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A survey of salmonella infection on 454 commercial layer flock holdings in the uk
was carried out between October 2004 and September 2005. Fifty-four (11-7 per
cent, 95 per cent confidence interval 9:3 to 14-0 per cent) were salmonella positive.
The most common serovar identified was Salmonella Enteritidis at a prevalence of
5-8 per cent, and 70 per cent of these isolates were phage types 4, 6, 7 and 35.
Salmonella Typhimurium was the second most prevalent serovar, found in 1.8 per
cent of the farms. Of the three other serovars given top priority by the eu because of
their public health significance, Salmonella Virchow and Salmonella Infantis were
each isolated from one holding, but Salmonella Hadar was not isolated from any of
the holdings. Analysis of antimicrobial resistance patterns revealed that over 76 per
cent of the isolates were sensitive to all of the 16 drugs tested, and all the isolates
were sensitive to ciprofloxacin, gentamicin, ceftazidime, apramycin, amikacin,
amoxicillin/clavulanic acid, neomycin and cefotaxime.

SINCE its peak in the mid-1990s human salmonellosis has continued to be a major public
health concern in the uk and elsewhere in Europe. Although the number of cases of
human salmonellosis appears to be decreasing, in 2004 there were 14,476 laboratory-
confirmed cases of human salmonella infection reported in the uk, over half of which
were due to Salmonella enterica subspecies enterica serovar Enteritidis (S Enteritidis)
(Anon 2005d). The actual number of cases, most of which are unreported, is likely to be
three times as high (Anon 2005d). The link between S Enteritidis in human beings and the
consumption of contaminated poultry products, especially undercooked and raw eggs, has
been well documented (Coyle and others 1988, Hogue and others 1997, Palmer and
others 2000, Centers for Disease Control and Prevention [coc] 2004, De Buck and others
2004). However, controlling the infection at farm level, and thus reducing the impact on
human health, is difficult because salmonella infection in poultry is not usually associated
with clinical signs. A control programme to reduce and eliminate S Enteritidis and
Salmonella Typhimurium from breeding farms in the uk has been in operation since 1989
and it has been successful in reducing the occurrence of infection on these farms to very
low levels, thus ensuring as far as possible that one-day-old chicks are free from infection.
Since the mid-1990s, the poultry industry has improved biosecurity and hygiene practices
and Salmonella vaccination has become widely practised on commercial farms. These
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changes are likely to have been responsible for further reducing infection of birds on
farms (Wegener and others 2003, Marcus and others 2004, Mumma and others 2004,
Anon 20053, c). However, there may still be a significant reservoir of salmonella on some
commercial laying farms (Garber and others 2003, Anon 2005a), the extent of which was
largely unknown in the uk before the present survey.

In 2003, European Union (eu) legislation on the monitoring of zoonoses and zoonotic
agents was revised and expanded to include control measures for zoonotic diseases in
animals and products of animal origin. Under Zoonoses Regulation 2160/2004/ec, member
states are required to put into place control plans to achieve an agreed target for the
reduction of specified zoonotic agents at farm level over a given time period.

In order to set targets, member states are required to carry out standardised prevalence
surveys to establish the baseline level of the specified zoonotic agent in different food
animal species. Attention is initially being concentrated on salmonellabecause it is a
major cause of foodborne illness in the eu (Fisher and Threlfall 2005). A target has
already been set for its reduction on poultry breeding farms (Decision 2005/1003ec). In July
2004, 2004/665/ec required each member state to carry out a prevalence survey of
salmonellain holdings of commercial laying hens (Gallus gallus). This paper reports the
results of the salmonella prevalence survey carried out in commercial egg-laying farms in
the uk.

