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Disclaimer 
The guidelines set out in this document is the opinion of SMT LABS and SpesLab. The 

guidelines contained in this document are not standards or requirements, nor does it replace 

any laws or regulations. Each company must determine which guidelines are appropriate and 

most effective for the products it manufactures or distributes. This document shall not be 

substituted for legal advice. Companies should consult with their legal counsel to ensure 

compliance with applicable laws and regulations.  

 

Introduction 
Salmonellosis, caused by specific Salmonella strains, is a bacterial, enteric illness occurring in 

both humans and animals. Non-typhoidal Salmonella, specifically, is a zoonotic agent of 

significant food- and feed safety concerns. Salmonella has been the leading cause of 

foodborne disease outbreaks since 1998, with multiple contaminated food commodities, 

including fresh produce, eggs, poultry and meat, being the source. Although the common 

notion is that Salmonella is only a concern when it comes to poultry, this is not the case. 

Salmonella is a complex organism that can infect a wide variety of foods, including beef, fruit, 

pork, vegetables and processed foods. Unfortunately, infants, the elderly and immune-

compromised individuals are most susceptible to Salmonella infections, which can be fatal in 

specific cases if not treated. 

Although Salmonella typhimurium has been the dominant strain associated with foodborne 

illness for many years, Salmonella enteritidis emerged as a major public health problem in the 

early 1980’s. Salmonella enteritidis is capable of systemic colonization of poultry, leading to 

widespread foodborne diseases associated with the consumption of eggs and raw/lightly 

cooked foods containing these bacteria.  

 

Important Strains in the Food Industry 
There are currently four serotypes that are of importance for food safety (two required by 

legislation to be tested – Salmonella enteritidis and Salmonella typhimurium, the other two 

pending possible legislation – Salmonella infantis and Salmonella heidelberg):  

1. Salmonella enteritidis 

Salmonella enterica subsp. enterica serovar enteritidis is the most common cause of 

Salmonella infection. It usually originates from contaminated poultry, chicken eggs or 

products containing eggs. Salmonella enteritidis can infect the ovaries of hens, 

contaminating eggs before the shells have formed. Unfortunately, symptoms are not 

always visible in the hens – they look healthy, however are carriers of the bacteria. 

Undercooked or raw eggs can then cause infection in consumers. 

 

2. Salmonella typhimurium 

Salmonella enterica subsp. enterica serovar typhimurium can cause disease in cattle, 

horses, sheep and humans. Food can be contaminated via diseased animals or the 

hands of food handlers that were in contact with faecal matter (from mice/rats during 

food storage). The lipopolysaccharide (LPS) layer surrounding the bacterium, provides 
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protection from the environment and specific antigens in this layer are toxic to 

humans/animals, making this bacterium difficult to treat.  

 

3. Salmonella heidelberg 

Salmonella enterica subsp. enterica serovar heidelberg is found mostly in chickens and 

is often responsible for Salmonella outbreaks linked to raw/undercooked chicken 

consumption. This strain has become multi-drug resistant and has built up resistance 

to all major antibiotics, including: Ampicillin, Chloramphenicol, Gentamicin, 

Kanamycin, Streptomycin, Sulfisoxazole and Tetracycline. 

 

4. Salmonella infantis 

Salmonella enterica subsp. enterica serovar infantis is found in chickens and broiler 

flocks. Outbreaks are often associated with pet food and treats. A multi-drug resistant 

strain emerged from broilers in Hungary during 2005/2006 and is resistant to all major 

antibiotics, including: Nalidixic acid, Streptomycin, Sulphonamide, Tetracycline, 

Ampicillin, Chloramphenicol, Kanamycin and Sulfamethoxazole. 

 

Reducing Salmonella Outbreaks 
In order to reduce Salmonella outbreaks and illness associated with food and feed products, 

a multi-faceted approach from farm to table is required. It is important to firstly understand 

exactly what you are dealing with. Efficient testing from the hatchery to the grower, middle-

man and the final product, is equally important in the poultry industry. Similarly, when it 

comes to other meat, fruits and fresh produce, efficient testing should be conducted from the 

farm to the final product. Salmonella testing plans and schedules should be in place and these 

should be goal-orientated, standardized per industry and monitored. Quick and reliable 

detection methods should be used by the chosen laboratory and accurate results and 

interpretation should be provided by knowledgeable microbiologists. The faster you can 

obtain accurate results, the faster you can initiate your action plan and prevent contamination 

or spreading of contaminated foodstuffs.  

 

Conventional Serotyping Techniques 
Serotypes are groups within a single species of microorganisms, such as bacteria or viruses, 

which share distinctive surface structures. For instance, Salmonella bacteria look alike using 

a microscope, but can be separated into many serotypes based on two structures on the cell 

surface: 

 The outermost portion of the bacteria’s surface covering, called the O antigen 

 A slender threadlike structure, called the H antigen, that is part of the flagella 

Should a laboratory detect Salmonella on your sample, it should be serotyped to determine 

which strain it is. Salmonella isolates are currently typed using the conventional White-

Kauffmann-Le Minor scheme (which is a modification of the original scheme from the 1930’s 

and is a system that classifies the genus Salmonella into serotypes based on surface antigens). 

