and identification. These media are characterized by their
“selectivity” and “differentiation”. Selectivity means the addition of an
inhibitory substance that prevents the growth of different Enterobacteria.
Differentiation means the addition of a substance that allows us to
characterize Salmonella against other bacteria (Mallison et al., 2000). The
main characters used in Salmonella identification are the production of

sulphydric acid and the inability to ferment glucose.

Confirmation. Colonies of presumptive Salmonella are subcultured then
plated-out and their identity is confirmed by means of an appropriate
biochemical and serological test (ISO 6579:2002). The most common
biochemical test used to confirm presumptive Salmonellas is the API-20.
This test consists of 20 microtubes containing dehydrated substrates.
Bacterial suspension is inoculated and reconstitutes the media. During
incubation, metabolism produces colour changes that are either spontaneous
or revealed by the addition of reagents. The identification is obtained by

referring to the Analytical Profile Index.

1.1.4.2. Immunoenzymatic methods applied in bacteriological diagnostic

The capture ELISA is a common method used in bacteria diagnostics. Whereas
traditional isolation methods need from 3 to 7 days to diagnose the bacteria, ELISA can
detect the microorganism in 1 day. Nevertheless, in highly contaminated samples such
as faeces, the test is not appropriate (Fedorka-Cray et al., 1994). Several authors
suggested that the main disadvantage of this method is requiring 10*-10° c¢fu/ mL to
detect the microorganism (Lambiri et al., 1990; Van Poucke, 1990).

1.1.4.3. Typing

The members of the genus Salmonella are typed into serovars which are
differentiated from each other by the combinations of their somatic (O) and flagella (H)
antigens and, to a lesser extent, by their biochemical reactions (Popoff and LeMinor,

1992; Popoft et al., 1992).
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The O antigen is part of the lipopolysaccharide component of the cell wall that
also contains lipid A and a core portion. The O antigen, or O-specific side chain
consists of repetitive oligosaccharide units of which the type, order and repetition of
sugar moieties differ between serovars. These differences and those in the flagella
antigens are used to type Salmonella into serovars. At least 67 different O antigens are
currently known and are identified by the Arabic numerals 1 to 67. Some of these occur

singly (e.g. 11), while others occur in combination (e.g. 1, 4, 5, 12; and 6, 7).

The H antigens are heat-labile and form an integral part of the flagella in those
serovars which possess them. The antigens are designated by a combination of letters
of the alphabet and numerals (e.g. a to z, z1 to z32 and 1 to 7). Two antigenic forms
(also referred to as “phases”) of the flagella may occur in culture. A culture may
therefore contain cells in which the flagella are all in the same phase, or cells which
possess flagella of both phases. Most of the serovars contain flagella of two phases, but

in some (e.g. S. Dublin) the flagella occur in only one phase.

In order to establish the complete antigenic composition of any Salmonella
serovar, antigens of both flagellar phases must be known, as well as the O antigens (Le
Minor, 1984). This technique is perform by testing suspensions of the bacteria against
antisera produced in rabbits against individual O and H antigens by means of a series of
slide agglutination tests (Edwing, 1986). When a bacterial culture is mixed with a
specific antiserum directed against bacterial surface components, the cells are bound
together through antigen-antibody bonds to form aggregates (agglutination). This is
usually visible to the naked eye as clumps in the suspension. By mixing specific
antisera with a Salmonella culture, the O- and H antigens are determined. On the basis
of the observed agglutination pattern, the serotype is determined using the Kauffmann-
White Scheme. In this scheme the antigenic formula has three parts, as described

above:

[O antigen: phase-1 H antigens: phase-2 H antlgens]

Example

Salmonella Enteritidis 1,9,12:g,m:~
Salmonella Typhimurium 1,4,(5),12:i:1,2
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1.1.4.4. Phage typing

Bacteriophage typing schemes for a number of important Sa/monella serovars
have been developed and are used internationally for epidemiological studies. The
available information on the distribution of Salmonella serovar and phage types along
the food chain varies greatly between countries. Phage typing of S. Enteritidis and S.

Typhimurium is predominantly carried out according to the Colindale scheme.

In accordance with the standardized protocol, eighteen hour cultures on Blood
agar plates were inoculated into 3 mL of a phage broth (double concentration nutrient
broth with 0.85 % NaCl). After a 1.5 h incubation with vigorous shaking, the broth was
poured onto phage agar plates. After the removal of excess broth from the plates, 10
typing phages were spotted per plate using a micropipette. Dried plates were incubated
overnight at 37° C, and the phage lysis pattern of each culture was compared with a

published pattern list (Kim et al., 2008).

1.1.4.5. Molecular techniques

Traditional methods for Sa/monella isolation, confirmation and serotyping are
too laborious and time consuming (Van de Giessen, 1996). In recent years, several
advances in diagnostic technology have been developed and mean an important advance
in infectious disease studies. These molecular techniques are based on the Polymerase
Chain Reaction and are characterized by being simple, rapid and discriminative

(Fernandez-Cuenca, 2004).

The Polymerase Chain Reaction (PCR) name derives from one of its key
components, a DNA polymerase used to amplify a piece of DNA by in vitro enzymatic
replication. As PCR progresses, the DNA generated is used as a template for
replication. This sets in motion a chain reaction in which the DNA template is
exponentially amplified (Feder ef al., 2001). With PCR it is possible to amplify a single

piece of DNA across several orders of magnitude, generating millions or more copies of
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the DNA piece. PCR can be extensively modified to perform a wide array of genetic

manipulations.

1.1.5. Immunology against Salmonella

The immune response against Salmonella depends on the host and serotype
involved. Cellular immune response is considered more important for the development

of a protective immune response to S. Enteritidis than antibodies (Desmidt et al., 1998).

On the basis of experimental studies related with poultry immunology, it is
thought that infections at an early age include a greater risk of evolving into a carrier
state, with birds becoming life-long infected. Berndt et al. (2004) reported that
Salmonella bacteria that reach the intestinal tract can cross the intestinal epithelium after
attachment to the mucosa. From there, they reach the lamina propria, where they
replicate or proceed to deeper tissues, presumably carried within non-activated
macrophages. After reaching the blood stream, they infect organs, liver and spleen.
Van Immerseel et al. (2002) detected the bacteria 3 hours post infection in the caecal
lumen and 9 h post-infection in the caecal lamina propria. Moreover, colonization of
liver and spleen started more than 1 day post-inoculation. Their results suggested that
initially an antigen non-specific inflammatory response mediates the clearance of
bacteria in the lamina propria of neonatal chicks, thereby reducing entry of bacteria into
the blood stream. Macrophages and granulocytes are the primary effector cells in this
process. Attraction and activation of T-cells will further reduce bacterial invasion.
Moreover, T-cells will contribute to an antigen-specific B-cell response. B-cells are
already organized in follicular aggregates on day 3 post-challenge. A peak by intestinal
IgA against S. Enteritidis paralleled the reduction of faecal excretion, indicating that the
IgA response might play a role in the clearance of the bacteria from the gut (Desmindt
et al., 1998). Van Immerseel et al. (2002) also observed that structural maturation of
the mucosa-associated lymphoid tissues is antigen-driven, since B-cells organize in a

follicular pattern.

-10-
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1.1.6. Antimicrobial resistance

Since the beginning of the 1990s, strains of Salmonella which are resistant to a
range of antimicrobials, including first-choice agents for the treatment of humans, have
emerged and are threatening to become a serious public health problem. This resistance
results from the use of antimicrobials both in humans and animal husbandry. Multi-
drug resistance to “critically important antimicrobials” is compounding the problems

(WHO, 2005).

The antimicrobials most widely regarded as optimal for the treatment of
salmonellosis in adults is the group of fluoroquinolones. They are relatively
inexpensive, well tolerated, have good oral absorption and are more rapidly and reliably
effective than earlier drugs. Third-generation cephalosporins are widely used in
children with serious infections, as quinolones are not generally recommended for this
age group. The earlier drugs chloramphenicol, ampicillin, amoxycillin and

trimethoprim-sulphamethoxazole are occasionally used as alternatives (WHO, 2005).

Enter-net provided data on antimicrobial resistance for Salmonella isolates from
human salmonellosis in 2006 (EFSA, 2008). S. Enteritidis resistance to nalidixic acid
increased from 13.4 % in 2005 to 14.8 % in 2006, in sulphonamides from 6.4 % in 2005
to 8.0 % in 2006, and from 5.1 % in ampicillin in 2005 to 8.1 % in 2006, whereas
resistance to ciprofloxacin remained generally at a low level (0.6 %). For Salmonella
Typhimurium, the highest levels of resistance were observed for sulphonamide,
tetracycline, ampicillin and streptomycin (59.7 %, 56.3 %, 55.6 % and 51.9 %,
respectively). Compared to 2005 Enter-net data, these represent significant increases in

resistance to sulphonamides and streptomycin.

When fluoroquinolones were first licensed for human therapy, no immediate rise
in Salmonella resistance was observed. In contrast, when fluoroquinolones were
subsequently licensed for use in food animals, the rates of fluoroquinolone-resistant
Salmonella in animals and food, and then subsequently in human infections, rapidly

increased in several countries (WHO, 2005).

-11-
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EFSA (2008) reported the occurrence of antimicrobial resistance in S.
Typhimurium and S. Enteritidis from animals. In broilers, the highest proportions of
resistant isolates were reported for S. Typhimurium. The highest levels of antimicrobial
resistance for S. Enteritidis were reported for nalidixic acid (overall average 27.5 %)
which may reflect widespread use of quinolones in poultry production. For S§.
Typhimurium, the highest levels of resistance were reported for streptomycin (overall
average 26.4 %) and tetracycline (overall average 27.3 %). In broiler meat, the highest
proportions of resistant isolates were observed for nalidixic acid, streptomycin and
tetracycline. Resistance to nalidixic acid was remarkably high and may indicate

widespread use of quinolones for poultry (EFSA, 2008).

The emergence of multidrug-resistant strains of Salmonella with resistance to
fluoroquinolones and third-generation cephalosporins is a serious development, which
results in severe limitation of the possibilities for effective treatment of human

infections (WHO, 2005).

1.2. Salmonella epidemiology in humans

1.2.1. Human clinical aspects

Salmonella is one of the major bacterial causes of gastroenteritis worldwide
(Barrow et al., 2003). The organism may also be transmitted through direct contact
with infected animals or faecal-contaminated environments and humans. The most
common presentation of non-typhoidal Sa/monella infection is acute gastro-enteritis.
Onset of intestinal salmonellosis usually occurs between a few hours and three to four
days following ingestion of the infectious agent (Van de Giessen, 1996). Human
salmonellosis is usually characterized by acute fever, abdominal pain, nausea, and
sometimes vomiting (WHO, 2005). Symptoms are often mild and most infections are
self-limiting, lasting a few days (Scherer et al., 2008). However, in some patients, the
infection may be more serious and the associated dehydration can be life threatening. In

these cases, as well as when Salmonella causes bloodstream infection, effective

-12-
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antimicrobials are essential for treatment. Salmonellosis has also been associated with

long-term and sometimes chronic effects e.g. reactive arthritis (EFSA, 2009).

1.2.2. Salmonellosis in humans

There are numerous food-borne sources of Salmonella, including a wide range
of domestic and wild animals and a variety of foodstuffs covering both food of animal
and plant origin. Salmonella infection occurs when organisms are introduced in food
preparation areas and allowed to multiply on food, e.g. due to inadequate storage
temperatures, or because of inadequate cooking or cross contamination of ready-to-eat

food (EFSA, 2009).

Millions of human salmonellosis cases are reported worldwide every year and
the disease results in thousands of deaths (WHO, 2005). Salmonella causes an
estimated 1.4 million illnesses each year in the USA (Mead et al., 1999). In 2007, a
total of 155,540 confirmed cases of human salmonellosis were reported by the European
Surveillance System from 30 countries (27 EU Member States and three non-Member
States, Figure 1). Salmonellosis notification rates in humans have decreased since
2005: from 173,879 (38.2 / 100,000) confirmed cases in 2005 to 164,011 (35.8 /
100,000) in 2006 and to 151,995 (31.1 / 100,000) in 2007. This represents a 7.3 %
decrease from 2006. In Spain, confirmed cases of human salmonellosis have decreased
since 2003: from 8,558 cases in 2003 to 7,109, 6,048, 5,117 and 3,658 in 2004, 2005,
2006 and 2007, respectively. The latest data published in Spain were from January to
April 2008, when 800 cases of salmonellosis were declared (BES, 2008).

-13-
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Figure 1. Salmonellosis notification rates in humans in the EU, 2007 (per population of 100,000;

EFSA, 2009).

The age distribution of Salmonella cases in 2007 closely parallels that seen in

2006. Out of 151,995 reported confirmed cases, age data were available for 86.0 % of

cases. The highest notification rate was for 0 to 4 years old (125.4 /100,000) which is

almost three times higher than that of the next highest notification rate age group (5 to

14 years old) and almost six to nine times higher than for those aged 15 and over

(Figure 2).

Figure 2.
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States and relative frequency of age group (date 2007; The EFSA Journal, 2009).
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A peak in the number of reported cases occurs in summer and autumn, with a
rapid decline in the winter months (Figure 3). This pattern supports the influences of
temperature and behaviour (i.e. food consumption habits such as barbequing) on
Salmonella notification rates. This seasonal variability has been observed in earlier
reports, yet when further analysing specific serovar case counts per month, S. Enteritidis

demonstrates a much more prominent summer / autumn peak than other serovars.

14000 - o
——§. Enteritidis
booo | R STyphmurum ) B
—+— Qther serovars ) a
10000 4 Unknown A AN
= o \
o 8000 / '
% l/ /
S 6000 1 y 0
)
J ,
40009 B e
2000 4
0 T T T T T T T T T T T 1

Jan Feb Mar Apr May Juw Ju  Awg Sp Oct Nov Dec

Source: Belgium, Cyprus, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Luxembourg,
Latvia, Malta, the Netherlands, Portugal, Slovakia, Slovenia, Spain, Sweden and the United Kingdom (N=137 584).

Figure 3. Number of reported confirmed salmonellosis cases in humans by month and serovar
(date 2007; The EFSA Journal, 2009).

As in previous years, the two most common Salmonella serovars involved in
human outbreaks were S. Enteritidis and S. Typhimurium, representing 81.0 % of all
known types (7.2 % were unknown), compared to 86.0 % in 2006 (EFSA, 2009). The
top ten serovars were the same as for 2006, with the remaining same eight serovars,
each representing one percent or less of the known top serovars, as in the previous year
(Table 1). In Spain, S. Enteritidis and S. Typhimurium were the most prevalent serovars

involved in human outbreaks (41.0 % and 19.0 %).
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Table 1. Distribution of confirmed salmonellosis cases in humans by serovars (10 most common
serovars, date 2006-2007).

2007 2006
Serotype n % Serotype n Y%
Enteritidis 81,472 64.5 Enteritidis 90,362 71.0
Typhimurium 20,781 16.5 | Typhimurium 18,685 14.7
Infantis 1,310 1.0 Infantis 1,246 1.0
Virchow 1,068 0.8 Virchow 1,056 0.8
Newport 733 0.6 Newport 730 0.6
Stanley 589 0.5 Hadar 713 0.6
Hadar 479 0.4 Stanley 522 0.4
Derby 469 0.4 Derby 477 0.4
Kentucky 431 0.3 Agona 367 0.3
Agona 387 0.3 Kentucky 357 0.3
Other 18,562 14.7 Other 12,790 10.0
Total 126,281 Total 127,305
Unknown 9,814 Unknown 17,359

Source: The EFSA Journal, 2009.

The most frequently reported phage type of S. Enteritidis in 2007 was PT4,
which was also the most frequent in 2006 (EFSA, 2009). The top six most common
phage types remained the same between 2006 and 2007, though PT8 surpassed PT1 in
2007, and two new additions, PT12 and PT1b, were added to the top ten list of S.
Enteritidis phage types. PT 193 was, in 2007, the most common phage type of S.
Typhimurium, followed by DT104. Six of the top ten S. Typhimurium phage types in
2007 were the same as in 2006. The reporting of phage types for these two serotypes
increased substantially compared to 2006. However, 22.0 % of the S. Enteritidis and
43.0 % of S. Typhimurium phage types were still reported as unknown (EFSA, 2009).

1.3. Salmonella epidemiology in broiler production

1.3.1. Avian salmonellosis

Poultry and many other animals are often unapparent carriers, latently infected,
or, less frequently, clinically ill. Poultry are commonly infected with a wide variety of
Salmonella serovars. Infection is mostly confined to the gastrointestinal tract, and the
birds often excrete Salmonella in their faeces and form a large reservoir and source of

contamination for other animals and the environment (Poppe, 1999). In the past decade,
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one Salmonella serotype, Salmonella Enteritidis, has emerged as a major serotype
causing human salmonellosis (Cogan and Humphrey, 2003). Until the early 1970s, S.
Gallinarum and S. Pullorum were common in poultry flocks. These serovars cause
invasive disease such as typhoid and pullorum in hens and fowl, respectively, but only
rarely cause illness in humans (Bullis, 1977). Culling of seropositive hens, followed by
vaccination, resulted in the virtual eradication of these diseases by the mid-1970s
(Baumler et al., 2000). It has been postulated that the eradication of these bacteria left a
niche that was filled by the antigenically similar S. Enteritidis. Up until this time, S.
Enteritidis had been found occasionally in poultry and eggs but had caused only a small
number of cases in humans. Sa/monella Enteritidis may have found its way into poultry

from the rodent population associated with hen houses (Cogan and Humphrey, 2003).

The fact that S. Enteritidis is able to infect poultry without causing observable
disease, particularly in laying hens, probably assisted its spread (Cooper et al., 1989), as
this made detection more difficult. As S. Enteritidis infections of chickens increased, so
did those in humans. During the early 1980s, a rapid increase in the number of S.
Enteritidis infections in Europe and North America was observed, with PT4 being the
most commonly isolated type. It has been postulated that this may have been because
of infected layer breeder hens from Europe (Ward et al, 2002) or to the declining
number of hens with immunity to S. Pullorum, which would also protect against S.
Enteritidis infection (Baumler et al., 2000). It has also been suggested that the rapid
spread of S. Enteritidis throughout Europe and the United States could indicate the
emergence and expansion of a new more virulent, strain of the bacterium because of the
recent acquisition of the ability to enter and persist in poultry (Rabsch et al., 2001). In
Australia, S. Enteritidis is present at levels comparable with those prepandemic in
Europe. It is probable that this strain is a different clone to that now prevalent in
Europe (Cox, 1995), supporting the theory that the pandemic was caused by the
expansion of a new strain of the bacterium. It is more likely that all of these factors, in

combination, played a role in the development of the international epidemic (Cogan and

Humphrey, 2003).
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1.3.2. Salmonella prevalence in broiler production

In 2007, the European Food Safety Authorities reported the results of the
European Union-wide baseline survey. This study was carried out in 2005 and 2006 to
determine the Sa/monella prevalence in commercial flocks with at least 5,000 birds.
The prevalence of the flocks was assessed by collecting facces samples from the litter
with five pairs of sock swabs within 3 weeks before leaving for slaughter (EC, 2005).
First, the floor area of the houses was divided into five equal sectors and one pair of
sock swabs was used in each sector for sampling. Samples were taken by walking over
the chosen sector and each pair of sock swabs with faecal material fixed was analysed
as an individual sample. This sampling procedure will theoretically provide 95.0 %
confidence of detection of 1.0 % within flock prevalence, assuming the test is 100.0 %
sensitive (EC, 2005). A total of 6,325 holdings corresponding to 7,440 flocks with

validated results were included in the survey analyses.

