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A qualitative exposure assessment for Salmonella in eggs produced on the island of Ireland was developed.

The assessment was divided into three main modules (production and packing, distribution and storage, and

preparation and consumption), and each of these stages into defined steps in the exposure pathway. In the

production and packing stage the initial prevalences of Salmonella in the contents and on the shell of eggs

were estimated to be negligible and low respectively. Numbers of Salmonella both in and on eggs were

estimated to be low. At each subsequent step in the pathway, qualitative assessments were made of the

impact of events on the probability and level of Salmonella contamination on the shells and in the contents of

eggs. At the end of each module assessments were combined to give an overall probability and level of

Salmonella contamination. In the first two modules the assessment focused on the effect of the duration

and temperature of storage on yolk membrane integrity and the likelihood of shell penetration. During the

final stage the influence of factors such as safe handling procedures, pooling practices, consumption patterns

and the effectiveness of cooking, on the prevalence and level of Salmonella contamination in a food item at

time of consumption was assessed. The outcome of this assessment was an estimate of a low probability and

level of Salmonella contamination of egg containing foods, prepared with eggs produced on the island of

Ireland.

1. Introduction

The late 1980s saw dramatic rises in the number of reported

human cases of Salmonella Enteritidis in the United Kingdom (UK) and

much of western Europe (Cogan and Humphrey, 2003; Rodrigue et al.,

1990). The role of eggs in this pandemic has been well documented

(Coyle et al., 1988; Mawer et al., 1989; Cowden et al., 1989a,b; de

Louvois, 1993a,b). Unlike the majority of salmonellae, S. Enteritidis is

able to colonise the reproductive tissues of birds (Okamura et al.,

2001). For this reason, although a wide range of serovars are isolated

from eggshells, only a few invasive serotypes, principally S. Enteritidis,

are commonly isolated from the contents of clean intact eggs (Paul

and Batchelor, 1988; Humphrey et al., 1989a; Gast and Beard, 1990;

Humphrey et al., 1991; de Louvois 1993b). Legislation, industry codes

of practice and quality assurance schemes for the control of Salmonella

in laying flocks were introduced in the late 1990s in both the UK and

Ireland. The success of these controls has been measured by the
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reduction in Salmonella prevalence associatedwith shell eggs reported

in recent surveys (Murchie et al., 2007; Anonymous, 2004a;

Anonymous, 2003a) and the decline in the incidence of human

salmonellosis in the Republic of Ireland (Foyle et al., 2004) and the UK

(Anonymous, 2006a,b,c). The aim of this study was to provide a

qualitative assessment of the risk of exposure to Salmonella from shell

eggs produced on the island of Ireland, in the light of the changed

circumstances.

Microbiological risk assessment (MRA) is an important tool in the

management of food safety risks and since the publication of the

Codex Alimentarius Commission (CAC) guidelines (Anonymous,

1999a), assessments for several pathogens in various food products

have been developed, including S. enteritidis in shell eggs (Whiting

et al., 2000; Hope et al., 2002) and pasteurised liquid eggs (Whiting &

Buchanan, 1997); Salmonella Typhimurium in Danish dry cured pork

sausages (Alban et al., 2002); and Salmonella inwhole chickens (Oscar,

2004). As outlined by the CAC (Anonymous, 1999a), MRA can be

divided into 4 stages: hazard identification, exposure assessment,

hazard characterization and risk characterization. Within this frame

work, the exposure assessment tracks the pathogen from the farm to

the point of consumption, taking account of the initial load, survival,

growth, death and cross contamination. Combining these types of



pathogen data with consumption data then yields estimates of the

probability and level of exposure, for example, per serving or per year.

MRAs can be either qualitative or quantitative. In qualitative

assessments, levels of risk are classified using terms such as low,

moderate and high. These classifications are generally based on an

evaluation of the available data using a pre defined framework

together with expert judgement. As suggested by Clough et al.

(2006), this approach enables rapid identification of the exposure

pathway and areas of available, and sparse data, and is more

appropriate than quantitative assessment when data are sparse. In

addition, qualitative assessment provides a preliminary indication of

levels of risk that can be used to guide risk managers.

In this paper we present a qualitative exposure assessment for

Salmonella spp. in shell eggs produced on the island of Ireland. This

assessment will be used to inform egg producers and risk managers of

likely levels of risk and highlight future data requirements.

2. Materials and methods

2.1. Exposure pathway

The exposure pathway consists of 3 modules: a, production and

packing, b, distribution and storage and c, preparation and consump

tion. Each module is further divided into steps representing defined

stages in the farm to fork chain (Fig. 1). The first module, production

and packing, commences with an assessment of the initial prevalence

(which can also be considered as the probability of occurrence) and

levels of the pathogen on and within eggs. Changes to these variables

were then assessed throughout the remaining modules as a result of

bacterial dynamics, cross contamination and preparation and con

sumption patterns.

As the potential for Salmonella growth in eggs is dependent on the site

of contamination, the presence of Salmonella on the shell, and in the

albumen and yolk, were considered separately at each stage. Salmonella

may not be restricted to its initial deposition site; Salmonella on the shell

surface may contaminate the contents by penetrating the shell and

associated membranes (Bradshaw et al., 1990; Gast and Beard, 1990;

Humphrey et al., 1991), and over time the integrity of the yolk membrane

can decline, allowing cells in the albumen access to the yolk (Humphrey

and Whitehead, 1993). Therefore the likelihood of Salmonella either

penetrating the shell or the yolk membrane was also included until the

preparation and consumption module, where contamination of the

contents as a whole is considered, along with the likelihood of Salmo

nella fromthe shell contaminating foodduring thebreakingof eggs (Fig.1).

It is worth mentioning that any organism present on the shell could also

lead to infection as a result of cross contamination to, e.g. hands or

uncooked food. This is not considered in this assessment.

The exposure assessment concludes in a qualitative estimation of

the probability and level of exposure to Salmonella following the

ingestion of a single serving of an egg containing food.

2.2. Qualitative evaluations

At each stage of the exposure pathway, the factors affecting the

probability and levels of Salmonella contaminationwere considered and

classified following the qualitative scheme of Moutou et al. (2001):

• Negligible probability so low as to be effectively discounted, or

event likely only under rare circumstances.

• Low event may occur in some cases.

• Moderate occurrence is a possibility.

• High event is a likely to occur.

Fig. 1. Flowchart summarising the exposure assessment pathway for Salmonella in shell eggs produced on the island of Ireland.



These were then combined to give a probability and level for the

end of each module. For instance, the probability of Salmonella being

present on the shell of an egg at the time of laywas combinedwith the

probability of cross contamination during production and packing to

give the probability of contamination at the end of that stage. When

combining two qualitative evaluations, the framework ofMoutou et al.

