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Background
Non-typhoidal Salmonella is the most common cause of 
foodborne illness in the United states. in 2011, the in-
cidence rate based on actual cases reported to FoodNet 
was 16.47 illnesses per 100,000 individuals (cDc 2013).  
cDc also estimates that for every 1 Salmonella case re-
ported, an additional 29 cases go undiagnosed due to 
the self-limiting nature of most cases of illness.  thus the 
actual incidence is higher, with an estimated 1.2 million 
cases occurring annually, making salmonellosis the most 
common cause of hospitalization and death associated 
with foodborne illnesses (scallan et al. 2011 ).  

the food safety and public health communities con-
tinue to examine how food is exposed to Salmonella, how 
those exposures translate to human illness, and the factors 
that can drive the severity of foodborne illness.  clearly, 
reducing the frequency of exposure to levels of Salmonella 
that cause illness is critical to protect public health.  this 
paper proposes that meaningful gains in public health will 
be achieved by:

•	 Enumerating samples to establish how widely the 
levels of Salmonella in ground meat and poultry 
products vary;

•	 Examining the range of distribution (e.g., frequency 
of	finding	“low”	vs.	“high”	levels	of	Salmonella); 

•	 Understanding the factors that result in the high lev-
els of Salmonella in the product;

•	 Enabling the industry to make better decisions re-
garding processing based on enumeration data; and,

•	 Understanding and characterizing treatments that 
result	 in	the	elimination	or	significant	reduction	of	
Salmonella in ground meat and poultry products.
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HypotHesis
The	risk	of	foodborne	illness	is	influenced	by	the	concept	
of infectious dose; that is, the consumption of different 
levels of Salmonella is correlated with different probabili-
ties of illness.  Reducing the actual levels of Salmonella 
in ground meat and poultry will reduce the number of 
illnesses associated with these products irrespective of 
serovar. A heightened focus on enumerating samples of 
ground meat and poultry and ascertaining the number of 
Salmonella that are present in a given sample, versus rely-
ing solely on the qualitative approach of prevalence, will 
allow for a food safety system more capable of ensuring 
food related illness, and provide for better public health 
protection. 

salmonellosis in tHe united states
there has not been a decline in overall incidence rate of 
Salmonella infections in 15 years and in 2011 the inci-
dence rate was three times higher than the 2010 National 
health objectives target.  however, a recent center for 
science in the public interest (cspi; DeWaal & Glassman 
2013) analysis of outbreak data covering a ten year pe-
riod (2001-2010) shows that the number of outbreaks of 
foodborne illness related to meat and poultry has actually 
decreased.

While reductions in Salmonella related illness associ-
ated with animal protein are promising, poultry and beef 
continue to be considered important vectors for Salmonel-
la infection because of the organism’s ability to colonize 
within the digestive tract of both poultry and livestock.  
Salmonella can easily enter the bovine lymphatic system, 
and infect the ovarian tissue of hens, contaminating eggs 
before being laid (World health organization and Food 
Agriculutral organizations of the United Nations 2002;  
Arthur et al. 2008). Given the natural association between 
Salmonella and animal products, it is unrealistic to think 
that the industry will be successful in eradicating Salmo-
nella in animal protein in the near term.
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regulatory standards and industry 
practices

While food attribution is challenging, it is clear that 
meat and poultry processors must remain vigilant in 
continuing to address Salmonella and other pathogens.  
UsDA Fsis has established performance standards for 
Salmonella that specify the number of samples within a 
sample set that can test positive for generic Salmonella af-
ter enrichment (Salmonella prevalence; table 1).  the cur-
rent percent positives for all meat and poultry categories 
are well below the performance standards.  however, the 
performance standards do not address the enumeration of 
Salmonella in a given positive sample (Salmonella level). 
the continued trend in salmonellosis is driving regulators 
to put more focus on Salmonella prevention strategies and 
regulatory actions.  

currently, the industry utilizes a variety of measures—
both on farm, and during processing, to control Salmo-
nella. in many cases, it is the cumulative effect of the 
measures that result in pathogen control. the establish-
ment of a baseline of prevalence and the requirement to 
do	“better”	than	the	moving	baseline	is	logical.	However,	
it has become apparent that performance standards based 
on prevalence are not enough, and don’t provide a full 
picture	of	 the	efficacy	of	control	measures.	A	“positive”	
result does not provide information on whether that posi-
tive was due to 1 Salmonella or 10 million. 

The	 distinction	 between	 “high”	 and	 “low”	 and	 the	
quantification	 of	 “more	 protection”	 is	 certainly	 debat-
able.	 Industry-wide	 quantification	 (enumeration)	 will	
provide	 much-needed	 data	 to	 help	 define	 “high”	 and	
“low”.		Similar	to	the	approach	used	by	FSIS	in	the	initial	
establishment of the baseline for performance standards, 
gaining	a	better	understanding	of	the	spectrum	of	“posi-
tive”—understanding	how	often	ground	product	contains	
106 vs. 104 vs. 101 vs. 10-1 cfu/g —will allow the industry 
to focus resources on the products (and practices) that are 
most likely to result in human illness. As discussed in the 
section on level of Salmonella, the consumption of differ-
ent amounts of Salmonella are associated with different 
probabilities of illness. We are in no way suggesting that 

processors should be complacent in producing product 
with any number of Salmonella, since there can always 
be some probability of illness associated with the patho-
gen. however, data suggest that the probability of illness 
is increased as exposure to greater numbers of Salmonella 
increases. it is clear that the exact number of Salmonella 
needed to cause illness is dependent on a number of fac-
tors (including host susceptibility and serovar) and can 
be quite variable. however, we maintain that pathogen 
reduction efforts should focus on reducing the probabil-
ity	of	illness.	If	we	operate	under	the	premise	that	“more	
is	worse”,	we	 believe	 that	we	 can	 achieve	 the	Healthy	
people 2020 goals more readily by reducing the preva-
lence of product in the marketplace that is most likely to 
cause illness.