MATERIALS AND METHODS

Sampling plan

The survey was carried out over 12 months from October 2004 to September 2005. The
method used conformed with the technical specifications document (sanco/34/2004 rev3)
annexed to Decision 2004/665/ec presented to the Standing Committee on the Food Chain
and Animal Health on July 15, 2004. In summary, this required sampling one house on
one occasion within nine weeks of the end of the laying period (depopulation) on each of
436 holdings selected at random, stratified according to the size of holding. To obtain a
sample of holdings that would be representative of the geographical regions of the uk, the
study population was also stratified by region and sampling was distributed as far as
possible equally over the year, to avoid seasonal bias. The eu determined the sample size
for each member state on the basis of an estimated 20 per cent salmonella prevalence, to
give 3 per cent accuracy with 95 per cent confidence, and used recent national statistics
census data from each country on the number of birds per holding to stratify by holding
size. For the uk, this excluded the need to sample holdings with fewer than 1000 birds.

Sample collection

Seven environmental samples were collected from each farm; individual birds were not
sampled. As required by the technical specification, different sample collection schemes
were applied, depending on the type of holding. For caged houses, five samples of
naturally mixed faeces representative of the whole house were taken from droppings
belts, scrapers or deep pits, and two dust samples were taken from beneath the cages. For
barn and free-range houses, five pairs of boot swabs, one dust sample from egg belts and
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one dust sample from various locations in the house were collected. Pooled faeces (200 to
300 g) and dust (50 g or 250 ml) samples were collected into 300 ml jars. Boot swabs
(Tunika white over-shoes; Mike Bowden Livestock Services), aimed at collecting faeces
and moist litter from the floor, were used in non-caged farms. They were premoistened
with maximal recovery diluent and worn over disposable plastic over-boots. The house
was divided into five sectors and a new pair of boot swabs was used to walk along at least
a 100 m representative of each sector.

Salmonella culture and typing method

The samples were forwarded either to the Veterinary Laboratories Agency (via) -
Weybridge or to the Department of Agriculture and Rural Development (paro), Northern
Ireland on the day of collection by first-class post. The Salmonella culture method was a
modification of 1so 6579:2002 (1so 2002). The samples were kept refrigerated in the
laboratory until the procedure for isolation was begun within 48 hours of their arrival.

A slurry was created by mixing 200 g of faeces with 200 ml of buffered peptone water
(spw 1.07228; Merck), and 50 g of this mixture was inoculated into 200 ml of spw. For the
dust samples, 50 g of dust was mixed gently with 50 ml srpw and 50 g of this mixture was
inoculated into 200 ml of srpw. The boot swabs were transported at ambient temperature in
sealed plastic jars toarrive at the laboratory for culture on the day after collection; 225 ml
of spw was added to each of the jars and the inoculated srw was then incubated at 37°C for
18 hours.

Three separate and equally-spaced drops of inoculated broth (0-1 ml total) were placed on
the surface of a modified semi-solid Rapapport Vassiliadis medium with novobiocin
(msrv) (1868-17; Difco) plate. The plates were examined after 24 and 48 hours incubation
at 41-5°C for suspect Salmonellagrowth, and a 1 pl loop was dipped into the edge of any
opaque growth and streaked on to Rambach (1.07500; Merck) and xLo (278850; Difco)
agar plates. The Rambach and x.o plates were incubated at 37°C for 24 hours. Suspect
Salmonella colonies were confirmed serologically and by serotyping according to the
Kauffman-White scheme (Popoff 2001). Isolates of S Enteritidis, Salmonella Hadar,
Salmonella Virchow and S Typhimurium were phage-typed according to Health
Protection Agency, Colindale schemes.

The Salmonella isolates were tested by disc diffusion for their in vitro sensitivity to 16
antimicrobials (Table 1). The choice of antimicrobials, which is reviewed periodically, is
designed to provide a core set of those used in veterinary and human medicine (Wray and
others 2001).
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TABLE 1 : Number of Salmonella isolates from commercial egg laying holdings
resistant to each antimicrobial tested