(2001) was again used. Thismatrix is appropriate because themodel is

additive at each stage; we are considering the addition or the removal

of organisms rather than multiplying probabilities. It is important not

to assign numerical values to these qualitative evaluations because

they are inherently subjective.

3. Results

3.1. Production and packing

This module focuses on the prevalence and level of Salmonella

contamination in eggs produced on the island of Ireland at the time of

lay and the effect of environmental conditions on contamination from

this time until the eggs leave the packing site.

3.1.1. Salmonella control strategies in egg production on the island of

Ireland

In both the Republic of Ireland and Northern Ireland, Salmonella

spp. in the egg production chain are controlled under the Zoonoses

Directive (Council Directive 92/117/EEC). This directive provides for

the implementation of salmonella control programmes by member

states, although these differ in detail from state to state.

In the Republic of Ireland the directive is transposed into Irish law

as S.I. No. 2 of 1996 (Anonymous, 1996) under which all hatcheries,

poultry breeder farms (grandparent and parent farms) and laying

flocks are monitored for Salmonella spp. and any flocks confirmed

with S. Enteritidis or S. Typhimurium are slaughtered. In addition,

both feed materials and compound feedingstuffs for poultry are tested

for Salmonella spp. Treatment of laying flocks with vaccines,

antibiotics or competitive exclusion type products is forbidden.

In addition to the directive, voluntary schemes are operated in

both the Republic of Ireland and NI. In NI, the Lion Quality code of

practice, which requires the vaccination of commercial layer flocks

against S. Enteritidis, has been widely adopted (Anonymous, 2005a),

with approximately 85% of UK egg production covered by the scheme.

The scheme also covers aspects of animal welfare, hygiene, feed

controls and traceability of eggs, hens and feed.

The Bord Bia Egg Quality Assurance Scheme (EQAS) is a voluntary

programme in the Republic of Ireland which incorporates additional

Salmonella spp. controls to those specified in the legislation. It also

covers many aspects of egg production (hygiene, disease control and

flock welfare) and packaging. During the production stage the

salmonella controls are built around the sourcing of pre lay birds

from approved sources with the relevant documentary evidence.

Product identification and traceability are the key requirements at the

packaging stage. The scheme reiterates the ban on the treatment of

laying flocks with vaccines, antibiotics or competitive exclusion type

products, hence the scheme differs significantly from that used in NI.

3.1.2. Prevalence of Salmonella contaminated eggs in the island of Ireland

Recent surveys of UK (Anonymous, 2004a) and Irish produced eggs

(Anonymous, 2003a) on retail sale, Irish produced eggs collected from

packing stations (Murchie et al., 2007), and eggs used by catering

premises in the UK (Anonymous, 2007b; Elson et al., 2005) have

reported lower prevalences (between 0 and 0.38%) of Salmonella in

eggs compared with earlier studies (Anonymous, 2001; de Louvois,

1993a,b) which reported prevalences of 0.99 and 0.92% respectively.

These reductions are likely due to the introduction of legislation,

industry codes of practice and quality assurance schemes to control

Salmonella in laying flocks. Murchie et al. (2007) surveyed eggs

produced on the island of Ireland in 2005 2006, and found no

internally contaminated eggs, although Salmonella spp. were isolated

from the shells of 2 out of 5018 samples of 6 eggs. These results

indicate a negligible incidence of internal contamination and a low

incidence of shell contamination of eggs produced on the island of

Ireland. There was no statistically significant difference in the

prevalence of salmonellae between eggs produced in Northern Ireland

(2/2503 samples of 6 eggs positive for Salmonella) and those from the

Republic of Ireland (0/2515 samples of 6 eggs positive for Salmonella),

indicating the control strategies employed on the island of Ireland are

equally effective in controlling Salmonella contamination (Murchie

et al., 2007). Salmonella Infantis and Salmonella Montevideo were

isolated from shells and these serovars are not associated with

reproductive tract infections in birds, or commonly isolated from

internal contents of eggs. Little correlation is often reported in

serotype or prevalence of Salmonella isolated from the shell and

contents of eggs (Humphrey, 1994; De Buck et al., 2004), and several

studies, including four recent surveys of eggs conducted in the island

of Ireland and the UK (Anonymous, 2007b; Murchie et al., 2007;

Anonymous, 2004a; Davies and Breslin, 2004), found a higher

prevalence of shell contamination compared to that of the egg

contents. Two of these surveys reported no internal contamination of

eggs while 14 out of 4753 (Anonymous, 2004a) and 2 out of 5018

(Murchie et al., 2007) samples of 6 eggs were positive for Salmonella.

In the further two surveys, the contents were contaminated in 3 out of

92 (Davies and Breslin, 2004) and 1 out of 6 (Anonymous, 2007b)

batches of 6 eggs found to be positive for Salmonella.

3.1.3. Salmonella on shell surface

The presence of salmonellae on the surface of eggshells may pose a

risk to the public either by giving rise to internal contamination

following shell penetration, or as a source of cross contamination

during food preparation. We are not aware of any published data of

numbers of Salmonella on the surface of naturally contaminated eggs.

One study of the microbiology of shell eggs isolated, but did not

enumerate, Salmonella on the shells of eggs. In the same study, counts

of E. coli from shell rinses (total volume 30 ml/per egg) were of the

order of 5 cfu/ml (Musgrove et al., 2005). Based on this limited data,

numbers of Salmonella on the surface of clean eggs were estimated to

be low. Salmonella from the shells of contaminated eggs may be

transferred to the shells of other eggs during packing, but given the

low incidence of Salmonella contamination associated with eggshells

the likelihood of this occurring was judged to be low.

Although it is generally accepted that under ambient conditions

Salmonella on the surface of eggs rapidly die (Rizk et al., 1966;

Baker, 1990), the reported prevalence of shell contamination is

indicative that this is not always the case. S. Enteritidis has been

isolated from between 8.8 and 20% of eggs, inoculated with 102.5

104 cfu, after 20 days incubation at 25 °C (Messens et al., 2006) or

21 days incubation at 20 °C (De Reu et al., 2006). Salmonella spp. have

also been found on the shells of naturally contaminated Grade A eggs

after 4 days storage at temperatures between 10 and 20 °C (Murchie,

unpublished data) and after 4 weeks at 20 22 °C from eggs

contaminated with excrement (Braun et al., 2002) and from eggs

produced by inoculated hens (Methner et al., 1995). The survival of

Salmonella on the surface of eggs is dependent on temperatures of

storage (Humphrey, 1994) and may be increased by storage at low

temperatures (Messens et al., 2006; Radkowski, 2002; Baker, 1990).

Although low temperatures increase survival of Salmonella on the

shell, contamination of the egg contents by these surface bacteria

either occurs slowly (Messens et al., 2006) or does not occur under

these conditions (Simmons et al., 1970).