The Community-observed prevalence of Sa/monella-positive flocks was 23.7 %.
This means that in the European Union one in four broiler flocks raised over the one
year period of the baseline survey was Sa/monella-positive. The Salmonella prevalence
varied widely amongst the Member States, from 0.0 % to 68.2 %. A total of 11.0 % of
the broiler flocks was estimated to be positive for Salmonella Enteritidis and/or
Salmonella Typhimurium, the two most common serovars found in Salmonella
infection cases in humans. The Member State-specific observed flock prevalence of S.
Enteritidis and/or S. Typhimurium also varied greatly, from 0.0 % to 39.3 %. The five
most frequently isolated Salmonella serovars from broiler flocks in the European Union
were, respectively, in decreasing order, S. Enteritidis, S. Infantis, S. Mbandaka, S.
Typhimurium and S. Hadar. All these serovars, with the exception of S. Mbandaka, are
frequent causes of Sal/monella infections in humans within the European Union. S.
Enteritidis was the most common serovar and was detected in 37.0 % of the Salmonella
positive flocks. S. Infantis also accounted for an important proportion of positive flocks
(20.0 %). The serovar distribution varied amongst the Member States, many of them

having a specific distribution pattern of their own (Figure 4, EFSA 2007).
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In Spain, prevalence of Salmonella-positive flocks was 41.2 %. A total of 28.2
% of the broiler flocks was estimated to be positive for Sa/monella Enteritidis and/or
Salmonella Typhimurium. Nevertheless, S. Enteritidis and S. Typhimurium were
isolated from 29.5 % and 0.3 % of the flocks, respectively. The most frequently
isolated Salmonella serovars from broiler flocks in the Spain were, in decreasing order,
S. Enteritidis, S. Hadar and S. Ohio (EFSA, 2008). The Regional Ministry of
Environment and Rural and Marine Affairs of the Valencia Region (2009) reported a
prevalence of 9.9 % Salmonella-positive broiler flocks in 2008. Nevertheless, the most

prevalent serotypes isolated were not yet reported.
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Figure 4. Distribution pattern of most frequently Salmonella serovars isolated (the percentage of
the Salmonella positive units) in the European Union broiler flocks during 2005-2006 (The EFSA
Journal, 2007).

1.3.3. Salmonella prevalence in broiler meat

Salmonella prevalence in broiler meat and products in 2007 was reported by the
European Food Safety Authority in 2009. In 2007, 21 Member States and one non-

Member State reported research covering approximately 585,000 units of broiler meat
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and products. The type of products sampled varied and the analyses were either

performed on single samples or on a batch of broiler meats.

Most of the countries providing data on Salmonella in fresh broiler meat in 2007
reported positive samples. The bacteria were detected in all Member States except in
Finland. Spain, Greece and Hungary recorded the highest levels of contamination. At
slaughterhouse, the reported proportion of positive samples varied from 1.0 % to 43.5
%, and at processing Sal/monella was detected in 0.0 % to 55.6 % of the samples. At
retail level, the range was from 2.3 % to 11.6 %. Denmark, Finland, Ireland, Sweden
and Norway have had programmes for the control of Salmonella in live broilers for a
numbers of years, and have reported very low levels in broiler meat from several years.
Also, Sweden in 2007 had no cases of Salmonella in tested samples (EFSA, 2009).
Eleven Member States reported specific data on Salmonella serovar distribution in
broiler meat. Overall, S. Kentucky was the most frequent serovar reported from broiler
meat in 2007 (EFSA, 2009). As in previous years, S. Enteritidis, S. Infantis, S.
Typhimurium and S. Paratyphi B var. Java were among the most common serovars

(Table 2).

Table 2. Distribution of Salmonella serovars in broiler meat in the EU (date 2007, The EFSA
Journal, 2009).
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52 g 2|5 & al B 2 S £ S| 28
. © >4 w| a @ £ el B o S < o E| ¢
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= [%] wnl|lun-= w [%] [%] L%] (%] w 72] oc S
Total no. of 1494| 262| 247| 153| 105| 107| 70| 63| 49| 20| 27| 376
isolates
Austria 96| 10| 2354 219 10| 31 - - | 42 333
Czech Republic 53| 38| 340 - 38| 19 -| 94| 151| 38| 283
Germany 266 .| 263| 252| 86| 78| 23| 15 .| 71| 53| 158
Ireland 332| 777| 42 .| 09| o6 -| 06| 103 .| 03 5.1
Italy 201 -1 100 .| 15| 95| 149 - - ; S| B42
Latvia 21 .| 952 - ; - . - - ; ; 48
Luxembourg 21 - 19.0] 14.3 48| 333 4.8 - - - - 238
Netherlands 134 -l 30| s19| 97| 15 | as5| 07| 15| 45| 127
Poland 283 -l 138 .| 138] 180| 53| 85| 25 ; -l 382
Romania 75 |l 213 | 27 -l 18.7| 440 - ; -l 133
Slovakia 13| 77| 615 - | 154 . .| 154 ; ; -
Proportion of 175| 165| 102| 70| 72| 47| 46| 33| 19| 18| 252
serotyped isolates

Note: Data are only presented for sample size =10. The serovar distribution (% isolates) was based on the number of reported
serotyped isolates, including non-typeable and unspecified isolates. Ranking was based on the sum of all reported serovars. Some
countries may not have a strict separation of serotypes achieved from meat and farm level
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Domestic processing of broiler meat is an important concern for human
outbreaks. In Spain, 100.0 % of Salmonella outbreaks declared in 2007 were domestic
(EFSA, 2009). Broiler meat is typically consumed in a well cooked form; properly
prepared broiler meats do not pose a health risk for consumers. Sal/monella infection
risk arises from undercooking of the broiler meat or from cross-contamination from raw
broiler meat to other dishes during preparation in the kitchen. All the above
considerations suggest that good kitchen hygiene and thorough cooking of broiler meat

will prevent or reduce the risk of Salmonella outbreaks.

1.3.4. Main sources of Salmonella contamination in the poultry sector

Many epidemiological studies have demonstrated the wide variety of routes by
which Salmonella can be disseminated within integrated poultry companies (Rose et al.,
1999:2000; Heyndrickx et al., 2002; Davies and Breslin, 2003; Namata et al., 2008).
Prevention of Salmonella contamination in poultry products requires detailed
knowledge of the most important sources associated with its presence in the production

system (Slader et al., 2002).

Vertical transmission of S. Enteritidis and S. Typhimurium from the parent flock
to day-old chicks leaving the hatchery has often been reported and implemented as a
main controlling factor in many eradication programmes (Bisgaard, 1992;
Limawongpranee et al., 1999). §. Enteritidis is related to the extraordinary biology of
the infection in the avian host. It has now been clearly established that these strains can
cause lifelong colonization of the peri-reproductive tissues of the hens from which the

eggs can be colonized before the shell is formed (EFSA, 2007).

Horizontal transmission in hatcheries and at farm level during the rearing period
is of greater importance in broiler production. In addition, it leads to the isolation of a
greater variety of Salmonella serovars (Bailey et al, 2001:2002). The horizontal
infection of poultry could be via digestive or respiratory tract. When the bacteria are
transmitted orally, the digestive tract may reduce their number because of gastric

secretions, flora, defensins or mucus, until the caeca colonization (Figure 5). Once the
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bacteria reach the caeca, they may attach to the epithelia and multiply to high numbers
in a relatively short period of time (Cox et al., 1996). In this situation, the birds will be
excreting large numbers of Salmonellae in their caecal droppings, a situation which will
result in the contamination of other birds and the house environment (Cox et al., 1996).
Moreover, the bacteria could infect the chicken via the respiratory tract, reach the lungs

and penetrate the mucosa until the internal organs without defensive barriers (Figure 5,

Cox et al., 1996).

Figure 5. Poultry horizontal infection with Salmonella. a) Via digestive. b) Via respiratory tract.

Several authors have studied and identified the main risk factors for horizontal
transmission, and include inadequate management factors as inaccurate house cleaning
and disinfection between consecutive flocks, contamination of feed and water,
Salmonella status of day old chicks, bedding status and inaccurate disinfection of
farming clothes and boots (Rose et al., 1999; Heyndricks et al 2002; Rojas et al., 2002;
Davies and Breslin, 2003; Doyle and Erickson, 2006). Other risk factors are: the size of
the farm, flock density, rearing of flocks in wet seasons or the presence of carriers on

the farms, such as rodents, litter-beetles, wild birds and flies (Chriél et al., 1999; Davies

22-



Chapter 1. Introduction on Salmonella spp

et al., 2001; Davies and Breslin 2003; Carrique-Mas et al., 2008). Contamination of
Salmonella negative flocks during transport to the slaughterhouse through contaminated

slaughter-trucks has been also described by several authors (Ramesh et al., 2002;

McCrea et al., 2006).

Historically, in most broiler organizations, when cleaning and disinfection was
carried out ineffectively, carry-over of infection was the predominant risk factor in
broiler production (Baggesen et al., 1992). Davies and Wray, (1996) reported that
persistence of Salmonella environmental contamination after disinfection occurred for
at least 1 year in an empty poultry building. Rose et al. (2000, France) in broiler houses
and Davies and Breslin (2003, United Kingdom) in laying houses also observed
inaccurate cleaning and disinfection procedures applied in broiler houses against
Salmonella. Every year, many resources are spent on cleaning and disinfection of
animal houses, both as a general means to minimize infection pressure and to target
specific organisms (Gradel et al., 2004). Disinfection as a routine part of the
management procedures has probably increased with the intensification of animal
husbandry. =~ Moreover, more focus has been placed on this topic with the

implementation of programmes against specific microorganisms (Gradel ef al., 2004).

Feed was often considered as a key route for introduction of new Salmonella
infections into poultry flocks (Davies et al., 1997; Heyndrickx et al., 2002). Several
reports reveal that pelleted poultry feed subjected to a heat treatment (60-80 °C) reduces
the Salmonella contamination rate of the feed (Himathongkham et al., 1996).
Nevertheless, when feed remain in close contact with house environment, it could be an
important source of Salmonella spreading. Heyndrickx et al., (2002) reported a
significant relation between the flock status and the high contamination level of the feed
from feeders within the chicken houses. Moreover, feed contamination could be a result

of a contaminated house environment and/or poultry and rodents shedding Salmonella.

Water is also an important vehicle of enteric pathogens such as Campylobacter
species or E. Coli (LeJeune et al., 2001; Kemp et al., 2005). Lahellec et al. (1986)
suggested contaminated water as an important source of Sal/monella contamination.

Different authors described the importance in bacteria spread of water pipes (Davies and
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Wray, 1996) and water drinkers (Lahellec et al., 1986). However, different authors
reported that water infection source is not common in poultry production, although it

has been reported (Kinde ef al., 1996; Heyndrickx et al., 2002).

Day-old chicks infected with Salmonella were reported as a major Salmonella
contamination risk factor by several authors (Christensen et al., 1997; Hoover et al.,
1997; Rose et al., 1999; Cox et al. 2000). Salmonella can be transmitted vertically from
infected breeders to the day-old chicks (Chriél et al., 1999) or transmitted horizontally
during hatching, loading and transport to the farm (Cox et al., 1996; Cason et al., 1994).
The fact that a Salmonella control of day-old chicks was not requested by the farmer
was associated with the risk to a flock of becoming contaminated, favouring Sa/monella
recontamination of broiler houses (Rose ef al. 1999). Thus, the production companies
have to deliver day-old chicks systematically Salmonella free to their integrated farms

(Rose et al., 1999).

Farmer management is usually attributed as a factor in Salmonella persistence
and recontamination of the houses (Rose et al., 1999). Wet or dirty environment, or the
bedding quality and dirty plumage may facilitate the growth of Salmonella (Chriél et
al., 1999). Contaminated boots and clothing used within houses are potential entering
sources of Salmonella and are allowed to recontaminate the broiler houses by the
farmers or outside visitors (Davies et al., 1997; Rose et al., 1999; Gradel et al., 2002).
Farmers who have a general sense of order and system are more successful in
eliminating an incoming Salmonella infection than the less-diligent farmers (Gradel et
al., 2003). Bedding also has to be correctly managed, because straw piled up outside
the farm could be contaminated by wild animals. Rojas et al. (2002) reported that
broilers often ingest litter during rearing, constituting an important source of chicken

infection.

Another important reason for the persistence of Salmonella in poultry production
is the presence of farm pests, particularly in commercial laying farms, where rodents
have been shown to present a major risk in relation to the carry-over of Salmonella

between flocks (Davies and Wray, 1995; Davies et al., 2001; Carrique-Mas et al.,
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2008). Otherwise, in broiler production it is difficult for mice to consistently occupy
the house with nowhere for them to avoid pecking from the chickens (Gradel et al.,
2003). Free-living mice tend to be territorial, so do not disseminate any infection
widely (Pocock et al., 2001). However, they can become infected with as few as 15
cells and may therefore be responsible for amplifying a low level of environmental
contamination which might otherwise have posed a low risk of direct infection of
poultry (Davies and Breslin, 2003). Mice can also acquire the infection from
inaccessible parts of the house and then deposit contaminated droppings directly into
feeding systems and onto egg belts (Davies and Breslin, 2003). Rose et al. (2000)
reported that the risk for Salmonella persistence in broiler units was two times higher
when rodents were observed by the farmers. Nevertheless, other pests such as flies are
common and can multiply in houses throughout the year; they can travel up to 32 km
and so could transmit Salmonella widely (Graczyck et al., 2001). Beetles, especially
carnivorous species such as Alphitobius and Carcinops, are important predators of fly
eggs and larvae and can also carry Salmonella for short periods, but probably constitute
a smaller risk than flies (Gray et al., 1999). Otherwise, Jones et al. (1991) suggested
that litter beetles may be capable of carrying Sa/monella and perpetuating the infection
in poultry houses. Wild birds, especially where there are large breeding populations
with access to animal faecal waste, may be reservoirs and vectors of Salmonella
(Literak et al., 1996), but like mice they are more likely to be found on farms where

livestock are already infected (Craven et al., 2000).

Chriél et al. (1999) reported that the flock size, number of houses located on the
farm and the annual number of productions within the house had no significant
association with the risk of Salmonella contamination. Angen et al. (1996) evaluated
chicken density, flock size and size of the house, and found no association with the
Salmonella status of the flocks. Similar non-significant findings have been described by
Waldroup et al. (1992), who analysed the effect of animal density on the infection
pressure in broilers after rearing them under different densities. Seasonality had been
reported as an important risk factor for Sa/monella contamination (Chriél et al., 1999).
Broiler flocks that hatched in summer period showed a lower risk of being infected with
Salmonella, compared to chickens hatched in the early winter period (Chriél et al.,

1999). This variation corresponds with earlier described seasonal patterns for
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Salmonella contamination in broilers, indicating a higher risk during wet and cold

period (Davies and Wray, 1996).

Contamination of Salmonella poultry flocks during transport to the
slaughterhouse and processing at the slaughter plant have been observed as apparent
sources of Salmonella contamination (Doyle and Erickson, 2006). The importance of

transport in broiler flock contamination is described below.

1.3.5. Importance of the Salmonella status of the flock

Salmonella species are common contaminants in poultry. Typically, these
pathogens are carried in the animal intestinal tract asymptomatically; however, they can
be shed in faeces in large populations (Poppe, 1999). Chickens are often unapparent
carriers, which has contributed to hindering the diagnosis of Salmonella at farm level
(Doyle and Erickson, 2006). Nevertheless, Salmonella infection can be directly
diagnosed at farm level or at the abattoir by isolating Salmonella with various
established bacteriological methods or by serodiagnosis using ELISA based on
lipopolysaccharide antigens (Christensen et al., 2002). Culture methods are laborious,
time-consuming, and costly. Serological techniques have proven to be practical and
cost-effective methods and therefore more suitable for routine diagnosis (Mousing et
al., 1997). However, serological screening methods indicate exposure to Salmonella
but cannot differentiate between acute or subclinical infection (Lo Fo Wong et al.,
2003). On the other hand, several studies reported that litter sampling utilizing several
pairs of overshoes provided the highest sensitivity for determining the Salmonella status
of the broilers during rearing (Skov et al., 1999; Buhr et al., 2007). So, important
aspects in Salmonella surveillance and monitoring programmes are the type of sample
and the time of sampling to determine the flock status with the highest sensitivity

(Heyndrickx et al., 2002).

From a consumer’s viewpoint, continuing efforts are needed to reduce the
incidence of Salmonella in poultry production. In this regard, information on the

infection dynamics of Salmonella during the rearing and faecal shedding rates of
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Salmonella can be a useful tool (Scherer et al., 2008). Vaccination and hygienic
measures have considerably reduced the vertical transmission of the infection from the
parent flocks (Van Immerseel ef al., 2004). Nevertheless, on commercial broiler farms,
two of the major problems are contaminated houses and infected day-old-chicks (Rose
et al., 2000; Davies and Breslin, 2003). Young chickens (less than 2 weeks) are
extremely susceptible to infection by Salmonella spp. (Bailey ef al., 2001). When day-
old-chick flocks are contaminated with the bacteria, there is a rapid spread of
Salmonella throughout the house, as the rest of the birds ingest the bacteria, being
infected in few days (Heyndrickx et al., 2002). These results may be explained because
the enteric immune system does not fully mature until some weeks after hatching (Beal
et al., 2004). Van Immerseel et al. (2004) reported that young chicks infected with
Salmonella resulted in persistent excretion for at least 18 weeks of rearing. In this
study, faecal shedding of infected chickens, determined with cloacal swabs, was higher
in the first weeks of rearing and then became negative a few weeks post infection. Most
birds sampled showed intermittent shedding during the study period. Similar results
were obtained by Beal et al., (2004), who reported that irrespective of age at exposure,
Salmonella infection of young birds persists until between 10 and 12 weeks, well
beyond the slaughter age for broiler chickens. It is unclear why the infection resulted in
a persistent excretion of Salmonella, but this may be related to differences in
development of immunity after infection (Van Immerseel et al., 2004). These
conclusions have implications for the broiler sector and indicate the need to remain

Salmonella free throughout the rearing period (Beal ef al., 2004).

Salmonella shedding is not delimited to the hatchery and rearing period (McCrea
et al., 2006). Feed withdrawal, holding and transportation from farm to slaughterhouse
are known to be stressful for poultry (Slader et al., 2002). Stress causes a disturbance of
intestinal functions and may lower the resistance of the live animal and increase
spreading of intestinal bacteria (Scherer ef al., 2008). Stern et al. (1995) reported that
transport to the processing plant increased the prevalence of positive birds due to faecal
contamination of skin and feathers by neighbouring infected birds during shipping.
Related with this hypothesis, Rigby and Pettit (1980) reported that prolonged crating of
the animals was a contributor to the contamination of processed broiled carcasses.

Moreover, the use of contaminated trucks during transport is a great concern as
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Salmonella could infect free flocks (Slader et al., 2002; Heyndickx et al., 2002). The
number of contaminated crates at the farms and the results of washing experiments
demonstrated that cleaning and disinfection procedures at slaughterhouses had little
effect against Salmonella. One reason is the remaining organic matter detected
regularly on truck crates after washing (Slader et al., 2002). On the other hand, Corry et
al. (2002) suggested that there was limited evidence for infection or contamination of
birds from dirty crates. They reported that this may happen because it was not possible
to examine the crates immediately before the birds were loaded. Nevertheless, serovars

isolated before cleaning were those present in the flock at the farm.

At the processing plant, several studies suggested that processing procedures
increase contamination by Sal/monella (Corry et al., 2002; Slader et al., 2002; McCrea
et al., 2006). Along the production line, as processing continues the product comes into
contact with surfaces that may have built up residual tissue debris containing
Salmonellas that grow and contaminate other carcasses. Carramifiana et al. (1997)
observed that some contributory factors may have arisen from heavily contaminated
water used for scalding. They also reported that Salmonella serotypes isolated from
facces were later detected in matched carcasses and livers indicating a cross-
contamination of carcasses by endogenous microflora in bird faeces. Due to the
previous considerations, faecal shedding throughout transport provided cross-
contamination between carcasses and equipment during processing, increasing the

contamination status of the final food products (McCrea et al., 2006).

In conclusion, several authors reported that lowering the farm prevalence of the
bacteria that are potential food pathogens and reducing stress during loading practices
and transport has been suggested as an important strategy for lowering the risk of
contaminated meat products entering the food chain (McCrea et al., 2006; Belles,

2007).
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1.3.6. Salmonella persistence in broiler production

Several studies were carried out related to factors that can influence Salmonella
persistence, as reported above. However, inaccurate cleaning and disinfection and
extermination of rodents were two of the most important factors related with current
Salmonella persistence in poultry production (Rose et al., 2000; Davies et al., 2001;
Davies and Breslin, 2003; Carrique-Mas et al., 2008). Several hypotheses explain why
cleaning and disinfection is insufficient to remove Salmonella from hatcheries, rearing
houses, slaughter truck crates and processing lines, such as resistance to the disinfectant
(Gradel et al., 2005), inaccurate concentration of disinfectant (Ramesh et al, 2002),
inadequate temperature (Gradel et al., 2004), water hardness (Davison et al., 1996),
biofilm development (Ramesh et al., 2002) and presence of remains of organic matter

(feed, fats, egg yolk, Gradel et al., 2004).

