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a b s t r a c t

This review highlights factors involved in the persistence of foodborne pathogens in selected food chains
and covers aspects of the basis for persistence, the consequences of persistence in terms of food safety
implications, and the strategies that can be employed to combat persistence. The examples selected are
Escherichia coli O157 and Salmonella at primary production of cattle and pigs, respectively, Listeria
monocytogenes and Cronobacter spp. at secondary production, while persistence of Campylobacter spp.
represents both primary and secondary production.
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1. Introduction to persistence in the food chain

In recent years, the awareness of the persistence of foodborne
pathogens in primary and secondary food processing environments
has attracted much scientific interest in microbiology. Persistence
means that particular types of microorganisms survive for pro-
longed periods of time in certain habitats. Persistence of a pathogen
relies on many factors, such as the physical and microbial natural
habitat, transmission routes and genetic determinants (Fig. 1).
Persistence can cause repeated food contamination, and an
increasing risk of food safety violation, thus impacting on public
health (Pricope, Nicolau, Wagner, & Rychli, 2013). Persistence al-
ways refers to a particular matrix or environment, either soil, feed,
animals, farm production environments, food processing environ-
ments or food itself. If looking to transmission of food-borne
pathogens, one may easily understand that pathogens travel
through a sequence of ecological niches before they pose a threat to
humans. A very simple example is Listeria monocytogenes that is
believed to be ubiquitously spread in nature, and can colonize food
processing environments through inappropriate or inadequate

hygiene, from where it can contaminate food and finally infect
humans who have been exposed to contaminated food (Khelef
et al., 2006). Thus, scientific disciplines such as microbial ecolo-
gists and food microbiologists should work together in a multi-
disciplinary approach to address the issue.

Most microbial communities are highly complex and subject to
reorganisation. That some microbial communities are more stable
than others implies that exposure to stress and reorganisation can
lead to a more resistant population. Even under very harsh condi-
tions, such as in the animal stomach or during high heat treat-
ments, a surviving microbiota exists that may proliferate and pose
new hazards. In contrast, some environments such as the animal
intestine may be carriers of human pathogens, although they are
not pathogenic to the carriers (Naylor et al., 2003). Such zoonotic
strains include verocytotoxigenic Escherichia coli or shigatoxin
producing Escherichia coli (VTEC or STEC, in this review we used
VTEC) in cattle and Campylobacter in chickens. Understanding fac-
tors that foster creation of stable microbial communities will allow
manipulation of these factors. With respect to environmental
contaminants, the goal should be to understand persistence and
therefore enable the development of a stable commensal micro-
biota not inducing persistence of pathogens, rather than placing an
over-emphasis on sanitisation.

For the purposes of this review, persistence will be defined
broadly and differently at primary and secondary production. At
primary production, colonization of the animal is in this review
perceived as persistence as it may result in shedding of the same
strain of for example E. coli O157:H7 from cattle for weeks or
months, or repeated isolation of the same Salmonella strain from
pigs. In addition, bacterial isolates may persist in the farm envi-
ronment such as in the stable or the feed. At secondary production
in the processing environment, persistence of bacterial strains re-
fers to repeated isolation of the same strain for months or even
years at the same sites (Unnerstad et al., 1996).

For the purposes of understanding the basis of persistence, it is
usual to compare the behaviour and properties of persistent (also
called permanent or resident) and non-persistent strains. In order
to do this, the term non-persistent needs to be defined. This is more
difficult as failure to isolate a strain may be due to a sampling issueFig. 1. Elements of persistence and the food safety consequences.
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