3.1.4. Penetration of eggshell

Before the emergence of S. Enteritidis, shell penetration was

considered the most common route for Salmonella contamination of



egg contents (Simmons et al., 1970), and it is likely that this remains

the case for the majority of other serotypes. The penetration of

eggshells by Salmonella spp. has been reported under experimental

conditions by many authors (Williams et al., 1968; Simmons et al.,

1970; Sauter and Petersen, 1974; Gast and Beard, 1990; Padron, 1990;

Humphrey et al., 1991; Fajardo et al., 1995; Schoeni et al., 1995;

Miyamoto et al., 1998; Berrang et al., 1998; Wang and Slavik, 1998;

Gast et al., 2006). Penetration can occur rapidly, for example, S.

Typhimurium can penetrate the shell within 10 min of inoculation

(Williams et al., 1968; Padron, 1990) although this occurred in only a

small proportion of eggs (Williams et al., 1968).

Salmonellamaymore easily penetrate shells of eggs soon after they

are laid. This may be due to the immaturity of the cuticle at the time of

lay or the negative pressure developed in eggs during natural cooling

may aid penetration (Padron, 1990; Miyamoto et al., 1998). Salmonella

have been shown to penetrate the shells of eggs more rapidly when

“hatchery conditions”were simulated (initial temperature of 35 °C for

30 min, followed by storage at 4 °C) compared to incubation at 25 °C

(Schoeni et al., 1995). The likelihood of penetration is also increased by

condensation on shells (De Reu et al., 2006). In the UK and Ireland,

Grade A eggs should not be chilled to temperatures below 5 °C during

packing and distribution, and transportation should be free from

excessive fluctuations in temperature (Anonymous, 2003b) to mini

mise the temperature differences to which eggs are subjected.

Penetration is therefore most likely to occur immediately after lay,

as the temperature of an egg equilibrates from the bird's body

temperature (42 °C) to ambient temperatures of around 20 °C. The

likelihood of penetration may also be increased at later stages in the

distribution chain, if eggs are subject to environmental changes

resulting in the formation of a temperature differential across the

shell, or condensation.

Other factors may also influence shell penetration by Salmonella

including serovar and shell quality (Sauter and Petersen, 1974). In

particular the presence of microscopic cracks in shells greatly

increases the incidence of internal contamination (Williams et al.,

1968; Humphrey et al., 1989a; Perales and Audicana, 1989) and the

likelihood of eggs being implicated in outbreaks (Todd, 1996). The

rapid cooling of eggs increases the number and size of microscopic

cracks (Fajardo, et al., 1995) and washing or cleaning can also damage

the shell cuticle and increase internal contamination of eggs

(Vadehdra et al., 1969). For this reason these processes may not be

used for Grade A eggs. Cracked eggs were not considered in the

current exposure assessment of Grade A shell eggs, which by

definition must, in addition to meeting internal quality criteria, be

clean and undamaged, and not be washed, cleaned or refrigerated

below 5 °C, (Anonymous, 2003b). In this assessment we also assume

eggs found to be damaged at the time of preparationwill be discarded,

however we do not present any data to support this assumption.

Although the penetration of eggshells by Salmonella has been

demonstrated experimentally, discrepancies in frequency of contam

ination (De Buck et al., 2004) and serovars isolated from shells and egg

contents (Humphrey, 1994; De Buck et al., 2004) provide strong

evidence that penetration does not occur readily in practice. This

argument, along with the low prevalence of shell contamination in

eggs, indicate a low risk of Salmonella from the surface of eggs

produced on the island of Ireland causing internal contamination

during production and packing.

3.1.5. Numbers of Salmonella in contaminated eggs

The most available evidence suggests that internal egg contamina

tion typically involves small initial numbers of S. Enteritidis. Studies of

freshly laid eggs from experimentally inoculated hens found all

positive samples of albumen and the majority (18/21) of yolk samples

to contain fewer than 1 cfu/ml (Gast and Holt, 2000a) or a mean

number of 5.5 cfu/ml contents (Gast and Beard, 1992); figures that for

a 65ml egg, equate to less than 65 cfu and 358 cfu per egg respectively.

The method of inoculation can significantly influence numbers of S.

Enteritidis isolated (Gast et al., 2002). Studies of eggs produced by

naturally infected birds have demonstrated even lower contamination

levels, with S. Enteritidis numbers estimated at less than 10 cfu per

egg after 7 days (Humphrey et al., 1989a) and less than 20 cells after up

to 21 days storage at room temperature (Humphrey et al., 1991). From

these data the mean number of S. Enteritidis in eggs at time of lay was

estimated as seven (Anonymous, 2002).

The initial contamination levels may be even lower than these

figures suggest, as an increase of about 1 log in S. Enteritidis numbers

has been seen in the albumen of eggs, inoculated less than 24 h after

lay (Gast and Holt, 2000b). In the first days following lay the pH of

albumen increases from approximately 7.0 to 9.0, reducing iron

availability and limiting growth (Humphrey, 1994; Cogan et al., 2001).

No further increases in numbers are observed in these eggs, or in the

albumen of older inoculated eggs, until a substantial period of storage

has lapsed (Humphrey and Whitehead, 1993). Salmonella reported in

eggs may represent the level attained after this growth, therefore

numbers introduced at time of lay could be as low as only 1 or 2 cells

(Cogan et al., 2001).

On occasion, naturally contaminated eggs with high numbers of

Salmonella have been detected (Humphrey et al., 1991). This is likely

due to the infrequent direct introduction of S. Enteritidis into yolks of

eggs, or eggs subjected to time or temperature abuse, as has been

reported for eggs implicated in outbreaks of salmonellosis (Humphrey

et al., 1991).

3.1.6. Deposition of internal contamination of Salmonella in eggs

It is generally accepted that S. Enteritidis is initially limited to the

albumen or the exterior of the vitelline membrane of the majority of

eggs (Humphrey, 1994; Gast and Holt, 2001a; Anonymous, 2002). The

majority of studies report the principal site for internal contamination

to be the albumen (Gast and Beard, 1990; Shivasaprasad et al., 1990;

Humphrey et al., 1991; Methner et al., 1995), but some studies have

reported higher incidence of yolk contamination compared to albu

men (Timoney et al., 1989; Gast and Holt, 2000a; Gast et al., 2002).

However, where S. Enteritidis has been associated with the yolk, it is

sometimes unclear whether this is attributable to contamination of

yolk contents or the surrounding vitelline membrane. Studies that

differentiate between isolation from yolk contents and whole yolk

have shown contamination to be more often associated with the

vitelline membrane than the interior contents (Gast and Beard, 1990;

Gast and Holt, 2001a). For example, S. Enteritidis was recovered from

0.5% of yolk contents of eggs laid by experimentally infected hens,

compared to 4.3% of the same eggs when both yolk and membrane

were tested (Gast and Holt, 2001a).