These antigens are highly variable, with 64 “O” and 114 “H” variants identified.  
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The first step in conventional serotyping is to test the strain in physiological water or saline. 

If it is a strain that auto-agglutinates, it cannot be serotyped and no further steps can be 

performed. If auto-agglutination does not occur, the process can continue. 

The "O" antigen type is firstly determined based on oligosaccharides associated 

with lipopolysaccharide. The "H" antigen is subsequently determined based 

on flagellar proteins (H is short for the German Hauch meaning "breath" or "mist"; O stands 

for German ohne meaning "without"). 

The agglutination test is an early typing technique that is exclusively based on phenotypic 

characteristics. False-positive reactions may occur as a result of weak, non-specific 

agglutination. Auto-agglutination and loss of antigen expression, such as that observed with 

rough, non-motile, and mucoid strains, may occasionally lead to the inability to type strains. 

Mutants of gram-negative bacteria, with genetically determined lesions in the 

lipopolysaccharide (LPS) molecule of the outer membrane, called "rough" mutants, have been 

extensively studied. Rough mutants lack the “O”- specific sugars, normally present as a side 

chain on the LPS molecule and may also lack sugars in the core region. These rough mutants 

may differ from smooth strains, which have an entire LPS molecule, in many aspects.  

 This classification scheme is utilized by public health organizations worldwide for the 

determination of Salmonella serotypes. Despite its widespread use, traditional serotyping has 

deficiencies that limit its utility, including that it often takes anywhere from 4 to 8 days to 

generate results. A further limitation is that a single colony is used during traditional 

serotyping, significantly increasing the chances of selecting colonies that are not a 

representation of the Salmonella serotypes present in the sample. In addition, culture 

methods have also been reported to show poor sensitivity towards low-level contamination 

of, for example Salmonella, in samples. 

 

Modern Serotyping Techniques 
These drawbacks to traditional Salmonella serotyping have prompted many groups to 

investigate alternative molecular methods. In recent years, molecular typing assays have 

been developed based on multiplex real-time polymerase chain reaction (PCR), which is DNA 

based. More recently, attention has turned to molecular-based methods due to their 

sensitivity, specificity and reduced assay time. Real-time PCR assays for the specific detection 

of Salmonella are increasingly documented. 

These rapid and sensitive detection assays, suitable for identifying naturally contaminated 

food products, are needed as tools to reduce the economic and health impact of 

Salmonellosis in humans. The reported high sensitivity, reproducibility and specificity of the 

PCR method makes it a very attractive alternative to current culture techniques. 

The real-time PCR method has a turnaround time of 2 days compared to 4 to 8 days for the 

traditional method. The higher sensitivity, as well as reduction in the reporting time of results, 

makes real-time PCR an excellent alternative to conventional culture methods for diagnostic 

purposes, surveillance and research studies to improve food safety.  

Real-time multiplex PCR assays for simultaneous detection of two or more genera in foods 

e.g. Salmonella and Campylobacter in chicken rinse fluid and Salmonella and Listeria in raw 

https://en.wikipedia.org/wiki/Oligosaccharides
https://en.wikipedia.org/wiki/Lipopolysaccharide
https://en.wikipedia.org/wiki/Flagella
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sausage meat have been described. The same can be done for various Salmonella serotypes 

in one sample, when using real time PCR as serotyping technique. 

 

Conclusion 
The traditional serotyping method is based on the phenotypic characteristics of bacteria other 

than the genotype. The traditional method focuses on detecting antigens present on the cell 

surface, such as the LPS layer. The O-antigen, specifically, is located on the surface of various 

bacteria. In cases where bacteria lack the O- antigen, it cannot be serotyped with the 

conventional method. Since the PCR method is not phenotypically based, the integrity of the 

cell surface has no influence on the serotyping technique. The PCR method can be used on 

mixed cultures and do not require single colonies for serotyping. In comparison to the 

traditional method, it is DNA-based and completely objective by utilizing sophisticated 

software – hence results are not determined by the subjectivity of lab personnel as is the case 

with traditional serotyping. The PCR serotyping method also has the capability to identify 

more than one Salmonella serotype in a single sample. 

Real-time PCR methodology reduces the reporting time of results compared to the traditional 

microbiology method. This method can prove advantageous to food manufacturing 

companies by preventing costly and damaging product re-calls, as most food products are not 

held in warehouses pending test results. 

Several unrelated, independent studies found that PCR, after enrichment, detected more 

Salmonella strains in poultry samples compared to conventional serotyping. Due to 

identification that can take several days by using traditional serotyping, perishable food 

products that could be potentially contaminated, may have been distributed and consumed. 

Faster molecular-based methods of identification such as PCR, will therefore enhance the 

potential for early identification, embargo, or re-call of contaminated food items.  

The food industry has to be aware of the risks involved in waiting days for results, especially 

when foodstuffs are not stored until the results are released. It may not always be realized, 

but the lives of people are at risk. In order to move forward, to keep up with the demand for 

quality by consumers and to save costs to your business, it is important to make an informed 

decision when it comes to Salmonella testing and serotyping in order to set your action plan 

into motion as quickly as possible, should there be the potential risk of distributing 

contaminated foods. Knowledge is power… utilize it to your advantage when making decisions 

about the quality that your business would like to deliver. 
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