TABLE 1: Number of Salmonella isolates from commercial egg laying holdings resistant to

each antimicrobial tested

Concentration Mumber of isolates Percentage of total

Antimicrobial {pg/ml) resistant® tested (n=177)
Amikacin 30 0 0
Amoxicillingdavulanic acid 30 i) i)
Ampicillin (am) 10 27 15-3
Apranmyoin 15 i) ]
Chloramphenicol (C) 10 12 68
Ceftazidime 30 i) i)
Ciprofloxacin 25 o e]
Gentamicin 10 0 0
Cefotaxime 30 0 0
Furazolidone (FR) 15 1 06
MNeanycin 10 v] 0
Malidixic scid (MA) 30 9 5.1
Streptomycin (3) 25 19 107
Sulphonimide compounds (SU) 300 20 113
Sulphamethoxazole/timethoprim (TM) 25 1 06
Tetracycline (T) 10 24 136

Resistance patterns

Mot resistant to any of the 16 136 774
na, T, Aam, G, 5, 5U 7 4.0
5, 5U 1 06
T AM, C, 5, 50 -1 34
T, AM, 5, SU 5 28
T, M, 5U 1 05
FR 1 06
MA 2 1-1
AM B 4-5
T 5 2:8

* Some isolates were resistant to more than one antimicrobial

Data collation and analysis

Each farm was required to complete a standardised questionnaire to provide information
about the farm and flock, including the production type, the age range of the birds and the
flock size. All these data and the test results from the holdings sampled were entered,
collated and analysed at the Centre for Epidemiology and Risk Analysis, via -
Weybridge.

For the purposes of estimating the population prevalence, the primary sampling unit was
the holding, and within each holding a house meeting the selection criterion of
depopulating within nine weeks was chosen. Only one house was sampled on each
holding and it was subsequently designated as positive or negative according to the
presence or absence of Salmonella species in one or more of the samples. To derive uk
prevalence estimates and confidence intervals, the observations were weighted for the
respective sampling proportion in each stratum and a finite population correction applied.
Only the stratification on holding size was taken into consideration in the analysis,
because the survey did not have sufficient sample sizes to estimate the prevalence on a
regional basis. The observations were not weighted for serovar or phage type
descriptions. To test for differences in prevalence between groups of interest a Pearsons
chi-squared statistic was used with the Rao and Scott second-order correction (Stata
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2005). The data analyses were made using Stata Statistical Software Release 9.0
(StataCorp), using the Survey commands for analysing complex survey design data.

RESULTS

Salmonella prevalence

Of the 454 holdings sampled in the survey 54 tested positive for salmonella in one or
more samples giving an estimated (weighted) holding level prevalence of salmonella on
uk layer farms of 11-7 per cent (95 per cent confidence interval [ci] 9-3to 14-0 per cent).
Eighteen different serovars were identified (Table 2). More than one serovar was isolated
on seven of the holdings, but none of the holdings had both S Enteritidis and S
Typhimurium. S Enteritidis, S Typhimurium, S Hadar, Salmonella Infantis and S Virchow
are the serovars given top priority by the eu owingto their public health significance. S
Virchow and S Infantis were each found on a single holding, but S Hadar was not found
on any of them. S Enteritidis was isolated from 28 of the 454 holdings giving a weighted
prevalence of 5-8 per cent (95 per cent ci 4-2 to 7-4 per cent). S Typhimuriumwas isolated
from eight holdings and the estimated prevalence of this serovar was 1-8 per cent (95 per
cent ci 0-8to 2:9 per cent).

TABLE 2 : Number (%) of commercial egg laying holdings with each Salmonella
serovar

TAELE 2: Number (%) of commercial egg laying holdings with each Salmonella serovar

Percentage of
Salmoneila Mumber of Total Solmonells  Salmonelio-positive Total sampled
sergvar heldings serovars {n=62) holdings (n=54) holdings (n=454}*
Enteritidis! 28 45.2 519 62
Typhimurium? ] 129 14-8 18
Mbandaka 4 &5 74 09
Senftenberg 3 4.8 56 07
Agona 2 32 37 0-4
Convallis 2 3.2 3.7 04
Cubana 2 3.2 3-7 -4
Livingstome 2 32 37 04
Yoruba 2 %2 37 0-4
Agama 1 1-6 1-9 0-2
Havana 1 1-6 19 02
Infantis! 1 16 19 02
Kentucky 1 16 1-9 02
Tennessee 1 1-6 1-9 0-2
Thompson 1 16 1-9 0-2
Virchow! 1 16 18 02
4, 12:d:- 1 1-6 1-9 02
61:-:1,5,7 1 1-6 1-G 02
Hadart 0 1] 0 ]
Testal 62