By	first	addressing	the	“worst	offenders”—the	product	
that has very high levels (cfu/g) of Salmonella—industry 
will be better able to investigate the factors that resulted 
in high loads, enabling the implementation of more effec-
tive mitigations.

level of Salmonella
if an enumeration approach is taken, people may ask 
“what	is	the	acceptable	level	of	Salmonella?”  clearly, the 
industry seeks to reduce Salmonella to the lowest possible 
levels, but still, the issue of infectious dose warrants re-
view. it is worth re-emphasizing that rather than attempt 
to	identify	a	“safe”	level	of	Salmonella, we propose that 
illnesses will be reduced by addressing product that has 
the highest levels of the pathogen and is therefore most 
likely to cause illness. 

in 2002, the World health organization (Who) and 
Food and Agricultural organization (FAo) of the United 
Nations, using a working group that included two rep-
resentatives from UsDA Fsis, reviewed multiple dose-
response models for Salmonella in all food items to de-
termine the risk of illness at different levels of Salmonella 
contamination.  Each model, based on either outbreak 
data, surrogate organisms, or feeding trials, shows that as 
the dose increases the attack rate increases and there is 
a greater risk of illness.  Using the outbreak model, they 

table 1. UsDA Fsis performance standards and prevalence

product original salmonella updated salmonella % positive: 2010 data 
 performance std performance std (29,734 samples)1

Ground chicken 44.6%  18.8%
Broilers 20% 9.8% 6.7%
Ground turkey 49.9%  10.2%
turkeys NA 7.1% 4.6%
Ground Beef 7.5%  2.2%
Market hog 8.7%  2.4%
cow/bull 2.7%  0.5%
steer/heifer 1%  0.1%
1 http://www.fsis.usda.gov/PDF/Serotypes_Profile_Salmonella_2010.pdf#page=98,	Table	7	
(turkey), table 5 (beef), table 6 (chicken), 2010 data
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found that doses greater than or equal to 2 logs are more 
likely to be associated with illness in both healthy and 
susceptible populations and is not dependent on the Sal-
monella serovar present.  Review of other outbreaks with 
various strains of Salmonella indicated that the probability 
of illness was greater in outbreaks where the infectious 
dose ranged from 102 – 109 cfu.  After reviewing all dose-
response models, Who and FAo concluded that the out-
break model was the best method to determine the proba-
bility of illness associated with a given dose of Salmonella 
(World health organization and Food Agriculutral orga-
nizations of the United Nations 2002).

teunis et al. (2010) evaluated non-typhodial Salmonella 
outbreaks to determine a dose-response model that could 
be utilized when the Salmonella dose or the number of 
exposed was unknown.  this study also found that as the 
dose increased, the probability of illness increased.  Dos-
es above 102 cfu had probabilities of illness ranging from 
0.05 to 1.0, where doses less than 102 cfu had probabili-
ties of illness ranging from 0.01 to 0.56 (World health 
organization and Food Agriculutral organizations of the 
United Nations 2002 and teunis et al. 2010).  there is too 
much	variability	to	suggest	a	definitive	cut	off	point	below	
which Salmonella would cause illness. still, few would 
argue that higher levels of Salmonella are less likely to 
cause illness, thus we propose that resources be focused 
on enumerating Salmonella so that products containing 
higher	levels	of	the	pathogen	are	identified,	enabling	in-
dustry to investigate the root cause of the high level of 
contamination. in turn, this will allow the development 
and evaluation of mitigations to reduce both levels and 
prevalence of Salmonella with a positive public health im-
pact.  Additional work is needed to examine the relation-
ship between levels of Salmonella and the connection to 
human illness.  in the case of ground meat and poultry, 
enumeration will allow the industry to identify product 
that is most likely to cause illness.  

summary
As stated previously, qualitative performance standards 
provided UsDA Fsis, the industry, and public health of-
ficials	with	useful	information	when	they	were	first	imple-
mented.  however, to achieve meaningful gains in public 
health, research is needed in several areas including:

•	 Enumeration of samples to establish how widely 
the levels of Salmonella in ground meat and poultry 
products vary;

•	 Understanding the factors that result in the high lev-
els of Salmonella in the product;

•	 Understanding and characterizing treatments that 
result	 in	the	elimination	or	significant	reduction	of	
Salmonella in ground meat and poultry products;

•	 increased development of enumeration methods;

•	 increased knowledge on infectious dose.

in addition, a transition from focus solely on qualita-
tive performance standards to focus on having data that 
provide both qualitative and quantitative (enumeration) 
measures of Salmonella can support activities which will 
reduce the actual levels of Salmonella in ground meat and 
poultry.

Recent Salmonella public health evaluations indicate 
that illnesses due to this organism are not decreasing in 
the Us (cDc 2013 and scallan et al. 2011).  this organism 
has a high economic burden that will continue to increase 
without a change in practices and policies that result in 
a decreased frequency of exposure to foods containing 
levels of Salmonella that result in illness.  Research sug-
gests that the likelihood of infection is dependent on dose. 
While there may be a level of exposure below which ill-
ness is unlikely, reducing exposure to high levels of Sal-
monella will undoubtedly reduce the risk of Salmonella 
illnesses, thus improving public health and helping reach 
the healthy people 2020 goals.
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