The low number of cells present in the majority of eggs has been

cited as further evidence that the initial deposition of S. Enteritidis in

yolks happens only infrequently (Humphrey et al., 1991; Humphrey,

1994; Gast et al., 2006). Based on the data of Humphrey et al. (1991),

that of 32 positive eggs none contained high numbers of Salmonella

that would indicate yolk contamination, it was calculated that an

average of 2.9% of Salmonella positive eggs would be yolk contami

nated (Anonymous, 2002). The authors point out that this estimate is

likely to be biased upwards, as it is based on data from only 32 eggs

and disregards any prior expectation of the low prevalence of yolk

contamination. Even though the initial deposition of S. Enteritidis in

yolks is likely to be a rare event, it poses a greater risk to the public, as

it can allow a rapid increase in S. Enteritidis numbers independent of

changes to the albumen or yolk membrane normally necessary for the

growth of Salmonella elsewhere in eggs.

3.1.7. Growth of Salmonella in albumen

Several studies have demonstrated that Salmonella can persist in

the albumen of eggs (Lock and Board,1992; Baron et al., 1997; Gast and

Holt, 2000b; Gast and Holt, 2001b; Chen et al., 2005) although



survival may be dependent on the serovar (Schoeni et al., 1995) and

temperature of storage (Guan et al., 2006). Growth of S. Enteritidis in

albumen has been reported in some studies (Clay and Board, 1991;

Schoeni et al., 1995; Messens et al., 2004), although this has been

shown to be highly sensitive to the numbers introduced (Clay and

Board, 1991; Cogan et al., 2001). Where realistic inoculation levels are

used, growth occurs only at low frequencies in keeping with those

reported for naturally contaminated eggs (Humphrey, 1994; Cogan et

al., 2001). Similarly, studies reporting heavy contamination of eggs

after relatively brief storage times (Hammack et al., 1993; Schoeni et

al., 1995; Braun and Fehlhaber, 1995) used an unrealistic inoculation

level, and/or suspending media containing components that increase

migration to the yolk membrane (Cogan et al., 2001).

It is widely accepted that, apart from an initial increase of S.

Enteritidis in eggs observed up to 24 h post lay, no significant growth

is seen in the majority of eggs until physical changes in albumen

viscosity and the permeability of the yolk membrane enable bacterial

movement and hence access to the yolk (Gast and Holt, 2001a). The

likelihood of any Salmonella present in the albumen of eggs produced

on the island of Ireland increasing in numbers during the production

and processing module is therefore assessed as negligible.

3.1.8. Summary

The summary of the assessment for the production and packing

module for eggs produced on the island of Ireland is:

• There is a low probability of shell contamination at the time of lay.

• Numbers of Salmonella on the surface of eggs are estimated to be

low.

• There is a low likelihood of shell to shell cross contamination

occurring during packing.

• The likelihood of any Salmonella present on a shell penetrating to

the egg contents is low.

• There is a negligible probability of the albumen being contaminated

with Salmonella at the time of lay; when it does occur numbers are

low for the majority of eggs.

• There is a negligible probability of yolk contamination, but where

yolk contamination occurs numbers of Salmonella can immediately

increase to high levels, providing the storage temperature is

conducive for growth.

• The likelihood of Salmonella present in albumen increasing during

the production and packing module is negligible. Consequently, the

assessed probabilities and numbers for Salmonella in albumen at the

end of packing are equivalent to those at the time of lay, i.e.

negligible and low respectively.

3.2. Distribution and storage

This module addresses changes in Salmonella contamination from

the time eggs leave the packing site up to the point of preparation. This

period covers the distribution of eggs to retail or wholesale establish

ments, storage at this place of sale, transport to homes or catering

establishments, and storage at the place of preparation. No changes in

the prevalence of Salmonella contamination on or in eggs are expected

during this module, as there is little opportunity for Salmonella

transfer from shell to shell once eggs are packed. In addition, the

distribution of eggs is governed by regulations so as to minimise

conditions that favour shell penetration. Therefore the risk of Salmo

nella from the surface of eggs causing internal contamination was

judged as negligible.

3.2.1. Yolk membrane integrity

Growth of Salmonella in the majority of contaminated eggs is

dependent on an increase in the permeability of the vitelline

membrane, allowing bacteria in the albumen access to the yolk, and

an environment conducive to growth. The three distinct phases seen

in simulated growth curves for S. Enteritidis in eggs (10 fold increase

in first 24 h; lag phase of 3 4 weeks in the majority of eggs at 20 °C;

exponential growth of S. enteritidis in an increasing proportion of

inoculated eggs) can be explained in terms of yolkmembrane integrity

(Humphrey, 1994). The loss of membrane integrity depends on the

time and temperature of storage. The main focus of this module is

therefore on the effect of storage temperature on the breakdown of

the yolk membrane, from the time eggs leave the packing site to the

time they are prepared. Information on the timing and storage

temperatures of egg distribution are not readily available in the

published literature. Data have been estimated for the US and Canada

from expert opinion and available evidence for the US and Canada

(Anonymous, 2002), but these are not applicable to the UK and

Ireland, as both US and Canada require the refrigeration of eggs

throughout the distribution chain. For the purpose of this study, data

for the duration and conditions of egg distributionwere obtained from

a limited number of egg processors and retailers in the island of

Ireland. These, along with published surveys of consumer practice,

were used to estimate the time and temperature inputs for this

module.

3.2.2. Distribution to point of sale

The times and temperatures that eggs are subjected to may vary

depending on the intended place of sale and/or place of preparation.

Of UK eggs produced in 2006 29% were processed, 23% were destined

for wholesale and the catering market, while the remaining 48% were

sold at retail (Anonymous, 2007a). During transport from the packing

station to supermarkets eggs are held at temperatures between 10 and

14 °C; this distribution usually takes less than 24 h (Sainsbury PLC,

pers. comm.). It has been estimated that in the UK 83% of eggs on retail

sale are purchased through supermarkets (Anonymous, 2007a).

Therefore the majority of eggs sold at retail on the island of Ireland

are likely to be subjected to the conditions of transport described

above, however there is little or no available information on the

distribution of eggs to other points of purchase.