Repeated use of the same types of antibiotics is known to favour the
development of antibiotic resistance, but less is known about the use of disinfectants
(Gradel et al., 2004). A few disinfectant types are commonly used in the poultry sector
(such as glutaraldehyde, formaldehyde and peroxygen, Gradel et al., 2004).
Theoretically, this could induce resistance to the disinfectant used, which could explain
the persistence of Salmonella (Gradel et al., 2005). However, there is a lack of studies
published on the role of the mechanisms that explain the resistance to disinfectants

commonly used in the agricultural sector (Gradel et al., 2005).

It has also been demonstrated that cellulose production and biofilm formation
may be important for the survival of Salmonella on surface environments; in fact,
cellulose-deficient Salmonella strains did not develop biofilm (Latasa et al., 2005).
Biofilms are defined as a large number of bacteria surrounded by an exopolysaccharide
matrix. In recent years, biofilm development mechanisms have been studied by several
authors (Bonafonte et al., 2000; Cucarella et al., 2001; Solano et al., 2002; Garcia et al.,
2004; Latasa et al., 2006). Lasa (2007) reported that life in a biofilm state protects the
bacteria against environmental insults like chemical sanitizers, which are generally

unable to eliminate most biofilm-associated bacteria. These authors also reported that
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microorganisms that live in a biofilm state are 1,000 times more resistant than
microorganisms in suspension. Holah et al. (1990) reported that the most effective
disinfectants against bacterial cells in suspension may not be as effective when treating
bacterial cells embedded in a Biofilm. Ramesh et al. (2002) tested 13 commercial
disinfectants against Salmonella biofilms on metallic surfaces such as transport
containers. This study suggested that use of hypochlorite (0.05 %) and alkaline
peroxide compound (1.0 %) applied under the prescribed regimen could result in
effective elimination of Salmonella in biofilm state. Nevertheless, this study was done

in vitro conditions and was not applied under field conditions.

Another hypothesis for the survival of the bacteria on surface environments is
that poultry houses have inaccessible equipment and considerable amounts of organic
matter and high contents of protective compounds (fats, carbohydrates and proteins)
from which Salmonella are difficult to remove (Gradel et al., 2004). On one hand,
different studies have shown that formaldehyde and glutaraldehyde are effective
disinfectants to use in presence of organic matter, unlike other disinfectants (Davies and
Wray, 1995; Gradel et al., 2004). On the other hand, disinfectants such as peroxygen
had been suggested to have low efficacy against bacteria because of their susceptibility
to organic matter (Russell and Chopra, 1996; Amass et al., 2001). There are also
considerable differences in the effectiveness of different approved products within the
same chemical group because of variations in the individual ingredients and
formulations.  Flock owners, particularly large integrated companies and their
veterinary advisers, should therefore ensure that sufficient in-house trials are carried out
to establish that the concentration and application rate of the disinfectants used are
sufficient to eliminate Sa/monella from contaminated environment within the houses

(Davies and Breslin, 2003).

The efficacy of a proper disinfection procedure regarding Salmonella in poultry
houses is often ruined by the presence of Salmonella-infected mice remaining or
returning to the house after cleaning and disinfection (Davies and Wray, 1995:1996).
The role of rodents has been reported in several studies (Kinde et al., 1996; Rose et al.,
2000; Davies et al., 2001; Gradel et al., 2003; Davies and Breslin, 2003; Carrique-Mas

et al., 2008). Rodents can acquire the infection from inaccessible parts of the house and
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then deposit contaminated droppings directly into feeding systems and onto egg belts
(Davies and Breslin, 2003). Moreover, mice produce contaminated droppings for 2
months after infection and the droppings are actively sought out by birds when mixed in
their food or bedding (Davies and Wray, 1995). Droppings can contain up to 2.3x10°
cfu Salmonella per dropping, more than sufficient to infect newly hatched chicks
(Henzler and Opitz, 1992). Dead mice can also be found in poultry houses which have
been cleaned and disinfected, and the Sa/monella in these carcasses may be a hazard for
the new flock. Carcasses contain higher levels of bacteria than droppings and may be
pecked by chickens. In this way, chickens become infected by the bacteria (Davies and

Wray, 1995).

1.4. Study cornerstone

Salmonella has long been recognized as an important zoonotic pathogen of
economic significance in animals and humans. There are numerous sources of human
salmonellosis, although eggs and poultry meat are considered the most common source
of human infection (EFSA, 2009). According to Jimenez and Martin (2004), 75.0 % of
the human salmonellosis outbreaks in Spain are related with eggs and poultry meat
consumption. In this sense, legislators are working to minimize Sa/monella prevalence
in poultry sectors with the introduction of a National Control Programme to reduce the
incidence of the bacteria in poultry flocks. The programme for broiler flocks sets out
measures to reduce the prevalence of S. Enteritidis and S. Typhimurium, the strains
which pose the highest human health risk, to 1.0 % or less by 31 December 2011 (EC,
2007). However, greater efforts in poultry production are needed, because the official
survey on the prevalence of Salmonella in broiler flocks reported that in Spain the

currently prevalence is around 41.2 % (EFSA, 2007).

Poultry is an important production sector in Spain and Salmonella control
programmes could entail important economic losses in 2011. Productivity in the
Spanish poultry sector has been enhanced over recent decades (MARM, 2008).
Nowadays, broiler rearing is one of the most important livestock activities in Spain.

Fresh poultry meat is the most frequently consumed fresh meat and comes second after
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pork meat in total meat consumed in Spain (MARM, 2008). The Region of Valencia is
the third broiler producer in Spain after Catalonia and Andalusia, with 15.8 % of broiler
meat production (Martinez et al., 2008). The Region has a total of 493 broiler farms
throughout the territory, with 13,900,079 fattening places (Martinez et al., 2009).

Before Salmonella prevalence in broiler flocks (EFSA, 2007) and the
Community objectives for Salmonella control on poultry farms were established (EC,
2007), no official data were available regarding the Salmonella situation in broiler
production in Spain. In this context, in 2005 the Regional Ministry of Environment and
Rural and Marine Affairs of the Valencia Region invested public funding in a project
involving the study of the main sources of Salmonella contamination in broiler flocks
reared in the Valencia Region and the study of Salmonella epidemiology in field
conditions. These studies were intended to anticipate the National Control Programme
for Salmonella in broiler production, with the aim of applying suitable measures in line

with the future community objectives.

1.5. References

Adelantado, C., L. Arosemena, M.Calvo, L. Manteca, M. Martin, G. Ordofiez, F. Ponsa,
M. Pontes, E. Rodriguez and D. Zekaria. 2008. Un patégeno con historia. In La
Salmonella, de actualidad desde siempre. Pages 13-25. Ed. Real Escuela de Avicultura.

Barcelona, Spain.

Aho, M. 1992. Problems of Salmonella sampling. Int. J. Food Microbiol. 15:225-235.

Amass, S.F., D. Ragland, and P. Spicer. 2001. Evaluation of the efficacy of a peroxygen
compound, Virkon S, as a boot bath disinfectant. J. Swine Health Prod. 9:1221-123.

-32-



Chapter 1. Introduction on Salmonella spp

Angen, 0., M.N. Skov, M. Chri¢l, J.F. Agger, JJE. and M. Bisgaard. 1996. A
retrospective study on Salmonella infection in Danish broiler flocks. Prev. Vet. Med.

26:223-237.

Baggesen, D.L, J.E. Olsen, and M. Bisgaard. 1992. Plasmid profiles and phage types of
Salmonella Typhimurium isolated from successive flocks of chickens on three parent

stock farms. Avian Pathol. 21: 569-579.

Bailey, J.S, N.A. Cox, S.E. Craven, and D.E Cosby. Serotype tracking of Salmonella
through integrated broiler chicken operations. J. Food Prot. 65:742-745.

Bailey, J.S., N. Stern, P. Fedorka-Cray, S.E. Craven, N.A. Cox, D. Cosby, S. Ladely,
and M. Musgrove. 2001. Sources and movement of Salmonella through integrated
poultry operations: A multistate epidemiological Investigation. J. Food Prot. 64: 1690-
1697.

Baird-Parker. 1991. Foodborne salmonellosis. In Lancet Review of foodborne illness.

Pages. Ed. Edward Amold, London, United Kingdom.

Barrow, P.A, N. Bumstead, K. Marston, M.A. Lovell, and P. Wigley. 2003. Faecal
shedding and intestinal colonization of Salmonella enterica in in-bred chickens: the

effect of host-genetic background. Epidemiol. Infect. 132:117-126.

Béaumler, A.J., B.M. Hargis, and R.M. Tsolis. 2000. Tracing the origins of Sa/monella
outbreaks. Science. 287:50-52

Beal, R., P. Wigley, C. Powers, S. Hulme, P. Barrow and A. Smith. 2004. Age at
primary infection with Salmonella enterica serovars Typhimurium in the chicken
influences persistence of infection and subsequent immunity to re-challenge. Vet.

Immunol. Immunopathol. 100:151-164.

-33-



Chapter 1. Introduction on Salmonella spp

Belles, S. 2007. La recta final de la crianza de los pollos. Proceedings of the Jornadas

profesionales de avicultura, Guadalajara, Spain. Jun 11 to 12. p105.

Berndt, A., and U. Methner. 2004. B cell and macrophage response in chicks after oral
administration of Salmonella Typhimurium strain. Comp. Immun. Microbiol. Infect.

Dis. 27:235-246.

B.E.S (Boletin epidemiologico semanal). 2008. Instituto de Salud Carlos IIl. Red
Nacional de Vigilancia Epidemiolégica. B.E.S.16:85-96.

Bisgaard, M. 1992. A voluntary Sal/monella control programme for the broiler industry,
implemented by the Danish Poultry Council. Int. J. Food Microbiol. 58: 326-344.

Bonafonte, M. A., C. Solano, B. Sesma, M. Alvarez, L. Montuenga, D. Garcia-Ros, and
C. Gamazo. 2000. The relationship between glycogen synthesis, Biofilm formation and

virulence in Salmonella enteritidis. FEMS Microbiol. Lett. 191:31-36.

Bowmer. 1965. Salmonellae in food-a Review. J. Food Prot. 28:74-86.

Buhr, R.J., L.J. Richardson, J.A. Cason, N.A. Cox, and B.D. Fairchild. 2007.
Comparison of four sampling methods for the detection of Salmonella in broiler litter.

Poult. Sci. 86:21-25.

Bullis, K.L. 1977. The history of avian medicine in the U.S. Pullorum disease and fowl
typhoid. Avian Dis. 21: 422-429.

Carraminana, J., J. Yangiiela, D. Blanco, C. Rota, A. Agustin, A. Arifio, and A. Herrera.
1997. Salmonella incidence and distribution of serotypes throughout processing in a

Spanish poultry slaughterhouse. J. Food Prot. 60:1312-1317.

-34-



Chapter 1. Introduction on Salmonella spp

Carrique-Mas, J.J., M.Breslin, L. Snow, I. McLaren, A.R. Sayers, R.H. Davies. 2008.
Persistence and clearance of different Salmonella serovars in buildings housing laying

hens. Epidemiol. Infect. 19:1-10.

Cason, J., N. Cox, and J. Bailey. 1994. Transmission of Salmonella Typhimurium

during hatching of broiler chicks. Avian Dis. 38:583-588.

Castellani, A., and J.A. Chalmers. 1919. Manual of tropical medicine, 3ed edition.
Pages 938-940. Ed. Baillére, Tindall, Cox. London, United Kingdom. (Cited from Van
de Giessen, 1996)

Chriél, M., H. Stryhn, and F. Dauphin. 1999. Generalized linear mixed models analysis
of risk factors for contamination of Danish broiler flocks with Salmonella typhimurium.

Prev. Vet. Med. 40:1-17.

Christensen, J., D.L. Baggesen, B. Nielsen and H. Stryhn. 2002. Herd prevalence of
Salmonella spp. In Danish pig herds after implementation of the Danish Salmonella
Control Program with reference to a pre-implementation study. Vet. Microbiol. 88: 175-

188.

Christensen, J. P, D. J Brown, M. Madsen, J. E. Olsen, and M. Bisgaard. 1997.
Hatchery-borne Salmonella enterica serovar Tennessee infections in broilers. Avian

Pathol. 26:155-168.

Clavero, M.R., J.D. Monk, L.R. Beuchat, M.P. Doyle, R.E. Brackett. 1994. Inactivation
of Escherichia coli 0157:H7, Salmonellae, and Campylobacter jejuni in raw ground

beef by gamma irradiation. Appl. Environ. Microbiol. Infect. 60:2069-2075.

-35-



Chapter 1. Introduction on Salmonella spp

Coetzer, and Tustin. 2004. Infectious diseases of livestock. Eds. Oxford University

Press. 3:1578-1581.

Cogan, T., and T. Humphrey. 2003. The rise and fall of Sa/monella Enteritidis in the
UK. J. Appl. Microbiol. 94:114-119.

Cooper, G.L., R.A. Nicholas, and C.D. Bracewell. 1989. Serological and bacteriological
investigations of chickens from flocks naturally infected with Salmonella enteritidis.

Vet. Rec. 125:567-572.

Corry, J.E.L., V.M. Allen, W.R. Hudson, M.F. Breslin, and R.H. Davies. 2002. Sources
of Salmonella on broiler carcasses during transportation and processing: modes of

contamination and methods of control. J. Appl. Microbiol. 92:424-432.

Cotrubo, Dafour, Ress, Bartram, Carr, Cliver, Craun, Fayer and Gammon. 2004.
Waterborne Zoonoses. Pages 230-241. Eds. World Health Organization, Environmental
Protection Agency, United Sates, and IWA Publishing.

Cox, J. M. 1995. Salmonella enteritidis: virulence factors and invasive infection in

poultry. Trends Food Sci. Technol. 6:407-410.

Cox, N.A., I.S. Bailey, and M.E. Berrang. 1996. Alternative routes for Salmonella
intestinal tract colonization of chicks. J. Appl. Poultry Res. 5:282-288.

Cox, J.M, M.E. Berrang, and J.A. Cason. 2000. Salmonella penetration of egg shells
and proliferation in broiler hatching eggs-a review. Poult. Sci. 79:1571-1574.

Craven, S.E., N.J. Stern, E. Line, J.S. Bailey, N.A Cox, and P. Fedorka-Cray. 2000.

Determination of the incidence of Salmonella spp., Campylobacter jejuni and

-36-



Chapter 1. Introduction on Salmonella spp

Clostridium perfringens in wild birds near broiler chicken houses by sampling intestinal

droppings. Avian Dis. 44:715-720.

Cucarella, C., C. Solano, J. Valle, B. Amorena, 1. Lasa, and J. R. Penadés. 2001. Bap, a
Staphylococcus aureus Surface Protein Involved in Biofilm Formation. J. Bacteriol.

108:2888-2896.

D’Aoust, J.Y. 1989. Salmonella. In foodborne bacterial pathogens. Pages 327-445. Ed.
Doyle, M.P, New York, United States.

D’Aoust, J.Y. 1991. Psychrotrophy and foodborne Salmonella. Int. J. Food Microbiol.
13:207-215.

Davies, R. H., and M. Breslin. 2003. Observations on Salmonella contamination of
commercial laying farms before and after cleaning and disinfection. Vet. Rec. 152:283-

287.

Davies, R.H., M. Breslin, J. Corry, E. Hudson and V. Allen. 2001. Observations on the
distribution and control of Sa/monella species in two integrated broiler companies. Vet.

Rec. 149:227-232.

Davies, R. H., R. A. J. Nicholas, I. M. Mclaren, J. D. Corkish, D. G. Lanning, and C.
Wray. 1997. Bacteriological and serological investigation of persistent Salmonella
Enteritidis infection in an integrated in poultry organization. Vet. Microbiol. 58:277-

293.

Davies, R.H., and C. Wray. 1995. Mice as carriers of Salmonella enteritidis on

persistently infected poultry units. Vet Rec. 137:337-341.

-37-



Chapter 1. Introduction on Salmonella spp

Davies, R. H., and C. Wray. 1996. Persistence of Salmonella Enteritidis in poultry units
and poultry food. Br. Poult. Sci. 37:589-596.

Davison S., C.E. Benson, and R.J. Eckroade. 1996. Evaluation of disinfectants against
Salmonella Enteritidis. Avian Dis. 40(2): 272-277.

Desmindt, M., R. Ducatelle, J. Mast, B.M. Goddeeris, B. Kaspers, and F. Haesebrouck.
1998. Role of the humoral immune system in Salmonella Enteritidis phage type four

infection in chickens. Vet Immunol Immunopathol. 63:355-367.

Doyle, M.P., and M.C. Erickson. 2006. Reducing the carriage of foodborne pathogens
in livestock and poultry. Poult. Sci. 85:960-973.

EC (European Commission). 2005. Baseline Survey on the Prevalence of Sa/monella in
Broiler Flocks of Gallus gallus in the EU. Technical specifications. Rev.1. Working
document(15/07/05).http://ec.europa.eu/food/food/biosafety/Salmonella/impl reg en.pr
int.htm. Accessed Aug. 2005.

EC (European Commission). 2007. Commission Regulation No 646/2007 of the
European Parliament and of the Council of 12 June 2007 implementing Regulation (EC)
No 2160/2003 as regards a Community target for the reduction of the prevalence of
Salmonella enteritidis and Salmonella typhimurium in broilers and repealing Regulation
(EC) No 1091/2005. Official Journal of the European Union 2003; L 151/21:
16.06.2007.

Edwing, W.H. 1986. Edwards and Ewing’s identification of enterobacteriaceae. 4

Edition. Ed. Elsevier Science Publishing, New York, United States.

-38-



Chapter 1. Introduction on Salmonella spp

EFSA (European Food Safety Authority). 2007. Report of the Task Force on Zoonoses
Data Collection on the Analysis of the baseline survey on the prevalence of Salmonella

in broiler flocks of Gallus gallus, in the EU, 2005-2006. The EFSA Journal. 98:1-85.

EFSA (European Food Safety Authority). 2008. The Community summary report on
trends and sources of zoonoses, zoonotic agents, antimicrobial resistance and foodvorne

outbreaks in the European Union in 2006. The EFSA Journal. 130:95-352.

EFSA (European Food Safety Authority). 2009. The community summary report on
trends and sources of zoonoses and zoonotic agents in the European Union in 2007. The

EFSA Journal. 223:1-217.

Feder, 1., J.C. Nietfeld, J. Galland, T. Yeary, J.A. Sargeant, R. Oberst, M.L. Tamplin,
and J.B. Luchansky. 2001. Comparison of cultivation and PCR-Hybridization for
detection of Salmonella in porcine faecal and water samples. J. Clin Microbiol.

39:2477-2484.

Fedorka-Cray, P.J., S.C. Wipp, R.E Isaacson, N. Nord, and K. Lager. 1994.

Transmission of Salmonella Typhimurium to swine. Vet. Microbiol. 41:333-344.

Fernandez-Cuenca, F. 2004. PCR techniques for molecular epidemiology of infectious

diseases. Enferm. Infecc. Microbiol. Clin. 22:355-360.

Garcia, B., C. Latasa, C. Solano, F. Garcia-del-Portillo, C. Gamazo, and 1. Lasa. 2004.
Role of the GGDEF protein family in Salmonella cellulose biosynthesis and Biofilm
formation. Mol. Microbiol. 54:264-277.

Graczyck, T.K., R. Knight, R.H. Gilman, and M.R. Cranfield. 2001. The role of non-
biting flies in the epidemiology of human infectious disease. Microbes Infect. 3:231-

235.

-39-



Chapter 1. Introduction on Salmonella spp

Gradel, K.O. 2004. Thesis on disinfection of Salmonella in poultry houses. University
of Bristol, United Kingdom.