* Unweighted percentages (see text for weighted prevalence)
1 Solmonella serovar of public health significance as designated by the Eu

Using data derived from the questionnaire, the prevalence of salmonella was calculated
for the farm level variables: holding size, age of hens, production type of the house
sampled, and the number of houses on the holding (Table 3). The prevalences of S
Enteritidis and S Typhimurium are shown, but there were few isolates of S Typhimurium
and the confidence intervals for this serovar are large.
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TABLE 3 : Weighted prevalences of salmonella, Salmonella Enteritidis (se) and
Salmonella Typhimurium (st) in commercial egg laying holdings, by holding size,
production type, age and number of flocks

TMALE 1 Weighted prevalenues ol sal momeils Sodmooeily Lrbesdide 0] arsd Saimmaeila Typdimeniom 570 in vemeerseetial opg Lying heléiog, by heldieg sive,
preaduriian iyps, age and sumi of Mook
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The highest prevalence of salmonella occurred in the largest holding size category
(30,000 birds or more), with an estimated 32-4 per cent (95 per cent c1 24-2 to 41-8 per
cent) of these holdings being positive (Table 2). This was significantly higher (P<0:001)
than in the other four size groups. The prevalence was also significantly higher in caged
birds (23:4 per cent) than in barn or free range birds (4-4 to 6-5 per cent) (P<0:001). The
caged holdings also tended to be larger and confounding is therefore likely. Significant
differences were also observed in the prevalence of S Enteritidis, with the larger holdings
and caged holdings also having a significantly higher prevalence of S Enteritidis than the
holdings with less than 30,000 birds and non-caged birds. The fewer isolates of S
Typhimurium resulted in a reduced power to detect significant differences with respect to
this serovar, but the results are consistent with a similar effect.

The number of houses on the holdings ranged from one to 24, but 60 per cent of them had
only one or two houses. The prevalence of salmonella was three times higher on holdings
that had five or more houses than on the holdings with fewer houses (Table 3). This
difference was significant (P<0:001), although an increase in houses per holding
correlated with an increase in holding size. There was no significant association between
Salmonella infection and the age of the birds in the house sampled.

Phage types

All the isolates of S Enteritidis, S Typhimurium, S Virchow and Salmonella Thompson
were phage typed. The two typeable isolates of S Thompson were phage type 2, and the
single typeable isolate of S Virchow was e157. Table 4 shows the phage types of S
Enteritidisand S Typhimurium identified and the proportion of positive holdings from
which each phage type was isolated. The most common S Enteritidis phage type was pt4,
which was isolated from 53.6 per cent of the positive holdings. However, 735 and r16
were also found frequently and were present in more than a quarter of the positive
holdings. S Typhimurium definitive phage type ot104 was identified on four of the eight
positive holdings.
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TABLE 4 : Number of commercial egg laying holdings with each Salmonella
Enteritidis and Salmonella Typhimurium phage type

TABLE 4: Number of commercial egg laying holdings with each

Salmonella Enteritidis and Salmonella Typhimurium phage type

Number Percentage of
Phage type of holdings*® positive holdings
S Enteritidis (n=28)
PT4 15 536
PT35 8 28-6
PTE i 250
PT7 5 179
PT5A 2 71
PT1 1 36
PT5C 1 36
PTEA 1 36
PT12 1 36
PT14B 1 36
PT24 1 36
Untypeable 7 25.0
S Typhimurium (n=8)
DT104 4 50-0
DT 1 12:5
DT2A 1 12-5
DT49 1 125
D156 1 12-5

* Holding may have more than one serovar or phage type including
untypeable isolates

Antimicrobial resistance patterns

Table 1 lists the antimicrobials tested and the number of isolates that were resistant to
each, and summarises the combinations of resistance found. Of the isolates tested, 77-4
per cent were sensitive to all 16 antimicrobials. The most frequent resistance was to
ampicillin (15-3 per cent of isolates tested) followed by tetracycline (13-6 per cent of
isolates tested). No resistance was found to eight of the antimicrobials: amikacin,
amoxicillin/clavulanic acid, apramycin, ceftazidime, ciprofloxacin, cefotaxime,
gentamicin and neomycin.