3.2.3. Storage at point of sale

All eggs must reach the final consumer within 21 days from their

date of lay and the duration of storage at wholesale or retail should be

limited by this requirement (Anonymous, 2004b). At supermarkets,

the duration of storage from arrival at store to customer purchase is

approximately 24 h. During this time the temperature that eggs are

subjected to may fluctuate but is estimated not to be above 20 °C at

any time (Sainsbury PLC, pers. comm.). Again, as supermarkets

account for the majority of sales, these conditions will apply for a

high proportion of eggs on retail sale. However, a study by Humphrey

and Whitehead (1993) found that the temperature of eggs in one

retail premise fluctuated between 18 and 30 °C, and that eggs held

to simulate these conditions often supported a rapid increase in

S. Enteritidis after only 7 10 days storage.

3.2.4. Transport to home or catering premises

The time lapse from the point of purchase to the home is most

likely to be of short duration. Two surveys, one for the island of Ireland

(Kennedy et al., 2005) and one for the UK (Worsfold and Griffith,

1997a), reported journey times of less than 30 min for 58% and 90% of

respondents respectively. However, considerable variations in trans

port times were reported on the island of Ireland, with 35% taking

between 30 and 90 min, 6% taking 90 min to 3 h and a small

percentage (1%) over 3 h. In the UK study, air temperatures recorded

during the transport of food to the home ranged from 7.5 to 32 °C. On

this evidence it is unlikely that the storage conditions during this stage

will greatly influence the level of contamination in eggs, particularly

as eggs are not held under refrigerated conditions at retail sale,

reducing the likelihood that condensation will occur during transport

to point of preparation.



3.2.5. Storage in the home or catering premises

Although current advice is for eggs to be stored in a refrigerator in

original packaging (Anonymous, 2005b; Anonymous, 2003c), there are

limited data on domestic and catering practices regarding the storage of

eggs. In a UK survey of home caterers (caterers that prepare food from a

domestickitchenonacommercial basis), over70%reportedstoringeggs in

a refrigerator, anda further 23% stored eggs in a cool area such as in a cellar

(Sin et al., 2000). Three other surveys found that eggs were stored in a

refrigerator in approximately half of catering premises in the UK

(Anonymous, 2007b; Elson et al., 2005; Taylor, 2004). In the most recent

of these surveys of egg where the best before date could be determined,

10%were inusemore than21days post lay, and2%of eggswerepast their

best before date (28 days post lay) (Anonymous, 2007b). Taylor (2004)

notedmany caterers practiced good stock rotation that ensured eggswere

used by their best before date, even though the surveyors considered that

inmanycases thiswasdue to convenience rather thancompliancewithan

informedpolicy. The short duration of storage of eggs in catering premises

may somewhat offset the detrimental effects of being held at room

temperature, but given the author's conclusion regarding lack of

deliberation in these matters, this should not be relied upon.

A similar situation was reported for home consumers as for home

caterers in the UK, with between 25 and 30% of respondents storing eggs

at room temperature (Parry et al., 2002). However a UK study based on

direct observation of consumer behaviour found that 90% of subjects

stored eggs in the refrigerator (Worsfold and Griffith, 1997b). This figure

compares well with estimates of refrigerated storage of eggs of 93% in

Finland (Lievonen et al., 2004) and 95% in the US (Towns et al., 2006). In

Finland, the majority (80%) of stored eggs were within the best before

date, and 65% of respondents reported the use of eggs no longer than

1 week after this date. However, 1.2% used eggs up to 2 months after the

best before date (Lievonen et al., 2004). Based on this evidence growth of

Salmonella is unlikely to occur during home storage in the substantial

proportion of shell eggswhich are stored at refrigerated temperatures and

used within, or close to, their best before date. However, for a minority of

eggs, storage at temperatures found in domestic kitchens (17 °C to 23 °C;

Evans et al., 1991) could allow significant increases of Salmonella in

contaminated eggs, where the best before date is disregarded.

3.2.6. Summary

The summary of the assessment for the distribution and storage

module is:

• The likelihood of Salmonella on a shell resulting in internal contamina

tion is negligible, and as eggs are distributed packaged, there is limited

chance for shell to shell contamination. Therefore the prevalence of

Salmonella contamination on and in eggs remains low and negligible

respectively throughout this module.

• Increases in Salmonella numbers are unlikely to be seen in the majority

of contaminated eggs throughout their distribution to place of use.

Numbers are not expected to increase on the shell of eggs, and the

temperatures reported for these stagesalsopreserve theyolkmembrane

integrity over their likely timeframe. The levels of contamination on the

shell and in the albumen of eggs therefore remain low.

• In a smallminority of caseswheredirect contaminationof theyolk at lay

occurred, numbers of Salmonella may increase to high levels during

distribution if temperature is supportive to growth, and if numbers have

not already reached this level.

• Increases in Salmonella numbers may also occur during storage at

the place of preparation if eggs are stored at room temperature

where the best before date is exceeded.

3.3. Preparation and consumption

3.3.1. Cross contamination and preparation practices

During the breaking of eggs, it has been shown that a small section

of shell, estimated as 0.4 cm2, will come into contact with the egg

contents (Braun et al., 2002). The number of S. Enteritidis transferred

from a contaminated eggshell to food during preparation depends on

the contamination level of the shell (Braun et al., 2002), but has been

estimated as varying between 0 and 20 cells in an exposure

assessment by Mokhtari et al. (2006). Given the low number of cells

transferred, cross contamination from the shell is unlikely to lead to

human infection unless followed by conditions that allow numbers to

increase in foods.

Cross contamination of other foods has, however, often been

implicated as a likely contributory factor in some outbreaks of

salmonellosis (Gillespie et al., 2005). Eggs can act as a source of Sal

monella that may be transferred to other foods via food preparers'

hands, kitchen surfaces and utensils. In particular Salmonella can be

distributed over work surfaces for some distance during the mixing of

eggs (Humphrey et al., 1994). It is probable, however, that only heavily

contaminated eggs would provide a substantial enough source of

Salmonella to make this a likely exposure route. Again, where such

cross contamination does occur, it is likely that numbers transferred

would be low and so is of little consequence unless there is

opportunity for further growth.

Irregular hand washing between the handling of meat and non

meat foods has been associatedwith an increased risk of salmonellosis

(Kohl et al., 2002) and a lower percentage (46.9%) of case patients

reported following safe procedures when handling eggs, compared to

matched controls (62.5%) (Mølbak and Neimann, 2002). A UK survey

of home caterers found that over half of respondents reportedly

washed their hands after handling intact eggs, and 45% after using raw

egg contents. However, when the same subjects were asked at the

start of the questionnaire to name foods that they washed their hands

after handling, only 14% specified eggs (Sin et al., 2000). In another UK

survey of hygienic practices in the home, 76% of respondents did not

wash their hands after breaking eggs (Worsfold and Griffith, 1997b).

Similarly, a recent study in Finland, found that 34% of respondents

always washed their hands after handling eggs, 23% generally washed

their hands, 35%washed their hands if their fingers were sticky and 7%

reportedly did not wash their hands in any such situation (Lievonen et

al., 2004). The authors of this study concluded that the low incidence

of salmonellosis in Finlandwas likely not due to universal safe practice

in the handling of eggs, but relied on the low prevalence of Salmonella

infection in laying flocks.

