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Salmonella continues to be a top food safety concern for the turkey industry, the USDA, and the
consumer. Salmonella bacteria are the most frequently reported cause of foodborne illness in the U.S.
(USDA, FSIS Salmonella and Salmonellosis). USDA’s Economic Research Service estimated the cost of all
Salmonella (non-typhoid) illnesses in the U.S. in 2013 to be $3,666,600,031 (USDA ERS. Cost Estimates
of Foodborne Illnesses, 2016). CDC reported over 1,000,000 illnesses and 380 deaths were caused by
Salmonella in the U.S. annually between 2000-2008 (www.cdc.gov/foodborneburden/PDFs/pathogenscomplete-list-01-12.pdf). While these numbers take into account all sources of Salmonella, four human
outbreaks of salmonellosis due to turkey products were documented in 2015, showing the risk of
infection due to turkey products remains a concern (CDC Foodborne Outbreak Online Database).
In an effort to reduce the rate of outbreaks in
Table 1.
humans, USDA has recently modified the plant
testing procedures and Salmonella performance
standards. The turkey carcass maximum
acceptable percent positive is 1.7% and the
comminuted turkey maximum percent positive
is 13.5% (Table 1) (FSIS Performance Standards
Verification Testing, 2016. USDA). In an effort
to better assess Salmonella levels, the
comminuted turkey sample size has increased
from 25g to 325g (FSIS Notice 36-36-16: June 1,
2016). In addition, a neutralizer has been
added to the buffered peptone water used in
turkey carcass sampling to neutralize any
products used in the plant which may inhibit Salmonella culture (FSIS Notice 41-16: June 8, 2016).
Increasingly strict Salmonella standards combined with brand protection concerns, antibiotic free or
N.A.E. (no antibiotics ever) production increases, and a reduction in antibiotics used in the hatchery and
field place increasing emphasis on an effective Salmonella control plan. Controlling Salmonella
contamination by strictly relying on plant interventions is no longer feasible. Today, a holistic approach
is required. A strong Salmonella control program will address risks at all stages of live production.
Interventions to control Salmonella contamination will be in place supported by standard operating
procedures and quality assurance to assess intervention effectiveness. A comprehensive Salmonella
control program must look at all opportunities of Salmonella entry into the supply chain, including feed,
water, ventilation, litter, rodent and insect control, personnel, transportation, biosecurity, hygiene,

monitoring, and vaccination. Vaccination of poultry is a critical component of a Salmonella program,
providing the hen with protective immunity to control Salmonella infections as well as reducing vertical
transmission from the hen to the poult (Hassan & Curtiss, 1994). Both live and inactivated (killed)
Salmonella vaccines are available for use and each is an important component of a Salmonella control
program in turkey breeders.

Live Vaccination
Early application of a live Salmonella vaccine is important as newly hatched poults have minimal
intestinal flora (Fig. 1) therefore, harmful bacteria, including Salmonella, have little competition in the
intestine and may more readily colonize birds. Live Salmonella vaccines are applied in the hatchery or
on the farm at day of age via coarse spray. Early application of a live Salmonella vaccine allows the
vaccine strain to multiply and colonize the intestinal tract (Fig. 2). Colonization of the intestinal tract by
the vaccine strain provides a competitive exclusion effect against wild strain Salmonella (McReynolds et
al, 2007).

o
Figure 1 – Intestinal lining of newly hatched bird
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Figure 2 –Intestine colonized with AviPro Megan
Vac 1, a live Salmonella Typhimurium vaccine.

In addition, live vaccines allow localized immunity in the intestinal tract, primarily IgA, aiding in the
ability to respond to a wild strain Salmonella insult (Hassan & Curtiss, 1990). Finally, circulating antibody
is produced by the humoral immune system which can be measured and monitored through serologic
ELISA tests. By stimulating the immune system of the turkey, a "memory" is formed, allowing the bird to
more quickly respond to wild-type Salmonella challenge. When a live Salmonella vaccine is used prior to
the administration of killed Salmonella vaccine, the live vaccine helps to prime the immune system,
allowing a quicker and more robust response to the killed vaccine (Hafez et al, 2001).

Research has shown the precursor to Megan Egg, a live S. Typhimurium vaccine licensed for use in
turkeys, provides cross protection to other Salmonella serovars (Hassan & Curtiss, 1990). The
researchers concluded that: protection against challenge with virulent group B Salmonella serotypes
was excellent with very good protection against challenge with group D or E Salmonella serotypes, while
protection against challenge with group C Salmonella serotypes was marginal but significant (Hassan &
Curtiss, 1990).
Inactivated Vaccines
Inactivated vaccines are cultures of organisms that have been killed chemically, by heating or by
irradiation. An adjuvant is added to the vaccine to enhance the immune response to the bacterial
antigen. Water and oil emulsions are commonly used adjuvants in the preparation of bacterin poultry
vaccines. Commercial inactivated vaccines are available for select serovars. Autogenous inactivated
vaccines allow the customer to customize a blended vaccine of targeted serovars isolated on the farm.
Inactivated vaccines stimulate long-term circulating antibody and also allow the hen to deposit antibody
(IgY) into the egg (Pavic et al, 2010). The deposition of antibody in the egg is referred to as maternal IgY
antibody, and helps the poult when challenged with wild-type Salmonella early in its life (Hassan &
Curtiss, 1996).
Conclusion
Both live and inactivated Salmonella vaccines play a critical role in a comprehensive Salmonella control
program. Live vaccines can provide early protection for breeder poults through competitive exclusion,
local immunity of the intestinal tract, and humoral antibody production for extended protection.
Inactivated vaccines provide focused serovar-specific protection for breeding stock for an extended
period of time. Live and inactivated Salmonella vaccines, when used in combination, provide broad
protection for breeding stock over the life of the flock. This duration of immunity is evident when
offspring benefit from the antibodies passed from the mother hen through the egg. In addition to best
management practices, preventive biosecurity and vaccination with live and inactivated Salmonella
vaccines are key components of a pre-harvest Salmonella control program. Since contaminated food,
and especially poultry products, are the major source of human Salmonella infection, vaccination of
turkeys is an important strategy to reduce the levels of Salmonella in flocks, which should ultimately
lower the risk of Salmonella food-borne illness.