Gradel, K.O., J. Andersen, and M. Madsen. 2002. Comparisons of sampling procedures
and time of sampling for the detection of Sal/monella in Danish infected chicken flocks

raised in floor systems. Acta Vet. Scand. 43:21-30.

Gradel, K. O., J. Chr. Jorgensen, J. S. Andersen, and J. E. L. Corry. 2003. Laboratory
heating studies with Salmonella spp. and Escherichia coli in organic matter, with a view

to decontamination of poultry houses. J. Appl. Microbiol. 94:919-28.

Gradel, K. O., J. Chr. Jorgensen, J. S. Andersen, and J. E. L. Corry. 2004. Monitoring
the efficacy of steam and formaldehyde treatment of naturally Salmonella-infected layer

houses. J. Appl. Microbiol. 96:613-622.

Gradel, K. O., L. Randall, A. Sayers, and R. H. Davies. 2005. Possible associations
between Salmonella persistence in poultry houses and resistance to commonly used

disinfectants and a putative role of mar. Vet. Microbiol. 107:127-138.

Gray, J.P., C.W. Maddox, P.C. Tobin, J.D. Gummo, and C.W. Pitts. 1999. Reservoir
competence of Carcinops pumilio for Salmonella enteritidis. ] Med Entomol. 36:888-

891.

Harbour, H.E., J.]M Abell, P. Cavanagh, F.G Clegg, C.M. Gould, P. Ellis, M. Pike, C.T
Riley, and U. Laver. 1977. Salmonella: The food poisoner. Ed. British association for

the advancement of science, London.

Henzler, D.J., and H.M. Opitz. 1992. The role of mice in the epizootiology of

Salmonella enteritidis on chicken layer farms. Avian Dis. 36:625-631.

-40-



Chapter 1. Introduction on Salmonella spp

Heyndrickx, M., D. Vandekerchove, L. Herman, 1. Rollier, K. Grijspeerdt, and L.
Zutter. 2002. Routes for Salmonella contamination of poultry meat: epidemiological

study from hatchery to slaughterhouse. Epidemiol. Infect. 129:253-265.

Himathongkham, S., M.G. Pereira, H. Riemann. 1996. Heat destruction of Sa/monella

in poultry feed: effect of time, temperature and moisture. Avian Dis. 40:72-77.

Holah, J.T., C. Higgs, S. Robinson, D. Worthington, and H. Spenceley. 1990. A
conductance-based surface disinfection test for food hygiene. Lett. Appl. Microbiol.

11:225-259.

Hoover, N.J, P.B. Kenney, J.D. Amick, and W.A. Hypes. 1997. Preharvest sources of
Salmonella colonization in turkey production. Poult. Sci. 76:1232-1238.

ISO 6579:2002 (Annex D). 2002. Microbiology of food and animal feeding stuffs.
Horizontal method for the detection of Salmonella spp. International Organization for

Standardization. Genéve, Switzerland.

Jiménez and Martin. 2004. Vigilancia epidemioldgica de los brotes de enfermedades
transmitidas por alimentos en Castilla y Leén (II) (afios 1987 a 2003). Boletin
Epidemiologico de Castilla Ledn. 20:1-8.

Jones, F.T., R.C. Axtell, D.V. Rives, S.E. Scheideler, F.R. Tarver, R.L. Walker, M.J.
Wineland. 1991. A survey of Salmonella contamination in modern broiler production. J.

Food Protect. 54:502-507.

Kelterborn, E. 1967. Salmonella species. First isolations, names, and occurrence. Den

Haag: W. Junk Ltd. (Cited from Van de Giessen, 1996).

41-



Chapter 1. Introduction on Salmonella spp

Kemp, R., A.J.H. Leatherbarrow, N.J. Williams, C.A. Hart, H.E. Clough, J. Turner, E.J.
Wright, and N.P. French. 2005. Prevalence and genetic diversity of Campylobacter spp.
in environmental water samples from a 100-square-kilometer predominantly dairy

farming area. Appl. Environ. Microbiol. 71:1876-1882.

Kim, S.H., S. Kim, S.G. Chun, M. Park, J.H. Park, and B. Lee. 2008. Phage types and
Pulsed-Field Gel Electrophoresis patterns of Salmonella enterica serovar Enteritidis

isolated from humans and chickens. J. Microbiol. 46:209-213.

Kinde, H., D.H. Read, R.P. Chin, and A.A. Blickford. 1996. Salmonella enteritidis,
phage type 4 infection in a commercial layer flock in southern California: bacteriologic

and epidemiologic findings. Avian Dis. 40:27-42.

Lahellec, C., Colin, P., Bennejean, G., Paquin, J., Guillerm, A. and Debois, J.C. 1986.
Influence of resident Salmonella on contamination of broiler flocks. Poult. Sci. 65:

2034-2039.

Lambiri, M., A. Mavridou, S.C. Richardson, and J.A. Papadakis. 1990. Comparison of
the TECRA Salmonella immunoassay with the conventional culture methods. Lett.

Appl. Microbiol. 11:182-184.

Lasa, 1. 2007. Biofilm. http:// www.semicro.es/Actualidad/SEM37 14.pdf. accessed
Dec. 2007.

Latasa, C., R. Agnes, A. Toledo-Arana, J. M. Ghigo, C. Gamazo, J. R. Penadés, and I.
Lasa. 2005. Bap A, a large secreted protein required for Biofilm formation and host

colonization of Salmonella enterica serovar Enteritidis. Mol. Microbiol. 58:1322-1339.

Latasa, C., C. Solano, J. R. Penades, and 1. Lasa. 2006. Biofilm-associated proteins. C.
R. Biol. 329:849-857.

-40-



Chapter 1. Introduction on Salmonella spp

LeJeune, J.T., T.E. Besser, N.L. Merrill, D.H. Rice, D.D. Hancock. 2001. Livestock
drinking water microbiology and the factors influencing the quality of drinking water

offered to cattle. J. Dairy Sci. 84:1856-1862.

Le Minor, L. 1984. Genus Salmonella. In: N.R Krieg, and J.G. Holt. Pages 427-458. Ed.

Bergey’s manual of systematic bacteriology, volume 1, Baltimore.

Le Minor, L., and M.Y. Popoft. 1987. Designation of Salmonella enterica sp. nov. rev.,

as the type and only species of the genus Salmonella. Int. J. Syst. Bacteriol. 37:465-468.

Limawongpranee, S., H. Hayashidani, A.T. Okatani, K. Ono, C. Hirota, K. Kanero, M.
Ogawa. 1999. Prevalence and persistence of Salmonella in broiler chicken flocks. J.

Vet. Med. Sci. 61: 255-259.

Literak, 1., A. Cizek, and J. Smola. 1996. Survival of Salmonellas in a colony of
common Black Headed gulls, Larus ridibundus, between two resting periods. Colon.

Waterbirds. 19:268-269.

Lo Fo Wong, D., J. Dahl, P. van der Wolf, A. Wingstrand, L. Leontides and A. von
Altrock. 2003. Recovery of Salmonella enterica from seropositive finishing pig herds.

Vet. Microbiol. 97:201-214.

Mallison, E.T., R.G Miller, C.E Rezende, K.E. Ferris, J. de Graft-Hanson, and S.W.
Joseph. 2000. Improved plating media for the detection of Salmonella species with
typical and atypical hydrogen sulphide production. J. Vet. Diagn. Invest. 12:83-87.

MARM (Ministry of Environment and Rural and Marine Affairs). 2008.
http://www.mapa.es/app/SCH/defaultCA.aspx?Ing=es. Accessed Feb. 2009.

-43-



Chapter 1. Introduction on Salmonella spp

Martinez, M., C. Marin, A. Torres, and M. Lainez. 2008. Caracterizacion de las
explotaciones de pollos de engorde de la Comunidad Valenciana. Ed. Agroalimed,

Valencia, Spain.

McCrea, B., K. Tonooka, C. VanWorth, C. Boggs, E. Atwill, and J. Schrander. 2006.
Prevalence of Campylobacter and Salmonella species on farm, after transport, and at

processing in specialty market poultry. Poult. Sci. 85:136-143.

Mead, P.S, L. Slutsker, V. Dietz, L.F. McCraig, J.S. Bresse, C. Shapiro, P.M. Griffin,
and R.V. Tauxe. 1999. Food-related illness and death in the United States. Emerg.
Infect. Dis. 5:607-625.

Meara, P.J. 1973. Salmonellosis in slaughter animals as a source of human food

poisoning. J. S. Afr. Vet. Assoc. 44:215-233.

Moorehead, R. 2002. William Budd and typhoid fever. J. R. Soc. Med. 95:561-564.

Mousing J., P.T. Jensen, C. Halgaard, F. Bager, N. Feld, B. Nielsen, J.P. Nielsen and
Bech-Nielsen. 1997. Nationwide Salmonella enterica surveillance and control in Danish

slaughter swineherds. Prev. Vet. Med. 29:247-261.

Namata, H., E. Méroc, M. Aerts, C. Faes, J. Corifias-Abrahantes, H. Imberechts, and K.
Mintiens. 2008. Sal/monella in Belgian laying hens: An identification of risk factors. .

Prev. Vet. Med. 83:323-336.

Pocock, M.J.O., J.B. Searle, W.B. Betts, and P.C.L. White. 2001. Patterns of infection
by Salmonella and Yersinia spp in commensal house mouse (Mus musculus domesticus)

populations. J. Appl. Microbiol. 90:755-760.

-44-



Chapter 1. Introduction on Salmonella spp

Popoff, M.Y., J. Bockemiihl, and A. McWhorter-Murlin. 1992. Supplement n°35, to the
Kauffmann-White scheme. Res. Microbiol. 143:807-811.

Popoff, M.Y. and Le minor, L. 1992. Antigenic formulas of the Salmonella serovars,
Institut Pasteur, WHO Collaborating centre for reference and research on Salmonella,

Paris, France.

Popoff, M.Y. and Le minor, L. 2001. Antigenic formulas of the Salmonella serovars,
Institut Pasteur, WHO Collaborating centre for reference and research on Sa/monella,

Paris, France.

Poppe, C. 1999. Epidemiology of Salmonella enterica serovar Enteritidis. In Salmonella
enterica serovar Enteritidis in humans and animals-Epidemiology, pathogenesis, and
Control. Pages 3-18. Ed. M.A Saeed, R.K. Gast, M.E. Potter, and P.G. Wall. Iowa,
United States.

Prost, E., and H. Riemann. 1967. Food-borne salmonellosis. Annu. Rev. Microbiol.

21:495-528.

Rabsch, W., H. Tschape, and A.J. Baumler. 2001. Non-typhoidal salmonellosis:
emerging problems. Microbes Infect. 3:237-247.

Ramesh, N., S. W. Joseph, L. E. Carr, L. W. Douglass, and F. W. Wheaton. 2002.
Evaluation of chemical disinfectants for the elimination of Salmonella Biofilms from

poultry transport containers. Poult. Sci. 81: 904-910.

REA (Real Escuela de Avicultura). 2003. Reproduccion e incubacion en avicultura.

Pages 215-248. Eds. Real Escuela de Avicultura, Barcelona, Spain.

-45-



Chapter 1. Introduction on Salmonella spp

Reeves, M.W., G.M. Evins, A.A. Heiba, B.D. Plikaytis, and J.J. Farmer. 1989. Clonal
nature of Salmonella typhi and its genetic relatedness to other Sa/monellae as shown by
multilocus enzyme electrophoresis, and proposal of Salmonella bongori. J. Clin.

Microbiol. 27:313-321.

Regional Ministry of Environment and Rural and Marine Affairs from the Region of
Valencia. 2009. Salmonella en la Comunitat Valenciana: Situacion y previsiones.

Jornada Técnica de Salmonella. Moncada, Valencia, Spain, Mar 2 to 3.

Rigby, C.E, and J.R. Pettit. 1980. Changes in the Salmonella status of broilers chickens
subjected to simulated shipping conditions. Can. J. Comp. Med. 44:374-381.

Rojas, M. J., M. Garcia, and V. Masdeu. 2002. Resultados del analisis microbiologico
de yacijas de paja de arroz utilizadas en la avicultura. Revista Cubana de Ciencia

Avicola 26: 121-123.

Rose, N., F. Beaudeau, P. Drouin, J. Y. Toux, V. Rose, and P. Colin. 1999. Risk factors
for Salmonella enterica subsp. enterica contamination in French broiler-chicken flocks

at the end of the raring period. Prev. Vet. Med. 39:265-277.

Rose, N., F. Beaudeau, P. Drouin, J. Y. Toux, V. Rose, and P. Colin. 2000. Risk factors
for Salmonella persistence after cleaning and disinfection in French broiler-chicken

houses. Prev. Vet. Med. 44:9-20.

Rusell, A.D., and I.Chopra. 1996. Antiseptics, disinfectants and preservatives: Their
properties, mechanisms of action and uptake into bacteria. Pages 95-123. Ed. A.D.

Russell and Chopra, ed. Ellis Horwood, London.

-46-



Chapter 1. Introduction on Salmonella spp

Salmon, D.E., and T. Smith. 1986. Investigations in swine plague. Washington: US
Department of Agriculture. Second annual report of the Vureau of Animal Industry for

the year 1985 (cited from Van de Giessen, 1996)

Scherer, K., I. Szabo, U. Rosler, B. Appel, A. Hensel and K. Nockler. 2008. Time
course of infection with Salmonella Typhimurium and its influence on faecal shedding,
distribution in inner organs, and antibody response in fattening pigs. J. Food Prot. 71:

699-705.

Skov, M.N., B. Carstensen, N. Tornge, and M. Madsen. 1999. Evaluation of sampling
methods for the detection of Salmonella in broiler flocks. J. Appl. Microbiol. 86:695-
700.

Slader, J., G. Dominguez, F. Jorgensen, K. McAlpine, R. Owen, F. Bolton and T.
Humphrey. 2002. Impact of transport crate reuse and of catching and processing on
Campylobacter and Salmonella contamination of broiler chickens. Appl. Environ.

Microbiol. 68:713-719.

Smulders, F.J. 1987. Prospective for microbial decontamination of meat and poultry by
organic acids with special reference to lactic acid. Pages 319-344. Ed. Elimination of

pathogenic organisms from meat and poultry, Amsterdam.

Solano, C., B. Garcia, J. Valle, C. Berasain, J. M. Ghigo, C. Gamazo, 1. Lasa. 2002.
Genetic analysis of Salmonella enteritidis Biofilm formation: critical role of cellulose.

Mol. Microbiol. 43:793-808.

Stern, N., M. Clavero, J. Baley, N. Cox and M. Robach. 1995. Campylobacter spp. in
broilers on the farm and after transport. Poult. Sci. 74:937-941

-47-



Chapter 1. Introduction on Salmonella spp

Van de Giessen. 1996. Thesis on epidemiology and control of Salmonella enteritidis
and Campylobacter spp. in poultry flocks. National Institute of public Health and

Environment, Bilthoven, The Netherlands.

Van Immerseel, F., J. De Buck, I. De Smet, J. Mast, F. Haesebrouck, and R. Ducatelle.
2002. Dynamics of immune cell infiltration in the caecal lamina propria of chickens
after neonatal infection with a Sal/monella Enteritidis strain. Dev. Comp. Immunol.

26:355-364.

Van Immerseel, F., G. Meulemans, J. De Buck, F. Pasmans, P. Celge, E. Bottreau, F.
Haesebrouck, and R. Ducatelle. 2004. Bacteria host interactions of Salmonella

Paratyphi B dT+ in poultry. Epidemiol. Infect. 132:239-243.

Van Poucke, L.S. 1990. Salmonella-TEK, a rapid screening method for Salmonella
species in food. Appl. Environ. Microbiol. 56:924-927.

Waldroup, A.L., B.M. Rathgeber, and R.H. Forsythe. 1992. Effects of six modifications
on the incidence and levels of spoilage and pathogenic organisms on commercially

processed postchill broilers. J. Appl. Poult. Res. 1:226-234.

Waltma, W.D., C. Wray, and A. Wray. 2000. Salmonella in domestic animals. Pages
355-372. CABI Publishing, Wallingford, United Kingdom.

Ward, L.R., E.J. Threlfall, H.R. Smith, and S.J. O'Brien. 2002. Sa/monella enteritidis
epidemic. Science. 287:1753-1754.

White, P.B. 1929. Further studies of the Salmonella group. Her Majesty’s Stationery
Office, Great Britain Medical Research Council, special report n°103. London, United
Kingdom. (Cited from D" Aoust, 1989).

-48-



Chapter 1. Introduction on Salmonella spp

WHO (World Health Organization). 2005. Drug-resistant Sa/monella. Fact sheet N°
139, Revised April 2005. http://www.who.int. Accessed Dec. 2006.

Wray, C. 1975. Survival and spread of pathogenic bacteria of veterinary importance

within the environment. Vet. Bull. 45:543-555.

-49-



-50-



CHAPTER 2. OBJECTIVES

-51-



-52-



Chapter 2. Objetives

This study started in October 2005 and finished in October 2007. Over two

years, 65 flocks from different farms were intensively sampled during the rearing

period. Broiler farms were distributed throughout the Region of Valencia.

(i)

(iii)

(iv)

(vi)

The main objectives of this study were:

To determine the main sources for Salmonella contamination in broiler flocks
and determine the main serotypes involved in broiler production in the Region

of Valencia.

Assess the main risk factors for Salmonella contamination of the flock at the

end of the rearing period.

Select the best moment of sampling to assess the Salmonella status of the

broiler flocks.

Assess the influence of live transport to the slaughterhouse on Salmonella

detection.

Evaluate biofilm development capacity of strains isolated in poultry samples.

Evaluate the most common disinfectants used in poultry against Salmonella

biofilm and non-biofilm strains in field conditions.
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3.1. Main sources of Salmonella contamination in broiler production

3.1.1. Abstract

Prevention of Salmonella contamination of poultry products requires detailed
knowledge of the main sources associated with its presence in the production system.
The aims of this study were to determine the main sources of Sa/monella contamination
in broiler production, assess the risk factors for Sa/monella contamination of broiler
flocks at the end of the rearing period, and determine the serotypes involved in broiler
production system of the Valencia Region. A total of 65 different broiler houses from
different farms were sampled in the Valencia Region between October 2005 and
October 2007. Each house was visited 11 times during the rearing period. First, when
the previous flock was taken to the slaughterhouse, samples of dust, surfaces and faeces
were collected; after cleaning and disinfection, samples of dust and surfaces were also
taken. On the first day of rearing, samples of water, bedding, farming boots,
meconiums, delivery-box liners and feed were collected. During rearing, 6 visits took
place and feed samples were taken. On slaughter day, samples of dust, surfaces, water,
feed and faeces were also collected. Finally, two days after slaughter, carriers (rodents,
flies and beetles) were trapped. All samples were analysed according to ISO 6579:2002
(Annex D) and positive samples were serotyped in accordance with Kauffman-White-
Le-Minor technique. Our results showed that all different types of samples collected
were contaminated with Salmonella (ranged between 1.5 % and 38.6 %), except for
some samples of feed collected from the truck. The most contaminated samples related
with poultry production were: delivery-box liners, faeces samples, dust samples,
farming boots and feed from feeders. However, the most important risk factors for
Salmonella contamination of the flocks at the end of the rearing period were
contaminated feed from feeders, Salmonella status of the house after cleaning and
disinfection and Salmonella status of day-old chick flocks. Twenty-one different
serotypes were isolated from the samples analysed. The most prevalent were in
decreasing order: S. Enteritidis (52.9 %), S. Hadar (17.8 %), S. Virchow (8.9 %) and S.
Ohio (5.4 %). The study suggested that there are many sources for Salmonella
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contamination and persistence in broiler production. So, whole production chain needs

to be controlled to eradicate the bacteria from the primary production.

3.1.2. Introduction

Salmonellosis is an important public health concern associated with food
consumption of animal origin (EFSA, 2009). According to Jiménez and Martin (2004),
eggs and poultry meat are involved in 75.0 % of human salmonellosis outbreaks in Spain,
constituting an important threat to Public Health. In recent years, Food Safety has
become an important concern for European society and governments, so that many
stricter and stronger regulations were imposed throughout the production chain with the
aim of guaranteeing and increasing consumer confidence in food from animal sources

(EC 2003:2007).