3.3.2. Salmonella growth during preparation

There may be an opportunity for Salmonella growth during the

preparation of food, but this will be dependent on the duration of

preparation and the temperatures towhich eggs and foods are subject.

The probable temperature during preparation, of eggs previously

stored in the refrigerator, was estimated at 10 °C (Mokhtari et al.,

2006). At this temperature little or no growth of Salmonella in eggs is

likely (Humphrey, 1990; Clay and Board, 1991; Schoeni et al., 1995;

Chen et al., 2005). Numbers are therefore only likely to increase in

eggs stored at ambient conditions prior to preparation, or where the

preparation period is extended so eggs approach ambient tempera

ture. The short preparation time before cooking, especially in

domestic situations where durations of between 0 and 2 h are most

likely (Mokhtari et al., 2006), limits the opportunity for growth. In

catering situations this period may be extended, allowing for

substantial increases in contamination levels, if eggs or foods are

not refrigerated.

This risk may be compounded by the practice of pooling eggs

during preparation and several outbreaks have been linked to time or

temperature abuse of pooled eggs (St. Louis et al., 1988; Morris, 1990).

Pooling refers to the combining of several eggs in a single mix, which

is subsequently used for the preparation of multiple portions of a food.

Pooling can increase the prevalence of egg contamination, as the

addition of only one contaminated egg to the pool will result in the

contamination of all portions of food prepared from that pool. Where



pools are either cooked immediately, or held under conditions that

restrict the growth of Salmonella, the practice can have a diluting

effect, as the cells in a contaminated egg will be distributed

throughout the mix.

The increased risk associated with this practice is proportional to

the number of eggs used to prepare a pool (Morris, 1990). Therefore

pooling is likely to have only a minor influence on the risk of disease

transmission in a domestic setting where the numbers of eggs used

are usually low. In catering situations, where greater numbers of eggs

are involved, pooling can significantly increase the likelihood of Sal

monella exposure, especially if followed by time or temperature abuse.

Surveys of preparation practices in the UK (Anonymous, 2007b) and

US (Lee et al., 2004) catering sectors found a high prevalence of unsafe

egg preparation practices. In the UK 37% of all catering premises, and

over 50% of institutional caterers, hotels and restaurants, reported

pooling raw shell eggs not intended for immediate use. The number of

eggs used to prepare a pool was fewer than 12 eggs in the majority

(57.5%) of establishments, while a third used 12 36 eggs and 10% used

more than 36 eggs. Although the storage of prepared egg pools was

reported to be of less than 2 h duration in the majority (81.6%) of

premises, storage times of 4 6 and over 6 h were reported by 4.1 and

4.6% of caterers respectively. Approximately half of establishments

stored prepared pools at ambient temperatures (Anonymous, 2007b).

In the US both the number of eggs used to prepare a pool and the time

pools held before cooking depended on the menu item prepared.

Average numbers used per pool ranged from 18 to 48 eggs, with

average storage times of between 4 and 6 h at ambient temperature. A

proportion of these restaurants also reported serving “runny” egg

dishes (Lee et al., 2004). These practices, particularly when combined,

substantially increase the risk of Salmonella exposure associated with

egg consumption.

3.3.3. Consumption patterns

Certain food items have been specifically associated with cases of

human salmonellosis; these include homemade desserts, ice cream

and drinks containing raw eggs (Cowden et al., 1989a; Mølbak and

Neimann, 2002); shop bought sandwiches containing mayonnaise or

eggs (Cowden et al., 1989a), lightly cooked eggs (Cowden et al., 1989a)

and eggs fried “sunny side up” (Mølbak and Neimann, 2002). No

association was reported with other egg dishes such as soft boiled

eggs (Cowden et al., 1989a; Mølbak and Neimann, 2002) and

scrambled eggs (Mølbak and Neimann., 2002). Surveys of consump

tion of raw and undercooked eggs have estimated overall prevalences

of 18% (Shiferaw et al., 2000), 19% (Meer and Misner, 2000), 50%

(Klontz et al., 1995, Yang et al., 1998; Altekruse et al., 1999) and 56%

(Zhang et al., 1999). The differences in estimates may reflect

differences in the way questions were asked, for example in the

timescale considered, i.e. whether consumption had occurred in a

limited time prior to questioning compared to the item ever having

been consumed (Shiferaw et al., 2000).

A review of egg handling practices in the UK catering sector found

that 90% of establishments reported serving eggs as meals, such as

fried or boiled eggs and omelettes, and of these dishes 41% of premises

reportedly never served them lightly cooked, while 48% sometimes

served them lightly cooked, and 6% always served them lightly

cooked. In addition 26% of premises served lightly cooked dishes

containing eggs (Elson et al., 2005). Two further surveys of egg usage

in Irish commercial catering premises (Anonymous,1999b) and the UK

catering industry (Taylor, 2004) reported widespread preparation of

lightly cooked menu items, including in 100% of nursing homes

surveyed (Taylor, 2004). Elson et al. (2005) also found a proportion of

catering establishments serving vulnerable groups prepared lightly

cooked egg meals and foods containing eggs.

Raw egg dishes were reportedly served by 26% of Irish commercial

catering premises. However approximately a third of these premises

reported changing to the use of pasteurised eggs in raw and lightly

cooked dishes, for reasons of safety (Anonymous, 1999b). The

preparation of recipes containing raw eggs was also reported by 12%

of restaurants and 8% of function caterers in one UK study (Taylor,

2004), by 3% of caterers in another (Elson et al., 2005) and by one in six

of home caterers in a third (Sin et al., 2000). However, no nursing

home (Taylor, 2004) or establishment serving vulnerable groups

(Elson et al., 2005) reportedly served foods containing raw eggs. A

Finnish study found that egg consumption patterns were correlated

with subject age. Although the total egg consumption increased with

increasing age the consumption of foods containing raw eggs

decreased. The authors suggest that increased susceptibility, at least

for this section of the population, may be offset by their food choices

(Lievonen et al., 2004).

There are a few detailed studies of preparation and consumption

patterns of eggs. Table 1 compares egg preparation pathways and the

likelihood of each path as used in previous MRAs or estimated in

consumer surveys (probabilities for Lievonen et al., 2004 and

Mokhtari et al., 2006 calculated from the percentage of total eggs

consumed as particular dishes). In all these studies the pathways

differentiate between eggs consumed as egg meals (boiled, fried or

scrambled eggs and omelettes) where they make up all or almost the

entire dish, and other recipes where eggs constitute a smaller

percentage of ingredients. This differentiation is made as the food

product influences not only the percentage make up of eggs but also

the amount of egg consumed per portion of the food.