A more detailed analysis of these resistance patterns, by serovar and phage type, is
presented in Table 5. The figures in brackets show the number of holdings from which
the isolates were taken. As shown, 81-6 per cent (93 of 114) of S Enteritidis isolates and
all the isolates of S Enteritidis pt4 were susceptible to all the antimicrobials, as were 40-9
per cent (nine of 22) of S Typhimurium isolates. Resistance occurred in S Enteritidis pr24,
pT35, PT5A, PT5C, PT6A, PT7 and untypeable isolates, and in S Typhimurium or104. Multiple
antimicrobial resistance was detected in S Typhimurium or104 (all isolates) and S
Enteritidis pr24 (one isolate), pr35 (four isolates) and rr5a (one isolate). The only other
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serovars to show resistance to any of the antimicrobial agents tested were single isolates
of Salmonella Agona (resistant to streptomycin and sulphonamide compound) and
Salmonella 4, 12:d:- (resistant to furazolidone).

TABLE 5 : Numbers of samples (holdings) positive for Salmonella species of
each resistance pattern, according to serovar and phage type
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Nalidixic acid resistance was found in two isolates of S Enteritidis pr7 from one holding
and in seven isolates of S Typhimurium or104 from another holding. Most cases of
resistance to ampicillin occurred in S Enteritidis, but four holdings had S Typhimurium
isolates that were resistant to this antimicrobial. Tetracycline resistance was identified in
24 isolates from eight holdings.

DISCUSSION

The results suggest that the prevalence of salmonella on laying farms in the ux is 11.7 per
cent. Four of the five Salmonella serovars designated by the eu as of primary public
health importance were detected in the survey (S Enteritidis, S Typhimurium, S Infantis
and S Virchow), although S Infantis and S Virchow were found on only one holding each.
S Enteritidis was the most prevalent serovar, being present in approximately half of the
positive holdings sampled and 5-8 per cent of the total. This serovar is responsible for
approximately two-thirds of human cases of salmonellosis in the uk (kea 2006). Since
1989 and the mandatory reporting by laboratories of all Salmonella species isolated in
samples from livestock or their environment, S Enteritidis has rarely been reported in
non-avian livestock (Anon 2005c¢) and is strongly associated with avian species,
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supporting the link between poultry and human cases (Coyle and others 1988, Evans and
others 1999, De Buck and others 2004). S Infantis, which was isolated on one holding,
has previously been recorded on uk laying farms (Davies and Breslin 2001). Although the
numbers were small, S Typhimurium was found predominantly in free-range holdings
and included phage type 56, which is often associated with wild birds (via 2005).

pt4 Was the most frequently isolated S Enteritidis phage type, and was present on over 50
per cent of the S Enteritidis-positive holdings and on 15 (3-3 per cent) of the 454 holdings
surveyed; 4, p17 and p735, the last being the second most frequently isolated in the
survey, are regarded as genetically similar strains that may share a common derivation
(Liebana and others 2002). These isolates, together with 16, a phage type that has been
recognised previously in uk poultry, accounted for 70 per cent of the holdings infected
with S Enteritidis. The number of laboratory-confirmed cases of S Enteritidis 74 in
human beings has been decreasing since the mid- to late 1990s, although it still accounts
fora third of all S Enteritidis isolates from people (1ra 2006). In contrast, non-pt4 isolates
have been steadily increasing in England and Wales over recent years. The most common
S Enteritidis phage types in Scotland in 2004 were pt1 (30 per cent), r4 (25 per cent), pr21
(8 per cent), r18 (5 per cent) and r1148 (5 per cent) (Browning and others 2005). In the
present survey, er1 was isolated on only two of the infected holdings.