Many epidemiological studies have reported the wide variety of routes by which
Salmonella can be disseminated within integrated poultry companies in Europe (Rose et
al., 1999:2000; Hendrickx et al., 2002; Davies and Breslin, 2003; Namata et al, 2008).
However, to our best knowledge, in Spain there are no studies related with risk factors
for Salmonella contamination in broiler flocks. Historically, an inaccurate cleaning and
disinfection has been reported as an important risk for Salmonella persistence in poultry
houses (Davies and Breslin, 2003; Rose et al., 2003; Gradel et al., 2005). Moreover,
removing rodents and insects during production break is also an important factor in
Salmonella control (Davies and Breslin, 2003). These authors reported that the
presence of contaminated carriers, especially rodents, is involved in recontamination of
houses after cleaning and disinfection. Rose et al. (2000) suggested that two of the
most important risk factors are the Salmonella status of the previous flock and day-old
chick flocks. Infection in day-old flocks could be vertical from infected breeder flocks
or horizontally transmitted during hatching, loading and transport to the farm (Cox et
al., 1990; Cason et al., 1994; Chriél et al., 1999) and, at farm level, from the house
environment (Rojas et al., 2002; Davies and Wray, 1996).
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In addition, Heyndrickx et al. (2002) reported that feed and water in broiler
houses are risk factors significantly related to the status of the flock. The role of feed
and feed ingredients in the spread of Salmomella through the poultry industry has
received a great deal of attention (Bailey et al., 2001). Less than one Salmonella per
gram of feed has been shown to establish colonization in 1 to 7 day-old chicks
(Waldroup et al., 1992). Livestock drinking water has also been considered as a major

source of exposure of food-borne pathogens (LeJeune ef al., 2001).

Other factors, such as the flock size, number of houses located on the farm and
the annual number of productions within the house had been reported as posing no
significant risk of Salmonella contamination (Chriél et al., 1999). Moreover, Waldroup
et al. (1992) reported that the effect of animal density on the infection pressure is not

significant for Sa/monella contamination of the flock.

The objectives of this study were (i) to determine the main sources for Sal/monella
contamination in broiler production, (ii) assess the main risk factors for Salmonella
contamination of broiler flocks at the end of the rearing period, and (iii) determine the

main serotypes involved in poultry production systems of the Valencia Region.

3.1.3. Material and methods

Study sample

Over two years (October 2005 and October 2007), 65 commercial broiler farms
from the Valencia Region were sampled. Only one flock was studied on each farm.
These farms belong to 5 companies, which have the majority of the poultry slaughtered
in the Valencia Region. To participate in the study, farms had to be commercial broiler
farms with chickens reared on the floor. The location of the farms and the day of
placing the chicks were provided by the companies. All the farm owners were willing

to cooperate during the lifespan of the flock.
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Moment of sampling for Salmonella in broiler flocks

Each farm was visited eleven times during the flock lifespan (Figure 6). The
first visit occurred when the previous flock left for the slaughterhouse (before cleaning
and disinfection, C&D). The next visit was after C&D. Then, the farm was visited
again just before placing day-old chicks (Day 1). During the rearing period, each farm
was visited six times. Finally, last visits were on slaughter day, between day 42 and day

49 of rearing (common fattening period) and two days after slaughter.

Flies
Rodents
Bettles

Dust

Surfaces
Water tank
Water drinkers
Two days after slaughter Fiacas
Feed from feeders
Carrier trapping
@_ Cleaning & disinfection
P TR g \ Slaughter day

: Samples collected |

N

[7, 14, 21, 28, 35, 42 days]

Water tank
Water drinkers
Bedding

Faeces Feed from truck
Farmer boots Feed from feeders
Meconiums Carrier trapping

Delivery-box liners
Feed from truck

Figure 6. Sampling visits and samples collected during the lifespan of each broiler flock.

Before cleaning and disinfection: To assess the Salmonella status of the
previous flock, faeces were taken from the litter with five pairs of sock swabs as
recommended by the European Food Safety Authority (EC, 2005). First, the floor area

of the houses was divided into five equal sectors and one pair of swab-socks was used
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in each sector for sampling. Faeces were taken by walking over the chosen sector and
each pair of swab-socks with faecal material fixed was analysed as an individual sample

(Figure 7).

Figure 7. Sampling method in accordance with the EC (2005). a) Faeces were taken by walking
over the chosen sector. b) Each pair of swab-socks with faecal material fixed was removed with
sterile gloves. c¢) Each pair of socks was analysed as an individual sample.

Then, 100 g of dust (250 mL) was collected from different points of the house,
the sample was homogenized at the laboratory and 25 g were analysed (Figure 8).
Finally, a surface sample was taken from wall crevices and floor joints with sterile wet
gauze pads (AES laboratories”, Bruz Cedex, France). Broiler houses were declared

contaminated if at least one of the samples taken tested positive for Salmonella.

Figure 8. Environmental sampling. a) Fan which is a suitable point to take dust samples. b) Dust
samples taken at the farm. c) Surface samples collected with a sterile wet gauze pad.

After cleaning and disinfection: Salmonella status of the house was assessed
taking samples of dust as described above. However, surface samples were taken with

sterile wet gauze pads with disinfectant neutralizer (AES laboratories®, Bruz Cedex,
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France). Data concerning the C&D procedures applied in each broiler house were
collected. Broiler houses were declared contaminated if at least one of the samples

taken tested positive for Salmonella.

First day of rearing: Two water samples were taken (500 mL): one from the
tank and another from final dispenser lines (Figure 9). Water samples were

homogenized at the laboratory and 25 mL was analysed from each source.

Figure 9. Water sampling. a) Water sample collected from a water tank. b) Water sample
collected from final dispenser lines.

When the feed-truck arrived at the farm, one sample was collected directly from
the truck (500 g, Figure 10). Then, the feed sample was homogenized at the laboratory
and 25 g was analysed. Moreover, one sterile jar of bedding was filled from 6 different
points of the house (500 g). Finally, farming boots were swabbed with sterile wet gauze

pads with disinfectant neutralizer (AES 1aboratories®, Bruz Cedex, France).
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Figure 10. Feed sample taken directly in a sterile pot from the truck.

In order to determine the Salmonella status of day-old chick flocks, in
accordance with the Commission Regulation (EC, 2003), meconiums were obtained
from 250-300 chicks (Figure 11). At same time, when present, 10 chick delivery-box
liners were collected by placing the whole consignment into sterile bags. Day-old chick
flocks were declared contaminated if at least one of the samples taken tested positive for

Salmonella.

Figure 11. Testing Salmonella status of day-old chick flocks. a) Meconium sampling. b) Delivery-
box liners sample collected at farm level.

During the rearing period: Feed samples where taken every time that the
composition changed and a new truck arrived at the farm: age 1 (delivered first 14 days

of rearing), age 2 (delivered from day 14 to day 21), age 3 (delivered from day 21 to day

-63-



Chapter 3. Main sources of Salmonella contamination in broiler production

35) and age 4 (delivered from day 35 until slaughter). When the feed-truck arrived at
the farm, one sample was collected directly from the truck (500 g). Then, after one
week in close contact with house environment and chickens, one feed sample was also
collected from the end of feed liners (feeders, 500 g, Figure 12). Then, the samples
were homogenized at the laboratory and 25 g was analysed. Moreover, in the last week
of rearing, fly feeder traps (Econex”, Castellon, Spain) with insecticide (Agita® 1GB of
Novartis, Barcelona, Spain and Quick Bayt” of Bayer, Barcelona, Spain) were installed

inside the house for 7 and 10 days to trap flies (Figure 13).

Figure 12. Feed sampling after one week in close contact with the house environment. a)
Remainder feed in broiler feeder. b) Feed sampling from feeders.

At the end of rearing period: samples of dust, surfaces, water (from the tank
and from final dispenser lines) and feed from feeders were taken as reported above.
Also, faeces from the litter were taken in accordance with the European Food Safety
Authority guidelines (EC, 2005, Figure 7). When the flock left for the slaughterhouse,
rodent traps (Cage All®, Tom cat® and T-Rex® form Bell, USA) and beetle traps (25 cm
PVC tubes with corrugated cardboard inside) were installed on the litter for two days

(Figure 13).
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Tuba MC

Figure 13. Carrier sampling in broiler houses a) Fly feeder traps with flies. b) Intestines of rodent
carcasses removed aseptically for culture. c) Beetle trap scheme (REA, 2003). d) Beetle sample
collected from the bedding with beetle traps.

Two days after slaughter: Flies, rodents and beetles traps were collected. Flies
and beetles captured were analysed as a pool. Liver, spleen and intestines of rodent

carcasses were removed aseptically for culture (Figure 13).

Salmonella isolation

The samples were collected directly into 500 mL sterile sample jars and
analysed according to ISO 6579:2002 (Annex D). First, the samples were pre-enriched
in 1:10 vol/vol Buffered Peptone Water (BPW, Scharlau®, Barcelona, Spain) and then
incubated at 37£1 °C for 1842 h. The pre-enriched samples were transferred onto Semi-
Solid Modification Rappaport Vassiliadis (MSRV, Difco®, Valencia, Spain) agar plate
(0.1 mL) and incubated at 41.5+1 °C for 24-48 h. The culture obtained in MSRV was
inoculated onto Xylose-Lysine-Desoxycholate (XLD, Liofilchem®, Valencia, Spain)
and Xylose-Lysine-Tergitol-4 (XLT4, Biokar Diagnostics”, Pantin Cedex, France) and

incubated at 37+1 °C for 24-48 h. After incubation, 5 colonies of Salmonella were
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streaked onto the surface of pre-dried nutrient agar plates (Scharlab®, Barcelona, Spain)
3741 °C for 24+3 h. Then, a biochemical test API (API-20®, bioMerieux, Madrid,
Spain) was done to confirm Sal/monella spp (Figure 14). Moreover, Salmonella strains
isolated were serotyped by the Ministry of Environment and Rural and Marine Affairs
Reference Laboratory (Algete, Madrid, Spain) in accordance with Kauffman-White-Le-
Minor technique. According to this technique, each strain has to be mixed with
polyvalent and monovalent antisera until the antigenic formula is determined. One drop
of antisera has to be mixed with the strain in circular movements. If an agglutination
reaction was observed, the reaction was considered positive. If agglutination was not

observed, the reaction was considered negative.

|dentification onto XLD

Selective culture
onto MSRV

| Illln ‘

‘ —
-
-
s e Confirmation
I API test
Pre-enriched 2
faeces in BPW

Identification onto XLT4

Figure 14. ISO 6579:2002 (Annex D) scheme. BPW: Buffered Peptone Water. MSRV: Modified
Semisolid Rappaport-Vassiliadis. XLD: Xylose-Lysine-Desoxicolate. XL T4: Xylose-Lysine-T-4.

Statistical analysis

The prevalence of Salmonella contamination according to the type of sample
collected and the moment of sampling (previous flock leaving, first day of rearing,
during rearing and at the end of rearing) were compared by a Chi-square Test. On the
other hand, a two-stage procedure was used to assess the relationship between samples
collected and Salmonella status of the flock at the end of rearing period. The unit of
observation was the flock. A flock was declared contaminated by Sa/monella if one or
more samples taken from the house at the end of rearing period tested positive. The
outcome variable was thus dichotomous (contaminated flock vs. non-contaminated

flock). Logistic regression analysis was used according to the method described by
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Rose et al. (1999). In the first stage, a univariable analysis was performed to relate
Salmonella contamination of the flock to each sample. Only factors associated with
Salmonella contamination of the flock were considered for the next analysis (Chi-square
Test, P<0.25). The second stage involved a logistic multiple-regression model which
included all factors that passed the first screening test. The contribution of each factor
to the model was tested using a Chi-squared Test. The variable with the highest P was
removed and the logistic regression was rerun. This process was continued until a
model was obtained with all factors significant at P<0.05. Statistical analyses were
performed using a commercially available statistics package (Statgraphics Plus, Version

5.1, STSC Inc., Rockville, MD, USA).

3.1.4. Results

During this study, 65 broiler houses from different farms were sampled to
determine Salmonella. A total of 2,036 samples were taken at different times of the

rearing period and the total prevalence of positive samples was 13.6 %.

Environmental Salmonella contamination of broiler houses during the rearing

period

When the previous flock left for the slaughterhouse, Salmonella prevalence of
the samples according to the moment of sampling (before and after C&D) were
statistically different (P=0.009). The results showed that 41.3 % and 20.0 % of the
broiler houses were positive for Salmonella before and after C&D, respectively. Before
C&D, houses were contaminated (from highest to lowest) with faeces from the previous
flock (28.6 %), dust (24.6 %) and surfaces (15.2 %, Table 3). No significant differences
were found between Salmonella contamination and the type of sample collected before
C&D (P=0.202). After C&D, 20.0 % of the houses remained positive for Salmonella in
dust and surfaces (12.3 % and 10.8 %, respectively. Table 3). No traces of faeces from

the previous flock were observed.
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Table 3. Percentage of Salmonella-positive houses by samples collected the day of previous flock
leaving for the slaughterhouse.

Before C&D After C&D

Samples n Salmonella (%) S.E n Salmonella (%) S.E

Dust 57 24.6 5.7 65 12.3 4.1
Surfaces 59 15.2 4.7 65 10.8 3.9
P.F.F 63 28.6 5.7 - - -

n: Number of houses sampled. P.F.F: Previous flock faeces. S.E: Standard error. Salmonella
(%): Percentage of Salmonella positive houses.

C&D procedures were managed by the farmer in all cases. Prior to disinfection,
houses were washed using a pressure washer and allowed to dry. The disinfectant
active ingredients used were: glutaraldehyde, formaldehyde and a formaldehyde-
glutaraldehyde compound. No statistical differences were found in the efficacy of each

treatment on the levels of contamination after C&D (P=0.990).

On the first day of rearing, houses were contaminated as described above in dust
and surfaces at different rates. Moreover, houses were contaminated (from highest to
lowest) in farming boots (19.7 %), bedding (7.7 %), water from drinkers (3.2 %) and
water from the tank (1.5 %). Later, when chicks arrived from the hatchery, 31.2 % of
the flocks were determined positive in meconiums (14.1 %) and/or delivery-box liners
(32.0 %, only 40 flocks presented delivery liners). Therefore, after day-old chicks’
arrival, 43.0 % of houses were again contaminated with the bacteria. Significant
differences were found between Sal/monella contamination and the type of sample

collected on the first day of rearing (P=0.010, Table 4).
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Table 4. Percentage of Salmonella-positive houses by samples collected on first day of rearing.

Samples n Salmonella (%) S.E.
W. tank 65 1.5° 1.5
W. drinkers 63 3.2° 2.2
Boots 61 19.7° 5.1
Bedding 65 7.7° 3.3
Day-old chick 64 31.2° 5.8

n: Number of houses sampled. W.: Water. S.E: Standard
error.  Salmonella (%): Percentage of Salmonella positive
houses.

Significant differences were also found between Salmonella contamination of
feed samples collected from the truck and those collected from feeders (P=0.000). The
majority of feed samples collected from the truck were negative. Feed for age 1 and 4
arrived at the farm Salmonella-free and feed for age 2 and 3 were contaminated with the
bacteria in 3.7 % and 4.8 % of cases, respectively. However, after one week of feed
arrival at the farm, Sa/monella prevalence in samples collected from feeders was 22.4

%, 15.5 %, 18.7 % and 7.0 % for ages 1, 2, 3 and 4, respectively (Figure 15).

30

B Truck (n=192)
Feeder (n=178) 25

20

o
Positive samples (%)

a3 o

Figure 15. Percentage of Salmonella-positive feed samples collected from the truck and from
feeders throughout the rearing period. ® " Different superscripts within columns of feed from
feeders indicate a significant difference (P<0.05). ¢ Superscripts within columns of feed from truck
indicate that there is no significant difference (P>0.05). Data inside the bars are the number of feed
samples collected.

At the end of rearing period, 49.2 % of broiler houses assessed were

environmental contaminated with Salmonella. Significant differences were found
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between Salmonella contamination and the type of sample collected (P=0.000, Table
5). Houses were contaminated (from highest to lowest) in faeces (33.9 %), dust (25.4

%), surfaces (11.1 %), water from drinkers (3.2 %) and water from the tank (1.5 %).

Table 5. Percentage of Salmonella-positive houses by samples collected at the end of the rearing
period.

Samples n Salmonella (%) S.E
Dust 65 25.4° 5.5
Surfaces 65 11.1° 4.0
W. tank 65 1.5° 6.0
W. drinkers 63 3.2% 1.5
Faeces 62 33.9° 2.2

n: Number of houses sampled. W: Water. S.E: Standard error.
Salmonella (%): Percentage of Salmonella positive houses. *°
Different superscripts within columns indicate a significant
difference (P<0.05).

The total prevalence of positive carriers trapped was 14.3 %. No significant
differences were found between Salmonella contamination and the carrier trapped
(P<0.225). The prevalence was (from highest to lowest): litter beetles (17.4 %), flies
(13.6 %) and rodents (5.4 %).

Main risk factors for Salmonella contamination in broiler flocks at the end of the

rearing period

The results of this study suggested that contaminated feed collected from
feeders, Salmonella status of the house after C&D and Salmonella contamination of
day-old chick flocks were the main risk factors related to Salmonella contamination of

the flock at the end of the rearing period (P=0.000, Table 6).
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Table 6. Relationship between the house status after cleaning and disinfection and the samples
collected on first day of rearing in Salmonella status of the flock at the end of rearing period.

First day of rearing

Samples
n P-value 95 % C.1

House after C&D 65 0.001 0.000-0.484
Tank water 65 0.999
Drinker water 63 0.099
Bedding 65 0.999
Farming boots 61 0.729

Day-old chicks 64 0.028 0.004-1.020
Feed from truck 65 0.417

Feed from feeders 65 0.000 0.000-1.000

Logistic-regression model: Model P-value=0.000; Model deviance=28.3 %.
Percentage of deviance explained by the model=60.6 %.

In contrast, factors such as water, feed collected from the truck, bedding and
farming boots do not seem to be related to Salmonella contamination of the flock at the

end of the rearing period (Table 6).

Serotypes isolated in broiler production related samples

In this study, a total of 259 Salmonella strains were isolated and 21 different
serotypes were determined. The most prevalent serovar isolated was S. Enteritidis (52.9
%), followed by S. Hadar (17.8 %), S. Virchow (8.9 %) and S. Ohio (5.4 %, Figure 16).
The rest of the serovars isolated (15.1 % of the total) were in decreasing order: S.
Mbandaka (3.1 %), S. Senftenberg (2.7 %), S. Infantis (1.2 %), S. Typhimurium (1.2 %),
S. Altona (1.2 %), S. Bonn (0.8 %), S. Brikama (0.8 %), S. Muenchen (0.8 %), S.
Diarizonae (0.4 %), S. Ordonez (0.4 %), S. London (0.4 %), S. Mikawasima (0.4 %), S.
Enterica (0.4 %), S. Goldcoast (0.4 %), S. Havana (0.4 %), S. Menden (0.4 %), and S.
Muenster (0.4 %).
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@ S. Enteritidis (n=137)
® S. Ohio (n=14)
@ S. Virchow (n=23)
@ S. Hadar (n=46)
Others (n=39) 52.82%

Figure 16. Most prevalent serotypes isolated from poultry samples. > " Different superscripts
indicate significant differences (£<0.05). Numbers within graphic showed the isolation percentage
of each serotype.

3.1.5. Discussion

Prevention of Salmonella contamination in poultry products requires detailed
knowledge of the most important risk factors associated with its presence in the
production system. This study suggested that delivery-box liners, faeces, dust, farming
boots and feed from feeders are in decreasing order the most contaminated samples
related with poultry production during the rearing period (Wray and Davies, 1994;
Davies and Wray, 1996; Rose et al., 1999; Davies et al., 2001; Heyndrickx et al., 2002).
Nevertheless, feed from feeders, Salmonella status of the house after C&D, and
Salmonella status of day-old chicks are the main risk factors related to the Salmonella
status of the flock at the end of the rearing period (Rose et al., 1999:2000; Heyndrick et
al., 2002). There is a significant relation between the flock status and the high
contamination level of Salmonella collected from feeders (Heyndrickx et al., 2002).
Several hypotheses could explain feed contamination during rearing. Results showed
that dust was highly contaminated after C&D, and so may settle in open feeders and
contaminate Sal/monella-free feed. Moreover, rodents that could acquire the infection
from inaccessible parts of the house may deposit contaminated droppings directly into
feeding systems (Davies and Breslin, 2003). Another hypothesis is when day-old chick

flocks arrived at the farm highly contaminated with the bacteria. Broiler chicks gain
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access to feeders and tainted feed in early weeks, coinciding with the highest excretion
of Salmonella in faeces (Van Immerseel ef al., 2004). Then, the rest of the birds ingest
the bacteria and the whole flock may be infected in a few days (Heyndrickx et al.,
2002).