Surveys and risk assessments also usually sub divide foods based

on the degree to which they are cooked as this too influences the risk

associated with their consumption. Generally three levels of cooking

are used; well cooked, lightly cooked and raw (Lievonen et al., 2004;

Mokhtari et al., 2006). The Health Canada MRA used these levels for

eggs utilised as ingredients but specified boiling, scrambling or frying

as categories for eggs served as meals. In the US MRA categories for

well and lightly cooked eggmeals, and cooked or raw foods containing

eggs, were considered. From the evidence of these surveys and MRAs

only a small proportion of eggs (less than 4%) are consumed raw.

However the studies estimated that a significant proportion of eggs

are served undercooked, or as egg meals that are potentially served

lightly cooked (Table 1).

3.3.4. Effectiveness of cooking

Egg associated outbreaks of Salmonella have been linked with the

consumption of apparently well cooked eggs (Chantarapanont et al.,

2000; Coyle et al., 1988). These outbreaks may have been caused by

the re contamination of foods after cooking or by original contamina

tion in eggs that survived the cooking process. One study has

suggested that S. Enteritidis may be more heat resistant than some

egg associated salmonellae (Humphrey et al., 1989b) while others

report S. Enteritidis strains to have temperature sensitivities typical

for the majority of Salmonella serovars (Morris, 1990). It is known that

Salmonella spp. are significantly more resistant to heat when in egg

yolk compared to albumen (Baker et al., 1983; Chantarapanont et al.,

2000). Baker (1990) found scrambling to be themost effective cooking

method for inactivating Salmonella in eggs, compared to poaching,

boiling or frying. Of these cooking methods, boiling eggs required

the longest cooking time (7 min) to achieve complete inactivation

(104 cfu/ml) (Baker, 1990).

In other studies, boiling for over 6 to 10 min was required to

inactivate approximately 107 cfu S. Enteritidis in the yolk of shell eggs,

depending on themethod of boiling (eggs placed inwater at 100 °C for

up to 15 min, compared to water at 23 °C, heating to 100 °C, removing

from heat and holding for up to 15min), size and initial temperature of

eggs (Chantarapanont et al., 2000; Humphrey et al., 1989b). At the

same level of contamination, S. Enteritidis also survived in eggs fried

“sunny side up” and “over easy”, although it was only isolated after

enrichment in the latter. S. Enteritidis was also isolated following

enrichment from scrambled eggs cooked slowly but not when cooked



over a high heat. When contamination levels were over 108 cfu

S. Enteritidis survived all the above forms of cooking (Humphrey et al.,

1989b).

In a consumer phase risk assessment for Salmonella in eggs,

thorough cookingwas estimated to result in a 6 to 8 log reduction of S.

Enteritidis numbers in all categories of egg foods. For lightly cooked

foods the reduction in numbers was judged to be dependent on the

type of food involved, with log reductions ranging between 0 and 7 for

fried eggs; for lightly cooked boiled and poached eggs the most likely

reduction was estimated at only 1 log. No reduction was modelled for

uncooked foods (Mokhtari et al., 2006).

3.3.5. Storage after cooking

Salmonella that survive the cooking process may be able to grow in

foods which are not consumed immediately, or stored at refrigeration

temperatures. Growth is again dependent on the time and tempera

ture of storage, and the nature of the food product. In a study of

consumer food preparation behaviour, 60% of subjects did not

consume food immediately and most failed to cool it quickly; over

half left food at ambient temperature for over 90 min and a small

number (7%) for over 6 h (mean holding time 2.1 h) (Worsfold &

Griffith,1997b). The duration of storagemay be dependent on the type

of food prepared. In a risk assessment for egg containing food

products, the storage of egg meals was limited to less than 6 h,

while storage of foods containing raw and lightly cooked eggs was

limited to 24 h (Mokhtari et al., 2006).

In the UK catering sector, the majority of premises (74%) served

lightly cooked foods immediately following preparation, but 47% of

premises reported storing raw foods with eggs as ingredients after

preparation. However, storage was often refrigerated; less than a

quarter of premises stored lightly cooked foods, and an eighth stored

uncooked foods, at temperatures above 8°C (Elson et al., 2005). No

growth of Salmonella would be expected in foods stored in this way.

Growth may also be inhibited by properties of the food, such as high

salt or low water activity. Growth of Salmonella in some foods, such as

bakery products (Mokhtari et al., 2006), is unlikely even when stored

for longer periods at ambient temperature.

3.3.6. Summary

The summary of the assessment for the preparation and

consumption module is:

• Based on the low prevalence of Salmonella on the surface of eggs at

the time of preparation, there is a low likelihood of Salmonella from

the shell contaminating the contents during the breaking of eggs.

• Low numbers of Salmonella transferred to egg contents from

contaminated eggs shells during preparation; this will not increase

the risk of exposure unless the food is subsequently subject to

conditions that allow increases in contamination levels.

• Preparation times in domestic settings are short and growth of

Salmonella during preparation is unlikely especially where eggs have

been previously stored in the refrigerator.

Table 1

Summary of egg usage pathways in risk assessment studies

Setting Use Pool Cooking method/food Health Canada (from

Anonymous, 2002)a
Anonymous

(1998)a
Anonymous

(2002)a
Lievonen et al.

(2004)b
Mokhtari et al.

(2006)b

Home Egg No Raw 0.03

Home Egg No Lightly cooked 0.174 0.105

Home Egg No Well cooked (hard boiled, fried) 0.337 0.443 0.469

Home Egg No Lightly cooked — fried 0.186 0.107 0.31

Home Egg No Lightly cooked — boiled/poached 0.103 0.0480 0.19

Home Egg No Lightly cooked — scrambled/omelette 0.0633

Home Egg Yes Raw

Home Egg Yes Lightly cooked 0.0054

Home Egg Yes Well cooked 0.0104 0.00904

Home Egg Yes Lightly cooked — fried 0.00218

Home Egg Yes Lightly cooked — boiled/poached 0.000980

Home Egg Yes Lightly cooked — scrambled/omelette 0.124 0.00129 0.35

Home Ingredient No Raw 0.0068 0.0047 0.00147 0.009

Home Ingredient No Lightly cooked 0.101 0.0035

Home Ingredient No Well cooked (bakery products, casseroles,

mincemeat etc.)

0.229 0.214 0.0720 0.375

Home Ingredient Yes Raw (ice cream, eggnog, mayonnaise, salad

dressings, etc.)

0.0001 0.00003 0.01

Home Ingredient Yes Lightly cooked (custard, soufflé, lasagne etc.) 0.05

Home Ingredient Yes Well cooked (cakes, muffins, bread, cookies

etc.)