The results of the survey contrast with the routine surveillance data for poultry. During
2004 the most frequently isolated serovar in all production types of chickens was
Salmonella Livingstone, which accounted for 21 per cent of all salmonella incidents,
followed by Salmonella Senftenberg (11 per cent) (Anon 2005d). In contrast S
Livingstone was isolated on only 3.6 per cent of the holdings and S Enteritidis was the
most common serovar. This is because laying flocks are under-represented in routine
poultry surveillance reports, most of which originate from the preslaughter monitoring of
broiler, turkey and duck flocks.

In 2004, 12 of the 13 incidents (defined as the first and all subsequent isolations of the
same serovar from a single premises within a given period) of S Enteritidis in chickens
were from laying flock holdings (Anon 2005d), probably as a result of several factors.
Much of the existing legislation is aimed at controlling Salmonella species at the parent
and grandparent level and these controls are thought to be insufficient to prevent
problems on commercial laying farms owing to persistent environmental contamination
(Davies and Breslin 2003). S Enteritidis in particular shows a marked predilection to
colonise and persist in the reproductive tract, and can survive for long periods in the
environment (Poppe 1999). An additional difficulty is the cleaning and disinfection of the
premises, especially large, multi-age caged layer sites (Davies and Breslin 2003). In this
survey the presence of Salmonella species was strongly associated with the size and type
of farm, being more common on large farms and in caged birds. However, the association
with caged birds may also be explained by differences in the sensitivity of the methods
used to sample the different production types. Another important factor in the persistence
of infection on commercial layer farms is the presence of wildlife pests, in particular
rodents, which can be a continuous source of infection involved in amplifying and
spreading salmonella between houses and flocks (Henzler and Opitz 1992, Davies and
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Wray 1995, Davies and Breslin 2001, Kinde and others 2005). There is little evidence
that the infection comes from breeding farms, because there are few incidents in these
holdings (Anon 2005c¢), and statutory sampling requirements mean that infected breeding
farms are normally quickly detected and slaughtered (Anon 2005d); however, there have
been occasional incidents in which commercial farms have been infected by birds from
contaminated breeding farms and hatcheries (Davies and others 2003).

The data show that 77-4 per cent of the isolates tested were susceptible to all the 16
antimicrobials examined. The most common resistances were to ampicillin and
tetracycline, with resistance to streptomycin or sulphonamide compounds occurringin
over 10 per cent of the isolates. As expected, multiple resistance was found in isolates of
S Typhimurium ot104, but also in six isolates of S Enteritidis (pt5a, 124 and e135). This
pattern contrasts with data from human infections and studies from Mediterranean
countries (Dipineto and others 2005) in which antimicrobial resistance in S Enteritidis
phage types such as rr14s and pr1, especially involving nalidixic acid, have been more
prominent. Such resistance patterns in the uk are thought to be associated with imported
infections (Anon 2004b). It is thought that many human infections in the uk result from
imported eggs and imported poultry meat, foreign travel and associated cross-
contamination, in addition to secondary spread (Anon 2004a). It is therefore likely that a
significant proportion of reported human S Enteritidis infections in the uk originate from
other countries, but some outbreaks associated with eggs from infected British farms do
occur, and some outbreaks involving phage types that occur in uk egg production also
originate from non-ux produced eggs (Anon 2005b). Imported infections of S Enteritidis
pr1 and rr14e have typically yielded isolates resistant to nalidixic acid, but in the present
survey the small number of these phage types were sensitive to all the antimicrobials
tested. More structured analytical and molecular epidemiological work is required to
elucidate and quantify the sources of domestic and imported S Enteritidis infections in the
uk. The present results suggest that outbreaks of S Enteritidis infections in people in the uk
originating from uk eggs are likely to be associated with pt4, p16, P17, and er35.
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