On the other hand, the status of the house before placing the chicks is an
important risk factor for Salmonella contamination of broiler flocks, being an important
source of new flock infection (Rose et al., 1999). The importance of dust as a
Salmonella reservoir between flocks has been reported by several authors (Rose et al.,
2000; Davies and Breslin, 2003; Mueller-Doblies, 2009). Thus, when growing started,
contaminated dust could infect feeders, litter, carriers, ventilation systems and finally
the growing flock (Rose et al, 1999:2000; Davies and Breslin, 2003). Several
hypotheses are related with the high persistence of Salmonella after C&D (breeder
houses, hatcheries, broiler houses...), such as the lack of scientific literature on
disinfection in the agricultural sector (Ramesh et al., 2002). Davies et al. (2001)
reported that occasional inconsistencies in application of regimes which are effective
against the bacteria led to the persistence of Sa/monella infection. Consequently, it is
important for C&D to be supervised adequately to ensure that procedural errors do not

take place.

Several authors determined Sa/monella status of day-old chicks as an important
risk factor involved in Salmonella contamination of the flock (Christensen et al., 1997;
Rose et al., 1999; Cardinale et al., 2004). Although broiler houses are properly
disinfected, there is an important risk of environmental contamination when chicks are
delivered to the farm shedding the bacteria in facces (Van Immerseel ef al., 2004). On
the other hand, samples protected from chickens and environmental crossed
contamination (water tank, final water lines, bedding and feed from trucks) showed
lower prevalence and do not seem to be related with Sa/monella contamination of the

flock at the end of the rearing period.

Farming management has been reported as an important factor for Salmonella

contamination. Rose ef al. (1999) reported that farmers are able spread the bacteria with
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their boots and clothes between consecutive flocks. Our results suggested that despite
the high rates of contamination from farming boots, boots are not related with the
contamination of the flock at the end of rearing. The role of pests in Salmonella
persistence in poultry houses has been reported in several studies (Davies and Wray,
1995; Kinde et al., 1996; Rose et al., 2000; Davies et al., 2001; Davies and Breslin,
2003; Gradel and Rattenborg, 2003). According to these authors, our results suggested
that carriers from broiler houses are frequently contaminated with the bacteria. So, pest
control management has to be implemented effectively to minimize the chance of flock

infection (Davies and Breslin, 2003).

The main important serotype isolated from broiler production in this study was
S. Enteritidis, in agreement with European reports (EFSA 2007). Moreover,
contamination with S. Enteritidis is an important threat to food safety, especially
regarding egg production and broiler meat in Spain (Jiménez y Martin, 2004). S. Hadar
and S. Virchow also showed high prevalence, in line with European reports (EFSA
2007). While the Community reduction target will most likely be set for a transitional
period only for S. Enteritidis and S. Typhimurium, it is recommended that Member
States address in their national Salmonella control programmes also other serovars
when these serovars are of Public Health importance in their country (EFSA, 2007). If
not, prevalent serovars, such as S. Hadar and S. Virchow in Spain, could fill the niche
left by S. Enteritidis and S. Typhimurium, as reported before for other serotypes
involved in poultry production (Cogan and Humphrey, 2003).

In conclusion, the most contaminated samples related with poultry production
throughout the rearing period are delivery-box liners, faeces, dust, farming boots and
feed from feeders. Morcover, the main risk factors for Salmonella contamination of
broiler flocks at the end of the rearing period are feed from feeders, Sa/monella status of
the house after C&D, and Salmonella status of day-old chicks. Nevertheless, results
suggested that there are many sources for Salmonella persistence in poultry houses and
the whole production chain has to be controlled to eradicate the bacteria from the
primary production. The most prevalent serovar isolated from broiler production in the

Valencia Region is S. Enteritidis, followed by S. Hadar and S. Virchow.
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3.2. Salmonella detection in faeces during broiler rearing and after live transport

to the slaughterhouse

3.2.1. Abstract

Eggs and poultry meat are a common source of human salmonellosis.
Contamination of poultry or poultry meat may occur throughout the production chain.
Nevertheless, in Spain non contaminated broiler meat may be sold for human
consumption as of 2011. The aim of this study was to assess Salmonella detection from
faeces samples during the rearing, and assess the influence of live transport to the
slaughterhouse on Sal/monella detection. During this study, 65 flocks were sampled at
weekly intervals from first day of rearing until slaughter. Samples of faeces were taken
from the litter using five pairs of cellulose sock swabs attached to boots and applied
over the length of the house (EC, 2005). To assess Salmonella detection rates before
and after live transport to the slaughterhouse, faecces samples were collected. Before
loading, faeces samples were taken as described above with five pairs of cellulose sock
swabs (EC, 2005). After transport, two pooled faeces samples were taken directly from
the truck (200-300 g each; EC, 2005). All samples were analysed in accordance with
ISO 6579:2002 (Annex D). Results showed that regardless of whether broiler flocks
arrived at the farm already shedding the bacteria in faeces, or were infected during
rearing, both groups described the same detection pattern, with the highest detection in
facces at 14™ day of rearing (50.5 % and 34.5 %, respectively). Moreover, S. Enteritidis
was the most prevalent serotype isolated during rearing (66.7 %), followed by S.
Virchow (13.7 %), S. Hadar (9.4 %) and S. Ohio (2.8 %). On the other hand, before
loading and after transport to the slaughterhouse 15.4 % and 41.2 % of faeces samples
collected were determined positive, respectively. In addition, a change in the serotype
pattern was also observed. S. Enteritidis remains the most prevalent serotype isolated
(54.5 %). S. Hadar doubled the excretion rates (39.3 %), and S. Virchow and S. Ohio

were not isolated after transport.
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3.2.2. Introduction

Consumption of poultry products contaminated with S. enterica is one of the
most common sources of human gastroenteritis, especially in eggs and poultry meat
(EFSA, 2009). Contamination of poultry or poultry meat may occur throughout the
production chain and continuous efforts are therefore needed to reduce the incidence of

Salmonella in broiler production (Heyndrickx et al., 2002).

Vaccination and hygienic measures have considerably reduced the vertical
transmission of the infection from the parent flocks (Van Immerseel et al., 2004).
Nevertheless, on commercial broiler farms, two of the major problems are contaminated
houses and infected day-old chicks (Rose et al., 2000; Davies and Breslin, 2003).
When day-old chick flocks are contaminated with the bacteria, a rapid spread of
Salmonella throughout the house and feeders is observed, for example in early weeks,
when broiler chicks gain access to feeders and taint the feed, coinciding with the highest
excretion of Salmonella in faeces (Van Immerseel et al., 2004). Then, the rest of the
birds ingest the bacteria and the whole flock may be infected in few days (Heyndrickx
et al., 2002). Van Immerseel et al. (2004) reported that young chicks infected with
Salmonella resulted in persistent excretion for at least 18 weeks of rearing. Similar
results were obtained by Beal et al. (2004), who reported that irrespective of age at
exposure, Salmonella infection of young birds persists until between 10 and 12 weeks,

well beyond the slaughter age for broilers.

Important aspects in Salmonella surveillance and monitoring programmes are
the type of sample and the time of sampling to determine the flock status with the
highest sensitivity (Heyndrickx et al., 2002; Carrique-Mas and Davies, 2008). Both
aspects have to be considered in control programmes based on faecal samples analysis
(Heyndrickx et al., 2002; Buhr et al., 2007). Usually, cloacal swabs are used to monitor
the Salmonella status of the chickens (Van Immerseel et al, 2004). However,
Salmonella shedding is intermittent and special care must be taken, because this
technique is not reliable to detect carrier birds (Van Immerseel et al., 2004). Scherer et

al. (2008) used serological examination techniques in pigs, which are more suitable for
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routine diagnosis. However, these methods indicate exposure to Sa/monella and cannot
differentiate between shedding or exposed flocks (Lo Fo Wong et al., 2003). Previous
studies reported that litter sampling utilizing several pairs of overshoes provided the
highest sensitivity for determining the Salmonella status of the broilers during rearing

(Buhr et al., 2007).

It is well known that Salmonella contaminated faeces are an important source of
environmental contamination and chicken infection (Rose et al., 1999). However, this
problem does not seem to be restricted to the hatchery and rearing period (McCrea et
al., 2006). Feed withdrawal, loading and transportation from farm to slaughterhouse are
known to be stressful for animals (Slader et al., 2002; Burkholder et al., 2008). Several
authors reported that stress causes a disturbance of intestinal functions and may lower
the resistance of the live animal and increase the spread of intestinal bacteria (Mulder,
1995; Burkholder et al., 2008; Scherer et al., 2008). Slader et al. (2002) reported that
transport to the slaughterhouse increased the prevalence of positive birds due to faecal
contamination of skin and feathers by neighbouring infected birds during shipping. On
the other hand, transport to the slaughterhouse in contaminated trucks is a great concern
as Salmonella may be introduced into a Salmonella free flock (Slader et al., 2002;
Heyndickx et al., 2002). Due to these considerations, faecal shedding throughout
transport facilitates cross-contamination between carcasses and equipment during
processing, increasing the contamination status of the final food products (McCrea et
al., 2006). These authors suggested that lowering the farm prevalence of the bacteria
and stress during transport are important strategies to lower the risk of contaminated

meat products entering the food chain.

The objectives of this study were: (i) to assess Salmonella detection rates from
faeces samples a long the rearing period, and (ii) assess the influence of live transport to

the slaughterhouse on Salmonella detection.
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3.2.3. Material and methods

Study sample Over two years (October 2005 and October 2007), 65 commercial
broiler flocks from the Valencia Region were sampled. Each flock belonged to one
farm. Farms were affiliated with five production companies which handle the majority

of the poultry slaughtered in the Valencia Region.

[farm) [Slaugterhousej
Meconiums Faeces samples Faeces samples
Delivery-box liners (sock swabs) (fresh faeces)

[Flrst day of reaglngJ (Durlng rearing (days)) ( Slaughter dayJ

Numbers within table: days of rearing. Farm: Samples collected at farm level. Slaughterhouse: Samples
collected after transport to the slaughterhouse.

Figure 17. Sampling visits and samples collected during the lifespan of each broiler flock.

Experiment 1

Data collection Each farm was visited at weekly intervals until slaughter
(Figure 17). The first visit was on day-old chick delivery day. When chickens arrived,
10 delivery-box liners were pooled in two batches. At the same time, meconiums were
obtained by pressing chicks’ abdomens (250-300 chicks per batch). Day-old chick
flocks were declared infected if at least one of the three samples tested positive for
Salmonella. For 6 weeks (common fattening period), faeces samples were taken from
the litter at weekly intervals. Faeces samples from each flock were collected with five
pairs of sock swabs in compliance with European Food Safety Authority guidelines
(EC, 2005). First, the floor area of the houses was divided into five equal sectors and
one pair of sock swabs was used in each sector for sampling (Figure 18). Samples were
taken by walking over the chosen sector and each pair of sock swabs with faecal

material fixed was analysed as an individual sample. This sampling procedure will
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theoretically provide 95.0 % confidence of detection of 1.0 % within flock prevalence,

assuming the test is 100.0 % sensitive (EC, 2005).
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Figure 18. Floor area of the houses divided into five equal sectors for faeces sampling with sock
swabs (EC, 2005).

Experiment 2

Data collection The transport period influence on Salmonella faecal detection
was studied taking faeces samples from 59 broiler flocks before and after transport to
the slaughterhouse. Before loading, five cellulose sock swabs were taken from each
flock as described above (EC, 2005). One flock was declared Salmonella positive if at
least one of the samples tested positive for the bacteria. When the slaughter truck
arrived at the farm, containers and platform were sampled with sterile wet gauze pads

with disinfectant neutralizer (AES laboratories®, Bruz Cedex, France, Figure 19).
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Figure 19. Slaughter truck sampling. a) Containers and platform sampling with sterile wet gauze
pads with disinfectant neutralizer. b) Pooled faeces samples collected directly from the truck after
transport to the slaughterhouse.

On reaching the abattoir, two pooled faeces samples were taken directly from the
truck (200-300 g each; EC, 2005, Figure 19). A flock was declared infected if at least
one of the samples tested positive for Salmonella. Loading and transportation period of

the flocks studied ranged between 4 and 7 hours.

Bacteriological analysis

Samples from experiments 1 and 2 were collected directly into sterile sample
pots and analysed according to ISO 6579:2002 (Annex D). First, the samples were pre-
enriched for 18 h in BPW 2.5 % (1:10 vol/vol, Scharlau®, Barcelona, Spain) at 37 °C.
Afterwards, selective culture was carried out by transferring 0.1 mL of incubated broth
to a MSRV (Difco®, Valencia, Spain) agar plates and incubated at 42 °C for 24-48 h.
The culture obtained in MSRV was inoculated onto XLD (Lioﬁlchem®, Valencia,
Spain) and XLT4 (Biokar Diagnostics®, Pantin Cedex, France) and incubated at 37 °C
for 24-48 h. After incubation, 5 typical colonies of Sa/monella were streaked onto the
surface of pre-dried nutrient agar plates (Scharlab®, Barcelona, Spain) and incubated at

37 °C for 24 h. Then, an API biochemical test (API—20®, bioMerieux, Madrid, Spain)
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was done to confirm Salmonella spp. Moreover, Salmonella strains isolated were
serotyped by the Ministry of Environment and Rural and Marine Affairs Reference
Laboratory (Algete, Madrid, Spain) in accordance with Kauffman-White-Le-Minor

technique.

Statistical Analysis

On the first day of rearing, two levels were tested to evaluate the Salmonella
detection from faeces according to the status of day-old chicks (free or infected flocks).
Salmonella detection according to the status of day-old-chick flocks and the moment of
sampling (days 1, 7, 14, 21, 28, 35 and 42) were compared by a Chi-square Test. The
Salmonella detection patterns in both groups of day-old chick flocks throughout the
rearing period were compared using a cross tabulation Chi-square Test. On the other
hand, the relationship between Salmonella detection rates before and after transport to
the slaughterhouse was analysed by Chi-square Test. Flocks transported with trucks
that arrived contaminated from the slaughterhouse were discarded from the statistical
analysis. Also, serotypes present in broiler production during the rearing period and
after transport to the slaughterhouse were analysed using a Chi-square Test. Statistical
analyses were performed using a commercially available statistics package
(Statgraphics Plus, Version 5.1, STSC Inc., Rockville, MD, USA). All tests were

carried out using a significance level of P<0.05.

3.2.4. Results

Experiment 1

On the first day of rearing, 20 flocks were positive and 45 were negative. Day-
old chick flocks were positive in meconiums and paper liners in 14.0 % and 32.0 %
(only 40 flocks presented paper liners first day of rearing), respectively. A total of
1,977 faeces samples (pairs of sock swabs) were taken during this experiment in both

groups (day-old chick flocks free and infected). Salmonella detection according to the
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status of day-old chick flocks (free or infected) and the moment of sampling (days 1, 7,
14, 21, 28, 35 and 42) were statistically significant (P<0.05, Figure 20). Regardless of
whether the flocks arrived infected from the hatchery or became infected at the farm, no
differences between both Salmonella detection patterns were observed (P=0.7955). As
shown in Figure 20, in both groups the bacteria detection in faeces increased during the
first 3 weeks of rearing, with a maximum on day 14 and a decrease on day 28. For
Salmonella-positive day-old flocks, the detection rate at day 28 and 42 were the same.
However, there was a significant increment on day 35 (P<0.05, Figure 20). For the
Salmonella-negative day-old flocks, the detection rate in faeces on days 28 and 35 were
the same. Then, there was a slight decrease at the end of rearing. Regardless of the
moment of flock contamination (at the hatchery or during rearing), by the end of rearing

the rate of Salmonella detection in faeces was similar (around 17.4 %).
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Figure 20. Percentage of positive faeces samples in each positive flock during the rearing period in
days. " Different superscripts within line of day-old infected chicks indicate a significant
difference (P<0.05). “'Different superscripts within line of day-old free chicks indicate a significant
difference (P<0.05).

During the rearing period, 531 Salmonella strains from 15 different serotypes
were isolated. The most prevalent serotypes (92.6 % of positive samples) were in
decreasing order: S. Enteritidis (66.7 %), S. Virchow (13.7 %), S. Hadar (9.4 %) and S.
Ohio (2.8 %). The remaining serotypes isolated (7.4 % of positive samples) were: S.
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Mbandaka (1.3 %), S. Typhimurium (0.9 %), S. Brikama (0.9 %), S. Senftenberg (0.9
%), S. Goldcoast (0.7 %), S. Altona (0.5 %), S. Havana (0.5 %), S. Agona (0.5 %), S.
Heidelberg (0.5 %), S. Infantis (0.5 %) and S. Brandenburg (0.2 %). The pattern of the
most prevalent serotypes was significantly different during the rearing period (£<0.05).
As shown in Figure 21, S. Enteritidis was isolated among 64.8 % and 75.9 % of samples
analysed. Chickens maintained S. Enteritidis serotype in faeces constant without
fluctuation throughout the rearing period. As in S. Enteritidis, S. Hadar with rates
between 5.0 % and 12.8 % was constantly present in samples collected during the
rearing. On the other hand, S. Virchow, with rates between 0.0 % and 23.9 %, was not
isolated in day-old chicks. Nevertheless, this serotype increased at weekly intervals
until 35 days of life when the detection rate was highest (23.9 %). S. Ohio pattern was
opposite to S. Virchow. The first day of chicken rearing, S. Ohio rate was the second
highest behind S. Enteritidis (20.0 % and 65.0 %, respectively). However, S. Ohio rates
decreased at weekly intervals until 28 days of rearing when the excretion of this

serotype stopped completely (Figure 21).

- S. Enteritidis (n=3s¢) ~ S.Virchow (n=73)

S. Hadar (n=s50) —~ S.Ohio (n=15)
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Figure 21. Percentage of Salmonella serotypes isolated in broiler faeces samples in each positive
flock during the rearing period in days. *° Different superscripts within lines according with
different days of age indicate a significant difference (P<0.05).
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Experiment 2

On slaughter day, 18 transport trucks sampled were contaminated with the
bacteria (30.5 %). Salmonella detection rates in faeces on last day of rearing (with sock
swabs) and Salmonella detection at the slaughterhouse (from fresh faeces) showed
statistical differences (P<0.05). According to the samples collected, before loading and
after transport to the slaughterhouse, samples were contaminated at 15.4 % and 41.2 %,
respectively. Moreover, 50.0 % of the flocks determined negative at farm level had

positive faeces in crate upon arrival at the slaughterhouse plant.