References

Center for Disease Control. Foodborne Outbreak Online Database Tool. Accessed: 2/13/2017.
https://wwwn.cdc.gov/foodborneoutbreaks/.
Center for Disease Control. Pathogens causing foodborne illnesses, hospitalizations, and deaths,
2000-2008. Accessed 2/15/2017. https://www.cdc.gov/foodborneburden/PDFs/pathogenscomplete-list-01-12.pdf.
Center for Disease Control. Surveillance for Foodborne Disease Outbreaks, United States, 2014,
Annual Report. Atlanta, Georgia: US Department of Health and Human Services, CDC, 2016.
Dórea F.C., Cole D.J., Hofacre C., Zamperini K., Mathis D., Doyle M.P., Lee M.D. and Maurer J.J.,
Effect of Salmonella vaccination of chicken breeders on reducing carcass contamination of
broiler chickens in integrated poultry operations, Appl. Environ. Microbiol. 76, 2010, 7820–7825.
FSIS Performance Standards Verification Testing, 2016. USDA. Accessed: 1/27/2017.
https://www.fsis.usda.gov/wps/wcm/connect/b0790997-2e74-48bf-979985814bac9ceb/28_IM_PR_Sal_Campy.pdf?MOD=AJPERES.
FSIS: Notice 36-16. June 1, 2016. Not Ready-To-Eat Comminuted Poultry Sampling Program.
Accessed: 1/21/2017. https://www.fsis.usda.gov/wps/wcm/connect/b8609c0d-b8a7-48eeacce-d2232983cae8/36-16.pdf?MOD=AJPERES.
FSIS: Notice 41-16. June 8, 2016. New Neutralizing Buffered Peptone Water to Replace Current
Buffered Peptone Water For Poultry Verification Sampling. Accessed: 1/27/2017.
https://www.fsis.usda.gov/wps/wcm/connect/2cb982e0-625c-483f-9f50-6f24bc660f33/4116.pdf?MOD=AJPERES.
Hafez, H.M., Mazaheri, A., Edel, A., Trials on the Efficacy of Salmonella enteriditis
Live and Inactivated Vaccine in Layer Flocks Under Field Condition. Proceedings of the 50th
Western Poultry Disease Conference, p 31-32. March 24-26, 2001. University of California,
Davis, California.
Hassan J.O. and Curtiss R., III, Control of colonization by virulent Salmonella typhimurium by oral
immunization of chickens with avirulent Δcya Δcrp S. typhimurium, Res. Microbiol. 141, 1990,
839–850.
Hassan J.O. and Curtiss R., III, Development and evaluation of oral vaccination program using
live avirulent Salmonella typhimurium to protect vaccinated chickens against challenge with
homologous and heterologous Salmonella serotypes, Infect.Immun. 62, 1994, 5519–5527.

Hassan J.O. and Curtiss R., III, Effect of vaccination of hens with an avirulent strain of Salmonella
typhimurium on immunity of progeny challenged with wild-type Salmonella strains, Infect.
Immun. 64, 1996, 938–944.
McReynolds J.L., Moore R.W., McElroy A.P., Hargis B.M. and Caldwell D.J., Evaluation of a
competitive exclusion culture and Megan Vac 1 on Salmonella typhimurium colonization in
neonatal broiler chickens, J. Appl. Poult. Res. 16, 2007, 456–463.
Pavic A., Groves P.J. and Cox J.M., Utilization of a Novel Autogenous Killed Tri-vaccine
(serogroups B [Typhimurium], C [Mbandaka] and E [Orion]) for Salmonella Control in
Commercial Poultry Breeders, Avian Pathol. 39 (1), 2010, 31–39.
USDA, FSIS Salmonella and Salmonellosis. Accessed: 1/30/2017.
https://www.fsis.usda.gov/wps/portal/fsis/topics/regulatorycompliance/!ut/p/a1/04_Sj9CPykssy0xPLMnMz0vMAfGjzOINAg3MDC2dDbwMDIHQ08842MTDy
8_YwMgYqCASWYG_paEbUEFYoL3s7OBhZ8xkfpxAEcDQvrD9aPwKvE3QVeAxYkQBbjdUJAbGmGQ6akIAOaGScM!/?1dmy&current=
true&urile=wcm%3Apath%3A%2Ffsis-content%2Finternet%2Fmain%2Ftopics%2Ffood-safetyeducation%2Fget-answers%2Ffood-safety-fact-sheets%2Ffoodborne-illness-anddisease%2FSalmonella.
USDA Economic Research Service. Cost Estimates of Foodborne Illnesses, 2016. Accessed:
1/30/2017. https://www.ers.usda.gov/data-products/cost-estimates-of-foodborne-illnesses/.

