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Salmonella is a genus of bacteria widespread throughout the environment and found across a large variety of food products
including meat, poultry, produce, and other products. Salmonellosis is one of the most prominent foodborne diseases
worldwide and causes significant medical concerns and financial impacts annually.! Likelihood of human illness may be
influenced by the serotype of the Salmonella, the pathogenicity (virulence of the serotype and presence of pathogenic genes),
the number of bacterial cells present (dose), the health status of the host, and the handling and preparation methods of the
food.* To continually improve food safety and public health, data collection and data sharing methods, testing techniques,
and quantification methods are important. Constant learning through risk assessments and evolving methodologies will lead to

more impactful public health decisions.

Pathogenicity and Virulence

Salmonella is an organism that belongs to the Enterobacteriaceae
family of bacteria and can be further subdivided into serotypes
based on other cellular characteristics.* Its pathogenicity

is determined by the presence of specific genes that allow

the bacteria to invade and colonize the gut of their hosts.?
Virulence is described as an ability of an organism to infect

the host and cause a disease. Research studies have shown that
the severity of salmonellosis and the percentage of infected
humans after consumption of food is associated with the level
of contamination, displaying a dose-response relationship.
Additionally, the infectious dose of Salmonella and the severity
of the acquired illness depends on the food matrix itself and the
immune status of the host. Figure one shows a comparison of
dose-response relationships from various food safety and public
health organizations. This figure models how the probability of
response, or contracting an illness, is dependent on the dosage
of viable cells consumed and emphasizes the importance of
quantification of bacterial cells to make informed decisions.’
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Figure 1. Comparison of dose-response relationship models from various food safety

and public health organizations (adapted from FAO, 2002).>
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Detection and Enumeration
of Salmonella

Very low numbers of Salmonella cells are typically found

in food, feed, and environmental samples.® Meat and
poultry carcasses may become contaminated during the
slaughter process, which may result in low levels and
uneven distribution of the pathogen. Yet, these low levels of
contamination may cause serious illness for various reasons.
Conversely, many factors contribute to the likelihood of no
illness occurring from low cell counts. To identify critical
contamination points and to gather quantitative data during
processing steps, cost-effective methods that can quantify
low levels of Salmonella are needed to fully assess food safety
risk.> Current quantification methods are not accurate for
consistently quantifying numbers of cells under 10 cfu/g.

Detecting the presence and quantity of Salmonella is

just one piece of information for assessing food safety
risk. Highly pathogenic strains are more likely to cause
illness even if the number of cells are relatively low. Since
pathogenicity varies by serotype, methods to detect the
serotype quickly and accurately in production settings are

needed.

Methodologies

Detection methods can determine presence or absence while
quantification methods measure the total population of
Salmonella in a sample. Methods with specificity, precision
and accuracy are needed to fully understand situations
involving Salmonella. For instance, detection is critical for
obtaining bacteria isolates which can then be explored for
whole genome sequencing (WGS), presence of pathogenicity
genes, and antimicrobial resistance (AMR genes).

Current techniques have opportunities for improvement in
time, labor, reliability, and useability in production settings.
Isolation of the bacteria from samples enables tracking to



the source of illness and for learning about survival skills
of the bacteria.”

Detection Methods
* Molecular-based assays (Polymerase Chain Reaction (PCR))

* Immunological techniques (i.e., ELISA)

¢ Conventional culture methods

Electrochemical biosensor
* Mass spectrometry
e Spectroscopy

* Optical phenotyping

Quantification Methods
¢ Most Probable Number (MPN)

* Direct plating
* Conventional plating

¢ Quantification PCR

Status of Regulations

The United States Department of Agriculture Food Safety
and Inspection Service (USDA-FSIS) conducts routine
testing of meat and poultry products for the presence of
Salmonella. USDA-FSIS currently has performance standards
in place for Salmonella for chicken and turkey products with
proposed standards for ground beef and pork. A performance
standard sets a criterion which establishments must meet

on select product. Current raw poultry standards establish
prevalence limits (presence/absence in a 52 week moving
window), without considering pathogenicity as determined
by serotype.® While USDA-FSIS conducts further testing to
determine the serotype, all Sa/monella is considered “equal” by
the agency for regulatory purposes with no consideration to
serotype or pathogenicity in terms of performance standards
or monitoring,.

Zero Tolerance Explained

A zero-tolerance standard indicates that a substance (in

this case, Salmonella) is present in or on a product, that
product will be considered adulterated and unfit for human
consumption, which will result in either the diversion of
the product to cooking or the destruction of the product.

A zero-tolerance policy for pathogens such as Shiga Toxin
Producing E. coli (STEC) in place for raw non-intact beef, is
scientifically valid due to the manner in which beef products
are consumed, the specificity of the pathogen, availability of
real-time detection methods for pathogenic strains, and the
ability of the pathogen to cause illness with a small number
of cells. Currently, data are lacking to implement a zero-
tolerance policy for Salmonella. There are key differences
between Salmonella and STEC such as the infectious dose
for Salmonella is generally higher than that of STECs.

Also, Salmonella presence may include approximately 2600
serotypes and not account for concentration of the pathogen.”
STEC regulations are based timely specificity testing.

Not all non-Typhoidal Salmonella serotypes cause illnesses.
Methodologies are commercially available to detect the
presence of Salmonella as a species, but additional testing time
is needed to correctly identify the serotype and to identify
pathogenicity, which, makes it impractical for facilities to
conduct these tests, currently.

Action and Research to Improve
Food Safety

To aid the industry in additional Salmonella control strategies
that will ultimately impact human health, research and
information needs include:

* Establishing national baselines using quantification
to understand the risk and patterns of Salmonella
contamination among FSIS-regulated products.

* Continued development of rapid quantification methods to
improve detection of Salmonella.

* Developing methods to identify pathogenicity genes
which will aid in a better understanding of the virulence of
different Salmonella strains.

* Creating rapid methods to identify the most pathogenic
Salmonella strains — those which pose the greatest risk to
human health.

¢ Identifying specific potential contamination points within
meat and poultry processing to target Salmonella control
efforts effectively.

* Understanding the dynamics of Salmonella in the meat
and poultry processing environment, including factors that
affect its growth and survival of Salmonella.
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