The analysis of different serotypes before loading showed the presence of three
serotypes: S. Enteritidis, S. Hadar and S. Virchow (Figure 22). After transport to the
slaughterhouse, S. Enteritidis was the most prevalent serotype isolated, but decreased
significantly (from 64.7 % to 54.5 %). S. Hadar doubled the presence in faeces (from
17.6 % to 39.3 %) and S. Virchow was not isolated after transport. Finally, two
serotypes, S. Typhimurium (3.0 %) and S. Mbandaka (3.0 %) were isolated after live

transport; however these serotypes were not isolated before loading.
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Figure 22. Percentage of Salmonella serotypes isolated in broiler faeces samples in each positive

flock before and after transport to the slaughterhouse. ** Numbers within columns with different
superscripts differ (P<0.05). Data inside the bars are the number of serotypes isolated.
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3.2.5. Discussion

Previous results showed that infected flocks that shed Salmonella in faeces on
the first days of rearing kept shedding the bacteria until slaughter, and so were a
potential route of processing contamination (Bailey ef al., 2001: 2002; Van Immerseel
et al., 2004). This event has to be taken in account, because to eradicate Salmonella
from poultry products, the whole production system must be Salmonella free (Rose et
al., 2000; Davies and Breslin, 2003). An important aspect in Salmonella surveillance
and monitoring programmes by the government and/or poultry companies are the type
of sample and the time of sampling to determine the Salmonella status of the flock with
the highest sensitivity (Heyndrickx et al., 2002; Carrique-Mas and Davies, 2008). The
European Commission (EC, 2005) reported faeces sampling from the litter, utilizing
several pairs of overshoes, within 3 weeks before slaughter, as the official sampling
method in the baseline survey on the prevalence of Salmonella in broiler flocks of
Gallus gallus. This study suggested that Salmonella variations in faeces detection rates
collected with sock swabs throughout the rearing period occurred independently of the
fact that day-old flocks arrived infected from the hatchery or became infected at the
farm. Moreover, our results revealed that the highest detection trend from faeces
occurred on 14" day of rearing. Later, Salmonella detection decreased and became
intermittent until day of slaughter. This fact could be explained because the highest
Salmonella excretion occurs around 2 weeks of rearing, coinciding with an immature
immune system (Berndt et al., 2004; Van Immerseel et al, 2004). However, an
increase in Salmonella detection was observed at 35 days of rearing in day-old infected
flocks. This increase seems to be related with the removal of antibiotic growth
promoters from diets that induce a disturbance of the bacterial flora in chickens gut
(Francesch, 2007). Another hypothesis could be as a result of the stress induced during
thinning. This practice induced carrier flocks to shed the bacteria at higher rates and
increased Salmonella detection (Mulder, 1995; Corry et al., 2002). For all these
reasons, evaluating the farm status within 3 weeks before slaughter-age could
underestimate the prevalence of the flock. Probably, around 2 weeks of rearing should
be considered the best moment to determine the Salmonella status, because of the

higher detection in samples. Moreover, the sooner the flock can be detected positive for
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the bacteria, the fewer expenses will be involved in carrying out control and eradication

measures such as flock slaughter.

However, Salmonella surveillance and control programmes do not stop at farm
level. Control should be considered until the end of the processing plant and markets.
The importance of transport in Salmonella spread is frequently ruled out (Belles, 2007).
Broiler transport to the processing plant was shown to increase Salmonella prevalence
in faeces, favouring the risk of final food product contamination (Slader et al, 2002;
Heyndrickx et al., 2007). Several reports showed that stressful situation such as
transport to the slaughterhouse can induce the carrier flocks to shed Salmonella at
higher rates because of a disturbance in intestinal functions that may increase the spread
of intestinal bacteria (Mulder, 1995; Corry et al., 2002). Moreover, as in this study,
several authors reported that transport trucks were found to be contaminated at high
frequency with the bacteria, being an important source of Salmonella contamination of
broiler flocks (Slader et al., 2002; Heyndickx et al., 2002; Marin et al., 2009). Results
showed that after transport substantial number of negative flocks had Salmonella
positive faeces, even though trucks were properly disinfected. Consequently, poultry
determined negative at farm level could enter the processing plant carrying the bacteria,
internally or externally. However, the main problem of slaughterhouse analyses is the
time necessary to determine a positive sample according to the official ISO method
6579:2002 (Annex D). It is well known that 24 hours after slaughter, carcasses are in
markets ready for human consumption. Consequently, more modern, practical, cost-
effective and suitable techniques for routine diagnosis should be developed to determine

the status of the flocks in a short period of time and with the highest sensitivity.

The main serotype involved in human Salmonella outbreaks is S. Enteritidis
(EFSA, 2009). S. Enteritidis was the most prevalent serotype isolated in this study
during rearing and after transport to the slaughterhouse according to previous reports
(Carramifiana et al., 1997, EFSA, 2007). Carramifiana et al. (1997) suggested that
recent acquisition of virulence factors, in combination with existing mechanisms of
invasiveness and pathogenicity, may contribute to the development of systemic

infection with S. Enteritidis and its consequent prevalence in poultry in the

-02-



Chapter 3. Salmonella detection in faeces during broiler rearing and after live transport to the slaughterhouse

slaughterhouse. Moreover, our data suggest that only four serotypes from the fifteen
isolated during rearing were isolated in faeces at the slaughterhouse (S. Enteritidis, S.
Hadar, S. Typhimurium and S. Mbandaka). Carramifana et al. (1997) reported that
serotypes isolated from faeces were later detected in carcasses and livers, indicating a
contamination by endogenous microflora in bird faeces. To our best knowledge, there
is a lack of scientific literature related with the identity and movement of specific
serotypes of Salmonella throughout the rearing period (Bailey er al., 2002).
Nevertheless, rapid spread of a limited number of successful Salmonella serotypes in
the primary sector, such as S. Enteritidis, has been suggested as the most important

cause of salmonellosis worldwide (Wegener et al., 2003).

In conclusion, regardless of whether broiler flocks reached the farm already
shedding Salmonella in faeces or were infected during rearing, the maximum rate of
Salmonella detection is around 14" day of rearing. A significant increase in Salmonella
detection rates is observed after transport to the slaughterhouse. The patterns of most
prevalent serotypes vary throughout the rearing period and change after transport to the
slaughterhouse, although S. Enteritidis is the most prevalent serotype isolated during

rearing and after transport.
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3.3. Biofilm development capacity of Salmonella strains isolated in

broiler risk factors and their resistance to disinfectants

3.3.1. Abstract

Prevention of Salmonella contamination of poultry products requires detailed
knowledge of the most important risk factors associated with its presence in the
production system. An inaccurate cleaning and disinfection between flocks has been
described as an important risk factor for Salmonella persistence in poultry production
(Rose et al., 1999; Rose et al., 2000). The aim of this study was to determine the
biofilm development capacity of the strains isolated from poultry samples on 44 broiler
farms. So, glutaraldehyde (50.0 % vol/vol), formaldehyde (37.0 % vol/vol) and
hydroxide peroxide (35.0 % vol/vol) were applied to evaluate their capacity to remove
Salmonella, biofilm and non-biofilm strains, isolated from each risk factor in an
artificial contamination test in field conditions. Samples of faeces, dust, surfaces,
meconiums, delivery-box liners, water tank, water dispensers, litter, vectors (rodents,
flies and beetles) and surfaces of the slaughter trucks were taken throughout the rearing
period. All samples were analysed in accordance with ISO 6579:2002 (Annex D). To
evaluate biofilm development, a screening method based on the fluorescence of
Salmonella colonies on calcofluor agar plates was used. In the artificial contamination
test, the chemical solutions were prepared at a concentration of 1.0 % and applied at
exact times (1, 15 or 60 min). Our results showed that irrespective of the origin of
different Salmonella strains, around 50.0 % of the different serotypes were able to
produce biofilm. Finally, the use of glutaraldehyde, formaldehyde and peroxygen at a
concentration of 1.0 % in field conditions are inadequate for Salmonella elimination

irrespective of the serotype, biofilm development capacity and disinfectant contact time.
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3.3.2. Introduction

It is well known that Salmonella elimination from poultry houses is a hard task
(Davies and Breslin, 2003; Gradel et al., 2005). However, why can Sa/monella not be
removed from the sheds? What are the sources of these bacteria? The main risk for
Salmonella contamination of poultry flocks is the Salmonella status of the previous
flock (Rose et al., 2000), an inefficient cleansing and disinfection during the period
between flocks (Rose et al., 2003; Davies and Breslin, 2003; Gradel et al., 2005),
Salmonella status of day-old chicks (Cardinale et al., 2004), contaminated litter (Rojas
et al., 2002), feed and water (Heyndrickx et al., 2002), presence of contaminated
carriers (Davies and Breslin, 2003; Carrique-Mas et al., 2008), rodents, flies and
beetles, and inadequate abattoir truck disinfection (Ramesh et al., 2002). It has also
been demonstrated that cellulose production and biofilm formation may be important
for the survival of Salmonella on surface environments; in fact, cellulose-deficient
Salmonella strains did not develop biofilm (Latasa et al., 2005). Lasa (2007) reported
that life in a biofilm state protects the bacteria against environmental insults like
chemical sanitizers, which are generally unable to eliminate most biofilm-associated
bacteria. In recent years, biofilm development mechanisms have been studied
(Bonafonte et al., 2000; Cucarella ef al., 2001; Solano et al., 2002; Garcia et al., 2004;
Latasa et al., 2006). Calcofluor white has been widely used to identify mutants
defective in the production of exopolysaccharides in different bacteria species (Leigh et
al., 1985; Ramaswamy et al., 1997; Thomashow et al., 1987). Solano et al. (2002)
showed that all biofilm developer Salmonella strains fluoresced strongly under long-
wave UV light on calcofluor agar plates and none of the non-biofilm developer strains

were able to fluoresce under similar conditions.

The poultry industry is intensive and consistently applies an all-in all-out system
with the aim of minimizing infection pressure and targeting specific organisms like
Salmonella. Disinfecting during production break is therefore a routine part of the
management of poultry houses. Several chemical agents are commercially available for
Salmonella elimination. However, different studies revealed that cleansing and
disinfection methods were ineffective against Sa/monella in a field situation (Ramesh et

al., 2002). Rose et al. (2000, France) in broiler houses and Davies and Breslin (2003,
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United Kingdom) in laying hen houses, showed high prevalence of Salmonella in
environment samples after cleansing and disinfection, proving that disinfection was
ineffective against the bacteria in a field situation. Most common disinfectant active
ingredients used in poultry houses in eastern Spain were glutaraldehyde, formaldehyde
and peroxygen (Martinez ef al., 2008). Several related studies with these disinfectants
have shown the effectiveness of formaldehyde and glutaraldehyde against Salmonella
(in vitro, Ramesh et al., 2002; Gradel ef al., 2003:2004). Nevertheless, poultry houses
have inaccessible equipment and considerable amounts of organic matter and high
contents of protective compounds (fats, carbohydrates and proteins) from which
Salmonella are difficult to remove (Gradel ef al., 2004). On the other hand, water
hardness, low temperatures and biofilm development also decrease the efficacy of

disinfectants (Taylor et al., 1996; Gradel et al., 2004; Lapidot, 2006).

The main aims of this study were (i) to evaluate biofilm development capacity of
strains isolated in broiler production related samples and (iii) evaluate disinfectants used

in poultry against Sa/monella in field conditions.

3.3.3. Material and methods

All chemicals, unless otherwise stated, were reagent grade and purchased from
Sigma-Aldrich Quimica S.A. (Alcobendas, Madrid, Spain). Over two years (October
2005 and October 2007), 44 commercial broiler farms from the Valencia Region were
sampled. Farms were affiliated with five production companies which handle the

majority of poultry slaughtered in the Region.

Experiment 1

Risk factor sampling in broiler flocks. Samples of faeces, dust, surfaces,
meconiums, delivery-box liners, water tank, water dispensers, litter and vectors

(rodents, flies and beetles) were taken in all the flocks throughout the rearing period
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(Figure 23). Before transportation to the slaughter plant, the abattoir trucks, containers

and platforms were sampled.

Figure 23. Environmental sampling. a) Surfaces sampling with sterile wet gauze pads. b) Water
samples collected from dispensers. c¢) Faeces sampling. d) Farming boot sampling.

Samples of previous flock faeces were taken using five pairs of cellulose swab-
socks attached to boots and applied over the length of the house (EC, 2005). First, the
floor area of the houses was divided into five equal sectors and one pair of sock swabs
was used in each sector for sampling. The faeces were taken by walking over the
chosen sector and each pair of swab-socks with faecal material fixed was analysed as an
individual sample. Before and after cleansing and disinfection, samples of surfaces
(wall, floor, feeders and dispensers) were collected with sterile wet gauze pads with
disinfectant neutralizer (AES laboratories®, Bruz Cedex, France). Dust samples were
also collected in different places on the farm (25-30 g). Before chicks were placed, 10
chick delivery-box liners were pooled in two batches. At same time, meconiums were
obtained from 300 chicks. Then, feed samples were collected from the truck and
feeders (about 25-30 g). Water was sampled from the tank and final dispenser lines (20-
30 mL). Bedding samples were also taken from different points of the house (25-30 g)
and farming boots were sampled with sterile wet gauze pads with disinfectant
neutralizer. During rearing period, chicken faeces were collected every week using five

pairs of cellulose sock swabs (as reported above). At the end of the rearing period,
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abattoir transport containers and truck platform surface samples were obtained with
gauze pads wet with disinfectant neutralizer. In addition, after the chickens left, water
samples from tanks and dispensers, dust and surfaces were taken again. Samples from
carriers (flies, rodents and beetles) were also collected. Fly feeder traps (Econex”,
Castellon, Spain) with insecticide (Agita® 1GB of Novartis and Quick Bayt® of Bayer,
Barcelona, Spain) were installed inside the shed over a week long period to cage flies.
Rodent traps (Cage A11®, Tom cat® and T-Rex® form Bell, Pensacola, USA) and beetle
traps (25 cm PVC tubes with corrugated cardboard inside) were installed on the litter
for two days at the end of the rearing period to cage rodents and beetles. Liver, spleen
and intestines of rodent carcasses were removed aseptically for culture and beetles

captured were analysed as a pool.

Salmonella isolation. Samples were collected directly into sterile sample pots
and analysed according to ISO 6579:2002 (Annex D). First, the samples were pre-
enriched in 1:10 vol/vol BPW (Scharlau®, Barcelona, Spain) and then incubated at 37+1
°C for 1842 h. The pre-enriched samples were transferred onto MSRV (Difco”,
Valencia, Spain) agar plate (0.1 mL) and incubated at 41.5+1 °C for 24-48 h. The
culture obtained in MSRV was inoculated onto XLD (Liofilchem®, Valencia, Spain)
and XLT4 (Biokar Diagnostics®, Pantin Cedex, France) and incubated at 37+1 °C for
24-48 h. After incubation, 5 colonies of Salmonella were streaked onto the surface of
pre-dried nutrient agar plates (Scharlab®, Barcelona, Spain) 37+1 °C for 2443 h. Then,
a biochemical test API (API—20®, bioMerieux, Madrid, Spain) was done to confirm
Salmonella spp. Moreover, Salmonella strains isolated were serotyped by the Ministry
of Environment and Rural and Marine Affairs Reference Laboratory (Algete, Madrid,
Spain) following the Kauffman-White-Le-Minor technique.

Biofilm development screening. In order to study the frequency of biofilm
formation capacity, we analysed the ability of Salmonella isolates of different origins
from poultry risk factors. To evaluate biofilm development, a screening method based
on the fluorescence of Salmonella colonies on calcofluor agar plates was used (Solano
et al., 2002). The calcofluor agar plate components were Lauria-Bertoni (LB, Sigma
Aldrich, Alcobendas, Madrid, Spain) agar with MgCl, (0.1 M, Merck®, Madrid, Spain)
CLCa (0.5 M, VWR®, Barcelona, Spain), NaOH (1 M, Merck™), Hepes (1 M) and
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Fluorescent brightener (1.0 %). Calcofluor solution and calcofluor plates should be
protected from the light and kept in darkness at 4 °C. Every Salmonella strain isolated
from poultry was inoculated onto calcofluor agar plates in duplicate, including positive
control (SE 3934 AbapA :: km) and negative control (SE 3934 Acsg D) for biofilm
development in every plate. Cells were grown on LB calcofluor agar plates at room
temperature for 48 h in darkness. Fluorescence was observed under a 366 nm UV light

source (Figure 24).

Figure 24. Salmonella biofilm developer strains. a) Scanning electron microscopy photography of
Salmonella Enteritidis biofilm (Lasa, 2007). b) Fluorescence of Salmonella colonies on calcofluor
agar plates.

Experiment 2

Disinfection Procedures. The disinfectants selected in this experiment were:
glutaraldehyde (50.0 % vol/vol, Scharlau®), formaldehyde (37.0 % vol/vol,
Scharlau™) and hydrogen peroxide (35.0 % vol/vol, Scharlau®). Milli-Q sterile water
was used for controls and to dilute disinfectant solutions. The chemical solutions
were prepared at a concentration of 1.0 % (vol/vol) according to Gradel et al. (2004)
and then were evaluated through an artificial contamination test in field conditions.
All disinfectant solutions were made on the day of use. The five most important
Salmonella serovars for Public Health isolated from poultry houses in experiment 1
(S. Enteritidis, S. Typhimurium, S. Hadar, S. Virchow and S. Infantis) were used in
this experiment. When possible, two pools of ten strains of each Salmonella serotype
were made. For each serotype, the first pool consisted of Salmonella strains able to
develop biofilm and the second pool was of non-biofilm strains. The biofilm

development capacity was assessed on calcofluor agar plate in experiment 1. Every
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Salmonella pool was grown separately in 25 mL of LB broth for 18 to 24 h at 37 °C,
until stationary phase (Gradel ef al., 2004). The concentration of each broth culture
was measured using a Thoma-Zeiss counting cell chamber (Marienfield, Germany)

and adjusted to 10° bacteria/mL.

The infection procedure was performed inside an experimental poultry house in
the Centro de Tecnologia Animal (CITA, IVIA, Segorbe, Spain, Figure 25), to mimic
the real conditions of poultry production. The experimental house was tested for
Salmonella before the experiment in accordance with ISO 6579:2002 (Annex D).
The material of the disinfection test was the cement floor of the house, because house
floors have shown a high tendency to resist Sa/monella disinfection (Davies and
Wray, 1995; Davies and Breslin, 2001). Each disinfectant was tested on ten surfaces
(5 serotype x biofilm formation capacity). The surfaces were marked on the cement
floor (20 cm diameter circle drawn in the centre) and each circle was divided into 4
parts (A, B, C, D). Each area was swabbed to determine if there was Salmonella
contamination before Salmonella inoculation. Then, one millilitre of Salmonella
culture was seeded onto the surfaces and spread over the 10 cm diameter circle with
a sterile towel. All test surfaces were allowed to dry under ambient conditions for 3

days.

4

Glutaraldehyde ‘ Glutaraldehyde

:
-

Formaldehyde ‘ Formaldehyde

*
*

Peroxide

Peroxide ‘

Figure 25. Experimental design of artificial contamination and disinfection test in field conditions.
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Before disinfectants were applied, each area A was swabbed to establish initial
Salmonella growth. Finally, disinfection treatments were applied with atomizer onto
the dried surfaces and then each area (B, C and D) was swabbed with neutralizer at
exact times (B=1, C=15 or D=60 min) to determine if Sa/monella was removed or not
after disinfection. Every sample was analysed in accordance with ISO 6579:2002
(Annex D). Each treatment (biofilm formation capacity % disinfectant X serotype X

time) was evaluated three times.

Statistical Analysis

Two statistical procedures were used to assess the relationship between
Salmonella strains with biofilm development capacity isolated in poultry and their
resistance against disinfectants used in field conditions. Sal/monella presence in broiler
and laying hen production and the effect of isolated serotypes in biofilm development
were analysed by Chi-square Test. Then, logistic regression analyses were used to
investigate relationships between biofilm (development and non-development strains),
serotypes (S. Enteritidis, S. Typhimurium, S. Hadar, S. Virchow and S. Infantis),
disinfectants (glutaraldehyde, formaldehyde and hydrogen peroxide) and contact time
(1, 15 or 60 min) and their interactions. The interactions were not significant and so
were excluded from the analysis. Statistical analyses were performed using a
commercially available statistics package (Statgraphics Plus, Version 5.1, STSC Inc.,

Rockville, MD, USA). All tests were carried out using a significance level of P<0.05.

3.3.4. Results

Experiment 1

Among 44 broiler flocks sampled, 27.2 % of samples tested positive (2,678).
Salmonella presence according to risk factors was statistically significant (P<0.05,
Table 7). Samples from day old chicks and chicken faeces showed high Salmonella

prevalence (34.2 and 35.1 %, respectively, Table 7), whereas source feed, water tank
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and water showed lower percentages of Salmonella (1.5, 2.3 and 4.6 %, respectively,

Table 7).

Table 7. Salmonella presence in broiler houses samples obtained from different risk factors.