0.0066 0.00147 0.09

Caterer Egg No Raw

Caterer Egg No Lightly cooked 0.0547

Caterer Egg No Well cooked 0.106 0.143

Caterer Egg No Lightly cooked — fried 0.0825 0.0346

Caterer Egg No Lightly cooked — boiled/poached 0.0014 0.0155

Caterer Egg No Lightly cooked — scrambled/omelette 0.0205

Caterer Egg Yes Raw

Caterer Egg Yes Lightly cooked 0.0029

Caterer Egg Yes Well cooked 0.0057 0.00586

Caterer Egg Yes Lightly cooked — fried 0.00141

Caterer Egg Yes Lightly cooked — boiled/poached 0.000635

Caterer Egg Yes Lightly cooked — scrambled/omelette 0.0536 0.000837

Caterer Ingredient No Raw 0.0023 0.0103 0.00712

Caterer Ingredient No Lightly cooked 0.0338

Caterer Ingredient No Well cooked 0.0765 0.0586 0.0166

Caterer Ingredient Yes Raw 0.0013 0.00112

Caterer Ingredient Yes Lightly cooked

Caterer Ingredient Yes Well cooked 0.0073 0.00262

a Average endpoint probabilities estimated in exposure assessments.
b Probabilities calculated from the percentage of total eggs consumed as particular dishes.



• In catering situations longer preparation times are possible increas

ing the potential for Salmonella growth, however refrigeration can

reduce the risk of this occurring.

• Pooling of eggs can increase the prevalence of contamination but is

likely only to be of significance in catering situationswhere numbers

of eggs used may be high.

• The majority of eggs are eaten well cooked and the thorough

cooking of eggs reduces Salmonella in eggs to undetectable levels in

the majority of instances.

• Although the effectiveness of cooking is dependent on the method

used, the light cooking of eggs also reduces Salmonella numbers and

may be sufficient to prevent exposure where contamination levels

are low.

• Only a small percentage of eggs are likely to be consumed raw.

• Lightly cooked egg meals are generally served immediately follow

ing preparation, allowing surviving Salmonella no opportunity to

grow.

• Raw food may be stored following preparation, but storage of these

foods is likely to be at refrigerated temperatures.

• Growth of Salmonella is inhibited by high salt content or low water

activity found in many egg containing foods that are generally

stored at room temperature for longer periods.

• Average weekly consumption of eggs on the island of Ireland is

estimated as 1.8 eggs per person.

• Sections of the population with increased susceptibility to infection

may be less likely to consume raw eggs, either by choice or by

restrictions by food providers.

4. Risk estimation

The information collated for the three modules is qualified and

combined to derive the probability and level of exposure as shown in

Fig. 2. For the shell, there is a low probability of contamination at the

time of lay and the probability remains at this level until the egg is

used. Similarly, the number of organisms on the shell starts and

remains low until it is used.

Although there is a negligible probability of the contents of eggs

produced on the island of Ireland being contaminated at the time of

lay, the final probability of the prepared serving being contaminated is

low; the key factors influencing this “increase” are storage conditions

enabling organisms from the shell to penetrate and enter into the

contents, cross contamination from the shell during preparation,

pooling and failure to inactivate the organism during cooking. If

contaminated, numbers inside the egg start and remain low thus

resulting in low numbers ingested.

5. Discussion

Neither qualitative nor quantitative MRAs for Salmonella have

previously been developed for shell eggs produced on the island of

Ireland. Previously published MRAs for Salmonella in eggs are

based on information that is often specific to a particular region.

The most recent of these studies (Anonymous, 2002) sought to

provide a broader framework, for adaptation for use by different

countries, but it too largely relies on data from the US and Canada.

Fig. 2. Qualitative assessment of stages in the exposure pathway for Salmonella in shell eggs.



Previous MRAs provide quantitative assessments of the risk of

exposure to Salmonella from shell eggs. However, for eggs

produced on the island of Ireland a qualitative assessment was

considered to be an appropriate approach, given the prevalence

levels for Salmonella associated with shell eggs reported in a

recent survey. The assessment is based on production and

prevalence data for eggs produced on the island of Ireland, and

therefore the risk from eggs imported from other EU member

states to this region was not included in the model. The

completion of this qualitative assessment has also provided an

opportunity to evaluate the availability and suitability of data

required in the development of MRA.

During the course of this assessment several areas where data

for risk assessment is sparse were identified. In particular,

Ireland specific data were difficult to source. For example, only

limited data regarding the conditions and timing of stages in the

distribution and storage module were available for the island of

Ireland. This lack of data could have implications for the risk of

exposure, given the dependence of Salmonella growth on

temperature and duration of egg storage. Other factors for

which region specific data were not available included prepara

tion practices and consumption pathways for eggs. Much of the

data for the consumption pathways of eggs relates to the situation

in the US and Canada and the relevance of the data for the island

of Ireland may therefore be questioned. The availability of data

relating to the situation on the island of Ireland provides further

argument for a qualitative rather than quantitative approach for

the current assessment.

The qualitative framework presented here suggests that the

risk of exposure to Salmonella from eggs produced on the island

of Ireland is low. It should be noted though that this paper

presents an exposure assessment, not a full risk assessment and

therefore does not include an estimate of infection given exposure

has occurred. It is therefore not valid to compare the low

probability of exposure to reported case or outbreak statistics.

This level of risk is strongly influenced by the low prevalence of

contaminated eggs at the time of lay, as indicated by the survey of

Murchie et al. (2007). Despite this initial low level, there are areas

of the farm to consumption chain that result in increases in either

the probability or level of contamination and thus if the

prevalence at lay was to increase, the risk of exposure would be

much higher. These areas are therefore worth addressing. In

particular, several aspects of the preparation and consumption

module suggest that the low incidence of egg associated salmo

nellosis relies on the low prevalence of Salmonella in eggs rather

than on adherence to safe preparation practices. For example,

there is evidence of a lack of awareness of safe handling

procedures for eggs in domestic settings. In catering establish

ments the pooling of eggs not for immediate use continues to be a

widespread practice, as is the preparation of lightly cooked food

items.

The effect of Salmonella on the surface of shells has not been

addressed in previous MRAs and data relating to this area are also

lacking, including the enumeration on shells, and the likelihood of

cross contamination of foods during preparation by Salmonella

from shells. The higher prevalence of Salmonella on the shells

compared to the contents of eggs suggests that this source of

contamination may be of relatively greater importance. In this

assessment shell contamination is one of the factors which

influences a change from a negligible to low probability of

content contamination, following shell penetration or cross

contamination during preparation.

In conclusion, the qualitative assessment presented in this

paper estimates a low risk of exposure to Salmonella from eggs

produced on the island of Ireland. This assessment also highlights

the importance of maintaining the current low prevalence of

Salmonella in eggs produced on the island of Ireland, given the

dependence of consumer exposure on this factor.
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