Salmonella presence (%)

Samples .
n Broilers

Water tank 86 2.3%
Water drinker 86 4.6™

Origin feed 135 1.5°
Feeder feed 122 20.5%
Dust 125 28.8°
Surfaces 125 15.2¢4¢
Faeces 1522 35.1°
Vectors 35 11.4%¢
P.F.F 206 23.8%f
Day old Chick 76 34.2°
Farming boots 40 1500
Trucks 76 25.0%f
Litter 44 7.0%

n: Numbers of samples collected in broiler houses. P.F.F:
Previous flock faeces. *" Numbers within columns with different
superscripts are statistically different (P<0.05).
Strains isolated from risk factors analysed were not statistically significant to
biofilm formation capacity (Table 8). Around 50.0 % of strains isolated showed the

biofilm production ability, with the exception of feeders where Salmonella biofilm-

developer strains increased up to 84.2 %.

Table 8. Biofilm development capacity of Salmonella strains isolated in broiler houses samples
obtained from different risk factors.

Biofilm development (%)

Samples
n Broilers

Water drinker - -
Feeder feed 19 84.2
Dust 28 46.4
Surfaces 13 54.0
Faeces 451 57.6

Vectors - -
P.F.F 37 43.0
Day old Chick 16 43.8
Trucks 14 57.1

n: Salmonella positive samples collected in broiler
houses. P.F.F: Previous flock faeces.
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In our study, 12 different serotypes were isolated in broiler flocks. The most

prevalent serovars isolated were S. Enteritidis (66.0 %), S. Virchow (13.0 %), S. Hadar
(12.0 %) and S. Ohio (2.6 %). The study of serotypes which had the highest capacity of

biofilm development showed statistical differences (P<0.05, Figure 26). S. Enteritidis

and S. Ohio were stronger biofilm producer strains than S. Hadar (Figure 26).
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S. Enteritidis

Experiment 2

. Virchow

a
ab
b
<
(92)
s4)
S. Onio
S Vi

S. Hadar

Figure 26. Percentage of biofilm development
capacity of Salmonella serotypes isolated in broiler
houses samples obtained from different risk
factors. ** Numbers within columns with different
superscripts are statistically different (P<0.05).

The study of biofilm protection against disinfectants showed no significant

differences between biofilm and non-biofilm formation capacity of the strains (88.1 vs.

87.0 %, respectively).

S. Enteritidis and S. Virchow were more susceptible to

disinfectants than S. Typhimurium, S. Hadar and S. Infantis (Figure 27).
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Figure 27. Viability rate of Salmonella serotypes
isolated in poultry after disinfection. *" Columns
within bars with different superscripts are statistically
different (P<0.05). Data inside the bars are the
number of samples analysed.
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The most effective disinfectant against Sa/monella in field conditions was
glutaraldehyde (P<0.05, Figure 28) which removed nearly 30.0 % of Salmonella strains.
Formaldehyde and hydrogen peroxide had less capacity to eliminate the bacteria, 6.2 %
and 1.2 %, respectively (Figure 28).
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Disinfectant

Figure 28. Viability rate of Salmonella serotypes isolated in poultry according with different
disinfectants applied. ™" Numbers within columns with different superscripts are statistically
different (P<0.05). Data inside the bars are the number of samples analysed.

Each disinfectant was more effective in eliminating Salmonella in the first

minute of contact time (P<0.05, Figure 29).
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Figure 29. Viability rate of Salmonella serotypes isolated in poultry according with contact time in
minutes. ** Numbers within columns with different superscripts differ (P<0.05). Data inside the
bars are the number of samples analysed.

-107-



Chapter 3. Biofilm development capacity of Salmonella Strains isolated in broiler risk factors and their resistance to disinfectants

3.3.5. Discussion

Prevention of Salmonella contamination in poultry products requires detailed
knowledge of the most important risk factors associated with its presence in the
production system. Our results showed that dust, surfaces and faeces are the poultry
samples most Salmonella contaminated, in agreement other authors (Irwin et al., 1994;
Wray and Davies, 1994; Davies and Wray, 1996). These data suggest that an
inadequate cleaning and disinfection procedure could infect the following flock (Rose et
al., 2000). When the new flock is contaminated, there is a rapid spread of Sa/monella
throughout the house environment. Then, the rest of the birds may be infected in few
days (Heyndrickx et al., 2002). So, the presence of several contaminated feeders
samples observed in this study was probably a consequence of high levels of Salmonella
in environmental and carrier samples (Davies and Breslin, 2003). On the other hand,
samples protected from environmental crossed contamination (water tank, final water
lines and feed origin) were less contaminated with the bacteria than those in direct
contact with the environment. Day-old chick flocks samples were highly contaminated,
in agreement with several authors (Christensen et al., 1997; Rose et al., 1999; Cardinale
et al., 2004). If the cleaning and disinfection process was effective and removed
Salmonella from the poultry houses, the presence of several infected chicks could
increase this risk of contamination when chicks arrived at the farm (Van Immerseel et
al., 2004). Also, an incorrect management was identified as a risk factor, data in
accordance with those previously reported (Davies et al., 1997; Rose et al., 1999).
Farmers are able to spread the bacterium with their boots and clothes between
consecutive flocks. As Davies and Breslin (2003) indicated, the pest control
management has to be implemented effectively to minimize the chance of flock
infection, because carriers are able to taint the feed and house surfaces. According with
Ramensh et al. (2002) slaughter-trucks arrived at the farms with high levels of
contamination, favouring Salmonella contamination of the houses and chickens during

transport to the abattoir.

The main important serotype isolated from broiler production in this study was
S. Enteritidis, in agreement with the European report on Salmonella prevalence in Spain

(EFSA 2007). Moreover, contamination with S. Enteritidis is an important threat to
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food safety, especially regarding egg production and meat from poultry (EFSA, 2009).
Also, §. Virchow and S. Hadar in broilers, in line with European reports (EFSA 2007).

Several hypotheses are related with this high persistence of Salmonella in
poultry houses, such as absence of standardized cleaning and disinfection guidelines
(Gradel et al., 2004), lack of scientific literature related with disinfection in the
agricultural sector (Ramesh et al., 2002), absence of official methods for testing
disinfectants (Lasa, 2007), inaccurate use of disinfectants (Davies and Breslin, 2003),
incorrect hardness and temperature of cleaning water (Leriche ef al., 1995; Taylor et al.,
1996), high contents of protective compounds in poultry houses (fats, carbohydrates and
proteins, Gradel et al., 2004) and biofilm development (Alvarez et al., 1997). Our
results showed that irrespective of their origin, around 50.0 % of the Sal/monella strains
isolated from each risk factor were able to produce biofilm. To date, to our best
knowledge, there are not many studies describing biofilm development capacity in
Salmonella strains isolated from poultry. Costerton et al. (1978) appreciated that, in
most natural environments, growth as a biofilm is the prevailing microbial lifestyle.
Moreover, biofilm may confer mechanical, chemical or biological protection within the
natural habitat (Solano et al., 2002). The importance of biofilms in poultry has only
been reported as an important risk factor for Sa/monella in abattoir trucks (Ramesh et
al., 2002) and water systems (Gradel ef al., 2004). However, our results revealed that
the disinfectants used in infected poultry houses are more important than Salmonella
biofilm development capacity. The application of glutaraldehyde, formaldehyde and
hydrogen peroxide (1.0 % vol/vol) was insufficient to remove Salmonella from the
poultry houses in field conditions, irrespective of the strain capacity of biofilm
development, Salmonella serotype and the disinfectant contact time. Glutaraldehyde,
formaldehyde and hydrogen peroxide are most common disinfectants active ingredients
used in cleaning and disinfection procedures in poultry farms (Gradel ef al., 2004,
Martinez et al., 2008). Previous reports showed the efficacy of these disinfectants at a
concentration of 1.0 % was (best first): formaldehyde> glutaraldehyde> hydrogen
peroxide (Gradel et al., 2004). The low efficacy of peroxygen was probably related
with its susceptibility to organic matter (Russell and Chopra, 1996; Gradel et al., 2004).
Formaldehyde was reported to be more effective than glutaraldehyde in field conditions

(Davies and Wray, 1995; Davies et al., 1998; Davies and Breslin, 2003; Gradel et al.,
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2004) but did not guarantee total Sa/monella elimination. Studies mimicking poultry
house disinfection with other conditions are encouraged. Moreover, field condition
tests are difficult to standardize and this may affect the reproducibility (Rebrouck,
1999).

In conclusion, nearly 50.0 % of the strains isolated from poultry risk factors are
able to develop biofilm. The use of glutaraldehyde, formaldehyde and peroxygen at a
concentration of 1.0 % in field conditions is insufficient to eradicate Salmonella.
However, more studies are necessary to find the correct concentrations and application
of disinfectants in field conditions and compare this effect with biofilm or non-biofilm

strains.
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Salmonella has long been recognized as an important zoonotic pathogen of
economic significance in animals and humans. Although there are numerous sources of
human salmonellosis, eggs and poultry meat are considered the most common source of
human infection (EFSA, 2009). According to Jimenez and Martin (2004), 75.0 % of the
human salmonellosis outbreaks in Spain are related with eggs and poultry meat
consumption. Legislators are therefore working to minimize Salmonella prevalence in
poultry sectors with the introduction of a National Control Programme to reduce the
incidence of the bacteria in broiler flocks. The programme sets out measures to reduce
the prevalence of S. Enteritidis and S. Typhimurium, the strains which pose the highest
human health risk, to 1.0 % or less by 31 December 2011 (EC, 2007). However, the
official survey on the prevalence of Sa/monella in broiler flocks reported that in Spain

the current prevalence is around 41.2 % (EFSA, 2007).

It is well known that Salmonella control is complicated because there are
numerous potential sources of contamination in an integrated poultry operation. For
example, breeder flocks, hatcheries, chicks, feed, rodents, wild birds, insects,
transportation, farm environment and processing plant environment (Bailey et al.,
2002). All sources of Salmonella are potentially important, but it is necessary to
characterize the relative importance of the different sources under specific management
and environmental conditions. Neighbouring countries have studied the main risk
factors for Salmonella contamination in poultry flocks for several years (Rose et al.,
1999:2000; Corry et al., 2002; Heyndrickx et al., 2002; Namata et al., 2008). However,
to the best of our knowledge, in Spain there have been no studies related with risk
factors for Salmonella contamination in broiler flocks. While in neighbouring countries
vertical transmission from the parent flock to day-old chicks, hatcheries, cleaning and
disinfection during period between flocks, feed, water, dust, faeces, bedding, farming
clothes and boots, and rodents have been reported as the major risk factors, this study
suggested that, under our production conditions, feed from feeders, the Salmonella
status of the house after C&D and Salmonella status of day-old chick flocks are the
most important risk factors related with Salmonella status of the flock at the end of the
rearing period. During rearing, Salmonella-free feed may be contaminated by several
sources in the house such as house environment, chicken faeces and rodents’ droppings

(Heyndricks et al., 2002; Davies and Breslin, 2003; Carrique-Mas et al., 2008). The
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importance of inaccurate C&D procedures in Salmonella source persistence between
flocks has been reported by several authors (Rose ef al., 2000; Davies and Breslin,
2003). When growing period starts, contaminated dust could infect litter, carriers,
ventilation and finally the growing flock (Rose et al., 1999:2000; Davies and Breslin,
2003). The main source of day-old flock contamination seems to be at the hatcheries
for two reasons: the newly hatched chicks are more susceptible to colonization and
hatcheries often serve as reservoirs for the bacteria (Bailey, 2002). Consequently, it is
necessary to assess the main sources of Salmonella contamination at the hatcheries and
then, implement suitable measures of control and eradication at the beginning of the
production system. The main problem of bacterial infection is that irrespective of age at
exposure (at the hatchery or at farm level) their shedding in faecces may persists between
10 and 12 weeks, well beyond the slaughter age for broiler chickens (Beal et al., 2004).
Consequently, birds will arrive infected with the bacteria at the processing plant,

favouring cross-contamination of the carcasses (Ramesh et al., 2002).

FAO-OMS (2001) demonstrated that lowering the on-farm prevalence of the
bacteria is an important strategy for reducing the bird contamination entering the
processing plant and lowering the risk of contaminated meat products entering the food
chain. This hypothesis is especially significant for broiler production. For this reason,
control of the main risk factors should be a useful tool for lowering the on-farm
prevalence. However, important aspects in Salmonella surveillance and monitoring
programmes by the government and/or poultry companies are the type of sample and
the time of sampling to determine the flock status with the highest sensitivity
(Heyndrickx et al., 2002). The European Commission (EC, 2005) reported litter
sampling utilizing several pairs of overshoes up to 3 weeks before slaughter as the
official sampling method in the baseline survey on the prevalence of Salmonella in
broiler flocks of Gallus gallus, in the EU, 2005-2006. Previous studies reported that
litter sampling with sock swabs provided the highest sensitivity for determining the
Salmonella status of the flock (Heyndrickx ef al., 2002; Buhr et al., 2007). However,
our results revealed that the highest Salmonella isolation from faeces samples collected
with sock swabs was on the 14™ day of rearing. The highest Salmonella detection rate
coincided with the highest Salmonella excretion, which occurs at around 2 weeks of

rearing (Berndt ef al., 2004; Van Immerseel et al., 2004). Later, the Salmonella
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detection decreased and became intermittent until day of slaughter. The detection
pattern occurs independently of whether day-old flocks arrived infected from the
hatchery or became infected at the farm. For these reasons, evaluating the farm status in
the 3 weeks before slaughter age could underestimate the detection from faeces.
Probably around 2 weeks of rearing should be considered the best moment to determine
the Salmonella status of the flock. Moreover, the sooner the flock can be detected
positive for the bacteria, the fewer expenses will be involved in carrying out control and

eradication measures such as flock slaughter.

Nevertheless, Salmonella surveillance and control programmes do not end at
farm level. Control should be considered until the end of the line, in processing plant
and markets. The importance of transport in Salmonella spreading is frequently ruled
out (Belles, 2007). Transport of poultry is a complicated multifactorial stressful and
traumatic event that had been reported to induce carrier flocks to shed the bacteria at a
higher rate (Mulder, 1995; Corry et al., 2002). Birds are caught by the legs (in groups
of 4-5) and inverted, then carried to crates, loaded and transported under variable
climatic conditions (low temperatures, rain, wind, etc). This study revealed that there is
an increase of Salmonella detection in faeces from 15.4 % to 41.2 %, before and after
transport, respectively. However, the most significant result showed that transport
period induced that 50.0 % of the flocks determined negative at farm level shed the
bacteria at the slaughterhouse. Consequently, poultry determined negative at farm level,
entered the processing plant shedding the bacteria. Birds that arrive at the processing
plant carrying the bacteria, internally or externally, are considered a major source of

contamination in poultry end products (Ramesh et al., 2002).

In accordance with the above consideration, if Sa/monella status of the flock is
evaluated before transport, the number of Salmonella infected flocks could be
underestimated. However, the main problem of slaughterhouse analyses is the time
necessary to determine a positive sample according to the official ISO method
6579:2002 (Annex D). It is well known that after 24 hours of slaughtering, carcasses
are in markets prepared for human consumption. Consequently, modern techniques,
practical, cost-effective and more suitable for routine diagnosis should be developed to

determine the status of the flocks in a short period of time and with the highest
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sensitivity. As a result of the above considerations, probably around 2 weeks of rearing
and at arrival for slaughter should be considered the best times to determine the

Salmonella status of a broiler flock.

Regarding the Salmonella serotypes isolated, the results of this study coincide
with those reported by the EFSA in 2007, with S. Enteritidis, S. Virchow, S. Hadar and
S. Ohio being the most prevalent serotypes isolated from broiler production in Spain.
However, it is important to stress that after transport no cases of S. Virchow and S. Ohio
were isolated from faeces samples. Even though the Salmomnella serotypes most
frequently isolated from poultry are zoonotic and could infect human through poultry
meat, each serotype has its own pattern during rearing and after transport. For this
reason, in the future it may be interesting to find out which factors affect the appearance

or disappearance of the different serotypes in broiler production.

Salmonella has been the subject of many studies worldwide since first isolated.
Nowadays, much is known about its epidemiology. However, why can Sal/monella not
be removed from the sheds? Why are current control measures ineffective against the
bacteria? Our results showed that cleaning and disinfection procedures applied in
poultry houses are insufficient to remove Salmonella. These results coincide with those
of Rose et al. (2000, France) in broilers and Davies and Breslin (2003, United
Kingdom) in layers, who found high rates of Salmomnella in poultry houses after
cleaning and disinfection. Several hypotheses are related with this high persistence of
Salmonella, such as absence of standardized cleaning and disinfection guidelines
(Gradel et al., 2004), lack of scientific literature related with disinfection in the
agricultural sector (Ramesh ef al., 2002), absence of official methods for testing
disinfectants (Lasa, 2007), inaccurate use of disinfectants (Davies and Breslin, 2003),
incorrect hardness and temperature of cleaning water (Leriche ef al., 1995; Taylor et al.,
1996), high contents of protective compounds in poultry houses (fats, carbohydrates and
proteins, Gradel et al., 2004) and life in a biofilm state that protects the bacteria against
environmental insults (Alvarez et al., 1997). Our results showed that irrespective of
their origin, around 50.0 % of the Salmonella strains isolated from each risk factor were
able to produce biofilm. Carr et al (1999) found that most disinfectants were

ineffective against the bacteria in a field situation, because of persistently adherent and
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protected bacteria, probably in a biofilm state. Disinfectants against bacterial cells in
suspension may not be as effective when treating bacterial cells embedded in a Biofilm
(Holland et al., 1990). Biofilm presence, as well as organic load, will increase the
disinfecting compound (Ramesh et al., 2002). In our study, the use of glutaraldehyde,
formaldehyde and hydrogen peroxide (1.0 % vol/vol) were insufficient to remove
Salmonella from the poultry houses in field conditions, irrespective of the strain
capacity of biofilm development, Salmonella serotype and the disinfectant contact time.
Currently, poultry industry used cleaning and disinfection protocols with a mix of
disinfectant active ingredients that boost their efficacy against Sa/monella. Therefore,
the main question is: why are some farmers able to remove Salmonella from broiler
houses but there are a high percentage that are unable to eradicate it? In future studies it
is important to find an answer to this question, assessing standardized cleaning and
disinfection guidelines, evaluating methods for testing disinfectants in field conditions
and providing effective farmer training in cleaning and disinfection management and

self-control procedures.

In conclusion, the most contaminated samples related with poultry production
during the rearing period were delivery-box liners, faeces, dust, farming boots and feed
from feeders. Moreover, the main risk factors for Salmonella contamination of broiler
flocks at the end of the rearing period were feed from feeders, Salmonella status of the
house after C&D, and Salmonella status of day-old chicks. For these reasons, suitable
measures should be implemented to control Sal/monella at these three points during
broiler production. Moreover, the 14" day of rearing and after transport to the
slaughterhouse have been reported as the best moment to determine the Salmonella
status of the broiler flocks. In further studies it will be necessary to analyse cleaning
and disinfection in depth, in order to eradicate Salmomnella presence from broiler

production.
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Chapter S. Conclusions

Most contaminated samples related with poultry production during the rearing
period are delivery-box liners, faeces, dust, farming boots and feed from feeders.
Moreover, the most prevalent serotype isolated from broiler production is S.

Enteritidis, followed by S. Hadar, S. Virchow and S. Ohio.

The main risk factors for Salmonella contamination of broiler flocks at the end
of the rearing period are feed from feeders, Salmonella status of the house after

cleaning and disinfection, and Salmonella status of day-old chick flocks.

Regardless of whether broiler flocks reached the farm already shedding the
bacteria in faeces or were infected during rearing, the maximum rate of
Salmonella detection is around 14™ day of rearing. Moreover, the pattern of

most prevalent serotypes varies throughout the rearing period.

Loading and transport to the slaughterhouse induce a significant increase in
Salmonella detection rates. Moreover, the patterns of most prevalent serotypes

during rearing change after transport to the slaughterhouse.

. Nearly 50.0 % of the strains isolated from poultry risk factors are able to

develop biofilm.

The use of glutaraldehyde, formaldehyde and peroxygen at a concentration of
1.0 % in field conditions is insufficient to eradicate Salmonella. However, more
studies are necessary to find the correct concentrations and application of
disinfectants in field conditions and compare this effect with biofilm or non-

biofilm strains.
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